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On behalf of the Organizing Committ ee, we welcome you to the XIII Lati n American Wor-
kshop and Symposium on Anaerobic Digesti on (DAAL XIII). This event has been organized 
by Colombian insti tuti ons: Universidad de Anti oquia, Universidad Industrial de Santander, 
Universidad Nacional de Colombia, Universidad Javeriana, Universidad de Ibagué, Universi-
dad del Valle, Universidad Ponti fi cia Bolivariana, Universidad de la Guajira, Universidad de 
Cartagena y Red Colombiana de Energia de la biomasa (Redbiocol); it also has the support 
of internati onal members of  Universidad de São Paulo, Universidad de la República de Uru-
guay, Delft  University Technology, Universidad de Santi ago de Compostela y la Ponti fi cia 
Universidad Católica de Valparaíso. This event is a part of a series of Lati n American sympo-
sia of anaerobic digesti on which have been historically developed in diff erent countries and 
which are supported by the Internati onal Water Associati on IWA and the group of specialists 
in anaerobic digesti on.

Anaerobic digesti on has been conceived worldwide as a way of sustainable treatment and 
wide development around the world, which has allowed the treatment of residual waters, 
not only from the conventi onal process vision   but also from the removal of recalcitrant po-
llutants and the exploitati on and use of energy. In Colombia, anaerobic digesti on has been 
fundamental for the development of the country, since it has been the basis for basic sanita-
ti on in rural zones and has marked the guidelines for the treatment of domesti c and industrial 
residual waters and currently in the management and appropriate disposal of muds.
 
Medellín has been an example of growth and progress in Colombia. It was elected in 2013 as 
the most innovati ng city of the world, in the contest City of the Year, organized by The Wall 
Street Journal and Citi group and has been the winner of Lee Kuan Yew World City Prize in 
2016 World prize of urban transformati on; likewise in topics of residual waters treatment, it 
has  had an important development in the last years, considering the constructi on of Bello 
Residual Waters Treatment Plant,  one of the most modern plants in Lati n  America and the 
biggest secondary treatment plant in Colombia; fort his reasons, for these reasons,  DAAL 
XIII will be  a discussion space  around advances of anaerobic digesti on in Lati n América and 
will have the parti cipati on of internati onal experts, which allow obtaining a wide vision  on 
the treatment of waters and use of energy in a global context.
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Effect of redox potential on hydrogen production via dark 
fermentation

M. A. Vesga*, R. Chamy*, M. C. Schiappacasse* and E. Tapia-Venegas**

* Escuela de Ingeniería Bioquímica, Facultad de Ingeniería, Pontificia Universidad 
Católica de Valparaíso, Av Brasil # 2085, Valparaíso, Chile. 
(E-mail: maria.vesga.b@mail.pucv.cl)

Abstract
Hydrogen is a promising alternative of clean energy, which can be biologi-
cally produced from biodiesel production-glycerol-rich wastewaters, which 
is an abundant and economic source of substrate. For dark hydrogen fer-
mentation, the most important environmental parameters are pH, inoculum 
type, temperature and substrate type. However, redox potential (ORP) could 
be a parameter with a great influence that has not been well studied. Con-
sidering that the ORP may be changed by oxidizing agents, our main objec-
tive was to study the potential effect of ORP in hydrogen production via 
dark fermentation from glycerol in a batch system. 
The initial redox potential reached with each agent was measured and the 
hydrogen produced was quantified. The agents K3[Fe(CN6)] and O2 increases 
the hydrogen production. The hydrogen yield is diminished by the addition of 
H2O2. The maximum redox potential obtained was 270 mV with K3[Fe(CN6)]. 
The highest hydrogen yield was 17,3 (mL g-1

glycerol) using K3[Fe(CN6)]. 

Keywords
Dark fermentation; redox potential; glycerol; fermentative mixed culture

INTRODUCTION

Hydrogen as a renewable fuel can be obtained from microbial conversion via dark fermenta-
tion. There are many variables that affect hydrogen production, such as pH and temperature. 
Even though the effect of the redox potential (ORP) has not been well studied, it is known to 
affect the metabolic pathways involved in other fermentative processes. The main objective 
was to study the redox potential effect in hydrogen production via dark fermentation from 
glycerol in a batch system.

MATERIALS AND METHODS
Experimental design
Experimental essays were carried out on batch tests by triplicate using the Automatic Meth-
ane Potential Test System (AMPTS) II (Bioprocess Control, Sweden). All tests consisted of 
0.5L bottles (0.3L of working volume), at 37°C and intermittent stirring (each 90 s). The ex-
periments were initially assembled with inoculum, culture medium and oxidizing agent. Three 
oxidizing agents were used (K3[Fe(CN6)], H2O2 y O2). Agent concentrations were selected 
according to the maximum concentration of agent that did not decrease the production of 
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hydrogen with respect to the control.
The inoculums were bio-hydrogen production reactor operated at 37°C, -300mV, pH of 5.5 and 
solid retention time of 12h (Tapia-Venegas et al., 2015). The carbon source was glycerol at 10000 
mg L-1 and micro and macronutrients (Tapia-Venegas et al., 2015).

Analytical methodology
Concentration of glycerol and metabolites such as volatile fatty acids (VFA), ethanol, and 1,3-pro-
panediol were quantified using HPLC (Biorad HPX-87H column, Bio-Rad Laboratories, Hercules, 
CA, US). Biogas flow rate was measured with AMPTS II equipment (Bioprocess Control, Swe-
den). Biogas composition was determined by gas chromatography using Perkin Elmer Clarus 500, 
equipped with the Hayesep Q 4 m x 1/8’’OD column (VICI, Bandera, TX, US). Chemical oxygen 
demand and Volatile solids were determined according to Standard Methods #5220 A and #2540 
D (2012), respect.  ORP and pH were measured with a platinum electrode (Hanna Instruments).

RESULTS
The hydrogen produced in this test is presented in volume of hydrogen produced per gram of 
glycerol fed (mL g-1

glycerol). Three different agent concentrations were evaluated for K3[Fe(CN6)] and 
H2O2, and one concentration for O2. Agent concentrations were selected according to changes in 
ORP over or low 25 mV in the culture. The results are presented as yields in Table 1. 

Table 1. Yields batch assays

Agent Control O2 K3[Fe(CN)6] H2O2

Concentration - 7,8 ppm 0,5 g L-1 1 g L-1 3 g L-1 1 g L-1 5 g L-1 10 g L-1

Yield  
(mL g-1

glycerol)
8,6 ± 
0,9

15,5 ± 
0,5

16,4 ± 
1,6

17,3 ± 
0,5

13,3 ± 
0,7

7,9 ± 
0,3

1,6 ± 
0,2

2,2 ± 
0,1

A positive effect of the K3[Fe(CN6)] and O2 agents was observed. The hydrogen yield was 1.8 to 2 
times higher than the control. Hydrogen production decreased when H2O2 was used as an agent.  
The initial rate for each agent was determined for the agent concentration with the highest yield 
and the data is shown in Table 2. The K3[Fe(CN6)] and O2 agents presented initials rates higher 
than the control, which is used as a selection standard for a previous continuous experience. The 
average initial redox potential in the control was 120 mV. While tests with oxidizing agents O2, 
K3[Fe(CN6)] and H2O2 increased the redox potential with respect to the control, this varied from 
30 to 150 mV depending on the redox state and its concentration (Table 2). These effects coincide 
with that reported in the literature (Liu et al., 2013, Pham et al., 2008).

Table 2. Results batch assays.

Experiment Concentration ORP initial Yield (mL g-1
glycerol) Initial rate (mL h-1)

Control - 120 ± 20 8,6 ± 0,9 80
O2 7,8 ppm 150 ± 13 15,5 ± 0,5 86
K3[Fe(CN)6] 0,5 g L-1 270 ± 10 17,3 ± 0,5 89
H2O2 1 g L-1 175 ± 13 7,9 ± 0,3 73
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CONCLUSIONS

The concentration of agent influences the hydrogen yield. K3[Fe(CN6)] and O2 increased the 
redox potential and presented initials rates higher than the control.  The H2O2 increases the 
redox potential but the hydrogen yield decrease since this agent could be inhibitory for the 
culture.

ACKNOWLEDGEMENTS
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Influence of sequential pre-treatment over microbial com-
munities and their specific activities in anaerobic digesters 
treating sewage sludge

Patricio Neumann1,2, Daniela López1, Nathaly Ruiz-Tagle3, Katherine Sossa3 and 
Gladys Vidal1

1Environmental Engineering and Biotechnology Group, Environmental Science Faculty & EULA–Chile 
Center, University of Concepción, Concepción-Chile. (E-mail: glvidal@udec.cl).
2Basic Sciences Department, University of Bío-Bío, Chillán, Chile.
3Biofilm and Environmental Microbiology Laboratory, Biotechnology Center, University of Concepción, 
Concepción, Chile.

Abstract
The influence of a sequential ultrasound-thermal pre-treatment over the 
microbial communities and their specific activities during the semi-continu-
ous anaerobic digestion of sewage sludge was assessed. Pre-treatment was 
related to variations of 2.5 – 26.7%, 10.1 – 29.7% and -16.2 – 81.8% in the 
hydrolytic, acidogenic and methanogenic specific activities of the digestion 
reactors, respectively. The similarity of the archaea and bacterial communi-
ties were >90% for all studied samples, with pre-treatment mainly influenc-
ing the presence of bacteria. The observed effects over the structure and 
activity of the microbial consortia is most likely related to the modification 
of sludge organic matter composition caused by the pre-treatment.
Keywords
Sewage sludge; pre-treatment; microbial communities; biological activity 

INTRODUCTION
Anaerobic digestion (AD) is one of the most extended sewage sludge treatment technolo-
gies. However, biogas production is hindered by the hydrolysis step, and therefore the use 
pre-treatments (PT) has been proposed to improve its performance. Due to their influence 
over substrate, PT are expected to influence the activity, diversityand/or abundance of AD 
microbiological communities. Zhang et al. (2009) observed that focused-pulse PT changed 
the archaea community of a full-scale plant to a more acetoclastic (Methanosaeta) dominant 
ambient. Moreover, the bacterial community diversity increased, populated by phylotypes 
associated with cellulose fermentation (Ruminococcus), organic carbon scavenging (Chlorof-
lexi) and homo-acetogenesis (Treponema). Thermophilic PThas also been reported to increase 
the microbial diversity of AD reactors (Jang et al., 2014).Therefore, the objective of this study 
was to assess the influence of a sequential PT over the microbial communities and their spe-
cific activities during the AD of sewage sludge.

MATERIALS AND METHODS
Digester setup and operation
AD was assessed in two lab-scale semi-continuous reactors (37 °C): one fed with raw 
(non-pretreated) sludge(control reactor; CR) and the other fed pre-treated sludge (pre-treat-
ment reactor; PTR). PTconsisted in the sequential application of ultrasound (26 kHz; 2000 
kJ/kgTS) and thermal treatment (55°C; 8 h).Three AD solids retention times (SRT) were as-



16

sessed: 30 (Phase I), 15 (Phase II) and 7.5 (Phase III) days. Total experimental time was 303 
days.

Microbial structure assessment through PCR-DGGE
DNA extracts were amplified using nested PCR and subjected to DGGE using a DCode Uni-
versal Mutation Detection System (Bio-Rad, USA).The comparison of profiles was performed 
using similarity cladograms (Primer5) based in the presence (1) and absence (0) of bands in 
DGGE gels.

Specific activity assays
Hydrolytic, acidogenic and methanogenic specific activities were determined in 120 mL vol-
umemicro-reactors. Hydrolytic and acidogenic activities were evaluated based on starch and 
glucose consumption, respectively, while methanogenic activity was assessed through meth-
ane production. 

RESULTS AND DISCUSSION
Table 1 shows the specific activities of reactors under all operational conditions, while Figure 1 shows 
the similarity cladogram for bacterial communities. No differences in archae were observed.

Table 1. Specific activities in both reactor systems for all experimental conditions

Parameter Unit
Phase I Phase II Phase III

RC RPT RC RPT RC RPT
SHA

gCOD/d-
gVS

1.63±0.58 1.67±0.31 1.80±0.35 2.28±0.59 1.55±0.16 1.60±0.17
SAA 1.58±0.10 1.74±0.05 1.45±0.20 1.88±0.19 1.48±0.19 1.72±0.12
SMA 0.37±0.09 0.31±0.08 0.11±0.01 0.18±0.03 0.11±0.02 0.20±0.03

SHA: Specific Hydrolytic Activity; SAA: Specific Acidogenic Activity; SMA: Specific Methanogenic Activity 

Figure 1. Similarity cladogram for the bacterial communities under all experimental conditions
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RPT showed modifications of 2.5 – 26.7%, 10.1 – 29.7% and -16.2 – 81.8% compared to RC 
in SHA, SAA and SMA, respectively. Similarity between microbial communities was >90% for 
all samples, and the highest difference in bacteria was observed between RC at 7.5 d SRT 
and RPT at 30 d SRT.

CONCLUSSIONS
Sequential PT was associated with changes in bacterial communities and microbial specific 
activities during AD of sewage sludge, most likely related to modifications in substrate com-
position.Further studies will focus in identification of the microbial fauna and its relation to 
process performance.
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Cooking gas from anaerobic digestion of tropical grasses har-
vested in Valle del Cauca – Colombia

C.A. Pizarro-Loaiza* / ***,  A. Bonmatí*, J. Palatsi** & P. Torres-Lozada***

* IRTA, GIRO Joint Research Unit IRTA-UPC, Torre Marimon, E-08140 Cal-
des de Montbui, Barcelona, Spain. (e-mail: carlos.pizarro@irta.cat; august.
bonmati@irta.cat)
** FCC Aqualia – Aigües de Lleida, EDAR Lleida, Camí Sot de Fontanet, 29, 
25197 Lleida, Spain. (e-mail: jordi.palatsi.civit@fcc.es)
*** Study and Control of Environmental Pollution (ECCA) Research Group, 
Universidad del Valle, A.A. 25360- Cali, Colombia. (e-mail: patricia.torres@
correounivalle.edu.co)

Abstract
Grazing represents one of the lowest-cost and most common biomass in 
rural areas. Cultivated grass is one of the crops with the highest energy po-
tential in countries with tropical climate. Three grass crops were evaluated 
[King grass (K_G) (Pennisetum purpureum cv. king grass), a purple-foliage type 
of Elephant grass (E_G) (Pennisetum purpureum cv. Napier) and Star grass 
(S_G) (Cynodon nlemfuensis)] in terms of specific and area-specific CH4 
yield, trough BMP assays. Pennisetum grasses presented highest specific CH4 
yields (159.3 and 148.3 mLCH4.g-1VS for K_G and E_G respectively) being 
no-significantly different between them. K_G was choice in order to scale 
experiment to pilot household digester because to its significantly higher 
area-specific CH4 yield (6627±215 m3CH4 ha-1 y-1) as well as its agronom-
ic yield, seeds availability and operational harvest simplicity. At pilot scale, 
specific CH4 yields over 160 mLCH4 g-1VS and area-specific CH4 yields until 
7057 m3CH4 ha-1 y-1 were achieved with and without leachate recirculate on 
batch dry digesters using K_G with harvesting age of 56 days as substrate. 
From highest area-specific CH4 yield obtained and a biogas demand of 0.83 
m3CH4eq d-1, it is necessary an area requirement of 428 m2 of grass cultiva-
tion for household digester feedstock, in order to supply cooking energy of 
a typical family in rural zones of Colombia. 

Keywords
Grass anaerobic digestion, tropical grasses, cooking energy, dry digestion. 

In tropical climate, grasses are productive throughout the year and it is observed that there is 
high potential of this as feedstock or co-substrate for anaerobic digesters, including existing 
and projected household biogas plants in rural areas of developing countries (Chanpla, Kulla-
vanijaya, et al., 2017; Sawasdee and Pisutpaisal, 2014). This study evaluated King grass (K_G) 
(Pennisetum purpureum cv. king grass), a purple-foliage type of Elephant grass (E_G) (Pennise-
tum purpureum cv. Napier) and Star grass (S_G) (Cynodon nlemfuensis), established at a farm 
(3°21’50.8”N; 76°33’45.8”W) located in Cali-Colombia. Crops were fertilized (N:P:K (Kg ha-1 
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y-1) = 325:22:42) and hand-harvested at 56 days. The yield was determined by weighing 
crops hand-harvested from each plot and taking one sample once grasses were chopped. 
Total Solids (TS) and Volatile Solids (VS) were measured. Bio-Methane Potential (BMP) tests 
were carried out per triplicate, performed with the manometric method using an Oxitop® 
system, at a temperature of 35°C, working volume of 200 mL, head space of 50 mL, 90 days 
of time digestion and Inoculum/Substrate (I/S) ratio of 1:1 (VS basis) (Pizarro-Loaiza, Tor-
res-Lozada, et al., 2018). The results of substrate choice are presented in Table 1.

Table 1. Characterization of grass crops and CH4 yields (n=3) 

Grass %TS %VS Specific CH4 yield 
(mLCH4.g-1VS)*

Agronomic yield 
(tMS.ha-1.y-1)

Area-specific CH4 yield 
(m3CH4.ha-1.y-1)*

K_G 19.6% 16.8% 148.3±4.8a 52 6,627±215a
E_G 15.8% 12.9% 159.3±5.5a 39 5,097±176b
S_G 31.4% 24.4% 116.1±13.9b 19 1,725±207c

*(numbers followed by similar letter are not significantly (p = 0.05) different).
 The results show that specific CH4 yield was not significantly different (p=0,05) between 
E_G and K_G (159.3 and 148.3 mLCH4 g-1VS respectively); additionally, the K_G area-specific 
CH4 yield (6627±215 m3CH4. ha-1.y-1) was significantly higher than E_G and S_G (5097±176 
and 1725±207 m3CH4. ha-1.y-1 respectively). 

 Area-specific CH4 yield obtained are similar with those reported by Schank et al. (1993) 
between 4,400 and 7,500 m3CH4.ha-1.y-1 in subtropical conditions for six genotypes of Pen-
nisetum purpureum grass cultivated in Florida – USA. Specific CH4 yields of the same grasses 
were slight less than those obtained by Surendra and Khanal (2015) for K_G (219 mLCH4.g-

1VS) with similar harvesting age. 

 Considering this results and local factors as agronomic yield, seeds availability and oper-
ational simplicity, it was choice K_G as crop in order to stablish a greater area of cultivation 
(three plots with 75 m2 each one) in the same farm, which allowed to carry out the pilot scale 
experiments (one-stage batch dry digesters). Results presented in Table 2 showed that at 
pilot scale without temperature control (mean environmental temperature of 23.8°C), once 
inoculum was adapted to substrate, specific CH4 yields over 160 mLCH4 g-1VS and area-spe-
cific CH4 yields over 6,500 m3CH4.ha-1.y-1 were achieved with and without leachate recircu-
late on batch dry digesters, applying digestion times below 50 days.

Table 2. CH4 yields and main operational conditions of anaerobic digestion at pilot scale of K_G

Digestion 
time (d)

Agronomic 
yield (tMS.
ha-1.y-1)

Specific and area-specific CH4 yield
No recirculated Recirculated 

mLCH4.g-1VS m3CH4.ha1.y-1  mLCH4.g-1VS m3CH4.ha-1.y-1

50 41.7 72.6 2666 161.2 5,921
49 39.2 100.7 3474 165.6 5,712
45 47.7 112.9 4737 154.7 6,491
44 47.7 168.2 7057  158.7 6,661

 From highest area-specific CH4 yield and a biogas demand of 0.83 m3CH4eq.d-1 an area 
requirement of 428 m2 of grass cultivation for household digester feedstock was obtained in 
order to supply cooking energy of a typical family in rural Colombia.
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Abstract
The acid diluted treatment of the Agave tequilana bagasse releases sugars 
that could be use as substrate for biohydrogen production, but also some 
compounds that are potential inhibitors of the fermentation. In parallel, the 
characteristics of the granular reactors make it good option for the produc-
tion with complex substrates such as the hydrolysates. Therefore, the goal of 
this study was to evaluate the hydrogen production from acid hydrolysates 
in an UASB reactor.  The UASB reactor (2.4 L) was operated at TRH of 11h, 
pH of 4.5 and organic loading rate of 10 g CT/L.  Methanogenic granular 
sludge acclimated to hydrogen production was used as inoculum. The fer-
mentation lasted 16 days with maximum productivity of 450 mLH2/L d and 
hydrogen concentration of 37 ± 2%. The carbohydrates removal was 75.4 ± 
3.0 % and the main soluble microbial products were acetate and butyrate. 
This study demonstrate that the continuous hydrogen production from acid 
hydrolysates of Agave tequilana bagasse in a UASB reactor is feasible.  

Keywords
Agroindustrial waste; biohydrogen; diluted acid treatment; granular reactor.

INTRODUCTION
The Agave tequilana bagasse is one of the principal waste of the Tequila industry and its use 
as substrate for biohydrogen production could help both, to the waste management and the 
biofuel production. This agro industrial waste is formed mainly by cellulose and hemicellulose 
that are difficult to use by the microorganisms, the treatment with diluted acid allows the 
release of the sugars but also the formation of some compounds that are potential inhibi-
tors of the fermentation (Allen et al., 2010). The granular reactors have been widely used for 
wastewater treatment and some of their characteristics help to use complex substrates such 
as the acid hydrolysates. Therefore, the main goal of this study was to evaluate de hydrogen 
production from acid hydrolysates of Agave tequilana bagasse in an UASB reactor.

METHODOLOGY
The granular system consisted of a UASB reactor with a working volume of 2.4 L, inoculated 
with 7.3 g VS/L of an anaerobic granular sludge from the brewery wastewater plant. The 
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acclimati on of the methanogenic granules to hydrogen producti on was carried out in conti n-
uous as was described by Hernández-Mendoza and Buitrón (2014) with glucose and xylose 
as substrate. The diluted acid treatment was carried out at 124 °C (2.5 h) with 2.7 % HCl 
(Arreola-Vargas et al., 2016). The reactor was operated at HRT of 11 h, pH 4.5 and organic 
loading rate of 10 gCT/L d.

RESULTS AND DISCUSSION

The methanogenic granules were changed to hydrogen producti on operated the reactor at 
low pH (4.5) and short TRH (5.5 h) using xylose and glucose as substrate (data not show), and 
methane was not detected since the fi rst day of fermentati on. Aft er that, when the hydroly-
sates were used, a batch operati on of 3 days was carried out in order to acclimated the mi-
croorganisms to the complex substrate. Since the beginning of the conti nuous fermentati on, 
hydrogen was detected in the biogas, reaching a hydrogen concentrati on of 37 ± 2 % and 
maximum producti vity of 450 mLH2/L d (Figure 1a). The carbohydrates removal was 75.4 ± 
3 %. The distributi on of the soluble microbial products observed were principally acetate and 
butyrate (Figure 1b), but the amount of the metabolites detected was not directly related 
with the carbohydrates removal. Some part of the carbohydrates could have been uti lized 
to generate other metabolite, such as lacti c acid, and not used for the hydrogen generati on.

Figure 1. Reactor performance. a) Hydrogen producti vity and concentrati on in biogas; b) Soluble 
microbial products, and carbohydrates removal

   The hydrogen producti on observed was competi ti ve with other studies in literature that 
used a diff erent reactor confi gurati on such as SBR reactor.
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Abstract
In this work, the influence of different pre-treatment configurations over the 
concentration of 10  organic micropollutants in sludge and biosolids (e.g. an-
aerobically digested sludge) was studied. Ultrasound and low-temperature 
thermal treatment (55°C) did not cause removal of the studied micropollut-
ants in sludge. However, the sequential application of both processes led to 
18.8 – 73.4% decreased concentration of 7 of the studied compounds in bio-
solids, including tonalide, galaxolide, triclosan, BHT, phenanthrene, pyrene 
and 4-nonylphenol. The observed effect over micropollutants concentration 
could be related to organic matter solubilisation during pre-treatment and 
an increased bioavability of those compounds for degradation.
Keywords
Sewage sludge; ultrasound; thermal treatment; micropollutants; biosolids 

INTRODUCTION
Sewage treatment represents a cornerstone for public health protection; through physical, 
chemical and biological processes, solids, organic matter, nutrients and pathogens can be ef-
ficiently eliminated. However, removal and fate of organic micropollutants during treatment 
is determined by its physic-chemical properties and the depuration technology used, and an 
important fraction can be found in sewage sludge at the end of the process. While anaerobic 
digestion (AD) is one of the most extended sludge treatment technologies, organic matter 
removal is limited at the hydrolysis step (Neumann et al., 2016). Therefore, different strat-
egies have been proposed to overcome this issue, including the use of pre-treatments (PT) 
such as thermal and ultrasonic processes (Neumann et al., 2016). Organic matter solubiliza-
tion induced by such PT could lead to an increased bioavailability of some micropollutants 
to the degrader consortium (Benabdallah El-Hadj et al., 2007), which in turn could result in 
decreased concentration of those in biosolids (e.g. stabilised sludge).
Therefore, the objective of this study was to assess the influence of ultrasound and thermal 
PT over the concentration of 10 different organic micropollutants in sludge. Moreover, the 
concentration of those compounds in biosolids coming from conventional and advanced (e.g. 
including a sequential ultrasound-thermal PT) AD was also assessed.

MATERIALS AND METHODS
Sludge sampling and pre-treatment
Mixed sludge samples (MSS) were obtained from the Bío-Bío sewage treatment plant in 
South-Central Chile (36°48’S, 73°08’W). The plant treats wastewaters generated in the met-
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ropolitan area of Concepción, serving approximately 500,000 inhabitants. The primary to 
secondary sludge ratio of the MSS was approximately 40/60% in volume and 65/35% in 
total solids (TS).
Ultrasound (US) was performed over 500 mL of MSS using a Hielscher UP200ST device (26 
kHz frequency; 200 W power)with a specific activity of 2000 kJ kgTS-1. Thermal treatment 
(TT), on the other hand, was performed in a Thermoshake Gerdhadt THO 500 orbital stirrer 
during a period of 8 h, with a controlled temperature of 55°C and under continuous agitation 
at 70 rpm.

Digester setup and operation
AD was assessed in two lab-scale semi-continuous and mesophilic (37°C) reactors: one was 
fed with raw (non-pretreated) sludge (control reactor; CR) and the other fed pre-treated 
sludge (pre-treatment reactor; PTR). In this case, PTconsisted in the sequential application of 
ultrasound (26 kHz; 2000 kJ/kgTS) and thermal treatment (55°C; 8 h).

Micropollutants determination
The micropollutants in MSS and biosolids were analyzed following a methodology previously 
described by Reyes Contreras et al. (2011).

RESULTS AND DISCUSSION
Table 1 shows the average concentration of the assessed analytes in MSSand biosolids sam-
ples.
Table 1. Average concentration (µg g-1) and standard deviation of the evaluated analytes (n=3)

Analyte Raw sludge Sludge after US Sludge after TT CR biosolid PTR biosolid

Tonalide 0.15 ± 0.04 0.24 ± 0.03 0.17 ± 0.02 0.29 ± 0.06 0.12 ± 0.05
Galaxolide 34.86 ± 6.33 45.66 ± 7.14 34.58 ± 4.23 59.41 ± 9.71 43.99 ± 8.92
Triclosan 10.30 ± 3.35 13.37 ± 3.56 10.70 ± 2.91 9.28 ± 3.45 2.47 ± 0.52

BHT 1.72 ± 0.70 3.28 ± 1.05 2.47 ± 0.55 7.92 ± 2.73 6.43 ± 2.16
Phenanthrene 0.26 ± 0.02 0.40 ± 0.03 0.31 ± 0.06 0.48 ± 0.11 0.33 ± 0.05

Pyrene 0.14 ± 0.07 0.23 ± 0.04 0.08 ± 0.01 0.24 ± 0.06 0.19 ± 0.06
4-nonyl phenol 1.34 ± 0.05 1.99 ± 0.22 1.89 ± 0.06 2.45 ± 0.45 1.45 ± 0.07

Tert - octylphenol 0.32 ± 0.05 0.25 ± 0.07 0.32 ± 0.06 0.94 ± 0.19 1.17 ± 0.24
Bisphenol-A 0.22 ± 0.16 2.40 ± 0.21 0.24 ± 0.02 0.29 ± 0.09 0.67 ± 0.12

17β – Ethinyl estradiol < LOD < LOD < LOD < LOD < LOD

US and TT did not led to removal of the studied compounds in sludge, an even increases of 
up to 90.7% were observed after PT. In the case of biosolids, the sequential PT led to reduc-
tions of 18.8 – 73.4% in 7 of the studied compounds after AD. Exceptions were observed for 
tert–octylphenol and bisphenol A, which showed 24.5–131.0% increased concentration in 
PTR biosolid compared to CR. 

CONCLUSIONS
Sequential PT was related with decreased concentration for most of the studied compounds 
in biosolids after digestion, most likely associated with the solubilisation mechanisms of PT 
and the increased biodisponibility of the compounds during AD.
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Abstract
An agave bagasse hydrolysate obtained through an enzymatic mixture (cel-
lulases and xylanases) was tested as substrate for hydrogen production in a 
continuous stirred tank reactor. The effect of different organic loading rates 
(OLR) (36 to 90 g COD/L-d) on volumetric hydrogen production rate (VHPR) 
was evaluated during 57 days. VHPR increased as the ORL was increased, 
maximum VHPR of 13 L H2/L-d was achieved with OLR of 90 g COD/L-d, 
which is higher than reported in other studies, where only cellulases was 
used to hydrolyze bagasse. The outcomes of this study show that the enzy-
matic mixture hydrolysate significantly increases VHPR, which is encourag-
ing for the scale-up process.

Keywords
Biohydrogen, Agave bagasse, CSTR, Enzymatic mixture hydrolysis.

INTRODUCTION
The bagasse of Agave tequilana Weber is one of the main lignocellulosic residues generated 
by the tequila industry in Mexico. This bagasse has great potential for the production of H2 
because of its high content of sugars [1], which can be released through a hydrolysis. Cur-
rently, it has been shown that the mixed enzyme groups (cellulases and xylanases) signifi-
cantly improves the release of sugar from lignocellulosic residues as compared to the single 
enzyme groups [2]. However, the potential hydrogen production of these enzymatic cocktail 
hydrolysates has not been tested. Studies on continuous hydrogen production from ligno-
cellulosic hydrolysates are still scarce and most of them have obtained low VHPR [1,3]. The 
objective of this work was to evaluate an enzymatic mixture hydrolysate of Agave bagasse at 
different OLR in order to increase the VHPR. 

MATERIAL AND METHODS

Agave bagasse hydrolysate
Enzymatic hydrolysis was carried out by dispersing 5% (w/v) of bagasse in 50mM citrate 
buffer at pH 5.5, then Celluclast® 1.5 L and Vizcosyme were added, as reported by Galin-
do-Hernández [4], the mixture was incubated at 40 °C and 100 rpm for 12 h. The COD and 
total carbohydrates of the hydrolysate were 42 ± 0.5 g COD/L and 12 ± 0.5 g/L, respectively.
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Continuous hydrogen production in a CSTR
Continuous H2 production was carried out in a continuous stirred tank reactor (CSTR) with 
a working volume of 1 L, which was inoculated with 4.5 g SSV/L of heat-treated granular 
sludge, the temperature was maintained at 37 °C and the pH at 5.5. 

RESULTS AND DISCUSSION 
The performance of the CSTR operated during 57 days at different OLR is shown in Fig. 1(a). 
In this figure it can be seen the direct relationship between OLR and VHPR. In the first stage, 
with an OLR of 36 g DQO/L-d, the reactor showed fluctuations on VHPR (between 2 and 5 
L H2/L-d), but it was stabilized at 40 g DQO/L-d with a VHPR of 4 L H2/L-d. In the following 
stages the OLR was gradually increased, until a maximum VHPR of 13 L H2/L-d that was 
achieved at an OLR of 90 g COD/L-d. This VHPR is higher than the results previously report-
ed for hydrolysates produced by a single group of enzymes (cellulases) [1,3]. The enzymatic 
hydrolysate used in this work allowed to operate up to an OLR of 90 g DQO/L-d while in oth-
er studies with single enzymatic hydrolysates the VHPR decreased at 52 g DQO/L-d [1,3]. 

Figure 1. Performance of H2 production in CSTR. a) Volumetric hydrogen production rate. b) 
Volatile fatty acids Concentration.

During the operation of the reactor the H2 concentration in biogas remained at 60% and the 
volatile fatty acids analysis (Fig. 1b) showed only acetic and butyric acid. 

CONCLUSIONS 
In this study the tested enzymatic mixture hydrolysate allowed to operate at high OLR, which 
had a positive effect on the VHPR, desirable condition for industrial applications.
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Abstract
Cheese whey (CW) is the main waste of cheese making process. Anaerobic codi-
gestion (ACD) is an attractive alternative to solve this problematic, as it can sta-
bilise organic matter in CW and produce biomethane that can be used to energy 
production. The aim of this research was to evaluate the ACD process of cheese 
whey/dairy manure (DM) mixture in order to determinate the synergistic effect 
under different temperature (T) ranges. Firstly, biomethane potential (BMP) and 
the volatile fatty acids (VFA) content were evaluated at different temperatures, in-
oculum/substrate ratio (ISR) and CWfraction, using a surface response methodology. 
The highest biomethane yields in psychrophilic, mesophilic and termophilic ranges 
were 0.45, 0.6 y 0.51 m3CH4/kg VSadded, respectively. The second stage was to 
determine the effect of temperature conditions under the synergy. In that case, 
the synergistic effects were higher at psychrophilic conditions. The results allowed 
to conclude that the synergy of the CW/DM mixture increase biomethane ACD 
yields, respect to the CW and DM mono-digestion, even at unfavourable environ-
mental conditions.

Keywords
Anaerobic co-digestion, cheese whey, synergistic effects, temperature

INTRODUCTION
Dairy chain generates a residual liquid fraction denominated cheese whey (CW), which represents 
approximately 90% of the milk employed. According to the high organic load of CW, its disposal 
represents a challenge for small producers in developing countries that do not count with any kind 
of treatment plant. Anaerobic co-digestion (ACD) of CW with dairy manure (DM) is a strategy to 
reduce the acidification problems and to improve stability in the process. Low cost tubular digesters 
(absence of active mixing devices and/or active heating systems) are an attractive alternative to 
implement in small and medium dairy enterprises (SME). Benefits of tubular digesters are associ-
ated to energy obtainment and nutrients recovery, under local temperature. The performance and 
specific methanogenic activity (SMA) of ACD are highly influenced by temperature. In this regard, 
Latin America presents a diversity of geographical and metheorological conditions that leads to a 
wide temperature variety from psychrophilic (<20 ºC) to termophilic (>40 ºC) range. Studies about 
co-digestion focus their research mainly in the substrate/co-substrate ratio effects, C/N ratio and 
macromolecules content. These researches converge in the positive or negative interactions among 
substrates for biomethane production [1]. However, the majority of those studies do not evaluate 



31

the relati onship between synergisti c eff ect and temperature. Based on this background, the aim 
of this research was to evaluate the ACD process of CW/DM mixture in order to determinate the 
synergisti c eff ect under psychrophilic, mesophilic and thermophilic temperatures.

MATERIALS & METHODS
In this study, fresh DM and digested dairy manure was used as co-substrate and inoculum, respec-
ti vely. CW was obtained from a SME. BMP and VFA content were evaluated at diff erent T (8, 15, 
25, 35 y 42°C), ISR on VS basis (0.8, 1.0, 1.5, 2.0 y 2.2) and CWfracti on (0.1, 0.3, 0.6, 0.9 y 1.0), using a 
factorial design (22 + central and axial points). Synergy eff ects was determine according to Labatut 
et al., [2]. Specifi c methanogenic acti vity (SMA) was measured for each studied temperature. The 
BMP, VFA and SMA were determined according to the protocol suggested by Refs [3], and [4], re-
specti vely.
RESULTS AND DISCUSSION
The adjustment of the factorial design explained the BMP and VFA behaviour in 92.19% and 95.64% 
respecti vely (Figure 1). IRS between 1.5 to 2.2, CWfracti on around 0.6 to 0.9 (v/v) and T from 20 to 35 
°C, favours biomethane producti on. Opti mizing the BMP and minimizing the VFA content simulta-
neously, it was possible to obtain the most favourable conditi ons that were 37°C, 0.7 and 2.2, for T, 
CWfracti on and ISR respecti vely.

Figure 1. Isothermal response surfaces (15. 25 and 35 °C) for BMP and VFA as functi on of ISR and CWfracti on

Under those conditi ons it is possible to obtain a BMP of 0.6 m3 CH4/kg VSadded with a VFA content 
around 382.60 mg/L. BMP and synergisti c eff ects as functi on f temperature are shown in fi gure 
2a. It can be seen an opposite behaviour: i) BMP increases directly with T except in termophilics 
temperatures. ii) Synergy decreases with T increases. This behaviour shows that with a higher tem-
perature it is necessary a lower synergy to obtain bett er biogas producti on. Results show that the 
mixture CW:DM improve the synergy, reaching bett er yields compared with mono-digesti on poten-
ti als, even at lower temperatures conditi ons.

Figure 2. Behaviour of BMP, synergy (a) and SMA (b) at diff erent temperatures
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SMA tendency is similar to BMP behaviour (Fig 2b). Results show that SMA is useful under psychrophilic tem-
peratures. Based on above, synergy contributes AD to minimize limiting operational conditions. It means that 
ACD process is suitable even at zones under psychrophilic temperatures.

CONCLUSIONS 
The relationship between synergistic effect and temperature shows that at lower temperatures, exist a higher 
synergy. Accordingly, success of ACD under psychrophilic temperatures depends on the interaction between 
blends.
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Abstract
This work aims at evaluating the ideal substrate/inoculum ratio (S/I) and the 
inoculum recirculation rates for the start-up of a pilot/industrial-scale SSAD 
plant implemented in the city of Rio de Janeiro, Brazil, in order to treat the 
organic fraction of municipal solid waste (OFMSW). The SSAD is the first 
plant to use the garage technology in Brazil. To evaluate the recirculation 
rates and the methane yield of the OFMSW, the following main studies were 
carried out: i) the adaptation of the inoculum to the substrate after three 
consecutive feeds; ii) DNA sequencing analysis to identification of possible 
changes of the archaea community during the feeding periods; iii) the ideal 
substrate:inoculum (S/I) ratio for the start-up of a continuous stirred-tank 
reactor (270m³) applied to OFMSW extra-dry methanization with percolate 
recirculation.

Keywords
Solid state anaerobic digestion, extra-dry methanization, BMP test; sub-
strate/inoculum ratio, methane yield.

INTRODUCTION
Mass transfer limitation and low methane yields have been reported in solid state anaero-
bic digestion (SSAD) plants, as compared to the wet and dry technologies (Schievano et al., 
2010; Abbassi-Guendouz et al., 2012). This is due to the following intrinsic characteristics of 
the extra dry methanization technology: high solids concentration of the substrate; absence 
of internal mixing mechanisms; and the use of batch feeding mode. To compensate the lower 
methane yields of the SSAD technology, different inoculation strategies have been studied 
in the last years (Pezzolla et al., 2017], one of them being the recirculation of the leachate 
generated in the methanization reactors, aiming at increasing the concentration of micro-or-
ganisms and nutrients in the pile of residues that undergo treatment. Leachate recirculation 
also contributes for the dilution and leaching of intermediate products of the AD (Degueurce 
et al., 2016; di Maria et al., 2016). Therefore, the definition of strategies for adaptation and 
irrigation of inoculum are decisive steps for successful start-up of methanization reactors, 
in particular the SSAD process. The objectives of this study were to evaluate the ideal Sub-
strate/Inoculum ratio (S/I) and the inoculum recirculation rates for the start-up of a pilot/
industrial-scale SSAD plant implemented in the city of Rio de Janeiro, Brazil, in order to treat 
the organic fraction of municipal solid waste (OFMSW).
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METHODS
The SSAD is composed of seven SSAD tunnels (300m³ each) and inoculum producti on unit 
(IPU) (275m³), with treatment capacity of up to 50 tOFMSW.d-1. The leachate from the tun-
nels is collected through a drainage system built into the fl oor and pumped to IPU. The 
leachate is stabilized and used again to irrigate the OFMSW into the tunnels (as inoculum), 
closing the water cycle.

BPM tests (AMPTS II, 37 ºC, conti nuous agitati on) were carried out for the purpose of de-
fi ning the strategies to start up the plant. The substrate used in the tests was the OFMSW 
that will be treated in the plant (city of Rio de Janeiro, Brazil). Anaerobic sludge taken from 
digester of a sewage treatment plant was tested as inoculum. Three substrate/Inoculum (S/I) 
rati os were tested: 0,25; 0,5 e 1,0 gVS-S.gVS-I

-1. In order to test possible adaptati on of the 
inoculum to the substrate, three consecuti ve feeds were applied, however using the same 
inoculum, as they were recovered at the end of the previous feeding and re-introduced in the 
reacti ons fl asks. 

MAJOR RESULTS 
The results of the three consecuti ve feeds, for the three S/I rati os evaluated during the BMP 
tests, are depicted in Figure 1. The feeding period (FP) 1 lasted 13 days and the cumulati ve 
methane producti on was compati ble for S/I rati os of 0.25 and 0.50 gVS-S.gVS-I

-1, but not for 
S/I rati o of 1.00  gVS-S.gVS-I

-1, which presented a methane producti on slightly lower than the 
one observed for S/I rati o of 0.50 gVS-S.gVS-I

-1. This is an indicati on of possible overload and 
parti al inhibiti on of the methanogenic archaea. In relati on to FP 2 and 3, the same trend was 
noti ced for S/I rati os of 0.25 and 0.50 gVS-S.gVS-I

-1, but a sharp recovery of methane produc-
ti on was observed for S/I of 1.00 gVS-S.gVS-I

-1, starti ng on day 15. This is possibly due to a 
bett er acclimati zati on of the biomass from FP 2 onwards. DNA extracti on of the biomass at 
the end of each FP was performed and PCR-DGGE and sequencing analysis are presently 
being carried out aiming at the identi fi cati on of possible changes of the archaea community 
during these three feeding periods. Altogether, these results show the importance of se-
quenti al feeding as a strategy for biomass acclimati zati on to a diff erent substrate. This was 
parti cularly notorious for the S/I rati o of 1.00 gVS-S.gVS-I

-1.

Figure 1 – Results of BMP tests - cumulati ve methane producti on during feeding periods 1, 2 and 3 
(FP1, FP2, FP3), for S/I rati os of 0.25, 0.50 and 1.00 gVS-S.gVS-I

-1. Results are average of triplicates
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The sequential feeding strategy was also beneficial to the methane yield, which increased 
from FP 1 to FP 2, for the S/I ratios of 0.25 and 0.50 gVS-S.gVS-I

-1 (results will be shown in 
the full paper). Overall, the highest methane yield was observed for S/I of 0.25 gVS-S.gVS-I

-1, 
equal to 283 mLCH4.gSV-S. The results of these tests will be very useful for defining the S/I 
ratio and the inoculum recirculation rate to be applied during the start-up of the methaniza-
tion plant and will be presented in the full paper.
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Abstract
A novel concept of dosing ions by size and surface-state engineering of 
Nanoparticles (NPs) was introduced. It regards their capability of first 
disperse and then progressively dissolve over the time to yield the dietary 
supply of iron and nickel for the microorganisms in the reactor. Hydrogen 
production of batch experiments inoculated with Clostridium butyricum at 
37°C and 130 rpm was assessed. The addition of 10 mg L-1 of Fe and 10 mg 
L-1 of Ni NPs enhanced the biohydrogen production by 54% (from 255 to 
392 mL of H2). Moreover, butyrate production was favoured when NPs were 
added to the process. And both experiments ended with a carbohydrates 
conversion average of 65%.

Keywords
Iron; Nickel; Nanoparticles; Clostridium butyricum; biohydrogen production;

INTRODUCTION
On dissolution process if the released ions are used up in competing reactions, their mobility 
is high and their concentration low, so the system is moved far away from the saturation 
point; sink conditions are reached and the NPs tend towards complete dissolution. If during 
dissolution the concentration of available ions returns the system to saturation, the ions will 
dissolve more slowly or not at all. Thus, to attain good control of biomass processing, NPs 
can be used as unique ion dispensers (Casals et al., 2014). Mullai et al., 2013 reported an in-
crease of 23% of biohydrogen production on glucose fermentation when 5.7 mg L-1 of nickel 
nanoparticles were added to the process.

Reduction of protons to form molecular H2 is catalyzed by hydrogenase enzymes, metallo-
proteins categorized according to the identity of metal ions in their active sites: [NiFe]- and 
[FeFe]-hydrogenases (Mullai et al., 2013). In this study, improvement of hydrogen production 
by Clostridium butyricum when adding Ni and Fe nanoparticles to fermentation process was 
assessed.

MATERIALS AND METHODS
Zero valent iron and nickel nanoparticles were synthesized according to Cheng et al. (2010) 
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and Zhou et al. (2009), respecti vely. Anaerobic assays were performed in 250 mL reactors 
with 125 mL broth composed by 20% of inoculum (Clostridium butyricum) and 100 mL of 
Reinforced Clostridial Medium (RCM) on the concentrati on of 19 g L-1 with 5 g L-1 of glucose 
as substrate. The pH value of each reactor was adjusted to 6.8 and nitrogen gas (100%) was 
used to purge oxygen from the system, prior to incubati on at 37°C and 130 rpm. Experi-
ments were performed in three replicates with 10 mg L-1 of Ni0 and 10 mg L-1 of Fe0 NPs and 
three replicates of control (without NPs). Hydrogen content in biogas was determined by gas 
chromatography according to Ratti   et al. (2013). Organic acids were analysed by high-per-
formance liquid chromatography according to Penteado et al. (2013). Additi onally, carbohy-
drates were determined by spectrophotometry according to Dubois et al. (1956).

RESULTS AND DISCUSSION
Hydrogen cumulati ve producti ons were found to be 392 mL and 255 mL, on batch with 
and without NPs, respecti vely. Thus, hydrogen producti on increment of 54% was obtained 
(Figure 1A). It is noteworthy that, there was a delay on the increase of hydrogen producti on 
when NPs were not present (Figure 1A). Carbohydrates conversion was higher on lag step 
of control (18%) when compared to lag step of NPs batch (4%). However, it was reached on 
exponenti al step and both experiments ended with a carbohydrates conversion average of 
65% (Figure 1B). Butyrate, isobutyrate, acetate, formate and lactate were produced in both 
conditi ons (Figure 1B). Corresponding values on total concentrati on of acids at the end of 
experiment were 5 g L-1 and 6 g L-1 on control and NPs conditi on, respecti vely. The only sig-
nifi cant diff erence on acidogenic process was a higher butyrate producti on when NPs were 
added (Figure 1B). Therefore, Clostridium butyricum performance enhancement has been 
greatly explored. For this challenging task, small iron and nickel NPs at non-saturati on con-
diti ons slowly dissolved and were good candidates to achieve hydrogen producti on acti vity 
boosti ng.

Figure 1. Eff ect of Fe0 (10 mgL-1)  and Ni0 (10 mgL-1) nanoparti cles additi on on Clostridium butyricum 
metabolism. (A) Profi le of cumulati ve biohydrogen producti on (B) Profi le of carbohydrates 
consumpti on and acids producti on.
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Abstract
One of the main problem of complex biological systems, like anaerobic diges-
tion, is that models struggle to identify the heterogeneity waste composition 
and modelling the subsequent dynamic response of the system. Common 
models assume constant the kinetic parameters for highly heterogeneous 
waste such as sewage sludge and animal manure. This work explores a new 
model approach (Gamma model) able to reflect the dynamic variability of 
hydrolysis kinetic. Additionally, the Gamma model is compared with other 
common models for BMP testing, i.e. 1 and 2 substrate(s) first-order model. 
For the four analysed wastes, the BMP methane curves were statistically 
better described by the Gamma model than by the other model approaches.

Keywords
Anaerobic digestion; agro-industrial wastes; BMP; Gamma model; kinetics; 
modelling; 

INTRODUCTION
Anaerobic digestion is a reliable technology at industrial level; however, there is an important 
drawback in the modelling of such complex biological chemical process. The typical strategy 
for the process scale-up goes from its kinetic characterization by means of batch assays and, 
then, the industrial reactor is dimensioned based on the obtained data. One of the most used 
model is the first order kinetic model but, Damien et al. 2009 found statistically differences 
between first order constant from batch test and the kinetic constant at industrial reactor. It 
is important to define models which incorporates the variability on methane rate generation 
caused by biomass adaptability and substrate complexity.   

The main objective is to study the utilization of Gamma distribution function to better rep-
resent waste anaerobic degradation kinetics heterogeneity. In this work, it was assumed that 
methane generation is described with a first-order kinetic constants. 

METHODS

The biomethane potential (BMP) tests were carried out at mesophilic conditions following 
the procedure described by Angelidaki et al. (2009). Four different solid waste have been 
selected: cattle manure, cattle paunch, pig manure and wastewater activated sludge (WAS).

The variability on kinetic constant from first-order model is added by using the definition of 
expected value on first-order model by assuming the kinetic constant follows a gamma dis-
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tributi on during the biological acti vity. The gamma model is obtained in equati on 1:

 Equati on 1.

Where λ and r are the characteristi c parameters of gamma distributi on. With they can be 
plott ed the variability of K values during the methane generati on (Figure 1, B).
RESULTS
The gamma model is compared for the same data set with the most used models in Table 1, 
fi rst order methane model (Equati on 2) and 2k model (Equati on 3).

Table 1. Stati sti cal results in fi tti  ng curve for fi rst order model, gamma model and 2k model. 

  Substrate 
 Parameters Cattle manure Pig manure WAS Paunch 

Fi
rs

t o
rd

er
 

m
od

el
 

B0 (ml CH4/g vs) 271±21 307±8 226±8 355±8 
k (d-1) 0.249±0.079 0.138±0.012 0.193±0.021 0.084±0.006 

R2 adjusted 0.935 0.992 0.988 0.995 
F statistic vs Gamma model 100.97 38.65 17.50 101.72 

P-value 0.000 0.000 0.002 0.000 

Ga
m

m
a 

m
od

el
 B0 (ml CH4/g vs) 340±45 333±16 249±21 375±8 

λ (d) 1.057±0.668 12.175±6.233 7.848±6.318 24.350±6.953 
r (-) 0.441±0.220 1.864±0.890 1.691±1.274 2.281±0.606 

R2 adjusted 0.995 0.997 0.995 0.999 
F statistic vs 2k model 6.95 13.74 4.57 0.38 

P-value 0.056 0.056 0.056 0.549 

2k
 m

od
el

 B0 (ml CH4/g vs) 300±9 358±70 271±108 370±7 
f fraction (-) 0.605±0.056 0.687±0.057 0.648±0.112 0.550±0.186 

k1 (d-1) 0.541±0.100 0.183±0.027 0.267±0.076 0.137±0.031 
k2 (d-1) 0.037±0.013 0.020±0.029 0.029±0.072 0.038±0.014 

R2 adjusted 0.997 0.999 0.996 0.999 
 

Figure 1. A) Kineti c models for catt le manure: fi rst order model (black line), gamma model 
(blue line) and 2k model (green line). B) Gamma distributi on of k values for each BMP test.

CONCLUSIONS
The Gamma model describes the BMP curves bett er than other models. The quality of fi tti  ng 
from each model was compared in terms of adjusted determinati on coeffi  cient and signifi -
cance reducti on of error variance with a Fisher test. According to that, gamma model is the 
model with the less error variance, the highest adjusted determinati on parameter and less 
parameters (3). From practi cal point of view Gamma model also allows analysing the variabil-
ity of k values during degradati on (Fig 1B). This model could be used to analyse the methane 
dynamic behaviour caused by the adaptability or evoluti on response of biomass or the com-
plexity of substrate att ending to the shape of gamma distributi on (Figure 1B). When Gamma 
distributi on shows less variance, one k-value (x-axis in Fig 1B) is enough to describe the 
methane generati on (fi rst order, i.e. paunch). Meanwhile, with high variance on k distributi on 

A
_
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(i.e. cattle manure) one k value is less representative of the overall process and the 2k model 
describes the process better than first order model. 
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Abstract
The production of biohydrogen through dark fermentation of sugarcane vinasse is a prom-
ising alternative for clean energy generation. The main drawback reported in the literature 
of this area is the instability of hydrogen production, the maximum stable production period 
reported so far is 45 days. In this study, the extreme thermophilic condition (70°C) enabled 
stable H2 production for 125 days with yield of 2.1 molH2.molGluose-1 and VHP of 526 
mLH2.d-1.L-1. The hydrogen production routes at 70°C are different from those reported at 
lower temperatures.

Keywords
Hydrogen; sugarcane stillage; continuous hydrogen production.

INTRODUCTION
Studies for BioH2 production through sugarcane vinasse dark fermentation have shown that 
the main difficulty is to maintain a stable production. Using Anaerobic Packed Bed Reactor 
(APBR), at mesophilic and thermophilic condition (25°C and 55°C), Ferraz Júnior et al. (2014, 
2015)expanded clay (EC could not maintain BioH2 production for more than 15 and 30 days, 
respectively. At thermophilic condition, Fuess et al. (2016)such as biomass accumulation and 
inadequate pH conditions. Because packed-bed systems constitute a promising technology 
for biohydrogen production, studies on continuous hydrogen production over the long term 
must be carefully conducted by applying proper operational strategies. Therefore, this study 
assessed continuous biohydrogen production in a packed-bed reactor operated under ther-
mophilic conditions (55 ??C observed stable BioH2 production only during the  first 45 days. 
After this period, operational strategies were necessary to maintain production. 

Those results gave rise to a hypothesis: Could extreme thermophilic condition be benefi-
cial to BioH2 production? Sugarcane vinasse is released in temperatures ranging from 85 to 
100°C, thus allowing the application of extreme thermophilic condition for dark fermenta-
tion.

MATHERIAL AND METHODS
A stainless steel Anaerobic Bioreactor with Fixed Structured Bed (ABFSB) (Mockaitis, 2011), 
(diameter of 80 mm, 750 mm of length and 3L working volume) filled with high-density poly-
ethylene rings, was fed with sugarcane vinasse at a pH of 6,5 (NaOH 50%) and operated at 
70°C and hydraulic retention time (HRT) of 19 hours to evaluate this hypothesis.

RESULTS AND DISCUSSION
The extreme temperature enabled stable BioH2 production for 125 days. Table 1 presents 
the average Volumetric Hydrogen Production (VHP) and stable BioH2 production period at 
different temperatures.
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Table 1 - VHP and stability period of BioH2 from sugarcane vinasse at different temperatures.

Authors Substrate Temp 
(°C)

VHP       (mLH2.
d-1.L-1)

Stable production 
period

Ferraz Júnior et al., 
(2015)expanded clay 
(EC

Sugarcane vi-
nasse

25 84 15

Ferraz Júnior et al., 
(2014)which predicted 
a maximum Volumetric 
Hydrogen Production 
(VHP

Sugarcane vi-
nasse

55 526 30

Fuess et al., (2016)such 
as biomass accumu-
lation and inadequate 
pH conditions. Because 
packed-bed systems 
constitute a promising 
technology for biohy-
drogen production, 
studies on continuous 
hydrogen production 
over the long term must 
be carefully conduct-
ed by applying proper 
operational strategies. 
Therefore, this study 
assessed continuous 
biohydrogen production 
in a packed-bed reactor 
operated under ther-
mophilic conditions (55 
??C

Sugarcane vi-
nasse

55 780 45

This study Sugarcane vi-
nasse

70 526 125

Due to differences in vinasse composition, two phases could be distinguished during the 
experimental period: Phase 1, from day 1 to 65, with higher VHP average (575 mLH2. L-1.d-1) 
and pH of 5.3, and phase 2, from day 65 onwards, with lower VHP average (461 mLH2. L-1.d-1) 
and average pH of 4.8 (Figure 1 A). 
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Figure 1 - (A) Temporal profiles of VHP and pH, (B) Affluent and effluent lactic acid concen-
tration.

BioH2 production via dark fermentation usually follows two main metabolic pathways: the 
acetate and the butyrate pathway. Theoretically, higher yields are achieved when the acetate 
pathway takes place, since 4 moles of hydrogen can be produced per mole of glucose, against 
2 moles of hydrogen per mole of glucose when the butyrate pathway takes place. 

In the dark fermentation of sugarcane vinasse at 55°C, Ferraz Júnior et al. (2014)which pre-
dicted a maximum Volumetric Hydrogen Production (VHP observed a yield of 0.74 molH2.
molglucose

-1, and Fuess et al. (2016)such as biomass accumulation and inadequate pH condi-
tions. Because packed-bed systems constitute a promising technology for biohydrogen pro-
duction, studies on continuous hydrogen production over the long term must be carefully 
conducted by applying proper operational strategies. Therefore, this study assessed contin-
uous biohydrogen production in a packed-bed reactor operated under thermophilic condi-
tions (55 ??C reported an yield of 0.79 molH2.molglucose

-1. In both cases, the acetate pathway 
was the main route for BioH2 production. In this study, an average yield of 2.1 molH2.mol-
glucose

-1 was observed and butyric acid was the main soluble compound formed (55% of the 
volatile fatty acid formed). This result suggest that the main fermentative route associated 
with BioH2 production at 70°C is the butyric pathway.

However, the higher yield observed at extreme thermophilic condition must be associated 
with lower carbohydrates (CH) conversion. While at 55°C the CH conversion were up to 
60%, at 70°C only 38% of the total CH were converted. Thus, at 70°C, more BioH2 is pro-
duced with less CH consumption, which is inconsistent with the butyric pathway reported 
above. An alternative route, shown by Sikora et al., (2013), reveals that BioH2 production is 
possible from lactate and acetate with co-production of butyric acid, and this route could 
be contributing to BioH2 production is our experiment. An evidence of this is that when the 
vinasse composition changed, from phase 1 to phase 2 the lactic acid was produced (Figure 
1B), and this must have contributed to the lower VHP observed (Figure 1A). 
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Abstract
In this work we study the co-digestion of the liquid fraction (LF) from hydrothermal 
carbonization (HTC) of dewatered secondary sewage sludge (DSSS) and primary sew-
age sludge (PSS) in batch mode and semi-continuous operation. Mesophilic batch runs 
were performed with the aim to evaluate an adequate LF/PSS mixture ratio. A co-diges-
tion mixture with a proportion of LF lower than 25% showed chemical oxygen demand 
(COD) removal values of 86% with negligible total volatile fatty acids (VFA) concentra-
tion after 45 days digestion time. In the case of semi-continuous operation, a synergic 
effect was found with a mixture with 10% LF (172±11 mL CH4 g-1 CODadded) compared 
with PSS alone (149±12 mL CH4 g-1 CODadded), working at an organic load rate (OLR) of 
1.5 g COD L-1 d-1. In this case, the total VFA content was around 390±38 mg COD L-1, 
being acetic acid the main component.

Keywords: Anaerobic co-digestion; biochemical methane potential, hydrothermal car-
bonization; liquid by-product; sewage sludge.

INTRODUCTION
Sewage sludge from municipal wastewater treatment plants (WWTP) is a fully renewable, abundant, and 
relatively cheap biomass which has large potential for the profitable production of biofuels. Around 1.4 
million ton per year of sewage sludge (in dry basis) are produced in Spain and in Europe could reach 13 
million ton in 2020 (Kelessidis and Stasinakis, 2012). HTC process is an environmentally friendly tech-
nology that can be applied to reduce the energy-intensive drying process of sewage sludge and energy 
recovery by producing a coal-like solid (hydrochar) with high heating value (≈ 22 MJ kg-1). Moreover, a 
liquid by-product with a high organic matter (≈ 110 g COD L-1) and nitrogen content (≈ 9 g TKN L-1) is 
generated and could be treated by anaerobic digestion (AD). The aim of this work is to study the co-di-
gestion of the liquid fraction (LF) from HTC of DSSS and PSS in batch and semi-continuous operation.

METHODS
A flocculent sludge from a full-scale mesophilic digester treating mixed SS, with total solids (TS) of 21.1 g 
L-1 and 65.8% of volatile solids (VS) was used as inoculum. PSS with a TS of 53.1 g L-1 and 86.0% of VS 
from a WWTP was used as substrate. DSSS with 85% moisture was collected from a MBR of a cosmetic 
WWTP. HTC of DSSS (208 ºC, 1 h) was performed in a ZipperClave® pressure vessel electrically heated. 
The main characteristics of LF (co-substrate), recovered by centrifugation and filtration (0.45 µm), were: 
pH 4.9; 110.1 g L-1 soluble COD; 51.9 g TS L-1; 46.2 g VS L-1; and 8.7 g TKN L-1. 
Mesophilic batch runs (60 mL) were performed with the objective to find the adequate LF/PSS mixture 
ratio (0 to 100% LF) (on a COD basis). Inoculum concentration (10 g COD L-1) and inoculum to substrate 
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ratio (2 on a COD basis) were selected according to Villamil et al. (2018). Subsequently, three 
mesophilic digesters (2 L) were operated at semi-continuous mode (one feed per day) using 
three feed mixture ratios (0, 5 and 10% LF on a COD basis) at 1.5 and 2.5 g COD L-1 d-1, 
with a hydraulic retention time (HRT) of 44 and 26 days, respectively.
APHA (1998) standard methods were used to analyze TS (2540B), VS (2540D), COD (5220D), 
N-NH3 (4500-NH3). Total alkalinity was determined by titration to pH 4.3. Biogas compo-
sition (H2, CO2 and CH4) was determined by Gas Chromatograph (GC) separation (Thermo 
Scientific Trace 1310). GC–MS (CP-3800/Saturn 2200) were conducted to identify chemical 
species in the liquid fraction. The volatile fatty acids (VFA) from C2 to C7 were analyzed us-
ing a GC (Varian 430-GC).

RESULTS AND CONCLUSIONS
Figure 1 shows the time-course of CH4 yield along the anaerobic batch co-digestion runs. 
The decrease in the CH4 production as increasing the LF percentage in the mixture could 
be related to the presence of recalcitrant compound in the LF such as alkenes, oxygen- and 
nitrogen-bearing aromatics and phenolic compounds hard-to-degrade through anaerobic di-
gestion (De la Rubia et al, 2018). An increase of 75% in the CH4 yield (171±1 mL CH4 STP 
g-1 CODadded) was observed for the 25% LF run compared with the experiment with 100% 
LF. Total VFA concentration decrease after the hydrolytic-acidogenic stage reaching values 
negligible after 10 days anaerobic digestion. TKN hydrolysis also decreased at increasing the 
LF percentage, reaching values up to 79% and TAN values were below than 800 mg N L-1 at 
the end of the experiment.
Figure 2 shows the CH4 yield for three different co-digestion mixtures and two OLR in the 
semi-continuous experiments. The mixture with 25% LF resulted inhibitory under this oper-
ating condition. A clear synergic effect in CH4 yield was observed for the mixture of 10% LF, 
working at 1.5 g COD L-1 d-1 (172±11 mL CH4 g-1 CODadded), which represented an increase 
of 15% with respect to the control experiment, fed with PSS as sole substrate. At these con-
ditions, total VFA content was 390±38 mg COD L-1, being an 85% acetic acid and the rest 
propionic acid. Nevertheless, a decrease in the CH4 production (151±1 mL CH4 g-1 CODadded) 
took place working at 2.5 g COD L-1 d-1, and the total VFA concentration increased slightly 
until 428±40 g COD L-1 (89% of acetic acid). Alkalinity and TAN remained almost constant 
with the increase of the OLR, reaching values of 4.7±0.1 and 4.8±0.1 g CaCO3 L-1 for 1.5 and 
2.5 g COD L-1 d-1, respectively, providing enough buffering capacity. TAN values were lower 
to 1.2 g TAN L-1 for both OLR.
From the results of this work, we conclude that the integration of HTC process into a waste-
water treatment plant is an interesting option for sewage sludge management. The anaerobic 
co-digestion of the LF from HTC of DSSS with PSS could contribute to increase the energy 
balance of the overall process (HTC + co-digestion).
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Figure 1. Cumulative CH4 yield along the an-
aerobic batch co-digestion runs.

Figure 2. CH4 yield vs. OLR in the semi-con-
tinuous co-digestion experiments.
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Abstract
The application of an innovative anaerobic structured-bed reactor (ASTBR) 
in the thermophilic (55ºC) dark fermentation of sugarcane vinasse was as-
sessed. A detailed metabolite monitoring program was applied to identify the 
major substrates and primary metabolic pathways within the system. Over-
all, three major pathways were defined according to the pH: lactate-produc-
ing (pH < 5.0), bioH2- and butyrate-producing (pH = 5.0–5.5) and bioH2-pro-
ducing/sulfate-reducing (pH > 6.0) system. Lactate was characterized as the 
primary substrate under bioH2-producing conditions.

Keywords
Sugarcane biorefinery; vinasse management; biohydrogen production; sul-
fate reduction

INTRODUCTION
Interests on using sugarcane vinasse as a substrate for biohydrogen (bioH2) production 
through dark fermentation have recently enabled important achievements, such as defining 
proper [i] temperature conditions (Ferraz Jr. et al., 2014), [ii] support materials for fixed-film 
systems (Ferraz Jr. et al., 2015) and operating strategies for attaining continuous long-term 
bioH2 production levels (Fuess et al., 2016). However, process improvements are still re-
quired to guarantee a more efficient exploitation of vinasse in acidogenic systems. In this 
context, an innovative reactor configuration, namely, the anaerobic structured-bed reactor 
(ASTBR) was applied to enhance bioH2 production in the thermophilic (55ºC) dark fermen-
tation of sugarcane vinasse. Specific operating strategies as well as a detailed metabolite 
monitoring program were conducted to understand the determining conversion pathways at 
various operating conditions.

MATERIALS AND METHODS
A thermophilic bench-scale (1.9 L) ASTBR was continuously fed with sugarcane vinasse for 
150 days under decreasing hydraulic retention times (HRT), i.e., 24, 16, 12, 6 and 4 h, and 
increasing organic loading rates (OLR; 40–120 kg-COD m-3 d-1). The inoculation of the sys-
tem was based on the natural fermentation of sugarcane vinasse, as described by Ferraz Jr. 
et al. (2014). In addition to decreasing the HRT, different operating strategies were applied to 
maintain continuous bioH2 production levels, including pH adjustment (6.5–7.0) with NaOH 
or NaOH + NaHCO3 dosing and bottom biomass discharges (BBD), according to the response 
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of the system towards the application of sugarcane vinasses with variable compositional char-
acteristics (COD = 20–40 g L-1).

 System monitoring included the measurements of pH, total (CODt) and soluble (CODs) 
COD, total carbohydrates, glycerol, lactic acid (HLa), sulfate, volatile fatty acids (VFA), and 
volatile suspended solids (VSS) for the liquid phase; biogas composition, biogas flow rate, vol-
umetric hydrogen production rate (VHPR) and hydrogen yield (HY) for the gaseous phase.

RESULTS AND DISCUSSION
Overall, increasing the OLR through decreasing the HRT positively affected bioH2 produc-
tion up to an OLR of approximately 90 kg-COD m-3 d-1 (HRT = 12 h), with a maximum VHPR 
of 2074 ± 258 NmL-H2 L-1 d-1. However, variations in the composition of sugarcane vinasse 
throughout the harvest sharply affected the hydrogenogenic activity within the ASTBR, re-
gardless of the HRT. The control of the effluent pH (5.0–5.5) was characterized as the primary 
strategy to maintain high bioH2 production levels (Figure 1a), also associating high butyric acid 
(HBu) concentrations. In particular, when using less concentrated vinasses (COD = 19–25 g L-1) 
bioH2 production was attained only by controlling the buffer capacity of the system (NaHCO3 
dosing). NaHCO3 dosing (NaHCO3/COD = 0.1–0.05) also stimulated the activity of sulfate-re-
ducing bacteria within the ASTBR, in order to establish a mutually acidogenic-sulfidogenic 
environment (pH > 6.0), as evidenced by the detection of both H2 (18%) and H2S (2%) in the 
gaseous phase. In turn, operating the system at low effluent pH values (< 5.0) favored HLa 
production, with relatively negligible HBu and bioH2 production levels. The direct correlation 
observed between HLa and HBu concentrations (Figure 1b) suggested that HLa was used as 
the primary substrate for bioH2 production from sugarcane vinasse.

Figure 1. Performance of the ASTBR: (a) temporal profiles of the VHPR (●) and effluent pH (○) and (b) 
correlation between HLa and HBu (●) and HY and HBu (○).

CONCLUSIONS
The results obtained herein indicated that operating strategies are imperative to direct the 
metabolic pathways in the thermophilic dark fermentation of vinasse, in order to define three 
major routes according to the reaction pH: lactate-producing (pH < 5.0), bioH2- and butyr-
ate-producing (pH = 5.0–5.5) and bioH2-producing/sulfate-reducing (pH > 6.0) system. In 
practical aspects, the versatility of acidogenic systems may be used according to a given tar-
get, such as bioenergy recovery via bioH2 production or “vinasse cleaning” (i.e., sulfate remov-
al) prior to methanogenesis.
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Abstract
The impacts of different types of sugarcane vinasse, i.e., from annexed 
(VinAn) and autonomous (VinAu) ethanol plants and spirit production 
(VinDs), on methane production were assessed under mesophilic conditions 
(37ºC). The availability of biodegradable organic matter and sulfate directly 
impacted the kinetics of methane production, associating a 2-fold higher 
methane production rate with VinDs compared to VinAn and VinAu. How-
ever, bioenergy yield, i.e., the methane yield was not affected by the compo-
sitional variations (328–339 NmL-CH4 g-1COD), which indicates that vinasse 
may be efficiently used as substrate for bioenergy generation, regardless of 
its origin.

Keywords
Sugarcane vinasse; compositional variability; bioenergy recovery; methane 
production

INTRODUCTION
Sugarcane vinasse has been considered a suitable substrate for bioenergy generation via 
methane production in anaerobic systems (Fuess and Garcia, 2015; Moraes et al., 2014). 
However, intrinsic characteristics of sugarcane processing according to the final products, 
i.e., ethanol (autonomous biorefinery), sugar and ethanol (annexed biorefinery) and sugar-
cane spirits (distillery) generate qualitative differences in vinasse, directly impacting sulfate 
concentrations, residual ethanol levels, color (i.e., melanoidin concentrations) and solid con-
tent. Although this compositional variability only slightly impacts the biodegradability of vi-
nasses, may specific compositional aspects of this wastewater affect bioenergy extraction 
through methane production? This study addresses the proposed issue by comparing the 
methanogenic potential of three different types of sugarcane vinasse, i.e., samples resulting 
from annexed plants (VinAn; COD = 42.9 g L-1), autonomous plants (VinAu; COD = 17.8 g L-1) 
and from spirit production (VinDs; COD = 58.6 g L-1), using kinetic data to understand the 
relation between vinasse composition and methane evolution patterns.

METHODS
Experiments were carried out in batch tests (500 mL Duran® flasks) under mesophilic tem-
perature conditions (37ºC) in a shaker (130 rpm). Vinasse samples (VinAn, VinAu and VinDs) 
were diluted to a COD of 5 g L-1 in all cases. Incubation conditions included a NaHCO3/COD 
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ratio of 0.5 and a food-to-micro-organism (F/M) ratio of 0.5 g-COD g-1TVS. The reactors were 
inoculated with anaerobic sludge (0.1 g-TVS g-1

sludge) collected from a mesophilic pilot-scale 
UASB reactor treating sugarcane vinasse. Methane production was obtained by periodically 
measuring the accumulated pressure within the flaks and biogas composition (H2, N2, CH4 
and CO2). The liquid phase was also periodically sampled to measure COD (total and soluble) 
decay. A kinetic assessment was further conducted by fitting the modified Gompertz model 
(Zwietering et al., 1990) to cumulative methane production (V-CH4) profiles. Triplicates were 
monitored for each type of vinasse.

RESULTS AND DISCUSSION
V-CH4 profiles and the fitted sigmoidal curves are presented in Figure 1a. Maximum exper-
imental V-CH4 values were 415 ± 5, 422 ± 2 and 529 ± 6 mL for VinAn, VinAu and VinDs, 
respectively. Model fit was segmented, as methane production increased in distinct steps re-
gardless of the type of vinasse. The observed pattern most likely resulted from the availability 
of easily degradable organic matter, as suggested by the behavior of the soluble COD/total 
COD (CODs/CODt) ratio. Methane production exponentially rose up to a CODs/CODt ratio of 
approximately 0.2 in all cases (production rates – R-CH4 – of 5.95, 4.25 and 10.12 mL-CH4 h-1 
for VinAn, VinAu and VinDs, respectively), from which lower R-CH4 were observed (Figure 1a), 
as solid hydrolysis most likely limited substrate availability at CODs/CODt ratio values below 
0.2. In particular the lower initial R-CH4 in VinAu (relative to VinAn) resulted from the diversion 
of electrons to sulfate reduction, given the lower COD/sulfate ratio (13.9 vs. 20.5). 

Figure 1. (a) Cumulative methane production (V-CH4) profiles and fitted models and (b) methane yield 
(MY) calculated for the different types of sugarcane vinasse.

 Despite the differences observed in V-CH4 values, bioenergy extraction from vinasse reached 
similar patterns in all cases, as evidenced by the methane yield (MY) (Figure 1b): VinAn = 334 ± 
15, VinAu = 328 ± 4 and VinDs = 339 ± 3 NmL-CH4 g-1COD. The obtained values indicate that 
at least 93.7% of the theoretical MY (350 NmL-CH4 g-1COD) may be potentially attained, which 
characterizes vinasse biodigestion as an attractive approach in sugarcane processing plants.
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CONCLUSIONS
The results indicated that variations in vinasse composition directly impact the kinetics of 
methane production, considering specifically the availability of readily degradable organic 
matter and sulfate. However, bioenergy yield, i.e., the methane yield is not affected by such 
variations, which indicates that vinasse is an efficient substrate for bioenergy recovery, re-
gardless of its origin.

ACKNOWLEDGEMENTS
The authors are grateful for the financial support provided by the São Paulo Research 
Foundation (FAPESP) [grant numbers 2017/00080-5, 2015/50684-9 and 2015/06246-7].

REFERENCES
Fuess, L.T., Garcia, M.L. 2015 Bioenergy from vinasse anaerobic digestion to enhance the energy balance ratio 

of ethanol production. Journal of Environmental Management 162, 102–114.
Moraes, B.S., Junqueira, T.L., Pavanello, L.G., Cavalett, O., Mantelatto, P.E., Bonomi, A., Zaiat, M. 2014 Anaero-

bic digestion of vinasse from sugarcane biorefineries in Brazil from energy, environmental, and economic 
perspectives: profit or expense? Applied Energy 113, 825–835.

Zwietering, M.H., Jongenburger, I., Rombouts, F.M., van’t Riet, K. 1990 Modeling of the bacterial growth curve. 
Applied and Environmental Microbiology 56(6), 1875–1881.



55

Transforming waste from mining and steel industry in low 
cost adsorbents for biogas treatment

J. M. B. Santos*, W. R. Silva*, M. C. A. F. Ramos*, P. R. S. Fonseca*, R. Galéry ** C. A. 
L. Chernicharo *

*Department of Sanitary and Environmental Engineering, Federal University of Minas Gerais, Av. Presiden-
te Antônio Carlos, Pampulha, Belo Horizonte, Brazil. (E-mail: juliana.mattosbs@gmail.com, warley.ruas@
gmail.com, clara.alves.amb@gmail.com, prafaela.sf@gmail.com, calemos@desa.ufmg.br)
** Department of Mine Engineering, Federal University of Minas Gerais (E-mail: rgalery@demin.
ufmg.br)

Abstract
For most uses of biogas as a renewable energy source, there is usually a need of a treatment 
step aiming at the removal of hydrogen sulphide (H2S), in order to avoid corrosion problems. 
Activated Carbon (AC) is the adsorbent most commonly applied for this purpose, although 
its cost often makes biogas treatment very expensive. Therefore, this research aimed to 
compare two adsorbents produced from mining and steel industry waste with activated 
carbon and one with the other, highlighting the advantages and disadvantages of each one, 
by considering four variables: adsorbents density, mechanical resistance of the adsorbents 
pellets, adsorbents production cost and adsorption capacity. From the results analysis it 
can be seen that the mining waste adsorbent has great potential of use as an alternative 
for activated carbon. Thus, the main contribution of this study is to present the potential of 
using a residue as a low-cost adsorbent for biogas treatment. 

Keywords
Hydrogen Sulfide; adsorption; low cost adsorbents 

INTRODUCTION
Energy recovery from biogas is mainly dependent on the efficiency and related costs of the 
treatment process, especially regarding the need to reduce hydrogen sulphide - H2S concen-
trations, in order to avoid corrosion problems (DEUBLEIN & STEINHAUSER, 2011). Several 
studies on removal of H2S from biogas have evaluated different techniques and methods. In 
general, it can be stated that the use of adsorption in a solid media, can be advantageous 
because they allow the selective removal of H2S, are mechanically simple and may present 
reduced operating costs if low cost adsorbents are used (FNR, 2015). Activated Carbon - AC 
is the adsorbent most commonly applied for this purpose, although its cost often makes 
biogas treatment very expensive, as confirmed by Estrada et. al. (2012). Knowing that H2S 
chemically reacts with iron oxide, the objective of this study is to compare two adsorbents 
produced from mining and steel industry wastes with activated carbon, highlighting the ad-
vantages and disadvantages of each one.

MATERIAL & METHODS
In this study, the steel residue used to produce the adsorbent was the residue of the blast 
furnace’s gas cleaning system used in the steel industry, and the mining waste was the mud 
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generated by the iron ore processing. The geopolymerization and pelletizing of the residues 
were necessary to increase the permeability of the bed, due to the fact that both wastes have 
very fine granulometry. A compression strength test was performed to evaluate the mechan-
ical resistance of the pellets. The evaluation of the specific characteristics of the iron oxide 
adsorbent was performed through physical and chemical analysis (will be detailed in the full 
paper). Based on the adsorbents production costs, a preliminary cost analysis was carried out 
considering the expenditures with the adsorbent production, in comparison with the acqui-
sition of activated carbon from Brazilian suppliers. The experimental adsorption tests were 
carried out in a fixed bed bench-scale column. The adsorption isotherms study tested five 
initial concentrations of the synthetic gas for each adsorbent until saturation.

RESULTS AND DISCUSSION
To compare the advantages and disadvantages of each adsorbent, four variables were con-
sidered: adsorbents density; mechanical resistance of the adsorbent pellets; adsorbents pro-
duction costs; and adsorbents capacity. The density of the adsorbents is related to the vol-
ume of the adsorption column and the amount of adsorbent that can be transported. Then, 
the smaller the adsorbent density the smaller can be the adsorption column and the larger 
will be the transported amount. The adsorbent that has the smaller density is the AC (0.43 
g.cm-3), followed by the adsorbent produced from the steel industry waste - APSIW (0.46 
g.cm-3), and finally the adsorbent produced from the mining waste - APMW (1.10 g.cm-3). The 
mechanical strength of the adsorbents pellets is related to the height of the adsorption col-
umn and the possibility of pellets disintegrating during the transportation. The compression 
strength tests allowed to conclude that the APMW has a resistance about 10 times greater 
than the APSIW. Therefore, for the APMW the adsorption column can be much higher than 
the column filled with APSIW, reducing the area occupied by the biogas treatment system. 
Additionally, the losses on transportation would be much lower for the APMW. The me-
chanical strength of the AC was not tested, but was considered compatible with the APMW. 
The maximum adsorption capacity of each adsorbent was obtained from the adjustment to 
the Languimir model. AC has the higher adsorption capacity (4,3 mgH2S.gads

-1), followed by 
the APMW (2,4 mgH2S.gads

-1) and the APSIW (1,3 mgH2S.gads
-1). Thus, it can be stated that the 

APMW has 56% of the AC adsorption capacity, while the APSIW has only 30%. Based on 
the best results for the adsorbents production and on the preliminary cost analysis, it can be 
stated that, considering the adsorption capacity of each adsorbent and for the same load of 
H2S removed, the cost of commercial AC is around 3 times higher than the APMW and prac-
tically the same as the APSIW. A summary of all the discussed characteristics is presented in 
Table 1.
Table 1. Comparison of the advantages and disadvantages of each adsorbent considering the anal-
ysed variables.

Adsorbents Density Mechanical Resistance Cost Adsorbent Capacity
Activated Carbon +++ +++ + +++

Mining Waste + +++ +++ ++
Steel Industry 

Waste
+++ + + +

 + less advantageous; ++ advantageous; +++ more advantageous.
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CONCLUSIONS
Considering that the only disadvantage of activated carbon is the acquisition cost and that 
of the mining waste adsorbent is the density, it can be concluded that the mining waste ad-
sorbent has great potential of use as an alternative for activated carbon for biogas treatment, 
since the cost variable has much more negative impact than the density variable. This finding 
is of extreme relevance for lowering the costs of biogas treatment and for fostering its use 
in energy recovery plants, especially in countries where such mining residues are abundant.
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Abstract
In a two stage anaerobic digestion of food waste, a pilot-scale anaerobic 
hydrolysis leaching bed (AHLB) reactor was operated during one year with 
food waste (FW) generated in nearby restaurants. The organic matter is dis-
solved and partly transformed to volatile fatty acids (VFA) in the leachate, 
which is subsequently digested in a UASB reactor. The daily amounts and 
composition of FW is variable so the AHLB reactor operates at different 
organic loading rates. The reactor showed a better stability to the variability 
of carbohydrates loading rates that proteins loading rates with higher COD 
recuperation and VFA generation at high carbohydrates loading rates (7.5 
kg/m3·d) and low proteins loading rates (1.2 kg/m3·d).

Keywords
Food waste, two stage anaerobic digestion, organic loading rate, COD recu-
peration efficiency

INTRODUCTION
Food waste (FW) is a proven substrate for anaerobic digestion (AD) with several plants op-
erating in the European Union (Micolucci et al., 2018) and it is an inexhaustible substrate re-
source for new and renewable energy production as one third of the global food production 
is wasted (Xiao et al., 2018). The hydrolysis stage of particulate substrate is the rate-limiting 
step during AD and a proposed solution is a two stages anaerobic digestion (2S-AD) system 
where specific conditions are adapted to acidogenic bacteria in the first stage and methano-
genic archaea in the second stage. This configuration results in better process control, higher 
substrate degradation and methane production (Xiao et al., 2018; Voelklein et al., 2016). 
During hydrolysis and acidification, macromolecules are broken down and volatile fatty acids 
(VFA) and alcohols are produced to be methanized in a second stage (Voelklein et al., 2016). 
FW is a complex substrate with variable characteristics affecting AD process (Campuzano 
and Gonzalez-Martínez, 2016) and there are no reports about the effect of this variability on 
the first stage of 2S-AD systems. The objective of this work is to evaluate how the variable 
organic load affects the behaviour of a hydrolytic pilot-scale reactor treating food waste.

MATERIAL AND METHODS
A pilot plant located at the University Campus consists of a 3.3 m3 anaerobic hydrolysis 
leaching bed reactor (AHLBr) for the first stage and a 60 m3 upflow anaerobic sludge blanket 
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(UASB) reactor for the second stage. Every day milled food waste from the university cafe-
teria and a nearby restaurant is fed to the AHLBr reactor and a solid residue (digestate) and 
leachate are withdrawn, 120 L of the UASB effluent is sprinkled on the top of the AHLBr to 
maintain the FW moisture to promote the hydrolysis and acidification reactions. The leach-
ate is mixed with the University’s wastewater and fed to the UASB. Food waste, leachate 
and digestate are continuously characterized according to Standard Methods (APHA, 2005).

RESULTS
The AHLBr was operated 280 days during 2017 feeding 18 ton of FW, whose components 
were 34±16, 19±14, 17±16, 11±15, 10±14, 8±6 and 0.3±1.4% fruit, vegetable, cook food, 
mixture of cook and uncooked food (from the restaurant), bread and eggshell residues, re-
spectively. The composition is very variable due to the type of food prepared each day, but 
the main components are fruits and vegetables. Table 1 presents the main characteristics of 
the three AHLBr streams during one year of operation with an average digestate production 
of 70 kg/d and a leachate generation of 153±40 L/d (24.5 m3 of leachate equivalent to 1.5 
ton of COD and to 380 kg of methane). FW characteristics present high standard deviation 
due to the different components but it is composed mainly by carbohydrates. The organic 
load in AHLBr is variable because it depends of the amount of food waste fed, so average 
loading rates were 5.0±3.2, 3.4±2.3, 0.68±0.56 and 0.30±0.28 kg/m3·d for VS, carbohydrates, 
proteins and grease, respectively. Unloading rate were 1.9±1.6, 0.97±0.88. 0.15±0.19 and 
0.11±0.15 kg/m3·d for VS, carbohydrates, proteins and grease, respectively; achieving re-
movals of 62, 72 and 78 and 58% of VS, carbohydrates, proteins, grease, respectively. 

Table 1. Food waste, leachate and digestate characteristics (n=160 for load and unload and n=70 for 
physicochemical characteristics)
Parameter Load/un-

load*
pH TS VS COD VFACOD CHO Proteins Grease

FW (g/kg) 113±70 4.7±0.4 157±37 144±35 237±94 ND 99±39 19±11 7.5±4.4

Digestate (g/kg) 70±53 4.3±0.4 97±35 87±33 163±69 9.4±5.4 41±19 8.7±7.4 4.7±3

Leachate (g/L) 153±40 4.3±0.3 25±15 19±11 62±22 12.0±7 7.1±4.6 5.2±2.6 ND
*in kg/d for FW and digestate and L/d for leachate, **dimensionless

Figure 1 presents the ratio between organic loading rate (OLR) and the efficiency of COD re-
cuperation (CODleachate/CODFW) during AHLBr operation. There is a high variability in OLR be-
cause it depends of the amount of FW fed and its composition. OLR oscillated between 1.2 
and 13.7 kgVS/m3·d with an average of 5 kgVS/m3·d. COD recuperation efficiency decreases 
when OLR increases. Figure 1 also presents the average OLR composition; There is high vari-
ability in the composition of FW but, in average for every OLR, carbohydrates are the main 
component (78%VS) and the contribution of the three components are almost constant. FW 
composition did not show correlation with COD recuperation. The higher VFA production of 
0.62 kgCOD/m3

r·d was observed with average OLR of rate of 8 kgVS/m3·d.
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Figure 1. COD recuperation in leachate according to OLR and average fed composition for 
every OLR 

CONCLUSIONS: COD in leachate and VFA generation in a AHLBr was stable despite OLR 
and fed composition but COD recuperation efficiency decreases when OLR increases. These 
results indicated that variation in the composition of FW fed to AHLBr (because a different 
food waste generation) do not affect the reactor efficiency while OLR has an important ef-
fect. Higher COD recuperation was achieved with an organic loading rate of 2 kg VS/m3·d.

ACKNOWLEDGEMENTS: To Fondo Sustentabilidad energética CONACyT-SENER- No. 
247006 CEMIE Bio.

REFERENCES
Campuzano, R., González-Martínez, S. 2016. Characteristics of the organic fraction of municipal solid waste and methane 

production: A review. Waste Management. 54(2016), 247-253.
Micolucci, F., Gottardo, M., Pavan, ̈ P., Cavinato, C., Bolzonella, D. Pilot scale comparison of single and double-stage thermo-

philic anaerobic digestion of food waste. Journal of Cleaner Production. 171(2018),1376-1385.  
Xiao, B., Qin, Y., Wu, J., Chen, H., Yu, P., Liu, J., Li, Y.Y.2018. Comparison of single-stage and two-stage thermophilic anaero-

bic digestion of food waste: Performance, energy balance and reaction process. Energy Conversion and Management. 
156(2018),215-223. 

Voelklein, M.A., Jacob, A,. O’ Shea, R., Murphy, J.D. 2016. Assessment of increasing loading rate on two-stage digestion of 
food waste. 202(2016),172-180



61

Biomethane production from bagasse hydrolysates of Agave 
tequilana Weber var. Azul obtained with lignocellulosic and 
non-lignocellulosic commercial enzyme preparations

D. Munguía-Aguilar1a, J. C. Pérez-Barbosa1b, F. Islas-Lugo1c ; E. Razo-Flores1d, F. Ala-
triste-Mondragón*1e.  

1 Instituto Potosino de Investigación Científica y Tecnológica, División de Ciencias Ambientales, Camino 
a la Presa San José 2055 Lomas 4ª Sección C.P. 78216 San Luis Potosí, S.L.P., México. E-mails: adendera.
munguia@ipicyt.edu.mx; bjcprzb4j@hotmail.com; cfabiola.islas@ipicyt.edu.mx; derazo@ipicyt.edu.mx; efalatriste@ipicyt.edu.mx.  

Abstract
The bagasse of Agave tequilana Weber var. Azul is a lignocellulosic agro-in-
dustrial waste that may represent an important source of biomass for biofuels 
production due to their important sugar content (present as cellulose and 
hemicellulose fibres). Sugar release from cellulose and hemicellulose requires 
enzymatic hydrolysis. Currently, there are commercial lignocellulosic enzyme 
preparations, which are expensive and not easily available in México and other 
countries. However, domestic commercial enzyme preparations with cellulose 
and hemicellulose activities for non-lignocellulosic applications are available. 
Therefore, the objective of this work was to compare the sugar production 
and methane production from enzymatic hydrolysates of agave bagasse using 
two domestic non-lignocellulosic enzyme preparations (Stonezyme and Cel-
lulase 50 XL) and two imported lignocellulosic enzyme preparations (Xilanasa 
and Viscozyme). Stonezyme outperformed the other three enzyme prepara-
tions since its hydrolysate has the highest reducing sugar concentration and 
the highest sugar yield. Also, Stonezyme has the lowest cost to produce one 
gram of reducing sugars. The highest biomethane production was obtained 
with the imported lignocellulosic enzyme Endo-1,4-xylanase (0.273 ± 6.13 E-3 
NLCH4/g CODinitial), a value still far from the theoretical (0.36 NLCH4/g CO-
Dinitial). The domestic non-lignocellulosic enzyme preparation with the highest 
production of biomethane was Cellulase 50XL (0.214 ± 0.68 E-3 NLCH4 /g 
CODinitial). Further optimization of the methane production, under batch and 
continuous conditions, is necessary to achieve maximum biomethane pro-
duction. 

Keywords
Agave bagasse, anaerobic digestion, biomethane, enzymatic hydrolysis, ligno-
cellulosic residues

Introduction

The agave bagasse is a lignocellulosic solid waste generated from the tequila production 
in Mexico. More than 60% of its chemical composition are cellulose and hemicellulose fi-
bers that can be used to carry out the production of biomethane. The saccharification of 
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the sugars present in the agave bagasse fibres requires enzymatic hydrolysis because these 
fibres are not easily biodegradable. The enzymatic conversion of lignocellulosic biomass is 
a complex process involving the action of many enzymes, including exocellulases, endocel-
lulases, β- glucosidase, xylanases and many other hemicellulases. Commercial mixtures of 
lignocellulosic enzymes have been developed for the exclusive purpose of saccharification 
of lignocellulosic biomass for biofuels production. However, these dedicated enzymes are 
highly expensive and are not easily available in Mexico and other countries. In México, there 
are less expensive commercially available enzyme mixtures with cellulase and hemicellulase 
activities, which have applications different to the lignocellulose hydrolysis (laundry deter-
gents, fruit juice clarification, bakery among others). These non-lignocellulosic commercial 
preparations may have the potential to carry out saccharification of bagasse. The purpose 
of this work was to compare commercial lignocellulosic and non-lignocellulosic enzymatic 
preparations regarding sugar content in hydrolysates. In addition, biomethane production 
from the enzymatic hydrolysates was compared. 

Experimental set-up
The enzymatic hydrolysates used for biomethane potential (BMP) tests were obtained under 
optimal enzymatic hydrolysis conditions (results are not reported here). Four commercial en-
zyme preparations were studied: Stonezyme (ENMEX, México), Cellulase 50XL (ENZIQUIM, 
México), Viscozyme (Novozyme, Denmark) and Endo-1,4-xylanase (Novozyme, Denmark) 

The production of methane from the four enzymatic hydrolysates was evaluated with an 
anaerobic inoculum under experimental and operational conditions defined by Holliger et al., 
(2016).

Results
Table 1. Reducing sugars (RS) content of the enzymatic hydrolysates obtained with two cellulases 
(Stonezyme and Cellulase 50XL), one hemicellulases (Viscozyme) and one xylanase. In addition, yield 
of RS production and cost of the enzyme needed to produce one gram of RS are included.

Enzyme 
preparation

Reducing 
Sugars (RS)

Yield Enzyme cost

(g/L) (mg RS/g bag) USD/ g RS
Stonezyme 21.43 291.01 0.09
Cellulase 
50XL

8.32 123.33 0.13

Endo-1,4-xy-
lanase

8.82 138.48 1.42

Viscozyme 7.98 132.49 6.62
Table 1 shows that Stonezyme hydrolysate outperformed the other three hydrolysates 
since it has the higher concentration of RS and the highest yield of RS. In addition, a prelim-
inary estimation of the cost due to the enzyme used to produce one gram of RS is included 
in Table 1. Stonezyme has between 15 to 75 times lower cost than de two lignocellulosic 
enzyme preparations (Endo-1,4-xilanasa y Viscozyme). The cost of lignocellulosic enzymes 
is one of the limiting factors to produce biofuels from lignocellulosic biomass
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Table 2. Biomethane production (maximum accumulated amount of biomethane, the volumetric 
methane production rate (VMPR) and biomethane potential (BMP) obtained with enzymatic hydro-
lysates of agave bagasse. 

Ratio CH4 maximum 
accumulated STP

VMPR BMP

(I/S) (mL) (L/Lh) (NLCH4/g COD-
fed)

Stonezyme

2:1

61.85 ± 2.14 3.67 E-3 ± 
0.26-3

0.179 ± 11.37-3

Cellulase 
50XL

72.89 ± 2.8 6.20 E-3 ± 
0.55-3

0.214 ± 0.68-3

Endo-1,4-xy-
lanase

98.26±2.21 6.71E-3 ± 
0.55-3

0.273±6.13-3

Viscozyme 74.64±0.80 1.26 E-3± 
0.12-3

0.24± 12.06-3

Table 2 shows that hydrolysates obtained with domestic non-lignocellulosic enzymatic 
preparations, show lower BMPs than hydrolysates obtained with imported lignocellulosic 
enzymatic preparations. Optimization studies are needed to improve the performance of 
biomethane production. In addition, other domestic non-lignocellulosic enzymes that appear 
to be promising for agave bagasse saccharification are being studied. Second-generation 
lignocellulosic enzyme preparations from Novozyme are also studied as a comparison bench-
mark.
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Abstract
In this study it was hypothesised that biomethane yield from anaerobic digestion of food 
waste can be upgraded by enabling the hydrogentrophic methanogenesis route. Batch 
Biochemical Methane Potential experiments were conducted with food waste and hydro-
gen gas addition on the day of set up (Day0). Additional hydrogen influenced biomethane 
(CH4) increase from 65% to 78%. Hydrogen injection by Day0 in batch BMP experiments, 
did not affect initial hydrolysis, as the system was able to autocatalyse at high initial 
hydrogen concentration. VFAs production and consumption proceeded similarly in the 
control and test reactors, however, a faster consumption rate was observed in the test 
reactor, reflecting the possibility that there was a shift towards acetate oxidation and 
subsequent hydrogenotrophic methanogenesis. An increase in methane yield in the few 
days following the addition of hydrogen also depicts rapid activity of hydrogenotrophic 
methanogens, hence, making competition for the downstream hydrogen produced during 
fermentation of higher VFAs to acetic acid in favour of hydrogenotrophic methanogens 
and resulted in an overall 12.1% CH4 increase and 38.9% CO2 reduction. 
Keywords
Hydrogenotrophic methanogenesis; biomethane; food waste; hydrogen; carbon dioxide; 
BMP

INTRODUCTION
One third of the food produced for consumption is lost annually around the world as waste, 
which accounts for about 20 million tonnes of CO2/annum. Anaerobic digestion (AD) is one 
of the most sustainable energy recovery technology that can be used for processing food 
wastes, but the inherent characteristics lead to high ammonia and VFAs concentrations in 
AD digesters (Sheng et al., 2013), thereby causing methanogenesis inhibition and conse-
quently low methane yields.

METHOD
Batch mesophilic Biochemical Methane Potential (BMP) experiment of food waste was 
conducted in 160 mL Wheaton bottles at 75 mL working volume, with the injection of hy-
drogen gas on day of setup (Day0). Hydrogen was added to test reactors in a gas mix of 
5%-Hydrogen and 95%-Nitrogen. Control (food waste plus inoculum) and blank (only inoc-
ulum) samples were also prepared.

RESULTS AND DISCUSSION
Hydrogen was measured in the headspace of the control and test samples up till Day2, 
hence, it was assumed that the methane yield during this period was a direct result of hy-
drogenotrophic methanogenesis, since the hydrogen concentration will be too high for ac-



65

etoclastic methanogenesis. With a CH4:H2 ratio of 1.989 (from hydrogenotrophic methano-
genesis), by Day1, the amount of hydrogen consumed to produce the measured CH4 in the 
control and test reactors was 5.77mg/L and 6.22mg/L and by Day2 it was 11.01mg/L and 
13.96 mg/L respectively.  These results depict enhanced activity by the HM bacteria in the 
test reactor, which influenced the high biomethane peak and lower CO2 concentrations in 
the test sample obtained by Day2 (Figure 1a). Alkalinity in the test reactor reduced by 2.3% 
by Day1 (Figure 1b), due to increased bicarbonate consumption.
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Figure 1. a) Change in gas yields taken as the volume in test reactor (with H2) minus the control vol-
ume; b) alkalinity evolution during BMP tests. 

This triggered further ammonia utilisation for bicarbonate production; in response to at-
tain equilibrium. This relationship influenced a decrease in ammonia-nitrogen by 6% in the 
test reactor by Day2.  The further reduction in alkalinity of the test reactor throughout the 
experiment, indicates increased bicarbonate consumption in the test reactor, which im-
plies a shift towards acetate oxidation and subsequent hydrogenotrophic methanogenesis. 
This pathway was reportedly favoured under ammonia and VFA-induced stresses (Gao et 
al., 2015)ammonia-tolerant acclimation was exposed to a stepwise in situ ammonia stress 
during the continuous AD of solid residual kitchen waste by using a continuous stirred tank 
reactor with a 50L active volume. The reactor worked well during the acclimation process, 
with an average daily biogas production of 58L/d, an effluent soluble chemical oxygen de-
mand of 7238mg/L, a volatile fatty acid (VFA. 
Sulphur oxidation was inhibited in the test reactor at high hydrogen and VFAs concentra-
tion, but as these depleted, sulphur oxidation to sulphate increased (Figure 2). Consequent-
ly, the availability of sulphate was believed to have induced a competition for VFAs be-
tween sulphate reducing bacteria and acetoclastic methanogens, thereby, closing the CH4 
yield increase margin.

ba
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Figure 2. Elemental sulphur concentration in the liquid phase (dry basis).
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Abstract
Fish waste is rich in protein and can be digested anaerobically into biogas 
and volatile fatty acids
(VFA). The aim of this research was to determine the biochemical methane 
potential (BMP) testing a range of concentrations of 1 to 2.5% TS, and VFA 
production from artisanal fishering waste. A BMP  of  464.5  ml  CH4/g  VS  
was  achieved  with  a  concentration  of  1%  TS  and  the  system demon-
strated   a   good   buffer   capacity.   Regarding   VFA   production,   if   was   
found   that   the methanogenic   inoculum   was   more   efficient   than   
the   acidogenic   one.   A   maximum   VFA concentration  of  43,127  mg/L  
was  observed  with  a  substrate  concentration  of  120  gVS/L.  The am-
monium released into digestate achieved a value of 11,000 mg NH3-N/L. 
These results are very promising about the resource recovery potential 
from artisanal fishering waste  in the Colombian Pacific.

Keywords
Anaerobic digestion; fish waste; methane potential; nutrient re-
covery; volatile fatty acids.

MATERIALS AND METHODS
The substrate was collected in the port of Tumaco (Colombia), directly from the artisanal 
fishermen.
It consisted of guts, gills and skin resulting from the cleaning and evisceration of the fish. 
The residue was grinded and homogenized in a kitchen mixer and characterized. As inocu-
lums, an acidogenic and methanogenic sludge from a homogenizer tank and UASB reactor, 
respectively, were selected. Both units are part of a slaughterhouse wastewater treatment 
plant.

In a first experiment, the biochemical methane potential (BMP) of the fish waste was deter-
mined. Four substrate concentrations were evaluated: 1, 1.5, 2 and 2.5% TS. The BMP test 
was carried out according to the standard protocol (Angelidaki et al., 2009) at 37°C, for 30 
days. The biogas produced was measured daily by the liquid displacement technique and 
methane content of determined samples was analysed by chromatography.

In  a  second  experiment,  the  production  of  volatile  fatty  acids  (VFAs)  was  assessed  
in  a  batch experiment  during 20 days, testing a methanogenic  and an acidogenic inocu-
lum. Both inoculums were  evaluated  with  substrate  concentrations  of  60  gVS/L  and  
120gVS/L,  corresponding  to inoculum/substrate ratio of 0.5 and 0.2, respectively. Each 
treatment was performed in triplicate under a completely randomized experimental design.
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RESULTS AND DISCUSSION
BMP experiment. Methane production started rapidly during the first two days of the ex-
periment and it was observed not one but two exponential phases (Fig.1). It is probably 
due to the composition of the substrate which contains mainly proteins and lipids, compo-
nents that have different degradation patterns. After 28 days, the higher methane potential 
was observed in the 1% TS treatment with a value of 464.5 ml CH4/g VS. This methane 
potential is higher than that reported by Eiroa et al. (2012) for tuna waste at the same TS 
concentration (280 ml CH4/g VS). No significant difference was found between  the  con-
centrations  1,  1.5  and  2%  TS.  It  was  observed  that  pH  was  between  7  and  7.8 
throughout the experiment due to the ammonia release, which provided a good buffer 
capacity  to the system.

VFA  production.  It  was  observed  an  important  VFA  production  during  the  first  5  
days  of  the experiment (Fig. 2). After day 2, it was evident that the higher VFA production 
was achieved with the  higher  substrate  concentration  with  both  inoculums  evaluated.  
By day  20,  a  maximum  VFA concentration of 43,127 mg AA/L was obtained, with the 
methanogenic inoculum and a substrate concentration  of  120  g  VS/L,  corresponding  to  
an  inoculum/substrate  ratio  of  0.2.  This  VFA production was 53% higher than the one 
obtained by Bermúdez-Penabad et al. (2017) for tuna waste (28,242 mg/L). In spite of the 
high VFA concentration, the pH remained between 6.67 and 7.56, due to the ammonium 
released, around 11,000 mg NH3-N/L by the end of the experiment.

Figure 2. VFA production from fish waste using two different inoculums and two substrate con-
centrations.
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The results showed that it is possible to obtained commercial amounts of methane, VFA 
and nitrogen from artisanal fishing waste in the Colombian Pacific. Therefore, it is recom-
mended to continue this research optimizing and scalating the process.
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Abstract
This paper discusses the effects of microwave (MW) pre-treatment to enhance the 
biodegradability
of food waste under mesophilic anaerobic conditions.   Food waste samples were pro-
cessed using MW digestion under batch conditions at the following temperatures: 80, 
90,100 and 120 C.   All MW digestions were performed using a temperature ramp of 
7.6C per minute and holding times of 7.4  min at each temperature  tested. The  results 
achieved  under  these conditions  indicate that M.W  irradiation  is  not  effective.  
Temperatures  higher  than  90C  substantially  modified  the samples, up to the point 
that inhibition of the methanogenesis process may be occurred due to the presence of 
high concentrations of ammonia from the hydrolysis of proteins and amino acids. The 
authors  view  is  that  the  process  performance  could  be  improved  by  acclimatiza-
tion  of  the inoculum  to  MW  FW  and  the  use  of  the  soluble  fraction,  which  is  
known  for  its  high  organic matter content.

Key-words: Anaerobic Digestion; Biodegradability; Biomethane; Food Waste; Microwave digestion.

INTRODUCTION
Approximately 7.3  million tonnes  of  food  were  thrown  away by households  in 2015  representing a  4.1% 
increase  when  compared  to  2012  (Wrap,  2015).  If  not  properly  treated,  food  waste  (FW)  can  lead  to 
environmental impacts, as well as representing a financial drain, which in 2015 was equivalent to 13 billion
pounds in the UK (Wrap, 2015). These and other drivers have promoted the development of worldwide food 
waste to energy practices such as Anaerobic Digestion (A.D), a promising approach due to its  capability of
treating and stabilizing organic matter, as well as producing renewable energy in the form of biomethane
(Pullen, 2015).
Nonetheless,  when  treating  substrates  such  as  FW,  only  low  methane  yields  (50-60%  of  the  theoretical 
maximum   value)   are   obtained.   This   is   mainly   related   to   its   complex   structure   and   composition:
lignocellulosic  materials,  fats  and  proteins  (Marin  et  al.,  2010).  However,  if  thermally  pre-treated  (e.g.
Microwaved), FW undergoes a process of complex polymer breakage into smaller molecules, thus promoting hy-
drolysis, and favouring methane production (Penaud et al., 1999). In this research microwave irradiation of FW 
was investigated as a strategy to enhance anaerobic biodegradability and methane production under mesophilic 
conditions.

METHODOLOGY
This research adopted a Ramp time of 7.6 min and a Holding time of 7.4 min and final temperatures of 80,
90,  100  and  120◦C,  since  temperatures  below  145°C  have  been  poorly  investigated,  thus  reported  in  
the literature. MW was applied by a StartSYNTH microwave oven (Milestone Srl, Italy) to FW samples (Tables
I and II), collected from the University of Leeds’ Refectory and processed in the laboratory (i.e., chopped,
grinded, blended and sieved to an average particle size of 1 mm) prior to MW, and subsequently applied AD. 
Digestate from a mesophilic anaerobic digester treating sewage sludge was used as the seed. Inoculum and
FW were mixed in the proportion of 3:1 (expressed as gV.S), previously determined as the best in terms of
methane  yield.  Biodegradability  of  the  MW  irradiated  FW  (whole  fraction)  was  determined  by  batch me-
sophilic biochemical methane potential (BMP) assay, using the AMPTS II equipment  from  Bioprocess control.  
All  experiments  were  conducted  in  triplicates.  The  whole  fraction  and  soluble  fraction  were characterized  
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to  assess  possible  changes  in  main  parameters  (VFAs,  Total  and Soluble  Chemical  Oxygen 
Demand, and Ammonia (APHA, 1998).

RESULTS AND DISCUSSION
The effect  of  MW  digestion  on  FW characteristics is  shown  on Table  III.  It  was  observed  that  
under  the tested  conditions  solubilisation   of  organic   matter  was   not   improved.   On   the   
other   hand,  ammonia concentrations  significantly  increased  with  temperature;   suggesting  that   
MW  digestion  enhances  the protein/nitrogen  solubilisation  and  its  further  transformation  
into  ammonia.  The  heating  properties  of  a biological sample are determined by its composition 
(Ponne and Bertels; 1995), therefore the high protein concentration in FW (Table II) could have es-
tablished a poor C/N ratio with MW pre-treatment resulting in a low methane yields, especially for 
T> 90°C (Figure 1).



72

CONCLUSIONS
Under   the   tested   conditions,   MW   irradiation   of   organic   matter   did   not   improve   sol-
ubilisation   nor
biodegradation. Though process performance could be improved by acclimatising the inoculum 
(with MW
treated  FW)  and  applying  the  soluble  fraction;  (Marin  et  al.;  2010),  which  in  this  case  
contains  lower ammonia concentrations.
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Abstract
This work present modelling of an anaerobic biofilm reactor using ceramic 
bricks as support. The results were compared with the experimental data. 
It was observed that the substrate concentration curves showed the same 
tendency. The methane formation curves showed significant differences. 
The substrate removal efficiency was 83%. In the steady state, the exper-
imental data were superior to the model, as a result the substrate degrad-
ing bacteria grew enough to reach biofilm and that the effect of the shear 
stress was more significant as the biofilm increased in thickness. The model 
in steady state reached a maximum value of 0.56 (m3 CH4 / m3 reactor • d) 
and the experimental data reached 0.42 (m3 CH4 / m3 reactor * d).
Keywords
Biofilm; modelling; acidogenic, methanogenic.

INTRODCUTION
The anaerobic digestion of the organic fraction (OF) of urban solid waste (USW) can be car-
ried out in two-phase anaerobic systems, in which the methanogenic phase is carried out 
in a biofilm reactor searching increase methane production. The modeling of these reactors 
allows obtaining information related to the feasibility of its use in the treatment of this kind 
of waste. In this work the modeling of the methanogenic phase was carried out in a biofilm 
reactor with substrate from a hydrolytic-acidogenic reactor of USW.

METHODS AND MATERIALS 
The biofilm methanogenic reactor was maintained at 25 ± 2 ° C, fed with effluent from the 
hydrolytic / acidogenic reactor, with a hydraulic retention time (HRT) of 15 days and an 
organic loading of 4 kg (COD / m3 • d). The pH, volatile fatty acids (VFA), Total Solids (TS), 
Volatile Suspend Solids (VSS), Suspended Solids (SV), Chemical Oxygen Demand (COD) and 
biogas quality were evaluated. The variables validated in the model were the evolution of 
the substrate concentration (Sb), the evolution of the biomass concentration (Xb), the biofilm 
thickness (Lf), biogas formation (RCH4) and the substrate flow in the biofilm.

MODELLING 
Assumptions: The biofilm on the support is homogeneous, the substrate concentration in-
side the biofilm varies only in the normal direction of the biofilm surface, the substrate is 
transported from the bulk of the liquid to the biofilm by molecular diffusion, the growth of 
the biofilm does not affect the flow pattern of liquid in the reactor, the resistance to internal 
and external mass transfer are negligible.
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RESULTS
Figure 1 (a) shows that both have the same trend. In the first stage of the curve until 25 days 
of operation, the substrate concentration increased until reaching 31 kg / m3. In this period, 
there was no significant substrate degradation by the microorganisms. In the second stage 
from day 25 to day 80, the substrate concentration decreased drastically as a result of the 
activity of the microorganisms. In the third part of the curve from 80 days, the substrate 
concentration reached a steady state around 10 (kg / m3). The substrate removal efficiency 
was 83%. In the steady state, the experimental data were superior to the model, as a result 
the substrate degrading bacteria grew enough to reach biofilm and that the effect of the 
shear stress was more significant as the biofilm increased in thickness. The increase in cutting 
effort in the biofilm resulted in an augment in suspended biomass. Suspended biomass de-
composes and releases soluble microbial products which may slightly step up the substrate 
concentration in the effluent [1, 2]. 

Figure 1. (a) Model and experimental results of the substrate concentration in the bulk of liquid (Sb). 
Correlation factor of 0.9401. (b) Model and experimental results of methane formation (RCH4). Cor-
relation factor of 0.7801.

In the Figure 1 (b), the model in steady state reached a maximum value of 0.56 (m3 CH4 / m3 
reactor • d) and the experimental data reached 0.42 (m3 CH4 / m3 reactor * d). The methane 
values are higher in the model compared with the experimental dates. Although detachment 
coefficients were included in the model, other factors were not taken into account; such as: 
inhibition by pH, substrate or methanogenesis that affect methane production. The pres-
ence of some of these inhibitions during the experimental development could have influ-
enced the decrease in methane production in the system [3, 4]. The difference between the 
values of the model and the experimental data could be due to the fact that the observed 
reaction rates are usually lower than the speeds predicted by the reaction kinetics since the 
concentration of substrate available to the microorganisms is lower than the substrate con-
centration in the liquid bulk, as a result of the control exerted by molecular diffusion on the 
penetration of the substrate into the biofilm [5].

CONCLUSIONS
The mathematical model was validated by the results of substrate concentration (Sb) for the 
reactor using brick as a support for cellular immobilization. The predictions of the model to 
the active biomass concentration and methane production showed similar trend to experi-
mental results with a variation in the values shown in the steady state.
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Abstract

Biohydrogen and methane generated from dark fermentation and methano-
genic digestion, respectively, are valuable products of biological process due 
to they are energy carriers. Both gases can be supplied as fuels in conversion 
devices to produce electricity and heat, for example the biohydrogen is able 
to powered fuel cells. This paper provides the evaluation of the energy re-
covery from hydrogen and methane, which were the products of developed 
two-stage anaerobic digestion process. First stage was an acidogenic UASB 
reactor (R.A) that treated synthetic wastewater and second was a metha-
nogenic UASB reactor (R.M) which operated with a part of effluent of R.A. 
In addition the H2 fermentation process was coupled with a short proton 
exchange membrane fuel cell (PEMFC) system for compared theoretical and 
experimental potential for electrical energy generation. Result showed that 
the theoretical highest energy yield of 7,58kJ d-1/g COD was obtained from 
biogas volumetric flow rate of 0, 26 L/h and methane content of 41%. And 
the experiments with the PEM fuel cell achieve a maximum electric power 
of 0,44W at 2,2 V.    

Keywords
Biohydrogen, biomethane,energy yield, proton exchange membrane fuel cell 
(PEMFC), wastewater. 

INTRODUCCIÓN
En el año 2016 Colombia consumió cerca de 5.140 PetaJulios (PJ) de energía primaria de acuerdo a 
las cifras reportadas en el balance energético Nacional (BECO); pero menos del 8,0 % de esta energía 
fue producida a través de fuentes renovables, de hecho la recuperación de residuos no hizo parte 
en este aporte a pesar de su alto grado de sostenibilidad. La recuperación de  energía  y bioquímicos 
a partir del tratamiento de aguas residuales es un campo comprometedor, ya que bajo condiciones 
óptimas la implementación de procesos biológicos consecutivos puede incrementar el rendimiento 
energético (Li y Yu, 2011).  Con base en esto el objetivo de este trabajo fue evaluar la capacidad en-
ergética de los gases producto de dos etapas de bioconversión, el primero, biohidrogeno, producido 
vía fermentación anaerobia y el segundo metano derivado de la digestión anaerobia. Así como tam-
bién, valorar la generación de electricidad haciendo uso del biohidrógeno como agente reductor en 
un stack de celdas combustibles. 
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MATERIAL Y METODOS
Se utilizaron  reactores de tipo UASB híbridos  operados en dos fases. El reactor acidogénico  (R.A)  uso 
la sacarosa del agua residual sintética  como fuente de carbono, en el caso del reactor metanogénico 
(R.M), este fue alimentado con el efluente del reactor RM  gradualmente. La etapa A consistió en 
alimentar el RM con 100% de  agua sintética (AS), en la etapa B se utilizó una proporción de 50% de 
efluente del reactor acidogenico (ERA) + 50% AS  y en la etapa C se utilizó 75% ERA + 25% AS. La 
composición del biogás fue cuantificada con cromatografía de gases y el flujo volumétrico utilizando 
el medidor online CaudalisG. El stack de celdas combustibles acoplado constaba de 5 monoceldas de 
membrana polimérica con un área activa de 10 cm2.Para la valoración de la energía eléctrica generada 
por el stack se desarrolló un sistema de adquisición de datos de bajo costo donde se registraron vari-
ables como voltaje, corriente y potencia eléctrica. La evaluación teórica del rendimiento energético y 
el potencial  se realizó en base al modelo de Perera et al. (2012).

RESULTADOS
Para el día 135 de operación después de almacenar y presurizar el biohidrogeno en el headspace 
del reactor acidogénico durante un periodo de 3 horas, la máxima fuerza electromotriz producida a 
través del stack de celdas e implementada en un diodo emisor de luz fue de 2,24V, para una inten-
sidad correspondiente de 195,5 mA y una potencia eléctrica generada de 0,44W (Figura 1.). Este val-
or de potencia es muy superior al calculado teóricamente para el cual se tuvo un máximo de 0,0085 
W.   Adicionalmente el voltaje entre los electrodos de la celda descendió a cero en un periodo inferior 
a 3 minutos debido a la pérdida de presión por la baja producción volumétrica de hidrogeno del pro-
ceso biológico, 0,56 ml/min., lo que se traduce en una disminución de la velocidad de transferencia de 
masa por la menor concentración de hidrógeno en la superficie del ánodo de la celda (Oncel y Sukan, 
2011).    

  

Figura 1.Variación del voltaje del stack de celdas y perfil de la potencia de salida respecto a la corri-
ente generada.  

Figura 2. Rendimiento Energético del biogás generado en ambos reactores anaerobios durante 140 
días de operación.
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Como se observa en la Figura 2 en la etapa C el rendimiento energético en el reactor metanogénico 
fue mayor que en el reactor acidogénico. Lo anterior se presento por el  aumento de la producción 
volumétrica de metano (PVM), que alcanzo valores muy superiores a los calculados para el rendimien-
to energético del biohidrogeno. El valor máximo de PVM fue de 1,13 kJ/g DQO día. Así se comprueba 
que la operación en dos fases del proceso anaerobio favorece la recuperación de energía. Adicional a 
esto se encontró que el mayor potencial teórico para la generación de electricidad fue de 0,0263 W 
implementando el metano como combustible en  un motogenerador. 

CONCLUSIONES
Del estudio realizado se concluye que el mayor rendimiento energético entre las dos etapas anaer-
obias se genera en la segunda fase productora de metano, con diferencias entre 0,39 y 7,5 kJ/gD-
QOdía respecto al rendimiento del reactor acidogenico. La generación de energía eléctrica es factible 
a pesar del bajo contenido de hidrógeno en el biogás (37%), sin embargo la producción volumétrica 
del mismo no es suficiente para mantener un nivel de voltaje continuo, el cual permita su imple-
mentación en aplicaciones prácticas. 
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Abstract
Hydrolysis pre-treatment of tannery fleshing and subsequent phase separa-
tion has been conducted in order to assess the effect on methane produc-
tion. A two-step procedure was set-up, consisting in a preliminary liquefac-
tion stage, at controlled pH and temperature, and a consequent separation 
of the fat and protein phases by centrifugation. Multiple biomethane poten-
tial essays were performed for the pre-treated residues and compared with 
untreated tannery fleshing. The results are intended to increase knowledge 
on TF anaerobic treatment towards a suitable application in de-centralised 
industrial contests.
Keywords
Tannery fleshing; anaerobic digestion; hydrolysis pre-treatment; phase sep-
aration.

INTRODUCTION
Tannery fleshing (TF) is the main solid residue in tannery industry and is generated from 
the removal of skin-tissue residues, either before or after liming treatment. Due to the high 
organic content of such a waste, anaerobic digestion (AD) of tannery fleshing has been al-
ready acknowledged as one of the most attractive solution in order to divert this highly 
valuable residue from its traditional disposal in landfills (Zupančič and Jemec, 2010), where 
uncontrolled biological degradation leads to severe contaminations of the surrounding en-
vironment. Physical-chemical treatments for fat and protein recovery for further fertilizer 
and glue production are also applied in centralised industrial contexts, where the economy 
of scale makes it cost-effective to collect and treat TF for material recovery. The majority of 
the reported studies reports about TF co-digestion and rarely refers about potential up-scale 
feasibility in industrial contest (Polizzi et al., 2018). The present work is intended to make a 
step forward toward the application of AD to sole TF, as it has encountered the interest of 
medium or large size de-centralized tanneries, whose solid waste production is high enough 
to maintain stable process operation enabling the private investors to operate their own 
treatment solution, potentially self-sustained in terms of energy, saving in waste transporta-
tion and disposal costs, while allowing the valorisation of the treated matrices. Specifically, 
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we evaluated the effect of different TF pre-treatment conditions on the final methane po-
tential. The pre-treatment has been conceived to separate the fat, the proteinaceus and the 
residual organic content, by maximising the efficiency of separation and minimizing chemical 
and energy use. The specific methane contribution of each phase has been assessed and 
compared to the methane production of the untreated waste. Moreover, the possibility of 
differentiating the fate of the separated phases, according with their methanogenic potential 
or market value, is also discussed. An economic and feasibility analysis of the pre-treatment 
has been conducted.

MATERIAL AND METHODS
Limed tannery fleshing was collected from the Tuscany tannery district of Santa Croce 
sull’Arno (Pisa, Italy). The first pre-treatment stage consisted in 2-hour liquefaction step at 
controlled pH and temperature according to the conditions summarised in table 1. The sec-
ond step was the separation of the phases that constitute the liquefied fleshing by mean 
of centrifugation. A clear phase stratification was achieved differentiating (from the top to 
the bottom): the floating fat layer, a protein-rich liquid phase and a solid residue. Overall 
pre-treatment performance was assessed by mean of several parameters: liquefaction de-
gree and breakdown of complex organic compounds were qualitatively assessed by mean 
of a 2-mm sieve and thermogravimetric analysis on the liquefied fleshing, respectively; the 
phase separation efficiency was quantified according to the percentage weight distribution 
among the three phases; analysis of total solids, total volatile solids, total nitrogen and total 
sulfur were conducted on each derived residue. After phases characterization, multiple batch 
tests were performed in 1 L bottles for each phase as well as untreated TF.

RESULTS AND CONCLUSIONS
The pretreatment with pH adjustment to neutral level resulted to be the most effective for 
phase separation as it allowed to maximise fat recover, likely reducing fat saponification in-
duced by alkaline pH. Temperature played a noticeable role in fleshing liquefaction, though 
the medium level of 55°C allowed satisfactory size reduction. Batch tests clearly showed 
the significant higher methane potential of the fat fractions, obtained either at alkaline and 
neutral pH conditions and results were comparable with the expected theoretical potential. 
Conversely, the protein fraction showed a very low specific production, due to inhibitory 
conditions or altered bioavailability of the protein compounds. Moreover, some tests sug-
gested a detrimental effect of sulphate reduction on final methane production since dis-
solved sulphates content was much higher in the protein-rich liquid phase than in the others. 
Interestingly, the highest methane production rate of the fat phases was comparable with 
the one of sole untreated TF, indicating the key contribution of fat compounds in methane 
potential of the tannery waste (Figure 1). Our results confirm the attractive potential of AD 
of TF for de-centralised medium to large-size tanneries and provide information for a more 
critical discussion on TF handling. In the perspective of its technological application and 
methane production optimization, a different treatment train could promote fat separation 
for high methane production while diverting the protein and sulphate-rich liquid phase for 
nutrient recovery. 
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Table 1. Temperature and pH conditi ons tested for TF pre-treatment

pH Temperature (°C)
Alkaline 14 40 – 55 – 70
Neutral 7 40 – 55 – 70

Figure 1. Average Specifi c Methane Producti on (SMP) curves for untreated TF and fat fracti ons from 
alkaline and neutral pH pre-treatment
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Abstract
Ammoniacal nitrogen (i.e. NH3 and NH4

+) is a threat to anaerobic digestion 
plants performance. The present work develops and validates a methodol-
ogy that (i) improves the understanding of ammoniacal nitrogen inhibition 
by differentiating between NH3 and NH4

+ inhibition and (ii) provides robust 
inhibition model parameters. Experimental data showed that NH3 and NH4

+ 
inhibition need to be jointly determined, but this joint inhibition can only be 
quantified by performing inhibition testing at different TAN concentrations 
and pH values. These test conditions are reliably achieved using NH4HCO3 
and NH4Cl. A threshold inhibition function satisfactorily fitted (R2 >0.99) the 
joint inhibition extent and pattern for NH3 and NH4

+ on three distinct in-
ocula, while the non-competitive inhibition function was unable to accept-
ably represent the experimental data (R2 ~0.70). The key advantage of the 
threshold inhibition function is its capacity to identify the inhibition lower 
and upper limit, i.e. onset and complete inhibitory concentration.

Keywords
Anaerobic digestion; inhibition; toxicity; nitrogen; ammonia; modelling

INTRODUCTION
Ammoniacal nitrogen (i.e. NH3 and NH4

+) is considered one of the major inhibitors leading 
to poor process performance in many industrial, municipal and especially manure anaerobic 
digesters. Despite being the most investigated inhibitor in anaerobic digestion (AD), am-
moniacal nitrogen is still a threat to AD plants. Both NH3 and NH4

+ have been reported as 
concurrent inhibitors of the methanogenic activity (Lay et al., 1998; Rajagopal et al., 2013). 
The emphasis has been usually on NH3, the most harmful form. However, taking only NH3 
concentration into account may not be enough to accurately describe ammoniacal nitrogen 
inhibition. 

The aim of the present work is to develop a robust methodology to allow differentiation 
between NH3 and NH4

+ inhibition and to determine model-based inhibition parameters. The 
ultimate goal is to provide a better understanding of ammoniacal nitrogen inhibition in an-
aerobic systems.

MATERIALS AND METHODS
Ammonium chloride (NH4Cl) and ammonium bicarbonate (NH4HCO3) were used as TAN re-
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agents. Sodium acetate was used as carbon source. The anaerobic inocula used were digested pig ma-
nure (DPM), digested sewage sludge (DSS), and digested slaughterhouse wastewater (DSHW). Inhibiti on 
testi ng was performed following Astals et al. (2015) procedure. The development of an ammoniacal 
nitrogen inhibiti on method included: (i) an experiment to evaluate the impact of the ammonium source 
and pH, and (ii) an experiment to assess the impact of inoculum diluti on. The developed methodology 
was then validated using a diff erent inoculum.

The threshold inhibiti on functi on (Eq. 1) is used to model NH3 and NH4
+ inhibiti on, where [Si] is the in-

hibitor concentrati on (i.e. NH4
+ or NH3), KI,min is the concentrati on representi ng the onset of inhibiti on, 

and KI,max is the concentrati on that represents complete inhibiti on.

                          (Eq. 1)

RESULTS AND CONCLUSIONS
Fig. 1 shows the change in SMA when the TAN source was NH4HCO3, NH4Cl without pH adjustment, 
and NH4Cl with pH adjustment (pH 7.40). Results clearly show that the TAN source impacted inhibiti on 
test outcomes (threshold and patt ern), which was related to TAN speciati on (i.e. concentrati on of NH4

+

and NH3) due to pH changes in the digesti on media. NH4HCO3 (basic salt) increased and NH4Cl (acid salt) 
decreased the pH of the digesti on media. 

Figure 1. Experimental (symbol) and modelling (line) results of ammonia nitrogen inhibiti on in terms of (a) NH4
+ 

concentrati on and (b) NH3 concentrati on on DPM. 

This fi rst series of tests also showed that, despite the short testi ng ti me (~1.5 days), there was a drift  
in pH during the inhibiti on test. A pH drift  would be a key concern for robust ammonia inhibiti on mea-
surements, because a small fl uctuati on in pH can lead to a signifi cant change in NH3 concentrati on. Due 
to the lower pH drift  over the inhibiti on test, salts (NH4HCO3 and NH4Cl) rather than NH4Cl with pH 
adjustment was preferred to diff erenti ate the inhibiti on impact of NH3 and NH4

+.

Inhibiti on test results also show that the non-competi ti ve inhibiti on functi on was not able to describe the 
experimental inhibiti on patt ern. Experimental results could only be well-represented when the threshold 
inhibiti on functi on (Eq.1) was applied for both NH3 and NH4

+ (i.e. inhibiti on=f(NH3,NH4
+)). Model results 

A _
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reinforce that ammoniacal nitrogen inhibition has to be determined by considering both NH3 
and NH4

+. 

The model outputs from the threshold inhibition function for DPM inoculum showed that 
NH3 could be inhibitory at concentrations as low as 1 mgN·L-1 and that aceticlastic methano-
genesis is completely inhibited at NH3 ≈ 200 mgN·L-1. On the other hand, NH4

+ concentration 
needs to reach 2,800 mgN·L1 to inhibit methanogenesis, independently of NH3 inhibition. 
At NH4

+ concentrations around 4,800 mgN·L-1 aceticlastic methanogenesis appears to be 
completely inhibited.

In conclusion, a new methodology for ammonia nitrogen has been developed, which will 
provide better understanding of ammonia nitrogen inhibition by differentiating between NH3 
and NH4

+ inhibition. The threshold inhibition function is proposed as new inhibition function 
to model ammoniacal nitrogen inhibition.
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Abstract: This study evaluated the ammonia removal capability for anaerobic digestion effluent by using 
microalgae-nitrifiers consortium under laboratory-controlled and atmospheric conditions. The relatively high 
pH and DO values were observed in atmospheric condition due to active photosynthesis. The relatively low 
pH values were observed in the half-day illuminated (light/dark cycle: 12/12 hours) condition compared to the 
continuous illuminated condition at the laboratory. The relatively high nitrification efficiency with low amount 
of ammonia volatilization were obtained in the half-day illuminated conditions. The progress of nitrification 
was not observed in the atmospheric condition, probably due to the light inhibition on nitrifiers, and mitigating 
the light inhibition by using granule or immobilized materials are expected as effective methods to improve 
ammonia removal capability.

Keywords: Microalgal-bacterial consortium; photo-oxygenation; nitrification

High nutrient containing effluent from the anaerobic digester is often reused in agricultural 
fields as a liquid fertilizer; however, the effluent cannot be accepted in many urban area due 
to its low demand for reuse. In such case, biological nitrification-denitrification processes are 
widely applied as a post-treatment method to remove ammonia in the anaerobic digestion 
effluent, which requires high aeration energy for nitrification and extra organic carbon cost 
for denitrification. Thus, a more energy and cost effective method to treat anaerobic digestion 
effluent should be developed. Previous studies have shown that combining nitrification and 
microalgae in a single reactor is useful to reduce the requirement for aeration in nitrification 
reactor because photo-oxygenation can support the oxygen to nitrifiers (e.g. Karya et al., 
2013). Although several studies on microalgal-nitrifiers consortium were conducted until now, 
the majority of reported studies have evaluated the treatment capability by using artificial 
wastewater under laboratory-controlled temperature and light intensity conditions. The aim 
of this study is to evaluate ammonia removal capability of microalgal-nitrifiers consortium for 
the treatment of anaerobic digestion effluent of slaughterhouse wastewater at laboratory-
controlled and atmospheric conditions. The nitrogen mass balance was examined to reveal 
the effect of environmental parameters on the consortium process. 

The anaerobic digestion effluent was collected from the full-scale anaerobic digester for 
treating slaughterhouse wastewater in Guanajuato, Mexico. The effluent was filtrated through 
0.45 μm filter and diluted 4 times. 0.5 g-SS (Suspended Solid) L-1 of nitrifiers collected from 
the full-scale oxidation ditch sewage treatment plant in Guanajuato City and 0.5 g-SS L-1 of 
microalgae consortium consists of Chlorella sp., Senedesmus sp. and diatoms were inoculated 
into identical flasks (an effective volume: 0.5 L). In the laboratory experiments, two different 
light durations were used; light/dark cycles of 24/0 and 12/12 hours with light intensity of 
140 μ photons m-2 s-1 at 25±2 oC. In the atmospheric experiment, natural sunlight (0-1573 μ 
photons m-2 s-1) was used at atmospheric temperature (19-29 oC). Nitrification with aeration 
was conducted by inoculating 0.5 g-SS L-1 of nitrifiers at the laboratory without light. All 
conditions were conducted for 12 days in duplicate.
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The pH and dissolved oxygen (DO) variations in all reactors were shown in Fig. 1. 
The relatively high pH above 8.5 was observed in the continuous illuminated and the 
atmospheric conditions (Fig. 1a), indicating the occurrence of active photosynthesis. 
Meanwhile, the pH decreased gradually in the half-day illuminated condition, showing 
relatively active ammonia oxidization compared to photosynthesis. Similar DO values 
ranging from 4.1 to 6.4 mg L-1 were observed in all laboratory conditions; thus, microalgal-
nitrifiers consortium showed a comparable oxygenation capability to mechanical aeration. 
The DO in the atmospheric condition was fluctuated in the range of 1.5 to 16.3 mg L-1 (Fig. 
1b). Although excessive DO could inhibit microalgal growth, the highest value observed in 
this study did not exceed the inhibitive values (>35 mg L-1) (Kumar et al., 2010). 

The nitrogen mass balances in all conditions at the end of the experiment were shown 
in Fig. 2 The relatively high nitrification efficiency (i.e. ammonia conversion ratio to nitrous 
oxides) were observed in the half-day illuminated condition at the laboratory. Meanwhile, high 
ammonia uptake by microalgae with low nitrification efficiency was observed in continuous 
illuminated condition. The relatively large amount of ammonia uptake by microalgae was 
achieved in the atmospheric condition, but nitrification was completely inhibited probably 
due to strong light intensity (Kaplan et al., 2000). In consortium conditions, ammonia 
loss by volatilization was clearly affected by the pH variation; that is, the lowest loss was 
observed in the half-day illuminated condition which showed the lowest pH value (Fig. 1a). 
As a consequence, microalgal-nitrifiers consortium can be used to treat diluted anaerobic 
digestion effluent effectively especially in laboratory-controlled conditions. To apply this 
process under atmospheric condition, some strategies for mitigating light inhibition on 
nitrifiers such as use of immobilized materials for nitrifiers is needed. 
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Abstract
The anammox process emerged as a promising alternative to convention-
al methods of removing ammonia from wastewater. In this work a Mem-
brane-Aerated Biofilm Reactor (MABR) was used to start-up the single-stage 
nitrogen removal system using anammox and partial nitritation (SNAP) pro-
cess. The nitrogen loading rate (NLR) was 50 g N m-3 d-1. The process was 
established in approximately 48 days reaching equilibrium after day 80. The 
average total nitrogen removal for stationary stage was 79% and the maxi-
mum was 84%. The average NH4

+-N removal was 98%. The reactor perfor-
mance and the start-up time were satisfactory proving the potential of the 
MABR in the treatment of anaerobic effluents through SNAP process.

Keywords
Anammox; snap; canon; mabr

INTRODUCTION
Ammonium removal by the conventional nitrification and heterotrophic denitrification pro-
cesses requires both extensive energy for aeration and an external carbon source. The an-
aerobic ammonium oxidation (anammox) process is a promising alternative to conventional 
methods mainly for low C/N ratio wastewater such as anaerobic effluents. The process con-
sists in the anaerobic conversion, by autotrophic bacteria, of NH4

+ and NO2
- to N2 and a small 

amount of NO3
-. The process must therefore be combined with partial nitritation to pro-

duce the required NO2
-. This combined partial nitration-anammox (PN/A) in a single stage is 

known as Single-stage Nitrogen removal using Anammox and Partial nitritation (SNAP) (Ma 
et al., 2016). The bottleneck to large-scale application of the process is the low growth rate 
of the anammox bacteria. The start-up time can be very high when carried out from conven-
tional sludge ranging from 4 months to 1 year (Connan et al., 2016)but also an inhibitor at 
high concentrations. This study investigates the effect of nitrite on the microbial community 
during the batch enrichment of anammox sludge. Six inoculums collected from different en-
vironments were enriched after a conditioning pretreatment and under controlled conditions 
during 4 months. Concerning the mineral medium used, two different nitrite supply strate-
gies were applied; i.e., (i. Therefore, the objective of this work was to evaluate the anammox 
biomass enrichment and the application of the SNAP process to anaerobic effluents.

MATERIALS & METHODS
A continuous and upflow Membrane-Aerated Biofilm Reactor (MABR) (Figure 1) with a work-
ing volume of 2.7 L was used to SNAP process start-up. The hydraulic retention time (HRT) 
was set to 24h. The internal temperature was maintained at (31.3 ± 0.7) °C through a ther-
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mostatic water jacket. Recirculation of the effluent with the same feed flow was applied. The 
diffusion of air from the MABR was performed through a helical-shaped silicone membrane 
in the reactor. The system was continuously aerated and the dissolved oxygen (DO) in the re-
actor was maintained at (0.5 ± 0.2) mg O2 L-1 to allow the formation of an aerobic and anaer-
obic biofilm. The synthetic wastewater used in the experiment, adapted from Van de Graaf 
et al. (1996), contained 50 mg NH4

+-N L-1 (NLR of 50 g N m-3 d-1) and no organic compounds, 
presenting nitrogen concentrations in typical ranges found in effluents from UASB reactors 
treating domestic sewage. The reactor was inoculated with activated sludge from the WWTP 
of Várzea Paulista, SP, Brazil. Analyzes of NH4

+-N, NO2
--N and NO3

--N, alkalinity and pH were 
all performed according to APHA (2005).

RESULTS AND DISCUSSION
The profiles of nitrogen concentrations over the 132 days of operation are shown in Figure 2.

Nitrification to nitrite (nitritation) was achieved quickly after startup, and DO levels were 
kept low, creating an environment conducive to the enrichment of anammox biomass. After 
day 48, NO2

- concentrations gradually decreased in the effluent and NO3
- was produced. The 

synthetic effluent did not present organics which could be used as a source of energy and 
carbon in heterotrophic denitrification. Thus, the removal of NH4

+ and NO2
- in the system 

occurred via completely autotrophic PN/A processes. In the first weeks of operation the 
observed alkalinity consumption presented values closer to the expected consumption if 
all the ammonia were oxidized via nitrification (7.14 g CaCO3/g NH4

+-N consumed) (Ahn, 2006). 
The SNAP process was not completely established. After day 80, when the process reached 
stability, the alkalinity consumption was very close to the theoretical consumption for the 
process (3.68 g CaCO3/g NH4

+-N consumed) (Ahn, 2006), with an average deviation of only 12% 
. The mass balance of alkalinity as well as that of nitrogen is proof of the occurrence of the 
process. The average total nitrogen removal for stationary stage was 79% and the maximum 
was 84%. The average NH4

+-N removal was 98%. The average NO3
--Nproduced/NH4

+-Nconsumed 
ratio was 0.19 ± 0.03, close to the stoichiometric value of 0.13 (Ahn, 2006). The deviation 
from the theoretical value may be due to a slight imbalance in the nitritation and anam-
mox processes. The start-up time (48 days) can be considered short and compatible with 
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other recent works on anammox enrichment (Connan et al., 2016)but also an inhibitor at 
high concentrations. This study investigates the effect of nitrite on the microbial community 
during the batch enrichment of anammox sludge. Six inoculums collected from different en-
vironments were enriched after a conditioning pretreatment and under controlled conditions 
during 4 months. Concerning the mineral medium used, two different nitrite supply strate-
gies were applied; i.e., (i.

CONCLUSIONS
Good performance was achieved in the completely autotrophic nitrogen removal, proving 
the potential of the MABR for the treatment of anaerobic effluents through the SNAP pro-
cess. Moreover, the system showed to be a suitable alternative for the fast enrichment of 
anammox bacteria and for establishing the microbial community required for the develop-
ment of the process. 
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Abstract 
Simultaneous Nitrification Denitrification (SND) allows ammonia oxidation 
and reduction of resultant products to nitrogen gas in a sole treatment unit. 
However, high denitrification efficiencies are difficult to achieve under low 
electron donor availability, such as anaerobic effluents. Two configurations 
of fixed film reactor were studied in order to improve denitrification; one 
structured-bed reactor subjected to intermittent aeration and the other 
subjected to substrate and oxygen counter-diffusion. Under the intermittent 
aeration period of 1 hour aeration and 2 hours non aeration, the structured 
bed reactor achieved nitrification and denitrification of 82% and 41%, 
respectively. The counter-diffusion bed reactor achieved denitrification of 
100% and higher total nitrogen removal efficiency.

Keywords
Anaerobic post-treatment; fixed bed reactor, nitrogen removal; polyurethane 
foam.

INTRODUCTION
Intermittent aeration reactors has been successfully used to perform simultaneous nitrification 
and denitrification (SND) in structured-bed reactor subjected to effluent recirculation 
(SBBRIA) (Barana et al., 2013; Santos et al., 2016). Nitrogen removal has also been studied 
in biofilms subjected to substrate and oxygen counter-diffusion in aerated membrane biofilm 
reactors (MABR) (Nerenberg, 2016). This study evaluates these two aeration strategies in 
distinct reactor’s configuration to verify the response of SND in fixed film used for post-
treatment of anaerobic effluent from sewage. 

MATERIAL AND METHODS
Intermittent aeration was first evaluated using a SBBRIA. The SBBRIA received upflow 
anaerobic sludge blanket (UASB) reactor effluent treating domestic sewage. The reactor 
operated at periods of aeration/non-aeration of 1h/2h, hydraulic detention time (HDT) of 
12 hours and recirculation rate of 3. The counter-diffusion strategy was evaluated using a 
new configuration of aerated fixed biofilm (AFB) reactor. The AFB reactor (Fig. 1) operated 
at a HDT of 24 hours and recirculation rate of 3, receiving synthetic wastewater simulating 
domestic sewage after anaerobic treatment. The carbon/nitrogen (C/N) ratio was 4.4 and 
acetate as electron donor.
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RESULTS AND DISCUSSION
Table 1 shows the average values of alkalinity, chemical oxygen demand (COD), influent nitrogen (as 
NTK) concentrations and the efficiencies of nitrification, denitrification, and total nitrogen (total-N) 
removal of each reactor. At a C/N of 3.03 and NTK of 35.72 mg.L-1, SBBRIA attained a maximum 
total–N removal efficiency of 29 ± 10% due to low nitrate use as electron acceptor since ammonia 
oxidation and COD removal were 82%±7% and 82%±10%, respectively. 

The AFB reactor presented COD removal efficiencies higher than 90% and a Total-N removal peak 
of 60%. The counter-diffusion propitiated lower competition for electron donors between aerobic 
and denitrifying heterotroph bacteria so that denitrification was complete along all the experimental 
period. Total–N removal was limited by the low nitrification efficiencies of the biofilm. This fact 
can possibly be attributed to mass transfer limitations due to biofilm growth. This phenomenon 
is frequently observed in MABR associated with the excessive growth of the biofilm (Martin and 
Nerenberg, 2012).
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Figure 1. Aerated  fixed biofilm (AFB) reactor. 1. air compressor 2. flowmeter 3.water seal 4. porous stone 
5. polyurethane foam. 6. aeration zone 7. inflow pump 8. recirculation pump 9. outflow.

Table 1. Influent parameters and efficiencies.
Reactor Influent 

DQO 
(mg.L-1)

Influent 
NTK 

(mg.L-1)

Influent 
alkalinity 
(mg.L-1)

DQO 
removal 

efficiency 

Total-N 
removal 

efficiency

Ammonia 
oxidation 
efficiency

Denitrification 
efficiency

SBRRIA 120±24 34,1±5,5 173±20 82%±10% 29%±10% 82%±7% 41%±14%

FAB 175±39 40,0±3,6 308±22 73%15% 40%±12 41%±13 100%±1%

CONCLUSIONS
Intermittent aeration failed to balance the use of oxygen and nitrate as electron acceptor to achieve 
high total-N removal. On other hand counter-diffusion in fixed biofim is a promising application for 
nitrogen removal at very low C/N ratio effluents due to high denitrification efficiency. The system 
can still be optimized regarding mass transfer through biofilm.
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Abstract
Denitrification of a synthetic metallurgic effluent containing nitrate, citrate 
and acidic pH through a novel Anaerobic Swirling Fluidized Membrane Bio-
reactor (ASFMBR) was evaluated. Principal characteristics of this reactor 
are a tangential inlet and hydrocyclone geometry which produce swirling 
motions of flow and granular carbon (GC) inside the reactor with the aim 
to achieve a homogeneous fluidization with lower energy requirements of 
fluidization than in upward fluidization. GC covered with denitrifying biofilm 
promoted a scouring effect to reduce cake layer formation over the mem-
brane surface. Thus, denitrification and filtration occurred simultaneously in 
the same reactor. Hollow fiber membranes module is submerged inside the 
reactor. This holds the membranes in vertical position and spaced from each 
other to allow free GC circulation. Denitrification performance depending 
on pH neutralization of the acidic feed, nitrate removal and accumulation 
of denitrification intermediates (NO2

- and N2O) were investigated, as well 
as the effect of swirling fluidized medium on membrane fouling. The reac-
tor was fed with a pH of 2.5, 720 mg N-NO3

-/d and citrate at a 2.86 g C/g 
N ratio. Monitoring of the reactor showed that denitrification products in-
creased the acidic pH feed to values higher than 8. Denitrification efficiency 
obtained was nearly of 90% without an important generation of intermedi-
ates. Homogenous fluidization was observed through the reactor, with ma-
jor particle concentration in the conical section. Suction pressure reached 
20 kPa at nearly 37 h in absence of fluidization, whereas suction with swirl-
ing medium fluidization was maintained at constant lower values, indicating 
no membrane fouling for at least 23 days of operation.

Keywords
Denitrification; Fluidized Membrane Bioreactor; Swirling flow; Membrane 
fouling

INTRODUCTION
Fluidized bioreactors has been applied in denitrification processes with an efficient  pH neu-
tralization and contaminants dilution (Papirio et al., 2014; Zou et al., 2014){ “id” : “ITEM-
2”, “itemData” : { “DOI” : “10.1007/s10532-013-9670-1”, “ISSN” : “09239820”, “PMID” : 
“24166158”, “abstract” : “The dispersion of nitrogenous compounds and heavy metals into 
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the environment is frequent during mining activities. The effects of nickel (Ni. The membrane 
inclusion into bioreactors gives a better quality of the treated water; however, fouling oc-
curred due to the deposit of contaminants on membrane surface by cake layer formation is 
a great problem that requires strategies to avoid this with low energy requirements. Medium 
fluidization with granular carbon (GC) has been shown lower requirements of energy to avoid 
membrane fouling in comparison with other strategies. The particle trajectories in anaerobic 
fluidized membrane bioreactors are mainly in upward direction which cause inhomogeneous 
reduction of cake layer and demand the major energy used for the treatment (Kim et al., 
2011). In addition, loss of energy occurs at the inlet distributors by its design. The purpose 
of this work is the use of swirling fluidization to produce a homogeneous fluidization of GC 
in the entire reactor to reduce the loss of energy occurred in the inlet distributors. This type 
of fluidization is formed by a tangential inlet which does not need distributor, as a conse-
quence, the loss of energy at the inlet could be less than in inlet distributors used in upward 
fluidization. Swirling fluidization conducts a stratification of different GC sizes and densities 
in the entire reactor causing a better homogeneous fluidization around membranes surface. 
In agreement with that, the propose of the use of an ASFMBR for the synthetic metallurgic 
effluent follows the next points: (i) pH neutralization achieved by the high dilution obtained 
and the recycling of alkalinity from denitrification; (ii) denitrification carried out by denitrify-
ing biofilm supported on GC, using citric acid, commonly present in metallurgical effluents, 
as electron donor, evaluating the efficiency of nitrate removal and undesirable denitrification 
intermediates generation;  (iii) avoid membrane fouling by the scouring effect of GC using a 
swirling fluidization, thus monitoring the suction pressure of the membranes.

MATERIALS AND METHODS
GC of coconut shell with sizes from 0.4 to 2.38 mm was used for both denitrifying biofilm 
support and fluidizable medium. Biofilm was previously formed in a UASB reactor (1.1 l) 
with granular sludge disintegrated and GC cleaned under denitrifying conditions for nearly 
3 months. The medium and trace elements compositions were as shown in (Ramírez et al., 
2018). Fig.1 shows the schematic diagram of the reactor used, which has a volume of 2.68 
l. This contains 18 polyvinylidene difluoride (PVDF) hollow fiber membranes with 1.2 mm 
of diameter. These were positioned in vertical position and connected to a peristaltic pump. 
150 ml of GC from the UASB column (0.56 g volatile suspended solids/l) were added to the 
ASFMBR. The reactor was fed with a pH of 2.5, 720 mg N-NO3

-/d and citrate to a 2.86 g C/g 
N ratio. The flow of recirculation was 3.5 l/min. Flux permeate was 3.4 l/m2/h in continu-
ous operation. NO3

-, NO2
-, total and volatile suspended solid (TSS and VSS) were measured 

according to APHA methods, N2O was measured by gas chromatography and pH with an 
electrode. Vacuum pressure and permeate flow was registered with sensors and a data ac-
quisition system.
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Figure 1. Schematic Anaerobic Swirling Fluidized Membrane Bioreactor.

RESULTS AND DISCUSSIONS
The acidic pH was neutralized by recycling of alkalinity derived from citrate degradation 
reaching a value of ~8.5. According to CO2 equilibrium, neutralization of citric acid occurs 
by formation of bicarbonate or carbonic acid species, which is favourable for denitrifica-
tion performance as it occurs al circumneutral pH values. This avoids the addition of exter-
nal neutralizing agents. NO3

- removal efficiencies above 90% were achieved. Intermediates 
maximum production were 2.4 mg N-NO2

-/l and 3.6 mg N-N2O/d. Stratification of GC was 
observed in the reactor, lower particles sizes with higher density and higher sizes particles 
with lower density were observed in cylindrical and conical section, respectively. The move-
ment of GC over different positions of the membrane wall was observed by their movement 
in three directions produced by the swirling flow. The fouling of membrane reached 20 kPa 
of suction pressure at nearly 37 hours without GC fluidization, whereas it was maintained at 
constant 1.47 kPa for 23 days of operation with swirling fluidization.
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Abstract
The anaerobic sludge digester supernatant contains around 20% of the ni-
trogen load that enters the municipal wastewater treatment plants (WWTP). 
Since this stream does not contain organic matter, the application of the 
partial nitritation and anammox processes is the most feasible option to re-
move ammonia. However, the effect over these processes of compounds 
that can be formed in the thermal pretreatment before the anaerobic diges-
tion was little studied. In this research work, the anaerobic sludge digester 
supernatant of a WWTP, which included a thermal pretreatment and whose 
ammonium concentration was around 1800 mg NH4

+-N/L, was treated. 
During the partial nitritation stage, nitrogen loading rates (NLR) of up to 5 
g N/(L·d) were satisfactorily treated, 50% of the ammonium being oxidized 
mainly into nitrite (<8% into nitrate). The subsequent anammox reactor was 
able to remove a NLR of 0.45 g N/(L·d). During the operation of the partial 
nitritation reactor, periods of destabilization were observed, which could be 
caused by compounds related to the biodegradable fraction of the organic 
matter.

Keywords
Anammox, partial nitrification, thermal prehydrolysis.

INTRODUCTION
Thermal hydrolysis has been consolidated as an efficient pretreatment process to improve 
biogas production during anaerobic digestion of sludge. However, the implementation of this 
process causes the increase of the ammonia concentration in the supernatant of the sludge 
digester that increases the amount of organic matter and oxygen needed for denitrification 
and nitrification, respectively, in the water line. This would counteract part of the energy 
benefits obtained by the implementation of thermal prehydrolysis unit. This drawback could 
be solved by using the partial nitritation and anammox processes to remove ammonia in the 
supernatant of the sludge digester before its returns to the main line (Morales et al., 2015). 
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In fact, these processes have successfully applied at full scale in the sludge line of several WWTPs 
but in those where thermal prehydrolysis units are installed, inhibition phenomena have been 
observed (Zhang et al., 2016). In this work, the feasibility of treating ammonia of the sludge return 
stream of a urban WWTP, which incorporates a thermal pretreatment of sludge, through a partial 
nitritation and anammox system of two reactors was be studied.

MATERIALS AND METHODS
Two sequential SBR reactors were used to carry out partial nitritation (3 L) and anammox (0.9 L) 
processes. Both systems were operated at a volumetric exchange ratio of 50% with cycles of 3-11 
h and 24-48 h, respectively. The partial nitritation reactor was fed with water from supernatant of 
the sludge digester of Mapocho-El Trebal WWTP (Chile) while the influent of the anammox sys-
tem corresponded to the output stream of the partial nitritation reactor. The possible inhibitory 
effects on ammonia oxidizing bacteria (AOB) were evaluated by respirometric assays.

RESULTS
Except during some unstable periods due to the increase of the nitrogen loading rate (NLR) ap-
plied, the partial nitritation reactor operated with an ammonia removal efficiency of 50% that is 
expected based on the alkalinity/ammonia ratio of the influent. Ammonia oxidized was practically 
all converted into nitrite, appearing nitrate concentrations lower than 8% of the inlet ammonia 
concentration. During the first 3 phases of operation (Hydraulic retention time (HRT): 6, 8 and 16 
h), an attempt was made to reduce the dilution applied to the influent, but the system was always 
turned unstable (Figure 1a). Only, when the HRT was increased to 24 h the system was able to 
treat the influent without applying dilution. The maximum NLR treated was of 5 g NH4

+-N/(L·d) 
(Figure 1b). This NLR was treated during stages 1 and 2, in both cases for a period of 30 days but 
later the system turned unstable. During the last phase of operation, where dilution of the influent 
was not applied, the system was able to treat a NLR of 1.9 g NH4

+-N/(L·d). Regarding the organic 
matter contained in the influent (1.5-2.5 g COD/L), an average COD reduction of 60% was ob-
served, revealing the presence of biodegradable compounds (presumably volatile fatty acids).
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The respirometric assays showed that the non-ammoniacal components of the influent could 
decrease the activity of the AOBs down to 60%. However, no inhibitory effects were found when 
the influent was subjected to a previous biological aerobic process to reduce the organic matter 
content. This fact would indicate such inhibitory effects could be related to the biodegradable 
fraction of the organic matter. The anammox reactor fed with the effluent from the partial nitrita-
tion reactor was able to remove a NLR of 0.45 g N/(L·d).
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Abstract
In this study, the production of CH4 in a biotrickling filter (BTF) using a hy-
drogenotrophic consortium was investigated. The BTF was operated at 30 
°C with an EBRT of 6 h and pH 8. A mixture (1:1) of granular anaerobic 
sludge from a brewery wastewater plant and a hydrogenotrophic sludge was 
used as inoculum. High density polyethylene rings were used as support for 
biomass growth. The BTF was fed with H2 and CO2 as the only substrates 
maintaining a proportion of 4:1. CH4 production was observed from the first 
days of the experiment. So far, the BTF exhibits H2 and CO2 removal effi-
ciencies of 27.2 ± 6.9 % and 65.3 ± 3.6 %, respectively. The duration of the 
start-up stage was shorter than that previously reported in the literature.

Keywords
Biogas upgrading; biotrickling filter; hydrogenotrophic consortium. 

INTRODUCTION
Biogas (60-80% CH4 and 40-20% CO2) produced from the anaerobic digestion of organic 
matter is one of the most promising renewable biofuels. On the other hand, the power-to-gas 
(PTG) technology has also been successfully applied for generating H2 from electric energy 
surpluses. One of the main motivations for implementing the PTG technology is the storage 
of energy in the form of H2, which otherwise would be lost (Götz et al., 2016). Hydrogeno-
trophic processes performed by autotrophic archaea can be applied to upgrade biogas up to 
biomethane (CH4 ≥ 95%) by using the CO2 in biogas and the H2 from the PTG processes. The 
resulting biomethane can be then injected into the natural gas networks, taking advantage of 
the installed infrastructure. Biotrickling filters (BTFs) are attractive technological systems for 
performing hydrogenotrophic processes due to their simple operation, low operational cost 
and low energy demand (Iranpour et al., 2005). However, there still are several challenges to 
overcome in BTFs in order to enhance the performance of the hydrogenotrophic processes, 
such as the reduction of the empty bed residence time (EBRT) and the stability of the pro-
cess towards pH changes. Due to the autotrophic nature of the process it is also important 
to reduce the start-up time and study the best operational conditions such as temperature 
(high temperature implies high cost and less gas absorption but probably faster microbial 
acclimation) and pH (the higher pH the higher CO2 absorption but probably slower microbial 
start-up). Methane production in a biotrickling filter using a hydrogenotrophic consortium 
was investigated in the present work.
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MATERIALS AND METHODS
The experimental setup consisted in a BTF made of methacrylate with an inner diameter of 
0.08 m, height of 0.32 m and working volume of 0.7 L (Fig. 1). The CO2, pH and temperature 
were measured on-line, while H2 concentrati on was monitored by gas chromatography. The 
temperature was controlled at 30°C and the pH was controlled to 8.0 ± 0.1 from day 16 on. 
The inoculum consisted of a 200-mL of a mixture (1:1) of granular anaerobic sludge from a 
brewery wastewater treatment plant and hydrogenotrophic sludge. High density polyeth-
ylene rings (BCN 009 plus, 2H Germany) with a density of 0.92 g/cm3 and 4 cm of diameter 
were used as support for biofi lm growth. Mineral media was recirculated at a rate of 150 mL/ 
min from the holding tank to the top of the BTF. H2 and CO2 were fed with a stoichiometric 
proporti on of 4:1.

Figure 1. Setup of the experimental system.

RESULTS AND DISCUSSION
The reactor start-up was done using an empty bed residence ti me (EBRT) of 6 h. CH4 was 
detected in the fi rst days of operati on (Fig. 2a) and from day 15 on the CH4 concentrati on 
was stable (8.3 ± 0.8 %). The H2 and CO2 removal were 27.2 ± 6.9 % and 65.3 ± 3.6 %, re-
specti vely (Figure 2b).

Figure 2. BTF performance, (a) CH4 concentrati on at the outlet of the bioreactor; 
(b) pH ti me course and H2/CO2 removal effi  ciency.
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CONCLUSIONS

The duration of the start-up stage was shorter than that previously reported in the literature 
for similar experimental setups. The pH control was likely a key factor for the stable CH4 
production observed. The impact of increasing the pH value and reducing the EBRT on CH4 
production will be further studied. 
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Abstract
A novel process for the aerobic desulfurization of H2S-rich biogas was 
developed in this work. A two-stage system consisting in an absorption 
column (H2S capture) coupled with a bubble column bioreactor (H2S 
oxidation) was successfully used to treat H2S loading rates of 37, 58, 100 
g S mreactor

-3 h-1, corresponding to gas residence times in the absorption 
column of 6.3, 4.1 and 2.4 min. The main advantage of this technology is 
the full oxygenation of the liquid phase, which avoids elemental sulphur 
accumulation and other issues related with biogas dilution or the generation 
of explosive gas mixtures since the air and biogas streams do not mix in this 
technology. Stable H2S removal efficiencies above 80% were recorded, while 
sulphur oxidation performances higher than 75% were obtained regardless 
the operating conditions tested. The system fully recovered a high H2S 
removal performance after two scheduled shutdowns of 5 and 18 days, 
demonstrating the robustness and resilience of this desulfurization process 
towards potential industrial applications. 

Keywords
Biogas, Desulfurization, Two-stage bioscrubber, Sulphur oxidation 
performance, 

INTRODUCTION

Biogas produced from sulfur-rich effluents might contain H2S concentrations in the range of 
5,000 - 30,000 ppmv (Barrera et al., 2013), which is far above the acceptable H2S concentration 
for its use in heat and power engines (Aita, et al., 2016). Thus, important efforts must be 
made to achieve the desulfurization of these biogas streams. Aerobic and anoxic biological 
desulfurization technologies have been successfully implemented in biotrickling filters. 
Nevertheless, they must still be improved for an efficient and robust treatment of H2S-rich 
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biogas since bed clogging, biogas dilution or generation of explosive gas mixtures have been 
consistently reported when treating H2S-rich biogas (López et al., 2016). Therefore, this work 
aimed at develop a novel system for the efficient desulfurization of H2S-rich biogas. The two-
stage process here presented allows the full oxygenation of the liquid phase, avoiding biogas 
dilution, elemental sulfur accumulation and do not generate explosive gas mixtures (e.g. CH4 
and O2 from mixing biogas and air). The biological oxidation module (bubble column) was 
operated under slightly alkaline pH conditions to prevent H2S stripping from the aerated 
liquid phase. The desulfurization performance was evaluated in terms of S-H2S removal 
efficiency (RE), S-H2S elimination capacity (SEC) and the sulfur oxidation performance (SOP) 
defined as the percentage of S-H2S removed that was fully oxidized to S-SO4

2-.

MATERIALS AND METHODS
The two-stage desulfurization system consisted of an absorption column (600 mL of working 
volume) coupled with a bubble column bioreactor (1131 mL of total volume, 970 mL of 
working volume). A synthetic biogas stream consisting in a N2 stream laden with 5,000 ppmv 
of H2S was used in all experiments. Biogas empty bed residence times (EBRTs) of 6.3, 4.1, 
and 2.4 min were set in the absorption column. The liquid phase of the bubble column was 
recirculated from the top of the absorption column in a counter-current mode relative the 
biogas at velocities (VL) of 2.5 and 3.7 m h-1. The bubble column bioreactor was operated with 
air flowrates of 100, 150 and 250 mLair min-1, which corresponded with the similar biogas 
flowrates in the absorption column. The pH was controlled at a value of 8.0 ± 0.5 by automatic 
dossing of a 75 g L-1 NaHCO3 solution. The bubble column bioreactor was inoculated with 97 
mL of fresh secondary activated sludge. 

RESULTS AND DISCUSSION
Figure 1 shows the RE performance of the two-stage desulfurization system at several S-H2S 
inlet loads (SIL, gS mreactor

-3 h-1). During phase A (SIL= 37 g S m-3 h-1, EBRT of 6.3 min), RE values 
higher than 95% were obtained, while an average SOP value of 91% was observed. During 
phase B (SIL= 58 g S m-3 h-1, EBRT of 4.2 min), an average RE of 83% with an average SOP 
of 77% were obtained, regardless the liquid velocity tested (2.5 or 3.7 m h-1). Two scheduled 
shutdowns were carried out in phases C and E of 5-days and 18-days duration each one. 
After both shutdowns the process was restarted with SIL= 59 g S m-3 h-1 and EBRT of 4.1 
min (phases D and F), obtaining a RE of ~85%, while the average SOP was kept above 83%. 
During phase G (SIL=100 g S m-3 h-1, EBRT=2.4 min), average RE and SOP values of 84% and 
96%, respectively, were obtained.
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Figure 1. Performance of the desulfurization system, where SIL (circles) and RE (diamonds).

CONCLUSIONS
Based on the high H2S removal efficiency at high sulphur loading rates and short EBRTs, the 
novel desulfurization system here presented is a promising alternative technology for the 
treatment of H2S-rich biogas. 
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Abstract
High-rate anaerobic treatment of sewage using upflow anaerobic sludge 
blanket (UASB) reactors is a consolidated technology in warm climate coun-
tries. However, anaerobic treatment only removes organic pollutants and 
thus usually requires a post-treatment step to remove nitrogen, besides re-
sidual organic carbon. Many different combined anaerobic-aerobic systems 
have been investigated so far, several of which are successfully applied at 
full scale. Trickling filters (TFs) constitute a cost-effective post-treatment 
option, assuring a low sludge production, low operational costs and mainte-
nance simplicity compared to other aerobic post-treatment options (e.g. ac-
tivated sludge). Additionally, the use of sponge-based support medium has 
been reported as a promising alternative to improve TF efficiency and to en-
hance operational simplicity. Following a comprehensive literature review, 
this work presents the main design parameters and criteria for sponge-bed 
trickling filters (SBTF) post-UASB reactors treating sewage, focusing on the 
simultaneous carbon and ammonium removal.

Keywords
Sewage treatment; sponge-based support medium; nitrification; UASB/TF 
system

INTRODUCTION
Post-treatment of anaerobic effluents in sewage treatment plants typically comprises an aerobic 
stage, for which trickling filters (TFs) are an interesting process option. The technological choice 
of trickling filters as post-treatment units of upflow anaerobic sludge blanket (UASB) reactors 
guarantees a low sludge production, relative operational and maintenance simplicity, as well as 
low operating cost of the system when compared to other aerobic post-treatment processes (e.g. 
activated sludge) (Chernicharo, 2006).

Nevertheless, the design criteria of TFs post-UASB reactors for sewage treatment still need to be 
further established, especially considering the possibility of simultaneous carbon and ammonium 
removal in the post-treatment step. For this application, the use of sponge-bed trickling filters 
(SBTF) is considered a promising alternative. Therefore, this work assessed the reported litera-
ture experiences on design and operation of TF post-UASB reactors treating sewage, seeking 
to establish appropriate design criteria for carbon and ammonium removal in a single reaction 
volume of TFs.
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MATERIALS AND METHODS
A comprehensive literature review was performed based on the last 20 years of research, design 
and operation of UASB/TF systems, focusing on experiences associated with sponge-bed trick-
ling filters (SBTF), since the first record of publication in 1997 (Agrawal et al., 1997). Hence, the 
main design criteria for SBTFs post-UASB reactors treating sewage were revisited, in order to 
establish the most appropriate hydraulic and organic loading rates, as well as reactor height to 
simultaneously remove carbon and ammonium in the post-treatment step. 

RESULTS AND DISCUSSION
Sponge-based support medium for trickling filters are based on the mechanism of interstitial 
biomass retention, instead of just attached biomass growth as for conventional trickling filters 
filled with rock or plastic-based medium. This enables a significant improvement in biomass con-
centration, enhancing hydraulic and sludge retention times (Almeida et al., 2013; Onodera et al., 
2013). The performance of such bioreactors for carbon and ammonium removal greatly depends 
on the appropriate combination among the selected support medium and the applied hydraulic 
and organic loading rates (HLR and OLR). Hydraulic loads are important mainly for the effective 
wetting of the support medium and to control the biofilm thickness, through shear stress. Or-
ganic loads determine metabolic rates, such as the conversion of carbon and nitrogen. In case 
of post-treatment of anaerobic effluents, the organic matter concentration is usually low (< 100 
mgBOD.L-1), in view of the removal efficiency of UASB reactors treating sewage (typically dilut-
ed – BOD < 400 mg.L-1). This implies in lower OLR to the post-treatment step. Therefore, the 
HLR, and consequently the surface area, is usually the limiting factor for designing trickling filters 
post-treating anaerobic effluents.

The first trickling filters were designed based on the experience of such reactors preceded by 
primary settlers (Metcalf and Eddy, 2013). In an effort to present some design criteria for rock-
based trickling filters treating anaerobic effluents, Gonçalves et al. (2001) pointed out the follow-
ing parameters: HLRaverage (15 to 18 m3.m-2.d-1), OLRaverage (0.5 to 1.0 kgBODreactor volume.m-3d-1) and 
height (2.0 to 3.0 m). Nevertheless, for such conditions, only a satisfactory removal of organic 
matter and a very poor (even none) removal of ammonium is expected. Therefore, based on ex-
periences with sponge-bed trickling filters post-UASB reactors, it can be noticed that OLR up to 
approximately 2.0 kgCOD.m-3

sponge.d-1 (around 0.76 kgCOD.m-3
reactor volume.d-1) are associated with 

higher removal efficiencies of BOD (95%), COD (85-90%) and TSS (70-90%), also assuring nitri-
fication efficiencies above 70%.

In terms of support medium height, a depth equal to or greater than 3.0 m seems to be recom-
mended for SBTFs. This guarantees the prevalence of nitrifying microorganisms in the lower por-
tions of such bioreactors. The main design criteria and parameters for SBTFs post-UASB reactors 
treating sewage as recommended based on the performed literature review and data compilation 
are summarized in Table 1. 
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Table 1. Summary of the main design criteria and parameters for SBTF post-UASB reactors treating 
sewage

Design criteria/parameter
Recommended values
Qaverage Qmax

Hydraulic loading rate - HLR (m³.m-2.d-1) 8-10 13-15
Organic loading rate - OLR (kgBOD.m-3

reactor vol-

ume.d-1)a 0.2-0.3

Organic loading rate - OLR (kgCOD.m-³reactor 

volume.d-1) 0.4-0.6

Support medium height (m) 3.0-4.0
aConsidering the typical SBTF filling ratio with sponge-based support medium (40%), such 

recommended OLR varies between 0.5-0.75 kgBOD.m-³sponge.d-1
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Abstract
The use of biomass as a resource for renewable energy generation is gaining 
growing attention. Hydrothermal treatments of biomass can contribute to 
generate high-value products (i.e., hydrochar) and to enhance biogas gener-
ation from process waters, which are rich in organic compounds suitable for 
Anaerobic Digestion. However, hydrothermal treatments are still not well 
developed when compared with other waste processing treatments. One 
of the most promising areas for developing hydrothermal processing appli-
cations is in sewage sludge management. Sewage sludge has been identi-
fied as a potential feedstock for hydrothermal processing that could fit well 
within existing facilities currently in place in wastewater treatment works 
(WWTW). In this work, the potential of hydrothermal processing as a novel 
alternative for sewage sludge treatment was evaluated. Primary, secondary 
and digestate sludges were treated using hydrothermal processes. The effect 
of process temperature was evaluated with regard to product yields, bio-
methane potential and solubilisation of organic carbon and nutrients. Tests 
at 160 and 250°C for 30-minute reaction time were carried out. Hydrochar 
yields ranged from 38 to 68% at 160°C and from 29 and 40% at 250°C. The 
soluble fraction of organic carbon increased up to 313.7% in primary sludge, 
1427.7% in secondary sludge and 292.9% in digestate sludge, after thermal 
treatments. Experimental BMP values showed that hydrothermal treatment 
enhanced methane production in all sludge samples processed.

 
Keywords
Biomethane production, Digestate, Hydrothermal process, Process waters, Sew-
age sludge 

INTRODUCTION
Hydrothermal processes (HTPs) involve the treatment of biomass in hot compressed water that 
can produce either a solid hydrochar, a biocrude or a syngas, depending on process temperature 
and pressure. Some researchers have already identified the potential of sewage sludge as an 
energy source due its high organic matter content (Kim et al., 2014; Danso-Boateng et al., 2015). 
HTPs applied to sewage sludge processing not only help to inactivate pathogens and further bac-
terial activity after disposal, but also produce valuable by-products like hydrochar. Furthermore, 
the solubilisation of organic compounds resulting from the hydrolysis of complex molecules in 
sewage sludge during HTP, makes the process water a potential feedstock for methane produc-
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tion via anaerobic digestion (Wirth and Mumme, 20013). The main objective of this study is to investigate 
the changes suffered by sewage sludge samples collected along treatment process units in a conventional 
WWTW, when subjected to hydrothermal processes at different temperatures.  Results are processed to 
evaluate and compare products yields and characteristics, as well as the biomethane potential of the result-
ing process waters. Research finding are used to propose new process configurations for WWTWs in order 
to integrate HTPs as part of a comprehensive sewage sludge management strategy.

MATERIALS AND METHODS
Sludge samples were collected at Yorkshire Water’s Esholt WWTW in Bradford, UK. Primary (PS), secondary 
(SS) and a mix of primary-secondary (MIX) sludge were collected and processed by anaerobic treatment for 
30 days in the lab. The non-AD and AD treated samples were submitted to hydrothermal processing. Hydro-
thermal treatments were performed at 160°C for 30 min at 5 bar and at 250°C for 30 min at 40 bar. Solids 
(Hydrochar and sewage solid fraction) and liquid samples (liquors and process waters) generated during hy-
drothermal treatment were processed for their characterisation. 

RESULTS AND DISCUSSION
The BMP values showed (See Figure 1a) that process waters treated at 250°C have higher methane potential 
than those at 160°C and non HTP samples. This is because there is a solubilisation of carbon compounds in 
process waters that is due to the hydrolysis of complex macromolecules during the hydrothermal process, 
which help increasing anaerobic biodegradability of processed samples for further biogas production (Dan-
so-Boateng et al., 2015).  The AD sludge samples despite of receive previous biological treatment, after HTPs, 
the BMP of their process waters increased. In all cases, non-AD treated sludge samples had higher methane 
potential than AD treated sludge. 

The energy production of the treated sludge samples is shown in Figure 1b. The energy production of the 
HTP treated sludge is higher when the hydrochar is considered than non HTP treated sludge. Most of the 
energy comes from the hydrochar in comparison with the raw sludge samples.  Furthermore, an integrated 
HTP + AD system seems to be energy positive, despite the introduction of Hydrothermal Processes. 

Figure 1. (a) BMP and (b) energy production of different sludge samples at different temperatures.
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CONCLUSIONS
Hydrothermal treatments improved the characteristics of the sewage sludge producing hydrochars 
and process waters rich in soluble organic matter and nutrients (to be included in conference paper). 
Anaerobic digestion of process waters is a potential option to treat HTP’s products and to enhance 
net biomethane production from sewage sludge.
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Abstract: This study evaluated the potential of microalgae-based reactors supplied with red LEDs at low intensity 
(660 nm and 15 μmol·m-2·s-1) to treat food waste digestate. LED reactors were compared with control reactors 
exposed to natural solar radiation. From a range of species in the inoculum, Chlorella vulgaris showed high 
adaptation capacity to both lighting regimes and digestate environmental conditions, characterized by a C:N:P 
ratio of 74:74:1. Removal efficiencies for control and LED reactors were 84.0% and 95.8 % for soluble COD and 
89.4% and 53.0 % for ammonia, respectively. Approximately 50% of the ammonia in the control reactor and 
15% in LED reactor was lost mainly through volatilization, whereas 17% and 36% of ammonia was transformed 
in organic nitrogen in the control and LED reactors, respectively. Low-intensity LEDs maintained microalgae 
growth in levels similar to solar radiation and supported efficient digestate treatment, showing a potential for 
further application in optimization of full scale reactors at a relatively low energy cost. 

Keywords: food waste digestate, microalgae-based treatment, anaerobic digestate post-treatment

INTRODUCTION

The use of anaerobic processes to treat food wastes has multiple advantages, including the 
possibility to recover energy. However, the liquid effluent from this process (i.e. digestate) 
usually contains high concentrations of organic matter, ammonia and phosphorus and has 
the potential to cause severe environmental impacts when unproperly discharged in soils 
and freshwater. Microalgae-based treatments have the potential to recover nutrients and 
energy from food waste digestate (FWD). However, some constrains have been previously 
reported, including residual solids that may limit light penetration and high levels of NH3 
in the digestate that may cause inhibitory effects [1]. Additionally, the use of light emitting 
diodes (LED) as a light source for algal cultures have gained more attention in recent years 
since they can produce appropriate levels of radiation with relatively low energy demand, 
heating, carbon and area footprints (Mohamed et al., 2014), so their use may be a strategy 
to overcome shadowing effects of solids and optimize biomass production. Thus, the current 
work intended to explore the potential of low intensity LEDs to support phototrophic activ-
ity in a microalgae-based system to treat FWD under the hypothesis that a minimum level 
of 15 μmol·m-2·s-1 can sustain photosynthesis and become a minimum value of reference for 
artificial lighting in further pilot- or full-scale implementations.
MATERIAL AND METHODS

Laboratory-scale photobioreactors (800 mL) were operated in batch mode treating FWD 
from a UASB reactor. The reactors were arranged vertically outdoors at the Engineering 
School of the Federal University of Minas Gerais (Belo Horizonte, Brazil). Mixing was achieved 
by motors operating at 6 rpm. Red LED lights in dimmable strips (660 nm, SMD 5050) were 
installed at the wall of the reactors (LED reactor - LR) and covered with aluminum foil to sup-
ply a PAR of 15 μmol·m-2.s-1. Control reactors (CR) were exposed to natural solar radiation 
with a daily mean PAR of 580 μmol·m-2.s-1. Photoperiod for LED reactors was fixed in 12 h 
Both LR and CR were built and operated in triplicates.
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FWD was obtained from a methanization system fed with 500 kg of FW per week obtained 
from of the university canteens. Microalgae inoculum was obtained from a maturation pond 
treating municipal wastewater from Belo Horizonte. After an acclimation period of three 
days (Period I), activated sludge (AS) from a municipal wastewater treatment plant (Belo 
Horizonte, Brazil) was added at a ratio of 5:1 (microalgae:AS) and a new pulse of digestate 
was added to complete 800 mL in each reactor. Reactors were operated during 15 d (Period 
II). Chlorophyll-a (ethanol extraction), COD, TAN and PO4-P were determined on filtered 
samples every 48 h. Operational parameters including, pH, DO, T and TSS were measured 
with the same frequency, and at noon. Nitrogen balances, total coliforms and microalgae 
(by microscopy - Utermöhl technique) were performed at the beginning and ending of the 
Period II , as well as Flow cytometry analyses to stablish the ratio of cells fluorescing to red 
light (670 LP Filter). All the analyses were performed according to Standard Methods for the 
Examination of Water and Wastewater Examination [2]. 
RESULTS AND DISCUSSION

Chlorella vulgaris was the only species identified and it was able to grow and perform pho-
toaereation and nutrients assimilation when illuminated with solar lighting in control reactors 
or LED lights (Figure 1a). More Chl-a content was measured in LR (Figure 1b), which matched 
with fluorescence under red light (670 LP filter) in flow cytometry, indicating that the per-
centage of photosynthetic organisms (Figure 1c) increased in the LR and decreased in the 
CR, possibly as a consequence of differences in bacteria and microalgae cell Chlorophyll con-
tent. Removal efficiencies for CR and LR were 84.0% and 95.8 % for soluble COD and 89.4% 
and 53.0 % for ammonia, respectively. Nitrogen balances showed that approximately 50% of 
ammonia in CR and 15% in LR was lost mainly through volatilization, whereas 17% and 36% 
of ammonia was transformed in organic nitrogen in control and LED reactors, respectively.

 

 
Figure 1 (a) Chlorella vulgaris counting , (b) Chl-a content per cell and (c) Percentage of photosynthetic organism (Fluores-
cence to red light with a 670 LP Filter at FACSCanto™ II Cytometer) of inoculum and initial and final day of  Period II
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CONCLUSIONS
Microalgae performed treatment of digestate by transforming carbon and nutrients into al-
gae biomass with potential for reuse of the treated effluent. Results suggest that LED lighting 
at 660 nm and 15 μmol·m-2·s -1 can be a cost-effective solution to optimize bioreactors for 
microalgae-based treatment of highly concentrated digestates and other wastewaters.
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Abstract
The operation of an industrial wastewater treatment plant (IWTP) of a pig 
slaughterhouse generates nuisances in the surrounding population due to 
the emission of hydrogen sulfide), it was found that the highest emission 
of this gas comes from a homogenization tank equipped with aeration by 
micro bubbles at a rate of 210  of air. In this project, two pilot biofiltration 
systems were built with reused materials and with compost as a support 
medium, called AERO1 and ANA1. The first one (AERO1) was installed in 
the homogenization tank to treat the flow of bad smelling gases, and the 
second one (ANA1) was installed in a transfer tank for wastewater. One en-
quiry was used to establish the levels of nuisance by offensive odors in areas 
surrounding the IWTP and thus evaluate the effectiveness of AERO1, the 
results showed a decrease in the nuisance levels due to offensive odors after 
the implementation of AERO1. In addition, the compost pH was monitored 
in both biofilters, in ANA1 for 30 days with homogenization once per week, 
a pH of 6.2 was reached in the surface and 4.4 at the botton, and in 27 days 
without homogenization showed a pH of 6.2 in the surface and 2.8 at the 
bottom. It was concluded that it is appropriate to implement definitive bio-
filtration systems to control the main emissions of  of the IWTP.

Keywords
Biofiltration; hydrogen sulfide; offensive odours emission; pig slaughter-
house; wastewater treatment. 

INTRODUCTION
Biofiltration is an environmentally friendly, very economical odor control technology that can 
achieve removal efficiencies of volatile organic compounds close to 99% (Lewkowska et al., 
2016). Efficiencies that can be close to 100% for the  when the support medium is homoge-
nized (Morgan, Revah and Noyola, 2002).

MATERIALS AND METHODS
Using reused materials and compost as a support medium, two biofiltration systems were 
constructed to control the emissions of H2S from of a IWTP of a pig slaughterhouse: AERO1 
with 5 biofiltration modules of 1 m height with a total surface area of 0.69 m2 and ANA1 with 
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1 module of biofi ltrati on of 0.7 m height with total surface area of 0.13 m2, installed, respec-
ti vely, in an aerated homogenizati on tank and in a transfer tank without aerati on. The design 
considered theoreti cal values   recommended for: empty-bed contact ti me of 15-60 , surface 
load of 50-200 , and mass load of 10-160 . The nuisances generated by the transfer tank 
emissions were concentrated mainly within the factory. The nuisance level was established 
outside the factory, applying questi onnaires to the populati on based on the Colombian Tech-
nical Standard - NTC 6012-1 before and aft er installing AERO1. Using ArcGIS®, the results 
of the questi onnaires with the IDW tool were spati ally interpolated and maps of nuisance 
levels were generated.

RESULTS
Off ensive odors reducti on
According to the percepti ons of the workers of the pig slaughterhouse, the characteristi c 
smells of the transfer tank were no longer noti ceable aft er implementi ng ANA1. Outside the 
pig slaughterhouse, the decrease in nuisance levels is evident when comparing fi gures 1.a 
and 1.b. It was not expected to obtain a total decrease in the nuisance levels since there are 
other sources of emission of odors within the target area, in additi on, based in  eliminati on 
profi le depending on the contact ti me (Morgan et al., 2002) the theoreti cal maximum remov-
al effi  ciency of AERO1 was esti mated close to 36%. 

Figure 1. a) Map of nuisance levels before AERO1. b) Map of nuisance levels aft er AERO1.

Eff ect of homogenizati on of the compost
Initi ally, compost pH was of 8.8 to 9.0 units. In ANA1 aft er 30 days, with homogenizati on 
once per week, a pH of 6.2 was reached in the surface and 4.4 at the bott om, and in 27 days, 
without homogenizati on 6.2 in the surface and 2.8 at the bott om. AERO1 was operated 
without homogenizati on and without mechanical venti lati on for 23 days, reaching a pH of 
6.7 on the surface, probably due to the low fl ow of contaminated air and therefore to a min-
imum oxidati on of. When installing a centrifugal fan a pH of 2.6 was reached in 32 days in 
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the surface and 2.4 at the bottom. The homogenization reduced the rate of acidification of 
the compost, since it improves the dispersion of the contaminated air and avoid channelings.

CONCLUSIONS
Biofiltration is considered to be adequate to reduce significantly or totally the odor nuisance 
levels. It is recommended to implement definitive and well- dimensioned biofiltration sys-
tems for the control of the main emissions of the IWTP, executing periodic homogenization 
to increment the removal efficiency and including ventilation systems that guarantee contin-
uous flow of contaminated air. 
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Abstract
In this study, a sequencing batch reactor (SBR) with anammox activity, containing granular 
and suspended sludge, was used to remove nitrogen from anaerobic digestion effluent of 
food waste containing, on average, 164 mg.L-1 N-NH4 and 307 mg.L-1 of COD. In the first 
phase, when reactor was operated under anoxic conditions and supplemented with nitrite, 
total nitrogen removal efficiency of 72% was obtained. In the second phase, five aeration 
strategies were applied to the reactor in order to find out which of them would be the most 
effective for the development of partial nitritation/ anammox  process (PN/A) and nitrogen 
removal. The results showed that, among  the evaluated strategies, the ones that presented 
the best results for total nitrogen removal (40% and 38%) were intermittent aeration with 
a longer anoxic period in relation to aerobic period (strategies III and IV). Quantitative PCR 
results showed that the abundance of anammox was affected by the aeration strategies and 
the number of 16S rRNA gene copies of anammox decreased from 1.41 × 108 (in Phase 1, 
used as control phase) to 5.57 × 107 (at the end of Phase 2 in aeration stage V). Therefore, 
results indicate that PN/Anammox process could be established in a single reactor and that 
anammox biomass could persist for long period (> 250 days) and was able to remove nitro-
gen from food waste digestate, as long as intermittent aeration was used.  

Keywords
Partial nitritation/ anammox, nitrogen removal, food waste digestion.

INTRODUCTION

Partial nitritation followed by anaerobic ammonium oxidation process (anammox) has been 
broadly used for wastewater treatment. Two steps are required in partial nitritation/ anam-
mox process (PN/A). In the first step, low oxygen concentrations is supplied to the reactor for 
partial nitritation in which the ammonium (NH4

+) will be partially oxidized to nitrite (NO2
-) by 

aerobic ammonia-oxidizing bacteria (AOB). In the second step, anammox bacteria uses nitrite 
to oxidize ammonium to dinitrogen gas (N2). Although some studies described in the liter-
ature have compared different aeration strategies in partial nitritation-anammox reactors, 
there was no consensus on which is be the best strategy to be applied in order to reach the 
highest nitrogen removal from wastewaters containing high ammonium concentrations as 
food waste digestate. Thus, the goal of this work was to evaluate different aeration strategies 
to remove nitrogen from food waste digestate by combining partial nitritation/ anammox 
process.

METHODS

A sequencing batch reactor (SBR), with 10L of volume, was used in this work. From day 285 
to day 347 of operation, the SBR was feed with food waste digestate supplemented with 
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nitrite (Phase 1). From day 348 of operati on (Phase 2), oxygen was supplied to the reactor in 
order to establish the PN/A. To evaluate the eff ect of aerati on methods on the SBR nitrogen 
removal performance, fi ve diff erent aerati on strategies were tested: Strategy I - 45 min aer-
ati on switched on and 15 min aerati on switched off ; Strategy II - 15 min on and 15 min off ; 
Strategy III - 15 min on and 30 min off ; Strategy IV - 15 min on and 45 min off  and; Strategy 
V- conti nuous aerati on. Infl uent and effl  uent samples of the reactor were collected and am-
monium, nitrite and nitrate concentrati ons were determined according to APHA (2012). At 
the end of phase 1 and at the end of each aerati on strategy in the second phase, biomass 
samples were collected, DNA was extracted and quanti tati ve PCR (qPCR) was performed 
using primers 1055F/1392R (Ferris et al., 1996) and Pla46F/Amx667R (Van der Star et al., 
2007), respecti vely.

RESULTS AND CONCLUSIONS

In the fi rst phase (reactor operated under anoxic conditi ons), the average of ammonium and 
nitrite removal effi  ciencies were 88% and 90%, respecti vely. The removal effi  ciency of total 
nitrogen (NH4

+-N, NO2
-N and NO3

--N) during this period was, on average, equal to 72%. In 
phase 2, was observed a reducti on in total nitrogen removal effi  ciency, compared to phase 1 
(from 0.5 to 40 %). Among the diff erent strategies tested, the ones that presented the best 
results in terms of total nitrogen removal were strategies III and IV (Figure 1). The best results 
obtained was during strategy III (70% and 40% of ammonium and total nitrogen removal 
effi  ciency, respecti vely) and strategy IV (58% and 38% of ammonium total nitrogen remov-
al effi  ciency, respecti vely). It may be associated to the fact that a longer anoxic period (30 
and 45 minutes) favored the growth of anammox bacteria and inhibited the development of 
nitrite-oxidizing bacteria (NOB), resulti ng in a lower accumulati on of nitrate in the effl  uent. 

Figure 1.Performance of the SBR during phase 2 when the reactor was operated with fi ve 
diff erent aerati on strategies. 

The qPCR analysis showed that the abundance of anammox bacteria was aff ected by 
the aerati on strategies (in comparison to the fi rst phase) and the number of 16S rRNA gene 
copies of anammox decreased in relati on from 1.41 × 108 (in Phase 1, used as control phase) 
to 5.57 × 107 (at the end of Phase 2 in aerati on stage V). This indicates that the aerati on fa-
vored the growth of other groups of bacteria in detriment of the anammox, which might have 
aff ected the nitrogen removal effi  ciency during the second phase (PN/A), which was lower 
than the fi rst phase.
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Nevertheless, anammox biomass was able to remove nitrogen from food waste digestate 
containing high concentrations of ammonium and COD (for long period > 250 days), even 
though the concentration of anammox cells has decreased in phase 2 in relation to phase 1.       
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Abstract
Two bioreactors were investigated as an alternative to post-treat effluent 
from an UASB reactor treating domestic sewage, aiming at sulphide oxida-
tion to elemental sulphur and nitrogen, organic matter and solids removal. 
The bioreactors were operated at different operational conditions: pres-
ence/absence of packing material for biomass retention and microaeration. 
Greater sulphide removal efficiencies were achieved for the packed and mi-
croaerated reactors. The bioreactors were able to improve the quality of the 
anaerobic effluent and the higher efficiencies observed for the packed and 
microaerated reactor were attributed to the presence of the packing materi-
al and higher cell retention time and small quantities of air.

Keywords
UASB reactor; post-treatment; microaeration; nutrients; sulphide; elemental 
sulphur.

INTRODUCTION 
UASB reactors have been widely adopted for sewage treatment in many warm climate coun-
tries. Despite the several advantages attributed to this technology, some limitations still re-
main, such as odour emission, methane loss in the effluent and nutrients removal (Cher-
nicharo et al., 2015). Odour emission in anaerobic-based sewage treatment plants is mainly 
related to the release of dissolved sulphide from the bulk liquid. Therefore, the improvement 
of the final quality of UASB reactor effluent may be accomplished through the addition of a 
post-treatment unit. 

Previous studies have demonstrated that microaeration is a promising technique regarding 
the oxidation of sulphide generated in anaerobic sewage treatment process. Supplying low 
concentrations of oxygen provides not only the improvement of the overall performance of 
the reactors but also the oxidation of dissolved sulphide to elemental sulphur, an insoluble 
and recoverable compound (Krayzelova et al., 2014). Besides that, exposure to sunlight al-
lows photosynthetic bacteria growth, which may use light as source of energy and organic 
matter, sulphide and ammonia as electron donors and carbon source to perform photosyn-
thetic activity (Madigan et al., 2010). In this study, two bioreactors exposed to sunlight were 
investigated as an alternative to post-treat UASB reactor effluent, aiming at partial sulphide 
oxidation to elemental sulphur, and nitrogen, organic matter and solids removal. 
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MATERIALS & METHODS
Two identi cal acrylic bioreactors (30 L), designed with a shape similar to the sett ler compartment of a 
UASB reactor and operated under conditi ons next to real scale, were fed with effl  uent from a UASB 
reactor (340 L) treati ng real domesti c sewage. The monitoring was divided in two major phases, accord-
ing to the tested operati onal conditi on: phase 1- presence/absence of packing material (polypropylene 
rings) and phase 2- microaerati on (both bioreactors were packed with polypropylene rings during this 
phase but oxygen was supplied to only one reactor). During both phases, the bioreactors were operat-
ed with a hydraulic retenti on ti me of 6 HRT and conditi ons similar to real scale. Ammoniacal nitrogen, 
nitrite, nitrate, sulphate, sulphide, elemental sulphur, pH, oxidati on reducti on potenti al (ORP), dissolved 
oxygen and temperature were monitored throughout the experimental period. Additi onally, chemical 
oxygen demand and suspended solids were carried out to assess the overall performance of the bioreac-
tors. The bacterial diversity was evaluated by PCR-DGGE analysis and sequencing.

RESULTS AND DISCUSSION
 The main results showed that: (i) in the fi rst phase, higher sulphide removal effi  ciency (Figure 1) was 
obtained for the packed reactor (R-control: 78% and R-packed: 92%) and in the second phase, higher 
sulphide removal was observed for the microaerated reactor (R-control: 41% and R-air: 88%), indicati ng 
that both tested conditi ons (presence of packing material and microaerati on) improved the quality of the 
anaerobic effl  uent; (ii) a white/yellow pale precipitate was observed in the effl  uent of the bioreactors, 
indicati ng the formati on of biological elemental sulphur, confi rmed by HPLC analysis. The occurrence 
of biological pathways was observed by the identi fi cati on of sequences related to phototrophic sul-
phur bacteria such as Thiocapsa and Chlorobaculum; (iii) during phase 1, higher COD removal effi  ciencies 
(around 40%) and TSS retenti on were observed to the R-packed reactor, which was able to produce a 
fi nal effl  uent with COD and TSS concentrati ons close to 100 mgCOD.L-1 and 30 mgTSS.L-1. Regarding the 
overall bioreactor performance under microaerated conditi ons (phase 2), the results suggested that by 
supplying air, organic matt er removal effi  ciency was not aff ected; (iv) the microaerati on did not caused 
expressive changes in the ORP inside the bioreactors, as the ORP of both bioreactors ranged from 
-82mV to -83mV, thus pointi ng out that the amount of air supplied was not excessive and the bioreactor 
remained anoxic.

Figure 1. Box-plot of (a) sulphide concentrati ons (infl uent and effl  uent) and (b) sulphide removal effi  ciencies of 
the two bioreactors during tested phases. 

*both bioreactors were packed during this phase

The bioreactors were able to improve the quality of the effl  uent from the UASB reactor. The higher effi  -
ciencies related to the packed reactor are likely due to the presence of the packing material and higher 
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cell retention time. Microaeration has the potential to enhance the sulphide removal. Elemental sulphur 
formation was detected and the potential for sulphur recovery was observed. 
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Abstract
This work aimed at evaluating the occurrence and removal of micro pollut-
ants in a pilot-scale anaerobic-aerobic based system treating real domestic 
sewage, comprised by a UASB reactor followed by a high rate algal pond 
reactor (HRAP). The occurrence of eleven micro pollutants was investigat-
ed in raw sewage, UASB reactor effluent and HRAP effluent through gas 
chromatography-mass spectrometry (GC–MS). Physicochemical parameters 
were analysed to evaluate the overall performance of the system. The main 
results showed that, although low removal efficiencies were observed in 
the UASB reactor, high efficiencies were noticed in the HRAP. In this man-
ner, the investigated system improved the quality of the anaerobic effluent, 
especially regarding the concentration of biodegradable micro pollutants, 
as hormones, which achieved a global removal efficiency of approximately 
90%. For the remaining considered compounds, average removal efficiency 
of the overall system ranged from 39 to 70%. 

Keywords
Anaerobic effluent;high rate algal pond; micro pollutants.

INTRODUCTION
Micro pollutants consists in a wide variety of compounds, such as pharmaceuticals, personal 
care products, plasticizers and others, which are used in large quantities daily (Matamoros et 
al. 2016). The occurrence of micro pollutants in natural aquatic environments has become a 
worldwide concern (Luo et al. 2014), being determined in concentrations expressed as μg.L-

1 or ng.L-1 in domestic and industrial effluents, surface water and groundwater, sediments 
and even in drinking water (Petrović et al. 2003). There are many contributing sources that 
provides the occurrence of these compounds in the environment, however, the discharge 
of domestic sewage (raw and treated) is known to be the most significant source (Tan et al. 
2007). Studies investigating the removal of these contaminants have been mainly focused on 
conventional wastewater treatment plants using activated sludge. So far, other alternative 
approaches, such as anaerobic-aerobic compact systems, have received little attention. Thus, 
the aim of this research was to evaluate the performance of up-flow anaerobic sludge blan-
ket (UASB) reactor followed by a high rate algal pond for treating micro pollutants.
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MATERIAL AND METHODS
The experiments were performed in a system comprised by a pilot-scale UASB reactor (340 
L) followed by a high rate algal pond (204L), operating with an 8 day HRT and volumetric 
organic load of 25gCOD/m³.d. The UASB reactor was fed with real domestic sewage, after 
preliminary treatment for solids and grit removal. The set-up was monitored for 30 days 
and samples were taken two to three times every week. For each sampling point (Raw Sew-
age - RS, UASB Effluent -UASB and HRAP Effluent - HRAP), 10 samples were collected 
and the occurrence of eleven micro pollutants was investigated: Estrone (E1); 17β-estradiol 
(E2); 17α-ethynylestradiol (EE2); Estriol (E3); Bisphenol A (BPA); Ibuprofen (IBP), Naproxen 
(NPX), Diclofenac (DCF), Paracetamol (PCT), Nonylphenol (NPE) and Genfibrozil (GFB). The 
micro pollutants were concentrated using solid phase extraction (USEPA Method 1694) and 
analyzed through GC–MS. Physicochemical analyses, such as chemical oxygen demand, sus-
pended solids, pH, temperature, dissolved oxygen and ammoniacal nitrogen were performed 
aiming the evaluation of the pilot-system overall performance.

MAJOR RESULTS
The results obtained for hormones showed low removal efficiencies for hormones in UASB 
reactors and high efficiencies in the HRAP (Fig. 1). This finding may be associated to the high 
octanol/water partition coefficient (log Kow>3.5) of these compounds, which is associated 
to lipophilic characteristics and a moderate tendency of absorption in solid matrices, not 
being efficiently degraded in the UASB reactor. Furthermore, estrogens also have high biode-
gradability coefficient (Kbio>10), resulting in a great potential for biodegradation in aerobic 
treatment units (Joss et al. 2016). It is noteworthy the increment of EE2 in the UASB reactor. 
This result may be associated to the release of the compounds from the solid to the liquid 
phase of raw sewage by means of hydrolytic bacteria. Therefore, it is possible to conclude 
that the UASB + HRAP system was efficient for the degradation of estrogens via biological 
pathway, with a global efficiency of 90%. Regarding the other compounds, i.e. BPA, IBP, NPX, 
DCF, PCT, NPE and GFB, the average removal efficiency of the overall system ranged from 
39% to 70%. The aerobic post-treatment pond also showed a high degradation of those 
compounds when compared to the efficiency of the UASB reactor. In respect to the main 
physicochemical analysis, a removal efficiency of 96% of ammoniacal nitrogen and 49% sol-
uble COD removal was observed to the HRAP. 
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Figure 1: Concentrations and average removal of the hormones investigated.
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Abstract

Hollow fibre membrane contactors allow high levels of dissolved methane removal from 
anaerobic reactors effluent. Another important feature of this technology is the poten-
tial for recovering energy from the methane released from the liquid phase. Although all 
parameters that influence the membrane efficiency are not completely clear, the ratio 
between flows of sweep gas and liquid (Qg/QL) is recognized as an important variable. 
The simulations carried out on this paper allowed a better understanding of the bound-
ary conditions related to the applied Qg/QL ratio in terms of methane removal efficien-
cy, gas mixture volume and potential for energy recovery. For the tested conditions, 
the results show that high Qg/QL ratios allow more methane removal (allowing better 
control of green house gas emissions), but low Qg/QL ratios (max. 0.05) should be used 
when the purpose is methane recovery for heat and power generation in CHP engines.

Keywords
Hollow fibre membrane contactor, energy recovery, dissolved methane, biogas, anaerobic 
wastewater treatment.

INTRODUCTION

Recent studies have presented different kind of treatment to remove the dissolved 
methane from anaerobic reactors (Heile et al., 2017). Among them, the contactor mem-
brane technology, also known as hollow fiber membrane contactors (HFMC), stands out 
because of the possibility of methane recovery and energy generation (Cookney et al., 
2016). There are many advantages of utilization of this gas, as reduction of greenhouse 
gas emission, reduction explosion hazards and energy savings. The operation of HFMC 
primarily occurs through the inserter module in two countercurrent flows, one being the 
wastewater supersaturated with methane and the other the sweep gas, the last aimed 
to provide the driving force for the diffusion of methane. The relationship between the 
flow rates of these two streams, Qg/QL, is one of the most important factors in system op-
eration. This study aimed at simulating the effect of different Qg/QL ratios upon methane 
removal efficiency, gas mixture volume and potential for energy recovery, by also present-
ing operating lines for the HFMC.
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METHODS

The simulation studies considered the following input variables and values, derived from 
data that will be later tested under field conditions: i) sewage flow rate: 3 L.h-1; ii) dis-
solved methane concentration in the anaerobic effluent: 25.5 mg.L-1; iii) Qg/QL ratios: 
varying from 0.02 to 3.0. From the equations reported in the literature (Henares et al., 
2017; Lobato, 2011) the other variables of interest were obtained, as membrane efficien-
cy, methane concentration and energy content in the mixture of gas recovered (sum of 
sweep gas and released methane) with biogas, reported as gas mixture.

MAJOR RESULTS

As depicted in Figure 1, the concentration of CH4 in the gas mixture decreases with the 
increase of the Qg/QL ratio, due to the effect of the dilution. However, despite the low 
methane concentrations in the gas mixture, the recovered methane load under these 
conditions is high, mainly due to increased membrane efficiency, improving the potential 
of energy recovery.

Nevertheless, for heat and power generation in a CHP engines a minimum CH4 content 
of 50% v/v in the gas mixture is required, indicating that low Qg/QL ratios, up to 0.05, 
should be used.

Figure 1. Variation of energy, membrane efficiency and methane concentration for 
different Qg/QL ratios This information can also be presented as operating lines for the 
HFMC, as showed in the figure below.
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Figure 2. Operating lines for methane removal in a HFMC (Dissolved methane in the liquid phase at 
the inlet of 25.5 mg/l).

Methane contents in the phase gas phase above 50% can be reached if QG/QL rates are low 
enough. The effect of hydrodynamics on the performance of the system, as well as the impact 
of the volume of recovered gas on full scale application will also be discussed in the full paper. 
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Abstract
Anaerobic digestion of food wastes coupled with digestate post-treat-
ment using microalgae-based systems could recover large amounts of 
energy and nutrients worldwide, since digested food waste has large 
amounts of organic matter and nutrients, which can be recovered as en-
ergy and fertilizers. This work evaluated an integrated system composed 
by air stripping columns and a microalgae-based process to recover ni-
trogen and energy from food waste. The wastewater was taken from a 
biogas plant, which receives 500Kg per day of food wastes from the Uni-
versity canteen. Experiments were performed to assess the potential of 
each technology to treat the digestate. Ammonia striping could remove 
up to 90% of total ammonia (TAN) whereas microalgae-based treatment 
achieved organic carbon removals of up to 60%. Combining both technol-
ogies can be a low-cost, sustainable alternative for recovering nutrients 
and energy from food waste digestate. 

Keywords
Ammonia stripping; microalgae-based treatment; food waste; digestate; 
biogas

INTRODUCTION
Population growth results in increased waste generation, mainly organic wastes (OW), in-
cluding food waste. According to FAO’s report, almost 1/3 of the food produced worldwide 
is wasted before consumption (FAO, 2011; FAO, 2015). Besides the loss of nutrients, the 
inappropriate management of food waste can lead to serious environmental impacts, like 
greenhouse gases emission and eutrophication of water bodies. Biogas production using 
food waste can be a good alternative for the management of food waste. The digestate pro-
duced during anaerobic digestion of food waste contains large amounts of nutrients, such 
as nitrogen and phosphorus, whose discharge into water bodies can have severe environ-
mental impacts. Furthermore, such nutrients can be recovered as valuable products, mainly 
for agriculture. The aim of this work was to evaluate an integrated physico-chemical process 
(ammonia stripping and absorption) and a biological process (microalgae-based ponds) to re-
cover nitrogen and microalgal biomass for energy generation from digested food waste. This 
approach can contribute to achieving more sustainable waste management and the closing 
of cycles in nutrient from wastes.
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MATERIALS & METHODS
The digestate was taken from a biogas plant treating 500 Kg/day of food wastes from the 
University’s restaurants. The biogas plant comprises an anaerobic complete-mix stirred reac-
tor (CMSR) coupled with a UASB reactor for the further treatment of its effluent. The UASB 
effluent was used for ammonia stripping and microalgae cultivation experiments. A general 
characterization of the digestate (UASB effluent) was carried out in 2016 and 2017. Experi-
ments were performed to evaluate the potential of air stripping columns (ASC) and microal-
gae treatment (MT) of food waste digestate. The digestate (10L) had its pH adjusted to 8,8. 
The supernatant was pumped to the top of the stripping columns (H=1,20m; Diam.=150mm) 
at a flow rate of 0.3L.min-1 the treated digestate was collected from the bottom and recircu-
lated to the top of the column. Air entered through the bottom at a flow rate of 229 L.min-1 
and leaves at top of the column. The air was forced to pass through a flask containing 0.1M 
sulfuric acid solution for ammonium recovery by absorption. Samples were taken every 2 
hours in the first 12 hours and after it, daily, for effluent analyses. MT of undiluted digestate 
was performed in tubular reactors with a working volume of 800 mL and LED illumination 
(SMD 5050 LED Strips) dimmed to produce a PAR intensity of 15 μmol·m-2.s-1. Mixing was 
achieved by motors operating at 6 rpm, installed at the top of each reactor and welded to a 
vertical shaft with mechanical paddles. Microalgae inoculum was obtained from a maturation 
pond treating municipal wastewaters. Samples were collected every 48 h.  

All experiments were performed in duplicate and analyses of pH, Temperature, dissolved 
oxygen, alkalinity, COD (total and filtrated), Total Kjendahl Nitrogen (TKN), Total Ammonia 
Nitrogen (TAN), total phosphorus (Total-P) and orthophosphates (PO4-P) were carried out 
according to the Standard Methods for Water Examination. Additionally, to evaluate growth, 
populations were quantified by Utermöhl technique using an inverted microscope (Zeiss, 
Primovert - Germany). Chlorophyll-a (Chl-a) content was assessed by ethanol extraction. 

In a final set of experiments (to be performed before DAAL conference) the treated diges-
tate will be used to evaluate the efficiency of MT coupled as a second post-treatment. MT 
will be performed in tubular batch reactors and compared with control reactors using un-
treated digestate as a control. 

RESULTS AND DISCUSSION
Table 1 presents the main results of exploratory experiments. Both ASC and MT achieved 
nutrients removal from the digestate. ASC obtained TAN and Total-P removal efficiencies of 
86% and 55%, respectively, whereas no removal of COD was observed. ASC reached ammo-
nia removal efficiency above 50% after 24 hours from the start of the experiment. Explor-
atory MT in tubular reactors with LED illumination produced an effluent with low TAN and 
COD concentrations (256.1±9.9 mgTAN/L and 55.3±5.86 mgSCOD/L). The maximum TAN 
and COD removal efficiencies achieved were 32.4% and 58±2%, respectively. 
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Table 1.1 Main results from experiments for digested food waste treatment using ammonia striping and microalgae-based 
systems.

Parameter
Ammonia Striping Microalgae-based treatment

Initial Final % Rem Initial Final % Rem

COD (mg/L)

SCOD (mg/L) - - - 147,9±21,9 55.3±5.86 58±2

TAN (mg/L) 973±85 140±43 86±5 375.1±9.9 256.1±9.9 32±4

Total-P (mg/L) 56±11 25±5 55±3 - - -

Total Alkalinity (mgCaCO3/L) 4017±98 3100±95 33±7 310.43 187.52 N.A

Chl-a (µg/L) 124.44±17,93 8139.8±2132.5 N.A

Microalgae (Cell.mL-1) 4.1·104±9.7·103 3.1·106±3.7·105 N.A

These results suggest that ASC and MT have a good potential to be integrated in a food 
waste treatment process, since striping produced an effluent with a C:N:P ratio of 50:6:1, 
which is suitable for microalgal growth, allowing nitrogen and carbon removal, as well as 
biomass production with the potential for further generating energy by recirculating the ef-
fluent to an anaerobic CMSR reactor. Additional experiments will further investigate the 
performance of MT as well as to characterize  the content of lipids, carbohydrates, N and P 
content in microalgal biomass.   

CONCLUSIONS
ASC removed almost 90% of the ammonia in the digestate, whereas MT achieved organic 
carbon removal efficiencies of up to 60%. The potential for integrating both technologies for 
the recovery of nutrients and energy from food waste digestate was demonstrated. Eventual 
full-scale implementations of the tested processes could contribute to a shift of paradigm in 
the treatment of food wastes, helping closing cycles of important nutrients such as N and P, 
and recovering energy through the production of biogas. 
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Abstract

Simultaneous nitrification and autotrophic denitrification was evaluated in 
a single reactor, using three batch reactors, two with zeolite as support and 
one without zeolite; operated at 25 ° C and initial pH of 7, it was remained 
in the range of 7-8 during the simultaneous process.  This study demon-
strated  the  possibility  of  carry  out  simultaneous  nitrification-denitrifica-
tion,  obtaining oxidation of N-NH4+  of 98% and 73% for reactors with and 
without zeolite respectively, during the
12-hour  aeration  cycle;  followed  by an  anoxic  cycle,  to  decrease  the  
concentration  of  dissolved
oxygen in the reactor to values below 1 mg / L. Finally, during the denitrifi-
cation step, conversion of 87% of the products obtained in the nitrification 
(N-NO2- and N-NO3-) in N-N2  was achieved.

Keywords
Nitrification,    heterotrophic    denitrification,    autotrophic    denitrification,    
dissolved    oxygen concentration

INTRODUCTION

Biological  systems  are  widely  used  to  remove  ammoniacal  nitrogen,  the  conventional  
process consists of two stages: nitrification and heterotrophic denitrification. Each of the 
stages is carried out in separate reactors which have high land requirements for operation. 
On the other hand, the use of heterotrophic microorganisms in the denitrification stage 
causes increased operational costs, given the need to add extra organic carbon to the pro-
cess, especially in those wastewater in which the concentration   of   organic   components   
is   low.   Simultaneous   nitrification   and   autotrophic denitrification (SNaD) in a single 
reactor will reduce operational costs, ground requirements for the process and simplifica-
tion if it is operated properly.



135

Excessive dissolved oxygen concentration is the main operating parameter that limits the 
activity of the SNaD process, since the denitrifying microorganisms are facultative, they 
prefer oxygen  than nitrate or nitrite as an electron donor. Otherwise, it has been demon-
strated that the use of supports such  as  zeolite  (Montalvo  et  al.,  2012),  help  to  stabilize  
combined  cultures  of  microorganisms, favoring the deposition of biomass. In this way, on 
the surface, where the presence of O2  is greater, the  process  of  nitrification  and  biofilm  
formation  is  developed  by  nitrifying  microorganisms; denitrification is carried out inside 
the mineral since it is the site with the lowest concentration of dissolved oxygen suitable 
for denitrifying microorganisms.

MATERIALS & METHODS

Preliminarily,  the  enrichment  of  a  mixed  inoculum  was  carried  out,  where  the  ni-
trifying  and denitrifying  activity  was  evaluated.  To  perform  this  study,  synthetic  
wastewater  solution  was prepared, based on the studies of Beristain-Cardoso, Gómez 
and Méndez-Pampín (2010) for the nitrification cycle, and Koenig and Liu (2001) for the 
denitrification in which uses thiosulfate as an electron  donor  and  sodium  bicarbonate  
as  a  source  of  inorganic  carbon.  Currently,  three  batch
reactors of a volume of 2 liters (1.5 L effective) each, two with zeolite (1 mm and 3 mm) 
and the last one without zeolite are operated to evaluate the effect of the support on the 
SNaD. The operation started with the stoichiometric ratio of sulfur-nitrogen (S/N) of 3.84 
g S / g N given by Campos et al. (2008). Different feeding strategies were evaluated, where 
it was concluded that it is necessary to  perform  the  feeding in  two  phases,  the  first  one  
where  N-NH4+  is  fed  and  the  aeration  cycle (nitrification)  begins,  which  is  followed  
by  an  anoxic  stage  in  which  it  seeks  to  reduce  the concentration of dissolved oxygen 
below 1 mg / L, followed by the second feeding phase where sulfur  is  added  in  the  form  
of  sodium  thiosulfate  to  start  the  anaerobic  stage  (denitrification). Different feeding 
strategies were evaluated, where it was concluded that it is necessary to perform the 
feeding in two phases, the first where N-NH4+ is fed and the aeration cycle (nitrification) 
begins, which is followed by an anoxic stage in which it seeks to reduce the concentration 
of dissolved oxygen below 1 mg/L, followed by the second feeding phase where sulfur is 
added in the form of sodium thiosulfate to start the anaerobic stage (denitrification).

RESULTS

Only the results of the reactor without zeolite and with zeolite of 1mm of diameter will 
be discussed since the reactor containing zeolite with diameter of 3 mm presents results 
similar to 1 mm. The test was performed with cycle of aeration of 12 hours, then 12 hours 
for the anoxic cycle and finally 48 hours for the anaerobic stage. The temperature was 
controlled at 25 ° C and the pH (which initially was 7) was maintained in a range of 7-8 
by operating conditions. The reactor without zeolite (Fig.1) nitrified  73%  of  N-NH4+,  of  
which  43%  was  converted  to  N-NO3-   and  30%  to  N-NO2-,  total denitrification of the 
products obtained in the nitrification stage was obtained.  In the case of the reactor with 
zeolite (Fig.2), 98% of the fed N-NH4+ was nitrified and 87% of it was converted to N- N2  
in the denitrification stage. 
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Abstract
In this study, a long-term experiment was conducted in order to assess the biological per-
formance of an anaerobic membrane bioreactor (AnMBR) treating synthetic dairy waste-
water. Two reactors were operated under 2 different SRTs. Removal efficiencies of both 
reactors up to 99% with an organic loading rate (OLR) of 4,7 kg COD m-3 d-1 were achieved, 
with an excellent effluent quality. The observed treatment performance was similar for both 
reactors although a slightly increased biological conversion was obtained at higher SRT and 
a lower accumulation of LCFA was observed at lower SRT. 

Keywords
Anaerobic membrane bioreactor, dairy wastewater, LCFA, biological performance, perme-
ate reuse

INTRODUCTION
Effluents from dairy industries are characterized by high lipid contents. The treatment of 
these types of wastewaters in anaerobic sludge bed reactors is regarded cumbersome as 
the presence of lipids 
hampers granule formation and causes sludge washout [1, 2]. The AnMBR combines anaer-
obic digestion and membrane filtration, providing full biomass retention and thus entails an 
excellent solution for the treatment of lipid rich wastewaters. The SRT is considered a crit-
ical parameter of the anaerobic digestion process since it determines the catabolic conver-
sion capacity of the anaerobic sludge. On the other hand, SRT may also impact the sludge 
morphology and thus the sludge filterability. Thus far, the impact of SRT on the biological 
and filtration performance of AnMBRs is not well described in literature [1]. Moreover, 
accumulating long chain fatty acids (LCFA) have been reported to be inhibitory for the an-
aerobic process [2]. The main objective of this study was to assess the long-term biological 
performance of AnMBRs treating lipid-rich wastewater, focussing on the impact of poten-
tially accumulating lipids and LCFA.  

MATERIALS AND METHODS
Synthetic wastewater, reactor setup and operation
The characteristics of the prepared synthetic dairy wastewater (diluted milk) were 10.0 ± 0.6 
g COD L-1, 4,9 g FOG-COD L -1, 2,1 ±  0.9 g TSS L-1 and pH 5.8. Two AnMBR of 10 L operated 
with cross-flow tubular UF membrane (3 m) at 35oC. The reactors operated in parallel at SRTs 
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of 20 (R20) and 40 days (R40).

Analytical methods
Chemical oxygen demand (COD) and soluble COD were measured with Hach-Lange test 
kits. Lipid content of the feed and sludge were determined by ether extraction according to 
NEN 6671. The details of the methods are explained in [1].

RESULTS AND DISCUSSION
Biological performance
Results presented in Table 1 show very similar reactor performances, with outstanding and 
stable removal efficiencies exceeding 99%, although a slightly higher digestion efficiency 
was observed in R40. The latter might be ascribed to the lower F/M ratio in R40, apparently 
resulting in a higher degree of lipids conversion. 

Table 1. Summary of biological performance
Parameter Unit SRT 20 d SRT 40 d

OLR kg COD m3 d-1 4.7 ± 0.5 4.6 ± 0.6

TSS g L-1 6.7 ± 0.4 9.2 ± 0.8

F/M ratio kg COD kg VSS-1 d-1 0.7 ± 0.1 0.5 ± 0.1

Permeate COD mg L-1 54 ± 9 47 ± 7
COD removal % 99.5 ± 0.1 99.6 ± 0.1

Digestion efficiencya % 84 ± 3 89 ± 5
a Daily methane production (as gCOD) divided by the total load (as gCOD)

LCFA accumulation over time was studied in more detail. At the end of the operational period, 
the total LCFA concentration in reactors R20 and R40 was 2.87 and 3.66 mg LCFA-COD g-1 
TS, respectively. These values were lower compared to previous research [1], that described 
the AnMBR treatment of thin stillage with similar influent lipid concentrations. Apparently, 
in the current set-up a higher degree of lipids conversion was achieved resulting in relatively 
high digestion efficiencies.

The obtained excellent AnMBR permeate quality creates attractive potentials for industrial 
water reuse [4].  Alternatively, since also pathogens will be largely retained by the UF mem-
brane, the nutrient-rich AnMBR permeate could also be of interest for direct agricultural 
reuse [3].

CONCLUSION
The treatment of synthetic dairy wastewater with a high lipid content using AnMBRs resulted 
in very high COD removal efficiencies with an outstanding stable biological performance and 
an excellent effluent quality. Moreover, no LCFA inhibition was observed in both reactors, 
in contraposition to previous studies [1]. A lower operational SRT results in a lower LCFA 
accumulation, leading to a better biological performance. The results of our present study 
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provides a better insight towards the treatment of lipid rich wastewater with AnMBRs and 
the effect of the SRT on the biological performance, allowing to an improved understanding 
of anaerobic digestion of lipid-rich concentrated wastewaters. 
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Abstract
In the present work a 3D computational model of a The Upflow Anaerobic 
Sludge Blanket (UASB) reactor is shown. The model capable of adequately 
reproducing the tracer retention curve. The patterns show that the tracer 
is mixed in the reactor before leaving the reactor due to the recirculation 
zones, causing this rector type column to have a continuous stirred tank 
reactor (CSTR) type behaviour.

Keywords
Residence time distribution (RTD); tracer; CFD; UASB; mathematical model 

INTRODUCTION
The Upflow Anaerobic Sludge Blanket (UASB) reactors are commonly used for the treatment 
of municipal and industrial wastewater. The presence of multiple phases complicates the hy-
drodynamic characterization of these systems and the diversity of reactor geometries makes 
it difficult to create a single criterion to evaluate the hydrodynamic performance of the UASB 
reactors (Nnaji, 2014). The use of tracer studies to obtain the Residence time distribution 
(RTD), has been widely used for the hydraulic characterization of the UASB reactors, allows 
to know if the hydrodynamic conditions are suitable to avoid flow channeling or the preva-
lence of dead zones (Das and Chaudhari, 2015). However, this type of studies does not pro-
vide detailed information on local velocities, phase volume fraction distribution or location of 
dead zones in reactors with opaque walls and their use at a real scale may be limited.

In recent years, the CFD simulation has proved to be a useful tool that allows to predict with 
reasonable accuracy the detailed flow phenomena that occur in this type of treatment sys-
tems, showing the effect that the design characteristics of the wastewater treatment reactor 
have on the hydrodynamics and efficiency from a fundamental level (Brannock et al., 2010; 
Kinyua et al., 2016). The CFD simulation is a complementary tool that, accompanied by ade-
quate experimentation, supports the compression of the phenomena that have occurred in 
the reactor. Therefore, in the present work, a tracer study supported by CFD simulation for 
a USAB reactor is carried out, considering only the liquid phase. This analysis will help get a 
better interpretation of the retention curve.
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METHODS 
As a study model, a column type USAB reactor with a rectangular cross section was used. 
The reactor is equipped with a triangular three-phase separator and a pair of baffles to direct 
the gas outlet. This reactor has been hydraulically characterized (Pérez, 2010) and its data 
is used to validate the model. The reactor geometry, was digitalized and its tridimensional 
mesh was build using ANSYS Meshing®. The CFD simulation was made using ANSYS Fluent® 
at a theoretical retention time of 4 h. A stationary flow field was computed using the Navi-
er-Stokes equations. Then a transient study was made with a 5 seconds of tracer injection. 
For this, the species transport equation was solved in a coupled way using Rhodamine as a 
tracer specie and water as a work fluid.

RESULTS AND DISCUSSION
In Figure 1a, the flow pattern developed inside the reactor is presented. In this Figure it can 
be distinguished that the maximum speed is found in the feeding plume. The presence of two 
main recirculation zones located on the sides of the reactor, within the zone corresponding 
to the sludge blanket, is notorious. In the three-phase separator, there are two additional 
recirculation zones of importance. The shape of this flow pattern is closely related to the tra-
jectory of the tracer. In this same figure tracer tracking at different times is showed, where it 
is noted that at the beginning the tracer enters to the reactor following the feed plume, until 
colliding with the three-phase separator to be stopped in the recirculation zones and mixed 
in the reactor, until leaving it gradually.

Figure 1b shows the dimensionless concentration at the output, calculated by CFD and com-
pared with the experimental data, showing a good correlation between them. It is possible 
to notice a delay in the output of the tracer in the simulation, this can be attributed to the 
increase in the speed of the fluid at the time of injection, which can generate additional mix-
ing and therefore accelerate the output of the tracer during the experiments. Despite this, 
the retention time (θ, dimensionless) calculated by CFD shows a value of 0.917 that when 
compared to the experimental 0.928, it has only an error of 1.24%.
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Abstract
In warm weathered countries the use anaerobic reactors for urban sewage 
treatment is an interesting alternative to reduce the operational cost of the 
pollutant removal process. The biogas produced with this wastewater have 
shown an unjustified composition, with significant presence of N2 (i.e. 10%-
25%), CO2 concentration below 10%. This phenomenon was mathematically 
explained by steady state mass balances with equilibria relationships, cor-
recting with oversaturation in Henry constant and assuming variable kLa for 
outflow predicted composition. The predictions of the model are in accord-
ing to literature biogas compositions.

Keywords
Anaerobic digester; dissolved methane; modelling; oversaturation.

INTRODUCTION
Anaerobic treatment is an attractive option for the biological treatment of municipal waste-
water. However, this process presents limitations that need to be addressed before they can 
be put into widespread use, the main challenges being lack of nutrient removal and dissolved 
methane in the effluent. In spite of the low solubility of methane in water, several authors 
have addressed the problem of methane losses dissolved in the effluent of anaerobic re-
actors, reporting that it could achieve around 40% of the theoretical methane production 
(Souza et al., 2011). Therefore, this dissolved methane gas may play an important role in both 
energy recovery efficiency and its environmental impact as a greenhouse gas. 
The aim of this work is to develop a simple model based on mass balances and equilibria 
conditions that allows determining the fate of the methane production during the anaerobic 
treatment of municipal wastewater.

MATERIALS AND METHODS
The input parameters of the model were COD, ammonia and sulphate concentrations, ele-
mental composition of the organic matter, alkalinity, pH, flowrate of the municipal wastewa-
ter and methanization and sulphate reduction efficiencies. The model considers 4 elemental 
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mass balances (Inorganic carbon, molecular nitrogen, methane, ammonia and hydrogen sul-
phide), 5 acid-alkali equilibria conditions (Carbonic acid, bicarbonate, ammonia, hydrogen 
sulphide and bisulphide), 6 gas-liquid equilibria conditions (Methane, ammonia, hydrogen 
sulphide, molecular nitrogen, carbon dioxide and water), a charge balance and pressure bal-
ance (the sum of all partial pressure of the gas species is equal to the total pressure of the 
system, fixed as 1 atm). The gas-liquid equilibria are modelled by the Henry Law, correcting 
the constant by the oversaturation of the system, using the corresponding kLa and residence 
time of the gas phase (Pauss et al., 1990). Finally, the complete system is resumed in a 2x2 
non-linear algebraic system, which is solved by numerical algorithms in MS Excel 2016.

RESULTS
The biogas composition for municipal wastewaters with COD concentrations ranging be-
tween 0.2 and 1.0 g/L was estimated, considering methanization and sulphate reduction 
efficiencies of 50 and 30%, respectively, and a sulphate inlet concentration of 35 mg/L (Hef-
fernan et al., 2011). As can be seen in Figure 1a, N2 presence in the biogas is considerable 
(3-50%) and it would be explained by desorption of nitrogen gas from the wastewater due 
to the change of gas-liquid equilibria conditions inside the anaerobic reactor. Methane per-
centage estimated is around 70-80% while CO2 percentage is lower than 10% which agrees 
with empirical observations reported for biogas obtained from municipal wastewater (Cher-
nicharo et al., 2015). CO2 percentage found is lower than that of 35% usually reported for 
industrial wastewater. This fact could be related to the different ratios of CO2 generated 
from anaerobic digestion and alkalinity for each type of wastewater.

Figure 1. Predicted fractions of a) gas compounds in biogas, and b) methane in outflow currents, 
attending to COD influent concentration. Obtained with 60% of COD removal, HRT of 5 
[h] and municipal elementary composition.

For the above mentioned conditions, the fraction of methane in both gas and liquid phases 
was estimated (Figure 1b). The higher inlet COD concentration the lower fraction of meth-
ane in the liquid phase. The increase of the inlet COD causes an increase of the gas flowrate 
which has two opposite effects: on the one hand, there is a decrease in the contact time 
between both gas and liquid phases but, on the other hand, there is an increase in turbu-
lence level inside the digester which increases the coefficient of material transfer. The sec-
ond effect prevails over the first which provokes a decrease of the methane fraction in the 
gas phase.
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Abstract
Two free ammonia (FA) concentrations were tested in a continuous bench-
scale anaerobic-aerobic reactors in order to provide the partial nitrification 
and denitrificantion of synthetic wastewater over nitrite. When the system 
was fed with high FA concentration (5.7 mg.L-1, phase A), partial inhibition 
of nitrite oxidizing bacteria (NOB) was depicted by the low nitrate con-
centration in the effluent and the denitrification via nitrite. When lower 
FA concentration was fed (1.2 mg.L-1, phase B), the inhibition effect was 
not sufficient to avoid the nitrite oxidation over time, due the resistance of 
either NOB or anammox bacteria. These outcomes suggest that the inhibi-
tion effect is more effective under high FA concentration.

Keywords
Domestic sewage, partial nitrifcation, anammox, denitrification.

INTRODUCTION 
Anaerobic and aerobic processes may conventionally remove nitrogen from domestic sew-
age by the oxidation of the organic fraction into ammonia and its conversion into nitrite 
and nitrate. However, partial nitrification is an alternative that has been widely known as a 
cost-effective N-removal technology, in which nitrite is an intermediate compound to both 
nitrification and denitrification steps (Ciudad et al., 2005). The aim in this study was to pro-
mote nitrite accumulation through chemical inhibitor (free ammonia) in a system with two 
sequential bench-scale reactors anaerobic-aerobic, fed with synthetic sewage.

METHODS 
Two 4.7-L reactors were used, the first being an upflow anaerobic sludge blanket and the 
second an aerobic reactor filled with 2-cm cubic shaped polyurethane foam as support me-
dia. Synthetic wastewater was used to continuously feed the reactors and it was prepared 
according to Callado and Foresti (2001), supplemented with NH4Cl (0-50, 590 and 160 mg.L-

1 for start-up, phases A and B, respectively). Free ammonia (FA) was calculated according to 
Anthoniesen et al. (1976). The total hydraulic retention time (HRT) was 30 hours and dis-
solved oxygen in the aerobic reactor was maintained at 1.7 mg.L-1. The organic loading rate 
applied to the anaerobic reactor was 0.72 kg COD.m-3.d-1 throughout all the experimental 
period (250 days). The start-up period was considered as the first 162 days for the biomass 
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acclimation and development, with growth of anaerobic bacteria and attached-biomass on 
the support media of the aerobic reactor. Effluent samples were taken daily from both reac-
tors for monitoring of solids, pH, partial and total alkalinity, COD and nitrogen (TKN, N-NH4

+, 
N-NO2

-, N-NO3
- and FA), determined according to Standard Methods (APHA, 2012). Poly-

merase chain reaction analysis were also performed in anaerobic and aerobic samples, to 
check the presence of ammonia oxidizing bacteria (AOB) and anammox, and nitrite oxidizing 
bacteria (NOB), according to Muyzer et. al. (1993). 

RESULTS AND DISCUSSION
High free ammonia inhibition (phase A): The ammonification in the anaerobic reactor was 
around 7%. The low nitrate production in the aerobic reactor is related to the partial NOB 
inhibition. The NOB inhibition from day 184 onwards caused a negative influence on ammo-
nia oxidation due to the slow growth of AOB and anammox bacteria under the high FA con-
centration (5.7 mg.L-1, Figure 1). The removal of nitrogen in the aerobic reactor was related 
mainly to denitrification over nitrite and a minor portion via nitrate. The NOB inhibition hin-
dered the AOB metabolism. Microbiota analyses showed the occurrence of AOB, Nitrospira 
and anammox bacteria, which may explain the denitrification. Thus, other NOB inhibition 
experiment was carried out with lower FA concentration to verify if no damage would be 
caused to AOB bacteria.
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Low free ammonia inhibition (phase B): Concentrations of nitrate and nitrite in the aerobic 
effluent were 3.3±1.3 and 0.5±0.2 mg.L-1, respectively, meaning a nitrification efficiency of 
6±2% (Figure 1) The FA was kept above the maximum inhibitory concentration (1.2 mg.L-1) for 
NOB and below the threshold for AOB inhibition (Anthoniesen et al., 1976). The inhibition 
effect was successfully accomplished but N-NO3

- concentrations increased slightly after 
day 219 (Figure 1). It may be addressed to the metabolism by resistance of either NOB or 
anammox bacteria. Moreover, the FA might inhibit the anammox community since there was 
no nitrite increasing in the effluent.

CONCLUSION
The NOB were inhibited during phase A because of the high FA content (5.7 mg.L-1) while the 
inhibition had little effect with the lower FA availability (1.2 mg.L-1) in phase B. Either NOB 
or anammox bacteria were related to nitrate production in phase B. The lower denitrification 
rate in the aerobic reactor after the active NOB inhibition in phase A, may have led to anam-
mox bacteria inhibition and denitrification by AOB. Thus, a more effective partial nitrification 
can be obtained with high FA concentration. 
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Abstract
This work carried out experiments of improvements in the Desorption Cham-
ber (DC) technique to evaluate the removal of the methane (CH4) and hydro-
gen sulphide (H2S) dissolved in the UASB reactor effluent. The simplified DC 
operated with water free fall height between 1.0 and 1.5 m, and the removal 
efficiencies were close to 50-60%. With the packed DC (pall rings) with 1.5 
m and hydraulic loading rate (HLR) of 0.30 m3.m-2.min-1, the efficiencies were 
higher, reaching more than 80%, while the averages of waste gas presented 
0.45% of CH4 and 523 ppm of H2S. On the other hand, the packed DC tested 
with flows ratio (Qg.Ql

-1) much reduced (about 0.10), resulted in high concen-
tration of CH4 in the waste gas (close to 22%). In addition, in this perspective 
of packed DC and methane recovery, the removal efficiencies were higher, 
particularly for HLR of 0.30 m3.m-2.min-1, with removal averages of 77% and 
87% for CH4 and H2S, respectively.

Keywords
Methane, hydrogen sulfide, desorption chamber, UASB reactor, domestic 
sewage.

INTRODUCTION
In domestic sewage treatment using UASB reactor, the CH4 gas not captured by the three-
phase separator is dissolved in the liquid effluent and may present concentrations of 20 
mg/L, accounting close 40% of loss in total methane production (SOUZA et al., 2011). For 
the H2S produced in the UASB reactor, it remains mostly dissolved in its effluent (SOUZA et 
al., 2012). Therefore, this research work aimed at developing the Desorption Chamber (DC) 
technique under simplified and packed alternatives, to achieve an easy operation, compact 
and low cost system for the removal of dissolved gases: methane and hydrogen sulfide, con-
tributing to the management of odorants (H2S) and greenhouse gas (CH4) emissions in the 
effluent.

MATERIAL AND METHODS
The research was developed at the Center for Research and Training in Sanitation of UFMG 
with municipal sewage of Belo Horizonte. A UASB reactor was used in a demonstration scale 
(14.0 m³, HDT of 8 h), followed by pilots and demonstration units of Desorption Chambers 
(DC). The DCs used in the experiments were of the types: simplified DC (water free fall), 
packed DC (pall rings). In all experiments, the DCs were installed just below the immediate 
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effluent of the reactor. The CDs were tubular shape, closed, but with sewer inlet and outlet 
respectively overhead and underneath (descendent flow). Others holes allowed the entry of 
atmospheric air (on down) and outlet (at top) of waste gas containing the desorbed gases, 
from the exhaust system moved by compressors/pumps. The operational characteristics and 
parameters tested are summarized in the first columns of Table 1. The main analyzes devel-
oped were the dissolved methane (SOUZA et al., 2011) and hydrogen sulfide (PLAS et al., 
1992). H2S and CH4 were also measured in the waste gas generated. In addition, other ana-
lyzes were developed: sulphate, sulfur, thiosulfate, COD, solids, following standard methods.

RESULTS AND DISCUSSION
The synthesis of results shown in Table 1, it was observed that, for the system operating with 
simplified DC (total chamber volumes of 10, 20 and 136 L), with water free fall height be-
tween 1.0 and 1.5 m , the removal efficiencies of methane and hydrogen sulfide were respec-
tively about 60% and 50%. The best joint efficiencies were given by hydraulic load rate (HLR) 
around 0.17 m³.m-2.min-1. The concentrations of CH4 and H2S in the waste gas for simplified 
DC were, respectively, close to 0.5% and 300 ppm, therefore, quite diluted in methane con-
tent. With the packing (plastic rings) in the DC of 20 L and 1.5 m of useful height, even with 
a HLR of 0.30 m³.m-2.min-1, the efficiencies were considerably higher, reaching 86% and 89%, 
respectively, for methane and hydrogen sulfide, while in the waste gas, CH4 and H2S present-
ed averages of 0.45% and 523 ppm, respectively. In experiments sequence, the same packed 
DC was tested with very low (0.10 or less) flows ratio (rQ – Qg.Ql

-1) to minimize the dilution of 
the waste gas, in order to possibility recovery desorbed methane. In the last lines of Table 1, 
it is possible to verify such conditions and that, in fact, CH4 concentrations in the waste gas 
have risen to close to 22%. In addition, in this perspective of packed DC with possibility CH4 
recovery, the efficiencies were high, particularly for HLR of 0.30 m3.m-2.min-1, with removal 
averages of 77% and 87%, respectively, for CH4 and H2S.

Table 1. Statistical results of Desorption Chamber (DC) and operational conditions.

DC

Operational 
conditions Efficiencies (%) Waste gas concentration

H d HLR e rQ f CH4 H2S CH4 (%v) H2S (ppmv)

(m)
(m3.m-

2 .min-

1)
(x) Mean SD/N g Mean SD/N g Mean SD/N g Mean SD/N g

 DC a
vol. 10 L 1,0

1,07 0,4 38 8/12 16 11/10 1,50 0,43/7 958 160/8

0,79 7,6 50 10/28 51 17/27 0,30 0,29/33 251 168/32

0,13 3,1 57 5/6 46 10/6 0,19 0,18/7 348 141/7

0,17 11,3 59 9/9 68 18/8 0,18 0,12/10 118 80/9

 DC a
vol. 20 L 1,5

0,32 12,5 64 9/12 53 22/12 0,37 0,41/10 231 196/7

0,35 5,7 62 4/4 43 33/6 0,82 0,29/5 276 204/3

 DC a
vol. 136 

L
1,2

0,17 3,5 60 9/27 54 16/25 0,51 0,18/22 326 272/20

0,27 2,3 62 15/15 43 10/14 0,63 0,23/8 386 314/10
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 DC b
vol. 20 L 1,5 0,30 17,7 89 4/10 86 11/9 0,45 0,33/11 523 207/8

 DC c
vol. 20 L 1,5

0,30 0,10 77 6/7 87 14/5 21,7 1,52/5 1426 652/6

0,60 0,06 57 10/36 64 23/34 17,2 8,88/30 694 479/30
a – simplified DC; b – packed DC; c – packed DC adjusted for CH4 recovery; d H: useful water fall; e HLR: hydraulic load rate; f rQ: Qg.Ql

-1 (air/
liquid flows ratio); g SD/N: standard deviation/ data number of sample.

CONCLUSIONS
Desorption Chamber (DC) constitute a simple and efficient alternative for controlling odor-
ous (H2S) and greenhouse (CH4) gases dissolved in the effluent of UASB reactors treating 
domestic sewage. The simplified DC presented efficiencies close to 50-60%, while the effi-
ciencies of the packed DC were higher, even around 80%. It was possible to adjust the oper-
ational conditions of the packed DC to simultaneously achieve high removal of the dissolved 
gases and high concentrations of CH4 in the waste gas (even close to 22%). This is important 
if energy recovery is intended.
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Abstract
UASB reactors for anaerobic treatment of domestic sewage have been challenged due to 
the management of produced gases during conversion of the organic matter. Among them, 
hydrogen sulfide (H2S), which is corrosive, malodorous and toxic, and methane (CH4), 
which is one of the main contributors to enhance the greenhouse effect, are particularly 
problematic. Microaeration is a potential gas control technique, which is based on the 
addition of low amounts of oxygen inside the reactor, promoting biochemical oxidation of 
these undesired gases. This research has evaluated the air injection effect (70 mL.min-1) 
with and without biogas recirculation. It has also been investigated the microaeration 
of raw sewage in the affluent until oxygen saturation (6,0 mg.L-1) to reduce H2S in the 
gas phase, dissolved gases (CH4 and H2S) in the liquid phase and also the biogas dilution 
effect. Results achieved in the first stage showed that H2S removal efficiency in the biogas 
was 95% for microaeration and 75% for microaeration and biogas recirculation. Moreover, 
the concentration of dissolved gases (CH4 and H2S) in the effluent has not decreased 
significantly.

Keywords
Microaeration, hydrogen sulfide; methane; UASB reactor, domestic sewage.

INTRODUCTION
UASB reactors for anaerobic treatment of domestic sewage offer excellent advantages such 
as low operating and low installation cost. However, the management of produced gases 
during conversion of the organic matter is still the main challenge. Among them, hydrogen 
sulfide (H2S) and methane (CH4) are particularly problematic. This research evaluates the 
microaeration technique in pilot-scale UASB reactors aiming to reduce H2S in the gas phase 
and dissolved gases (CH4 and H2S) in the effluent through microaeration, microaeration 
coupled with biogas recirculation and also the aeration of raw sewage affluent.

MATERIAL AND METHODS
The study was performed in the Research Center and Training in Sanitation of the Federal 
University of Minas Gerais, using domestic sewage from Belo Horizonte city. Two pilot-
scale UASB reactors, R1 for conventional (control) tests and R2 for microaeration tests, 
were monitored. Their useful volumes and heights were 340 L and 4.0 m for R1 and 364 
L and 4.25 m for R2, respectively, with a hydraulic detention time (HDT) around 7.0 h. 
Microaeration and biogas recirculation were performed introducing controlled air and 
biogas flow through peristaltic pumps and a ceramic air diffuser disc inside the reactor, in 
the sludge bed. The experiments were set in two stages. In the first stage, microaeration 
(70 mL.min-1) was applied in the reactor R2 during 40 days. Later, biogas recirculation 
was introduced (450 L.d-1) in the same reactor spot over 100 days. In the second stage, 
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microaeration (~ 10 L.min-1) has been applied in raw sewage, introduced in a chamber (HDT = 20min.), 
in order to saturate oxygen in the affluent (~ 6,0 mgO2.L-1) through air compressors and diffusers. 

RESULTS AND DISCUSSIONS
The biogas characterization results (Table 1) reveal the daily production of CH4 has not reduced 
proportionally if compared to biogas production gain, despite the significant reduction of CH4 
percentage in the biogas by air dilution. The H2S removal efficiency in the biogas was 95% for 
microaeration and 75% for microaeration and biogas recirculation. Moreover, the concentration of 
dissolved gases (CH4 and H2S) in the effluent has not decreased significantly. The obtained H2S removal 
efficiency in the biogas, considering just microaeration, is comparable to previous studies (Castro, 
2017). It was observed biogas recirculation has decreased the removal efficiencies even though it was 
expected the turbulence, due to biogas recirculation, would optimize oxygen diffusion, and thus, the 
sulfide oxidation. Furthermore, microaeration coupled with recirculation has not favored the removal 
of dissolved gases in the effluent, contradicting reported data for sludge anaerobic digesters by Fdz-
Polanco et al. (2009). Once microaeration has caused biogas dilution, resulting in CH4 reduction in the 
biogas, it was determined to apply an alternative technique, instead of air injection and recirculation, 
for the second stage (data in progress, not shown). To that, oxygen was saturated in the affluent 
sewage (~5 mg/min. of O2) accounting an oxygen introduction similar to microaeration technique.

Table 1. Biogas and dissolved gas characterization – first stage.
Operating 
condition

UASB

Biogas concentration (%V) Gas production (L.d-1) Effluent dissolved 
gases (mg.L-1)

CH4 H2S (ppm) O2 N2 Biogas CH4 H2S CH4 H2S

None * 
(conventional) 60.3 1574.7 0.5 34.0 60.1 36.2 0.095 26.6 10.5

Microaeration
only **

17.5 75.7 10.7 64.2 156.2 27.3 0.012 25.2 10.0

Microaeration 
and biogás 

Recirculation *
24.1 403.0 9.7 61.7 118.8 28.6 0.048 23.9 8.7

 *Median obtained from samples with 24 data.
** Median obtained from samples with 12 data.

PRELIMINARY CONCLUSIONS
Microaeration technique without recirculation has shown satisfactory H2S removal efficiencies in the 
biogas, but not for dissolved gases. Microaeration coupled with biogas recirculation has not improved 
H2S in the biogas and dissolved gases in the effluent, according to previous studies. Thus, it is required 
to modify the operating conditions to improve the applied technique. The second stage focus on 
enhancing microaeration through the oxygen saturation in raw sewage aiming to improve gas control 
and reduce biogas dilution by air flow inside the reactor.
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Abstract
In order to correlate operational conditions with reactor dynamics, two 
EGSB reactors (8 L) were inoculated using granular anaerobic sludge from 
a dairy plant. One was fed with carbohydrates (R1), whereas the other was 
fed with protein and carbohydrates (R2). Both were operated in stepwise 
specific OLR increments: (1) 0.2; (2) 0.4; (3) 0.3 gCOD/gVSS/d. Data was 
collected to characterize reactor performance, granules structure, methano-
genic activity (SAMA; SHMA) and bacterial community structure. Significant 
changes were observed in bacterial community related to biosludge adapta-
tion exposed to different substrates. VFA accumulation, the lack of enough 
alkalinity and pH conditions determined changes in COD removal efficiency, 
bacteria community structure, granules structure and methanogenic activity 
in R1 during stage 2. However, R2 showed a good performance, well-formed 
granules and methanogenic activity increased at the same OLR.

Keywords
EGSB reactor; specific methanogenic activity; bacterial community structure

INTRODUCTION
Success in the operation of anaerobic reactors is based on the deep knowledge of processes 
involved. Dynamics responses to changes in operational conditions and substrate character-
istics must be analysed in relation to microorganism community. The objective of this work is 
to correlate operational conditions as OLR, substrate, pH and alkalinity with reactor dynam-
ics, reflected by COD removal and biogas production, microorganism community structure 
and methanogenic activity.

MATERIALS AND METHODS
Two EGSB reactors (8 L) were inoculated using granular anaerobic sludge from a dairy plant. 
Reactor 1 (R1) was fed with carbohydrates; whereas Reactor 2 (R2) was fed with protein and 
carbohydrates 1:1 in COD. Both were operated in stepwise specific OLR increments in three 
stages: (1) 0.2; (2) 0.4; (3) 0.3 gCOD/gVSS/d. Following data was collected: inlet flow rate; 
inlet and outlet COD, pH, alkalinity and VFA; biogas production; diameter and 10x gran-
ule images; VSS, specific acetoclastic and hydrogenotrophic methanogenic activity (SAMA; 
SHMA) (Ripoll et al., 2015). Sludge samples were collected to study microbial composition 
and dynamics by 16S rRNA gene sequencing analysis. V4 region analysis of raw data per-
formed with QIIME software (Caporaso et al., 2010), 80.000 sequences per sample. OTUs 
were created de novo (97% identity criteria).
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RESULTS AND DISCUSSION
During the first stage of operation, significant changes in bacterial community structure 
were observed in both reactors. After one month of operation at OLR of 0.2 gCOD/gVSS/d 
(R1.1; R2.1) were distant from inoculum (R1.0). This result may reflect biomass adaptation 
to the new substrates (Figure 1). After two months, bacterial community structures in both 
reactors diverged (R1.2; R2.2). This result evidences the influence of different substrates on 
the biosludge over time. In addition, methanogenic activities of biosludge from both reac-
tor changed slightly during this stage: SAMA 0.32 (0.04); SHMA 0.27 (0.02) gCOD/gVSS/d 
for inoculum; Table 1 and Table 2 for reactors. Both reactors achieved good performance in 
terms of COD removal (Table 1; Table 2). 

During the second stage in R1, a tenfold increase in VFA concentration was observed (from 
0.1 to 1 g/L HAc, 0.01 to 0.1 g/L HProp) when OLR was duplicated (from 0.2 to 0.4 gCOD/
gVSS/d). A reduction in biogas production and COD removal efficiency was registered (Ta-
ble 1). pH inside reactor resulted between 6.0 to 6.5 due to the lack of enough alkalinity to 
neutralize VFA generated. A high percentage of granules showed deterioration on their outer 
shell, most of them with a hollow core exposed to liquid. Remarkable changes in bacterial 
community were seen after 2 and 3 months at stage 2 (R1.3; R1.4), which could be linked to 
an increase in Spirochaetes phylum abundance (Figure 1). Moreover, acetoclastic methano-
genic population was affected, since SAMA decreased when OLR was increased (Table 1). 
However, SHMA increased, suggesting more resistance of hydrogenotrophic archaea, but 
not enough to maintain its performance. At the time, SAMA and SHMA increased in R2, 
which maintained its performance, with good buffer capacity due to substrate characteristics 
and well-formed granules (Table 2). The abundance of Spirochaetes increased comparing to 
inoculum. Also, Synergistetes was another important phylum (R2.3; R2.4; Figure 1).

In the third stage, OLR was decreased to 0.3 gCOD/gVSS/d in both reactors. After alkalinity 
adjust, R1 recovered its COD removal efficiency.  SAMA increased, evidencing acetoclas-
tic methanogenics recovering from VFA inhibition, at the time SHMA remained unchanged 
(Table 1). However, SAMA decreased in R2 as OLR was decreased, but it maintained a good 
performance (Table 2). An increase in Firmicutes abundance was observed in both reactors 
when comparing to stage 2 (R1.5; R2.5 day 182; Figure 1). Then, both reactors were stopped 
in day 182 and sampled after 50 days. Results shows a re-structuration of bacteria commu-
nity in response to the lack of feeding (R1.6; R2.6; Figure 1).
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CONCLUSIONS
Operational condition in EGSB reactors, as substrate, OLR, pH and alkalinity, could not only 
have significant effects over COD removal and biogas production, but also over granules 
physical structure, bacterial community structure and methanogenic population. SAMA and 
SHMA can both increase when OLR is raised if a proper buffer capacity is ensured (e.g. pro-
tein-based wastewater).
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Abstract
Cassava (Manihot esculenta Crantz) is a plant native from South America considered a crop 
efficiency in terms of carbohydrate production due to its tuberous and starchy roots. How-
ever, the process of producing cassava starch is responsible for generating a high amount 
of wastewater, called manipueira that is highly polluting and toxic, contributing to the pol-
lution of water resources due to its high concentration of organic matter (100 g COD L1). 
In this sense, the manipueira was used as a fermentation medium for volatile organic acids 
from a thermally treated mixed microbial culture. The effect of different glucose concen-
trations (10, 15.8, 30, 44.2 and 50 g L-1) and different pH ranges (4.5, 5.0, 5.7, 6.5 and 7, 0) 
were investigated for better understanding of the process for the production aiming volatile 
organic acids production using a Central Composite Rotatable Design (CCRD) (22) config-
uration. The analysis by CCRD showed a high concentration of lactic acid (40 g L-1), acetic 
acid (3 g L-1) and propionic acid (5 g L-1). The results suggest the use of manipueira suitable 
for the production of volatile organic acids, mainly lactic acid. 

Keywords
Cassava wastewater, volatile organic acids, central composite rotatable design.

INTRODUCTION 

The VOA are compounds having in their molecular structure until six carbon atoms (BHATIA 
and YANG, 2017) including carboxylic acids (C2: acetic acid, C3: lactic acid, propionic, C4: 
butyric acid, C5: valeric acid and C6: caproic acid) (SARKAR et al. 2016). The production of 
volatile organic acids (VOA) from renewable sources has become a valuable and economical 
alternative in several industrial processes (QUINTERO et al. 2012). Industrial applications 
of this compounds include food industry, cosmetics, textiles, bioenergy, pharmaceuticals, 
synthesis of biosurfactants and bioflocculants, and biofuels production (WANG et al. 2014; 
HASAN et al. 2015; BHATIA and YANG, 2017). The VOA can be produced through microbi-
al fermentation, making the process even more ecological (BHATIA and YANG, 2017). The 
use of agriculture wastes reduces raw material costs being an effective alternative for VOA 
producing, since they are inexpensive, abundant and renewable sources (WANG et al. 2010). 
Among the main residues are those generated from processing of cassava. Cassava (Mani-
hot esculenta Crantz) is a plant native to South America, being an efficient crop in terms of 
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carbohydrate production due to its tuberous and starchy roots, growing well in different 
tropical and subtropical regions. However, it processing generates large amounts of toxic and 
pollutant wastewater named “manipueira”. Manipueira is a residue with high concentrations 
of organic matter 100 g COD L1 sugar and cyanide. Based on this information, the aim is to 
evaluate the use of manipueira as a carbon source for the production of intermediate prod-
ucts of value added, as VOAs.

MATERIAL & METHODS 

Experimental Planning

A Central Composite Rotatable Design – CCRD (22) was performed to evaluate and better 
understand the relations between process parameters to volatile organics acids production. 
Eleven experiments were necessary in this experimental planning, considering four axial 
points and four central points. 

Cassava wastewater processing 

The cassava processing wastewater was produced under laboratorial procedure. The cassava 
was milled and 1 liter of water was added per kg of root. The milled cassava was filtered and 
stored for 24 hours under refrigeration. The supernatant was homogenized and stored in a 
freezer at -20ºC.

Pre-treatment of the inoculum 

Sludge from anaerobic baffled reactor treating cattle manure was preheated in order to selec-
tively enrich and facilitating the growth of spore forming bacteria and inhibiting the growth 
of methanogenic bacteria. Prior to their use, the sludge was sieved using a nylon sieve to re-
move coarse solids. Subsequently, 300 mL of sludge was pre-treated with shock until boiled 
for 30 minutes. After boiling, it was cooled in an ice bath and stored in a refrigerator at 4ºC 
for 24 hours (BAGHACHESARAEE et al. 2008; WANG et al. 2011, MOHAMMADI et al. 
2011). After 24 hours, 10% (20 mL v/v) of inoculum was added in 180 ml of culture medium 
for clostridial growth, autoclaved 121ºC for 15 min with pH adjusted to 6.8 with NaOH 10 
M.  The flask was incubated at 35ºC for 24 hours. In order to select the and enrich bacterial 
population, 10% (v/v) of inoculum treated was again reinoculated in 180 ml of fresh medium 
following the same procedure, and was repeated three times, resulting in three generations 
(GI, GII and GIII) (BAGHACHESARAEE et al. 2008). 

Fermentation Test

In order to investigate the effect of different pH ranges and initial glucose concentrations on 
acid production, different tests were conducted changing pH of 4.5 – 7.0 and glucose con-
centration of 10-50 g L-1. All tests were completed within 48 hours. The anaerobic fermenta-
tion of cassava wastewater was conducted in 500 ml flasks containing an effective reaction 
volume of 300 ml with initial variables concentration of manipueira and inoculum pretreated 
(20% v/v). The initial concentration of glucose (28,19 g L-1) present in the manipueira was 
determined by the method of Dubois (1956). Five glucose concentrations were defined in 



161

CCRD method, 10, 15.8, 30, 44.2 and 50 g L-1. For obtain two first concentrations manipueira 
was diluted with water and others glucose was add. 

RESULTS & DISCUSSION

The results for acids concentration after fermentation are presented in Table 1. During fer-
mentation, the pH values remained practically constant in the range of 4-4.5. In the pH rang-
es and glucose concentrations studied, it was possible to quantify especially lactic, acetic 
and propionic acids. Therefore, the fermentation with manipueira as carbon source resulted 
mainly in lactic acid. The maximum concentration of lactic acid detected was (40 g L-1) and 
the concentrations of acetic acid (3.3 g L-1) and propionic acid (5.0 g L-1) remained low. The 
maximum concentration of lactic acid can be explained by the enzymatic conversion of the 
starch by glucoamylase, allowing the competitive inhibition of glucose, where 1 g of starch 
produces 1,11 g of lactic acid when the hydrolysis is completed. Lactic acid can be produced 
from free sugar or sugar-containing hydrolyzed material by lactic acid-producing microor-
ganisms (JOHN et al. 2007). In addition, the use of mixed cultures in the fermentation can 
provide necessary combinations of the metabolic pathways for the use of complex residues 
and consequently the improvement of the production of volatile organic acids (ABDEK-RAH-
MAN et al. 2013).

Table 1. Experimental design and results of central composite design for optimization of 
two variable for the production of volatile organic acids by mixed culture. 

Coded levels
Concentration 

(g L-1)
Production

 (g L-1)
Final Glucose 
Concentration 

(g L-1)Tests X1 X2 pH Glucose
Latic 
Acid

Acetic Acid
Propionic 

Acid
1 -1 -1 5.0 15.8 34 3.0 5.0 5.35
2 +1 -1 6.5 15.8 15 1.6 5.0 2.55
3 -1 +1 5.0 44.2 20 1.6 2.0 10.85
4 +1 +1 6.5 44.2 32 3.0 4.5 12.10
5 -1.41 0 4.5 30 34 3.0 4.0 5.84
6 +1.41 0 7.0 30 17 1.5 2.0 6.31
7 0 -1.41 5.7 10 13 1.4 3.0 4.20
8 0 +1.41 5.7 50 40 3.3 3.5 19.55
9 0 0 5.7 30 24 3.0 3.3 7.04
10 0 0 5.7 30 30 3.0 3.5 5.96
11 0 0 5.7 30 15 1.2 1.5 4.80

X1 – pH range, X2 – Glucose concentration

However, it is clearly observed that acid production is strongly influenced by the pH of the 
medium (MONOT et al. 1984), noting that there were no significant differences in acid pro-
duction in the evaluated ranges. The effect of pH on acid production may be related to the 
effects of inhibition caused by the permeability of undissociated acids through the cell mem-
brane (INFANTES, 2011).
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In some conditions, Clostridium bacteria can convert pyruvate to lactate by the action of 
lactate dehydrogenase (LDH) NAD+ by some species of Lactobacilli (DA CUNHA and FOS-
TER, 1992; GHESHLAGHI et al. 2009). The pathway for lactic acid formation functions as a 
less efficient alternative to allow energy generation and NADH oxidation to remain active 
when the mechanisms for eliminating protons and electrons to generate molecular hydrogen 
are blocked. (JONES and WOODS, 1986).
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Abstract
The purpose of this work was to verify the applicability of Diaphragm type flow meters (nor-
mally used for measuring liquefied petroleum gas – LPG) for measuring biogas production 
in anaerobic reactors (where the gas lines are submitted to low pressures). The evaluation 
of the Diaphragm flow meter was performed on comparative basis using two flow meters 
installed in series, the second one as a control. The results showed a similarity in perfor-
mance of the two flowmeters, with average reading difference of 1.9%. We conclude that 
the Diaphragm flow meters can be used for measuring biogas production in places where 
resources are scarce and high precision levels are not compulsory. 

Keywords
Anaerobic digestion; biogas measurement; sewage treatment plants

INTRODUCTION
Measuring biogas production in anaerobic reactors is an essential feature for process con-
trol and especially when exploitation of biogas for energy recovery is intended. However, 
most of the Brazilian sewage treatment plants do not monitor this parameter, particularly 
the small-scale plants, possibly due to the high cost of the flow meters, usually imported. On 
the other hand, simplified, compact, light weight and low cost gas meter models have com-
monly been used for measuring liquefied petroleum gas (LPG) for domestic supply in Brazil. 
A very popular model is the diaphragm flow meter, constituted of an outer casing aluminium 
structure and plastic internal components. This sort of gas meter has been applied for quan-
tifying the domestic gas consumption from the distribution network, being supplied at high 
and constant pressure and adequate flow range. For this purpose, the diaphragm gas meter 
presents high precision, greater than 99% (LAO, s.d.). Thus, this study aimed at evaluating the 
applicability (and precision) of a diaphragm type flow meter manufactured and assembled in 
Brazil for the purpose of monitoring biogas production in anaerobic reactors, with the gas 
line submitted to low and variable pressures.

METHODS
The evaluation of the diaphragm type flow meter was performed on comparative basis, using 
two flow meters installed in series. The first one was the diaphragm type, model G2.5, brand 
LAO®, with minimum and maximum flow capacities of 25 and 4,000 L.h-1, respectively. The 
second flow meter was a drum type, model TG3, brand Ritter®, with minimum and maximum 
flow capacities of 5 and 360 L.h-1, respectively. The last brand of flow meters has been used 
for monitoring biogas production of anaerobic reactors in our research centre for the last 20 
years, and also reported in the literature in similar works (Benito Martin; Schlienz; Greger, 
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2017; Ganesh et al., 2014). The apparatus comprised by the two flow meters was installed at 
the biogas line of a 20-m3 anaerobic digester that treats food waste from one of the cafete-
rias located at the Campus of the Universidade Federal de Minas Gerais, Brazil. The system 
was monitored for four months, twice a day.

MAJOR RESULTS
The flow rates measured during the four month experimental period were not uniform, vary-
ing from 2.2 to 317 L.h-1. This was due to the semi-continuous feeding mode of the digester. 
Figure 1 depicts the relative error of the Diaphragm flow meter in relation to the Ritter flow 
meter (a) and correlation between the two gas meters (b). Data plotted in Fig. 1-a considered 
only the flow rates that fell into the common range to both flow meters, 25 to 360 L.h-1. 

Figure 1. Relative error of the diaphragm flow meter in relation to the Ritter flow meter (a) 
and correlation between the two flow meters (b)

From the results presented in Figure 1 that frame within the range from 25 to 360 L.h-1, one 
can notice the similarity in performance of the two flow meters (R2=0.9998). The average 
and maximum differences between the readings of the two flow meters were 1.9 and 3.4%, 
respectively. These values are higher than the ones reported by the manufacturer of the 
Diaphragm flow meter (LAO, s.d), however the test conditions were a lot different from the 
ones where this type of gas meter is used, mainly in terms of pressure in the gas line. In the 
present study, the pressure in the gas line was extremely low, varying from 0 to 140 mm.w.c., 
with theoretical median of 0 mm.w.c. Some imported gas flow meters, for example Puxin 
BF 2000, manufactured specifically for measuring biogas flow in anaerobic reactors, might 
measure with 1.5%, according its manufacturer. Although the relative error verified for the 
Diaphragm flow meter was higher than the one of the BF 2000, other very relevant aspects 
favour the Diaphragm meter, especially the very low cost of such gas meter. Besides, it is 
manufactured by a Brazilian company that provides easy technical assistance.

Overall, the results of this study indicate that Diaphragm flow meters can be used for mea-
suring biogas production in places where resources are scarce and high precision levels of 
the measurements are not compulsory. The study will continue in order to verify the stability 
of the comparative results, as well as to determine the life span and the maintenance needs 
of such flow meter.
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Abstract
In the wastewater treatment plants (WWTP), the application of partial ni-
trification and Anammox processes to eliminate nitrogen compounds rep-
resent a better option in terms of energetic costs than the current nitrifica-
tion-denitrification process. In this research, the possibility of implement the 
partial nitrification process (at 15 °C and 30-50 mg NH4

+-N/L) in the water 
line of a WWTP was evaluated. The selection strategy of ammonia oxidizing 
bacteria (AOB) in detriment of nitrite oxidizing bacteria (NOB) was based 
on the presence of NH3 (0-5 mg/L) and HNO2 (0-0.14 mg/L) in the system. 
However, this concentration did not allow the selective inhibition of NOB to 
obtain the partial nitrification. 

Keywords
Wastewater, Anammox, Partial Nitrification.

INTRODUCTION
Within the biological treatments of ammonia nitrogen from the wastewaters, the partial ni-
trification is a process in which the ammonia is transform into nitrite through the action of 
AOB so then, in a subsequent stage, Anammox bacteria transform it into gaseous nitrogen 
(N2). In comparison with the conventional nitrification-denitrification process, partial nitrifi-
cation-Anammox reduce the among of organic matter and aeration requirements, this also 
implies that the final sludge amount is reduced.
However, different attempts of application of these processes on a WWTP showed that 
the proliferation of NOB leads to the oxidation of most of the ammonia to nitrate, instead 
of transforming it into N2. Therefore, the growth of NOB seems to be the main factor that 
affects the stability of the global process, and thus the effluent quality. That is why this 
research aims to obtain a stable partial nitrification process by making a selectively inhibi-
tion on the NOB population through the application of free ammonia (NH3) or nitrous acid 
(HNO2) depending on the ammonium/alkalinity rate of the wastewater to treat (De Clippeleir 
et al., 2013; Wett et al., 2013).
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MATERIALS AND METHODS
An acti vated sludge unit were used (1 L reactor coupled with a 1 L sett ler) maintained at 15 
°C and operated with levels of OD greater than 5 mg O2/L. The system was fed with the ef-
fl uent of Mapocho-El Trebal WWTP (Chile) and the inoculum was from the acti vated sludge 
process of Aguas Andinas company. The possible inhibitory eff ects on AOB and NOB were 
evaluated by respirometric assays and the parameters of NH4

+, NO3
-, NO2

-, and alkalinity was 
measured accord the Standard Methods (APHA, 2005).

RESULTS
In the strategy of inhibiti on through NH3, by adjusti ng the HRT and the cell residence ti me, 
nitrifi cati on was not achieved fully and there was ammonium present in the reactor (Figure 
1.A). Despite the fact that during a large part of the operati on NH3 levels higher than 1 mg/L 
(reported as inhibitors for NOB) were obtained, no nitrite accumulati on was observed. More-
over, the low concentrati ons of NO2

- that were present in the infl uent were oxidized during 
the nitrifi cati on process 

 
Figure 1. Parti al nitrifi cati on system operati on a) Inhibiti on through NH3: concentrati on of N-NH4

+ 
inlet (●), concentrati on of N-NH4

+ outlet (■), concentrati on of N-NO2
- outlet (▲); b) Inhi-

biti on through HNO2: concentrati on of N-NH4
+ inlet (▲), concentrati on of N-NH4

+ outlet 
(■), concentrati on of N-NO2

- inlet (●), concentrati on of N-NO2
- outlet (×)

In the strategy of inhibiti on through HNO2, respirometric tests were performed with the bio-
mass used as inoculum in order to quanti fy the eff ect of HNO2 on the NOB. It was observed 
that at concentrati ons of 0.05 mg HNO2/L, its acti vity was practi cally nil.
During the fi rst days of operati on (0-7 days) an eliminati on effi  ciency of ammonium was 
reached around 50% (Figure 1.B). Ammonium was oxidized to nitrate, without accumula-
ti on of nitrite despite the low pH of operati on (6.0-6.5). Therefore, starti ng on day 8, 40 mg 
N-NO2

-/L was added to the feed causing the presence of nitrite in the reactor and, therefore, 
of HNO2. However, NO2

- accumulati on was not observed, so it was decided to increase the 
concentrati on of nitrite added to 80 mg N-NO2

-/L and, subsequently, to 120 mg N-NO2
-/L. 

These acti ons also did not lead to the accumulati on of NO2
-, observing that in the presence 

of values around 120 mg N-NO2
-/L the oxidati ve acti vity of ammonium was almost totally in-

hibited. This inhibiti on was reversible since, when the nitrite stopped adding, the ammonium 
oxidati on again increased to the initi al value of 50%.
During any period of operati on, nitrite was accumulated even though it was operated at 
concentrati ons higher than 0.05 mg HNO2/L, which was totally inhibitory according to the 
respirometric tests. This could indicate that the NOB would have adapted to the presence of 
said compound.
The proposed operati on strategies allowed the accumulati on of NH3 and HNO2 concentra-
ti ons up to 5 mg NH3 / L and 0.14 mg HNO2 / L, respecti vely. However, these concentra-
ti ons did not allow to selecti vely inhibit the BON and obtain parti al nitrifi cati on.

(B) (A) 
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Abstract: This work showed a year-round performance of a microalgae-based WWTP. Experimental data 
was used to evaluate different scenarios of anaerobic co-digestion of primary sludge and non-pretreated and 
thermally pretreated microalgal biomass, and biogas conversion into heat using boiler and heat and electricity in 
cogeneration plants. According to the results, pre-treatment at 75 ºC increased by 67% methane yield compared 
to non-pretreated biomass. Regarding the energy assessment, when biogas was used to cogenerate electricity 
and heat, the heat balance was positive with biomass pre-treatment during the whole year. If biogas was only 
converted to heat, the system would be heat self-sufficient with and without a pre-treatment step.

Keywords: High rate algal pond; Microalgae; Wastewater

In a microalgae-based WWTP, primary sludge will be harvested from the primary treatment 
unit and both by-products may be managed together and co-digested. In this manner, the aim 
of this study was to assess the energy balance of a hypothetical microalgae-based WWTP 
(10,000 PE) with anaerobic co-digestion of harvested primary sludge and microalgal biomass 
to produce biogas using experimental data gathered in pilot HRAPs followed by anaerobic 
digesters over one year. This data was used to evaluate the energy balance of four different 
scenarios: 1) anaerobic co-digestion (co-AD) of primary sludge and microalgal biomass and 
cogeneration from biogas in a combined with heat and power (CHP) unit, 2) co-AD with 
thermal pretreatment of microalgal biomass and cogeneration from biogas in a CHP unit, 3) 
co-AD and heat generation from biogas in a boiler, and 4) co-AD with thermal pretreatment 
of microalgal biomass and heat generation from biogas in a boiler. 

Microalgae thermal pre-treatment at 75 ºC was investigated in a mesophilic lab-scale 
reactor operating at a HRT of 20 days. The results showed that pre-treatment increased 
microalgae methane yield by 67% (from 0.18 to 0.30 L CH4/g VS), while microalgae cells 
were damaged depending on the characteristics of the species cell walls, as observed in 
microscopic optic and TEM images. When co-digested with primary sludge, reactor did not 
show further improvement in methane production. However, preliminary BMP tests indicated 
that the process kinetics showed a lower rate, which would enable higher organic loading 
rates or a smaller reactor volume. 

The energy assessment indicated that the energy outcome depended on the microalgal 
biomass production and the harvesting efficiencies. If biogas is converted to heat and 
electricity by cogeneration, the process would be energy self-sufficient, especially if a pre-
treatment step was implemented (scenario 2). If biogas was only converted to heat, the 
system would be heat self-sufficient with and without pretreatment (scenarios 3 and 4). The 
best alternative would then depend on the cost of each process and governmental incentives 
for cogeneration and electricity injection to the grid.
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Table 1.1 Results of the energy assessment of a WWTP on a year-round performance in the four studied scenarios.

Figure 1.1 NERelectricity (a), NER,heat with a CHP unit (b) and with a boiler  (c), without microalgal biomass pretreatment 
(black bars) and with microalgal biomass thermal pretreatment (gray bars).
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Abstract
The accumulation of scum inside the gas-solid-liquid separator (GSL) is one 
of the main limitations of the UASB reactor during the treatment of do-
mestic sewage. Although the reactor can be equipped with devices to re-
move scum periodically, this solution has proved to be very costly and may 
be inefficient when discharging procedures are not performed correctly. In 
this paper the performance of a modified UASB reactor concept with a GSL 
separator which promotes continuous scum discharger to the settling com-
partment was investigated, in comparison to a conventional UASB reactor 
used as control. During the experiments both reactors in demo-scale were 
fed with domestic wastewater and scum production was measured. The re-
sults demonstrated a volumetric reduction of 50% and 75% in the mass of 
total solids in the modified reactor. Additionally, the amount of biogas recov-
ered from the modified reactor was major compared to the control reactor. 
Therefore, the modification proposed proved to be effective, bringing new 
possibilities to the GSL project.

Keywords
Anaerobic digestion; domestic wastewater; modified UASB reactor; scum

INTRODUCTION
UASB reactors are the main technology currently in use in Brazil to domestic sewage treat-
ment due to the clear advantages compared to other systems. However, considering the 
problems of solids washout, losses of dissolved gases and scum accumulation its improve-
ment is constantly demanded.

Scum accumulation became a consensus in technical means recently, after half of last de-
cade, when the first researches and papers about this subject were developed and published 
(SOUZA et al., 2006; PEREIRA et al.; 2009). Since then, scum accumulation on the surface of 
setter compartment was dealt with, discontinuing the use of scum baffled, and allowing the 
discharge of  its constituents in the effluent. On the other hand, scum inside the GSL-sep-
arator consists of a serious problem to the UASB technology in domestic sewage treatment.

The accumulation of scum in that part of the reactor may block the interface of gas 
stripping and could eventually result in the diversion of biogas to the settler compartment. 
Therefore, a deterioration of effluent quality is expected as well as uncontrolled emissions 
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of greenhouse gases (CH4 and CO2), and the emission of bad odors (H2S). Furthermore, there will be an 
increasement in the concentrations of dissolved methane in the liquid phase (supersaturation) leading to 
higher losses of energy usage, and even the disruption of separators made of fiberglass has been report-
ed (VAN LIER et al., 2011; CHERNICHARO et al., 2015; GLORIA et al., 2016). 

Some of the considerable options to solve these problems are: i) usage of primary settlers; ii) improve-
ment of the preliminary treatment; iii) the addition of enzymes to hydrolyze oils and greases; iv) periodi-
cal removal; v) and the improvement of the design of the reactor. Despite primary settlers being a simple 
and effective solution, these units have relatively high cost, equivalent to that of the reactors, and for 
that reason, it has not been implemented in tropical conditions.

Improving the effectiveness of preliminary treatment with the usage of fine grids (2-6 mm) or statics 
screens are an important way to reduce the amount of detritus and consequently the mass of scum 
(CHERNICHARO et al., 2015; ROSA et al., 2017), and it must always be recommended, in particular, 
due to its low cost. The enzymatic hydrolysis is still under testing phase (SANTOS, 2014), but the cost 
of enzymes may also be viewed as a constraint. Currently the solution commonly used still consists on 
periodical removal, by means of gutters, pipes and/or sluices discharges installed in the separator. How-
ever, this solution may be very costly and little effective if the scum viscosity is not maintained under 
conditions suitable for its flow through the discharges devices. When this condition is not verified, it will 
be frequently necessary to use cesspool cleaning trucks in this operational procedure.

Considering that researches have not been focusing on the design of the reactor, this work proposes 
to investigate the reduction of scum production in the GSL separator using a modified concept to pro-
mote a continuous scum release to the settler compartment and after to the effluent.

METHODS

Experimental apparatus 
Two UASB reactors called, Conventional Reactor (CR) and Modified Reactor (MR) in demo-scale were 
installed in Ouro Branco-WWTP, in Ouro Branco – Brazil (Population served of 35,000), and fed with do-
mestic wastewater after preliminary treatment. Schematic configurations of both reactors are presented 
in Figure 1. Following, details of different configurations and operating principles are presented.
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LEGEND
 MODIFIED UASB REACTOR - MR       CONVENTIONAL UASB REACTOR – CR

AP1 – Apertures to straight-passage of sewage and sludge 
from digestion compartment to settler compartment 
and sludge return.

P1 – Passage of the sewage from digestion compartment to 
settler compartment and sludge return.

AP2 – Passage of the sewage and sludge from digestion 
compartment to settler compartment.

Figure 1. Schematic configuration of the experimental reactors

The Modified Reactor (MR) has an uncoupled gas compartment to the inclined wall in order to elim-
inate the dead zone into the GSL separator that causes scum accumulation. Due to the fact that AP2 
area is larger than AP1, a major part of effluent flows from the digestion compartment to the settler 
compartment through the separator (81%) causing scum release. Moreover, the minor sewage flows 
through AP1 favouring the sludge return from the settler compartment to the digester zone. AP1 devic-
es consist of 31 elbows (PVC – 50 mm – 45º) installed along the inclined walls distanced 51 mm from 
each other. As the inclined walls have a 45 degree angle, biogas cannot access the settler compartment 
through AP1, only effluent and solids washout can, the same happens with the conventional reactor. It 
is important to highlight that different dimensions of gas compartment, apertures of passage from the 
digestion compartment to inside GSL separator, elbows, angles of inclined walls, and others, have been 
tested. All other features of the reactor are described in the Table 1 also the values standardized by the 
Brazilian Technical Standards Association NBR 12,209 (ABNT, 2011) to Hydraulics Project of Waste Water 
Treatment Plant. Furthermore, special attention should be given to the major gas compartment area in 
this reactor that is important to the results of scum production as will be discussed after.
Table 1. Main characteristics of the reactors and values standardized by NBR 12209 

Com-
part-
ment

Characteristic NBR 12209 CR MR

Diges-
tion

+
Settler

Flow rate (m3.h-1) - 0.46 0.46

Useful volume (m3) - 3.69 3.69

HRT mean – Temperature of 
sewage (18 ºC – 21 ºC) 8.00 8.00 8.00

Total useful depth (m) 4.00 – 6.00 4.65 4.65

Gas compartment area (m2) - 0.05 0.38

Diges-
tion

Volume (m3) - 2.77 3.02

HRT mean (h) - 6.00 6.54

Minimum depth (m) 2.50 3.15 3.60

Upflow velocity to mean flow 
rate (m.h-1) ≤ 0.70 0.59 0.59

Upflow velocity to maximum 
flow rate (m.h-1) ≤1.20 0.87 0.87

Settler

Volume (m3) - 0.92 0.67

HRT mean (h) ≥ 1.50 2.00 1.46

HRT minimum (h) ≥ 1.00 1.33 0.97

Useful depth (m) 1.50 1.50 1.05

Superficial loading rate to maxi-
mum flow rate  (m3.m-2.h-1) ≤ 1.20 0.94 1.72

Angle of inclined walls a (º) ≥ 50 70 45
Operational conditions
Both reactors operated fed by the same wastewater for more than two years before the beginning of 

   SEWAGE      
 

 BIOGAS         SLUDGE
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this study (sludge already had adapted with the effluent) with a flow hydrogram influent in order to sim-
ulate real operational conditions in full scale WWTP (Figure 2). For it, two timers were associated with 
a frequency inverter. The overflows applied during 24 hours were 1.15 (0.53 m3.h-1), 1.30 (0.60 m3.h-1) 
and 1.50 (0.69 m3.h-1) from the project flow of the reactors (0.46 m3.h-1). Moreover, due to the fact that 
the sewage system contains three pump installations, an hour-counter was installed in the devices to 
register the real time of operation and all the necessary parameters were rectified (organic loading rate 
– OLR; hydraulic retention time; time of scum production).

Figure 2. Hydrogram of sewage affluent of the experimental reactors
Monitoring
Composed samples of affluent and effluent from both reactors were collected with a peristaltic pump 
twice a week during 24 hours and analyzed for total and filtered COD, TSS and VSS according to Stan-
dard Methods of Examination of Water and Wastewater (APHA, 2012). Scum layers were kept under of 
collectors gutters and fully removed from three-phased separator with depressurization of the gas com-
partment in intervals ranging from 7 to15 days. Scum was separated from the sampled liquid by means 
of a sieve and the volume of the resulting concentrated scum sample was then measured and taken to 
the laboratory and analyzed for COD, TS and TVS. Gas production was measured by means of wet gas 
meters installed in the experimental apparatus (LAO/G1) in interval of 24 hours.

RESULTS AND DISCUSSION
Scum production
Results of volumetric production of scum for 5 samples collected from both reactors, related with dif-
ferent units, as well as organic loading rate (OLR), time of accumulation (theoretical and corrected for 
real-time of feed), and some descriptive statistics parameters are presented in Table 2. It were observed 
volumetric rates of scum in terms of medians to 0.90 L; 0.06 L.d-1; 2.34 L.m-2; 0.17 L.m-2.d-1; 9.21 mL.kg-
CODapplied

-1, in the modified reactor (MR) and for the conventional reactor (CR) the values were to 2.00 L; 
0.19 L.d-1; 40.73 L.m-2; 3.78 L.m-2.d-1; e 21.01 mL.kgCODapplied.-1. 

Compared with CR, MR presented a perceptual reduction on volumetric scum production between 
40 – 65% (Figure 3a) due the continuous scum release to the settler compartment caused by the flow of 
major part of effluent through the separator (81%). Moreover, the high percentage on reduction of scum 
production (94%) for the specific accumulation rate (L.m-2.d-1) (or scum layer equivalent - mm) compared 
to volumetric production, indicates that a larger dimension of gas compartment (700 mm of diameter) 
improved scum control in MR. It has also resulted in significantly major volume of recovered biogas as 
will be further discussed. Scum yield was higher than observed by Santos (2014) and Rosa et al (2017) 
that reported an average of scum yield varied from 6.79 –10.33 mL and 6.8 to 14.6 mL per kg COD 
applied in full scale UASB reactors treating domestic sewage in Brazil (Laboreaux STP, designed and 
constructed for a population equivalent to 70,000 inhabitants). These differences, specially compared to 
CR (21.01 mL.kgCODappied

-1), probably were due the high HRT (>14 h) and the lower OLR in those studies. 
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Table 2. Volumetric scum production rates related with different units

Sam-
ple

Accumulation 
time 

(days)

Influente
OLR

Volume 
(L)

Volumetric 
rate 

(L.d-1)

Specific volume 
(L.m-2)a

or scum layer 
thickness equiva-

lent  (mm)

Specific accu-
mulation rate 

(L.m-2. d-1)

Scum yield co-
efficient (mL.
kgCODapp

-1)

Theor. Real kgCO-
D.d-1 RM RC RM RC RM RC RM RC RM RC

1 10 10.0 9.52 1.20 2.00 0.12 0.20 3.12 40.73 0.31 4.07 12.6 21.0
2 14 14.0 6.98 0.90 2.60 0.06 0.19 2.34 52.95 0.17 3.78 9.2 26.6
3 16 15.0 8.17 0.80 1.50 0.05 0.10 2.08 30.55 0.14 2.04 6.5 12.2
4 16 16.0 8.12 1.00 2.10 0.06 0.13 2.60 42.77 0.16 2.67 7.7 16.2
5 14   9.1 5.40 0.70 1.80 0.08 0.20 1.82 36.66 0.20 4.02 14.2 36.5

Mean 7.64 0.92 2.00 0.08 0.16 2.39 40.73 0.20 3.32 10.05 22.51
Median 8.12 0.90 2.00 0.06 0.19 2.34 40.73 0.17 3.78 9.21 21.01

Standard deviation 1.54 0.19 0.41 0.03 0,04 0.50 8.27 0.07 0.91 3.26 9.51
Coeff. of variation (%) 18.98 21.37 20.31 40.92 24.14 21.37 20.31 40.92 24.14 35.38 45.27

a) Production related with area of gas compartment (see Table 1) 

Figures 3b and 3c present a good relation between values of specific volumetric scum production 
accumulated (L.m-2) for time accumulated (days) and organic loading rate applied accumulated (mL.kg-
CODapplied

-1) in order to indicate the production for a long-term or higher OLR. Although a simple sum of 
results from each sample collected do not represent the real situation, graphics give a reasonable view 
on differences of scum accumulation in both reactors as well as bring information which can be useful on 
estimative of volumetric scum production. It is interesting to notice that the rates of 0.16 L.m-2.d-1 and 
7.91 mL.kgCODapplied

-1, in MR reactor, and 2.89 L.m-2.d-1 and 17.59 mL.kgCODapplied
-1, in CR reactor are in 

the same order of magnitude as the median data in Table 2. Specific volume (L.m-2) or volumetric specific 
rate (L.m-2.d-1) was around 94% lower than CR thus this fact demonstrated the role of a larger area of 
gas compartment in MR. Notice that even 60 days, MR would not show a specific volume as observed 
in CR for only 10 days. Finally, this is contradictory with the criteria of minimum stripping rates of biogas 
(SOUZA, 1986), widely used in UASB reactors projects in Brazil, which lead to reduced dimensions of the 
gas compartment and consequently major specific volume (or scum layer thickness equivalent). 
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Table 3 summarize results of scum yield coefficient in terms of mass (COD, TS, VTS) per COD applied, 
it can be noticed that in 100% of cases values from MR were lower than CR confirming the perfor-
mance of that reactor, as well as occurred to volumetric production. Median values of these coefficients 
were 1.26 gCOD.CODapplied

-1, 0.86 gST.CODapplied
-1 and 0.67 gSTV.CODapplied

-1, to the MR reactor; and 
3.74 gCOD.CODapplied

-1, 2.96 gST.CODapplied
-1 e 2.15 gSTV.CODapplied

-1, to the CR reactor. According to the 
results observed in CR the percentage of reduction on scum production in MR were higher than 50% 
for all parameters (Figure 3a, 3b, 3c). SOUZA et al., 2006 and PEREIRA et al. (2009) reported scum yield 
inside GLS of 0.11 – 1.32 gST.CODapplied

-1 for pilot and demo-scale reactors fed with domestic sewage 
(average COD of 500 mg.L-1). 

Graphics of linear regression (Figure 4) were constructed with the same methodology used of volu-
metric production, in other to show the production of scum in both reactors for a long-term or higher 
OLR. Based on these relations, scum yield coefficients were 1.09 gDQO.DQOapplied

-1, 0.80 gST.DQOapplied
-1 

and 0.65 gSTV.DQOapplied
-1, for the MR reactor; and 2.99 gDQO.DQOapplied

-1, 2.68 gST.DQOapplied
-1 e 2.38 

gSTV.DQOapplied
-1, for the CR reactor. In addition it was verified for volumetric production, those results 

were in line to Table 3 and suggest that the production in MR at a long-term tends to be lower than in 
CR, and the autonomy between two successive discharges possibly higher. 
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Reactors performance
The domestic sewage from Ouro Branco is typically strong with higher concentrations of total COD (me-
dian of 778 mg.L-1) and TSS (median of 416 mg.L-1) as can be noticed in Figures 5a and 5b. It is possible to 
observe that reactors presented a similar performance in organic matter removal in terms of total COD 
and TSS with median concentrations of total COD to 189 mg.L-1 and 202 mg.L-1, respectively in MR also 
in CR reactors; and 73 e 82 mg.L-1 for TSS. Thus, it demonstrate that MR reactor does not present re-
duction in the organic matter performance in comparison to CR reactor, although its project has not fol-
lowed values standardized by the Brazilian Technical Standards Association NBR 12,209 (ABNT, 2011), 
notably in the settler compartment.
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When the performance in organic matter is analyzed form the point of view of standards related to efflu-
ent discharge in Brazil (180 mgCOD.L-1 or average from efficiencies observed of total COD removal major 
of 65%; 100 mg.L-1 for TSS) the MR has shown very adequate results. Averages of COD were to 76% in 
the MR reactor and 75% in the CR reactor, while median values were 81% and 78%, respectively (Figura 
6a). For TSS a similar performance was observed (Figure 6b). In this case median values observed were 
81% (MR) and 75% (CR). Considering the concentration standards of COD and TSS (Figure 6c), it can be 
noticed that in 75% of the effluent collected in MR total COD was lower than 180 mg.L-1. Considering 
CR the percentuals were 65% and 60% respectively.

From these results it is possible to confirm that MR presented a similar performance to the CR, notably 
for TSS, considering its settler compartment has been operating in overload conditions of superficial 
loading rate and with much lower HRT. It could have been compensated by the major volume of the 
digestion compartment, although the difference was minimum (8%) while its settler compartment was 
28% lower than CR.

The results show (Figure 7a) that median values were of 1,31 m3.d-1 (MR) and 0,86 m3.d-1 (CR), and a 
much higher biogas production in the modified reactor  (52%). That corroborated with the fact that a 
larger dimension of gas compartment can be beneficial to the scum layer thickness reduction while a 
major amount of biogas can be recovered. Furthermore, in Figure 7b it is possible to notice that the gas 
striping rate was much lower than the minimum recommend by Souza (1986) to UASB reactor projects 
(1,0 m3.m-2.h-1). As mentioned before, this criteria leads to reduced dimensions in the gas compartment 
which could difficult the accessibility for its maintenance and even scum removal by cesspool cleaning 
trucks. According to van Haandel & Lettinga (1994) conventional reactors treating domestic sewage run 
into difficulties to reach this minimum rate.
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CONCLUSIONS
The reduction of volumetric scum production in the MR reactor has shown average values of 50% con-
firming that its design is more efficient in comparison to the CR reactor, and confirming the effectiveness 
of the continuous scum release mechanism to the settler compartment caused by the flow of major part 
of effluent through the separator. The much larger dimensions of the gas compartment provided a re-
duced scum layer thickness or specific scum production per unit of area, 93% lower in MR than in CR. 
This can improve the amount of gas recovered in MR which presented a production 52% higher. There-
fore, the project of a gas compartment with lager dimensions has proved to be an adequate strategy for 
UASB reactors treating domestic sewage.
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Abstract
The objective of the present study was to evaluate the performance of four 
laboratory-scale upflow anaerobic sludge blanket (UASB) reactors at dif-
ferent temperature during the treatment of chocolate-processing industry 
wastewater. Each UASB reactor was operated with a different temperature 
(15, 20, 25 and 30 ºC) and with three applied organic loading rates (OLRappl) 
(2, 4 and 6 kg soluble chemical oxygen demand (CODs)/m3 d). The flow was 
maintained, and hydraulic retention time was around 6 h. The monitored pa-
rameters were pH, temperature, CODs, total and volatile suspended solids. 
The removal efficiency of CODs (RE) and biogas production rate (BPR) were 
determinate. The reactor of 15 ºC removed the CODs less with respect to 
the rest of the reactors (between 78 ± 12% and 39 ± 13%). On the contrary, 
the RE of the reactor of 20, 25 and 30 ºC was high and similar to each other 
in three OLRappl (between 88 ± 8% and 94 ± 2%). The BPR of the four reac-
tors had the same behaviour as the RE.

Keywords
Biogas production rate; chocolate-processing industry wastewater; tem-
perature; UASB reactor.

INTRODUCTION
The operation of high-rate anaerobic digestion (AD) under the low ambient temperatures 
typical of domestic sewage was for many years considered not to be feasible. Moreover, 
due to the low-strength nature of domestic wastewater, with consequent low biogas yield, 
heating anaerobic digesters to the usual mesophilic (30–37 ºC) temperatures may not be 
economically attractive for countries with temperate or cool climates. However, research 
has shown that, with appropriate reactor design and operation, successful low-temperature 
reactor operation is feasible, and the application base of AD has consequently broadened 
(O´Flaherty et al. 2006). For this reason, the objective of this work was to determine the 
most efficient temperature between 15, 20, 25 and 30 ºC when treating industrial wastewa-
ter with low-strength.

METHODOLOGY
Four identical upflow anaerobic sludge blanket (UASB) cylindrical reactors were built at lab-
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oratory scale (effective volume of 2.8 L). The UASB reactors were inoculated with anaerobic sludge 
from the secondary settler of a pilot scale UASB reactor at 18 °C (17076 ± 681 mg volatile suspend-
ed solids (VSS)/L) (Esparza-Soto et al. 2013). Each reactor was operated at a different temperature: 
15, 20, 25 and 30 °C. The influent of the reactors of 15 and 20 ºC was cooled with two immersion 
thermal baths (Polystat, Cole-Parmer, USA). The influent of the reactors of 25 and 30 ºC was heated 
by means of electrical resistances. The UASB reactors were operated a hydraulic retention time of 
6 h. Chocolate-processing industry wastewater was used in this study. The applied organic loading 
rates (OLRappl) were obtained by diluting with potable water (2, 4 and 6 kg soluble chemical oxygen 
demand (CODs)/m3 d). After dilution neutralization was required (NaHCO3, 2 g/L and NaOH 8.5 M). 
The reactors operated between 42-65 d. The T, pH, flowrate and biogas production were moni-
tored fivefold by week. The biogas production was measured by liquid displacement. CODs, total 
suspended solids (TSS) and VSS were analyzed for standard methods (APHA, 2012).

RESULTS
The influent and effluent of pH were above 7.0 ± 0.1 in four reactors. The pH keeping near to 
neutrality prevented inhibition of methanogenic microorganisms. Therefore, the pH near neutrality 
achieved stable anaerobic processes. The TSS of the effluent were less than 200 mg/L in the four 
reactors. The low concentration of TSS in effluent prevented the reactors are emptied and conse-
quently, that the anaerobic treatment was affected. The RE of the reactor of 15 ºC decreased when 
the OLRappl increased. While the RE of reactor of 20, 25 and 30 ºC practically remains independent 
of the increase of the OLRappl. The reactor of 15 ºC removed the CODs less with respect to the rest 
of the reactors. On the contrary, the RE of the reactor of 20, 25 and 30 ºC was high and similar to 
each other. The temperature de 15 ºC caused low methanogenic activity and consequently low RE 
(between 78 ± 12% and 39 ± 13%). The RE of the reactor of 20, 25 and 30 ºC was between 88 ± 8% 
and 94 ± 2% in three OLRappl (Figure 1a). The anaerobic sludge previously adapted to the low tem-
perature and type of wastewater allowed the reactor of 20 ºC to obtain similar RE to the reactors 
25 and 30 ºC. The ER of the present study showed that the temperature of 20 ºC treated efficiently 
industry wastewater with OLRappl near 6 kg CODs/m3 d without need to apply heat.

The biogas production rate (BPR) of the four reactors had the same behaviour as the RE (1 atm 
and 0 ºC). The BPR of the reactor of 15 ºC was lower than the reactors of 20, 25 and 30 ºC. The 
low temperature caused a low RE and consequently low BPR of the reactor of 15 ºC. The BPR of 
the reactors of 20, 25 and 30 ºC increased with the OLRappl. The BPR of the reactor of 30 ºC ex-
pected higher with respect to the rest of the operating temperatures but was similar between the 
reactors of 20 and 25 ºC (Figure 1b). The substrate utilization rate of methanogenic microorgan-
isms probably decreased when the temperature increased to 30 °C, while the substrate utilization 
rate of the acidogenic microorganisms increased with the temperature (Chou et al. 2004), result-
ing in the BPR of the reactor of 30 ° C will decrease and be lower to the reactor of 25 °C.
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CONCLUSIONS
The UASB reactors of 20 ºC obtained similar RE and BPR with respect to the reactors 25 and 
30 ºC. This demonstrated that UASB reactor operated at 20 ºC can be efficient without apply-
ing heat for this type of wastewater with OLRappl nearby 6 kg CODs/m3 d.
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Abstract
Nine tests were conducted in order to evaluate the effect of temperature, 
feeding time, NH4

+ and NO2
- concentration, NO2

-/ NH4
+ ratio, heterotrophic 

denitrification and ammonia oxidation on N2O production by anammox-en-
riched granular sludge in a sequencing batch reactor. The results showed 
the heterotrophic denitrification as a greater contributor to N2O production 
in comparison with both NH4

+ oxidation via NH2OH. No differences were 
observed with the variation of temperature, feeding time and NO2

-/ NH4
+ 

ratio. Higher production was measured with the increase of NH4
+ and NO2

- 

concentrations maintaining the NO2
-/ NH4

+ ratio in 1:3. These results may 
support the reduction of N2O production by optimization of operational 
conditions in anammox granular systems.

Keywords
Nitrous oxide; heterotrophic denitrification; anammox; granular sludge; ni-
trogen removal

INTRODUCTION
Studies has showed associations between nitrogen removal in wastewater treatments plants 
(WWTP) and nitrous oxide (N2O) emissions. The concern about this problem has grown since 
N2O is known as a powerful greenhouse gas. Although, N2O is not a final product neither an 
intermediate involved on ammonium oxidation process (Anammox) stoichiometry, authors 
have reported the appearance of this gas on anammox studies. In these cases, N2O produc-
tion has been associated with ammonia oxidizing bacteria (AOB) and heterotrophic denitrifi-
ers microorganisms (HET) often found with anammox bacteria in nitrogen removal systems. 
Even with absence of organic matter in the wastewater, HET’s growth can be supported by 
soluble microbial products from the other bacteria (Liu et al., 2016).     

The main purpose in this study was to verify the dynamics of N2O production in anammox 
biological wastewater treatment in a sequence batch reactor (SBR) in different operational 
conditions. 

MATERIALS AND METHODS
The granular anammox biomass, from a full-scale side stream treatment system in Zurich 
(Switzerland) and was cultivated in SBR reactor with 10 L working volume for 18 months 
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before the tests. SBR was operated with 8 cycles of 180 min per day. Each cycle was divide 
in four phases: filling (30 min), mixing or reaction (120 min), settling (20 min) and decanting 
(10 min). The exchange volume during one cycle was fixed at 25%. The reactor was fed with 
synthetic autotrophic medium as described by Dapena-Mora et al. (2004).

Nine tests were performed, as showed in Table 1, over the period of 10 months. Dissolved 
oxygen (DO) and pH was controlled in the range of 0,08 mg/L to 0,6 mg/L and 7,4 to 7,8, 
respectively. During the test was measured the different nitrogen forms and N2O emissions. 
Concentrations of dissolved N2O in the liquid phase were online measured during the tests 
with a N2O R micro-sensor (Unisense A/S, Denmark) at intervals of 15 seconds.

RESULTS AND DISCUSSION

Table 1. Operational conditions and N2O production results during the batch experiments 

Test 
no.

Feed

Temperature

(OC)

Filling 
Time

(min)

Maximum 
N2O pro-
duction

(mg N/L) Test Objective
NO2

- /NH4
+ 

ratio

NH4
+ 

(mg N/L)

NO2
- 

(mg N/L)
1 1.3 140 182 33.25 ± 0.67 6 1.18

Feeding time influence
2 1.3 140 182 33.66 ± 0.71 30 1.21
3 1.3 140 182 29.78 ± 0.48 30 0.383

Temperature influence
4 1.3 140 182 36.12 ± 0.41 30 0.365
5 1.3 200 260 30.18 ± 1.76 30 0.645 Increased nitrogen 

load under the base 
NO2

- /NH4
+ ratio6 1.7 200 340 30.08 ± 0.23 30 0.648

8 - 0 80 30.13 ± 0.42 30 0.488 NOB influence (Feed-
ing No2

- only) 

9 - 80 0 30.30 ± 0.31 30 0.080 AOB influence (Feed-
ing NH4

+ only)

On the 6-minutes felling time test (test 1), the higher N2O production, 1.2 g N/L, was ob-
served in about 3 min from the beginning of the reaction phase. For 30-minutes felling time 
test (test 2) the same amount was observed, however, after 30 min from the beginning. The 
tests 1 and 2 were performed with 3 times higher mixed liquor volatile suspended solids 
comparing with the other tests, what explains the difference between the tests 2, 3 and 4. 
In the tests 3 and 4 anammox bacteria performed the process with greater rate in higher 
temperature. Although, the maximum N2O production was almost similar in both studied 
temperature, 0.4 mg N/L. N2O concentration increased of 0.365 mg N/L to 0.645mg/L with 
higher nitrogen load by the increase of  NO2

- (182 mg N/L to 260 mg N/L) and NH4
+ (140 

mg N/L to 200 mg N/L)  concentration on the feed medium and same NO2
- /NH4

+ ratio. No 
differences were observed on N2O production with increase of the nitrogen load under the 
base NO2

- /NH4
+ ratio 1.3 to 1.7). However, in the cycle following test 7, still with 1.7 NO2

-/
NH4

+ ratio, was observed accumulation of N2O resulting in 1.29 mg N/L of accumulated pro-
duction. The tests 9 and 8 showed the heterotrophic denitrification as a greater contributor 
to N2O production in comparison with both NH4

+ oxidation via NH2OH.
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CONCLUSION
The proposed experiment allowed to verify that the variation of some operational parame-
ters are linked to the increase in N2O production. These results may be used to optimise the 
operational conditions in anammox systems to minimize the N2O production.
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Abstract
The aim of this work was to develop a tool to assist decision-makers in re-
lation to the use of biogas generated in small-scale anaerobic STPs (up to 
20,000 inhabitants). It considers biogas exploitation paths as a source of 
thermal energy for cooking as well as for heating shower water in the sur-
rounding area of the STP; done in order to analyze its environmental and 
economic viability. It was verified that 5% and 8% of the population served by 
the STP could benefit from the biogas production, assuming the scenarios of 
full utilization of biogas for cooking and shower-water heating, respectively. 
The results of the carbon footprint have shown that the amount of carbon 
dioxide equivalent (CO2e) avoided when replacing liquefied petroleum gas - 
LPG (used for cooking) by biogas is approximately 10 times higher than the 
amount avoided during the electric shower replacement. The evaluations 
regarding the economic viability considered populations of 5,000, 10,000, 
15,000 and 20,000 inhabitants and costs related to the storage, treatment 
and distribution units of biogas. As a source of revenue, the biogas sales val-
ue was defined as 50% of the LPG and kWh average commercial price, yield-
ing a Net Present Value (NPV) above zero on all options considered. Overall, 
the results demonstrate the viability of the biogas-to-energy exploitation, in 
contrast to previous beliefs that indicate biogas burning in flares as the only 
feasible alternative for small-scale STPs.

Keywords
Biogas utilization; energy efficiency; GHG; methane; UASB

INTRODUCTION
Disregarding the high methane (CH4) content and elevated calorific value of the biogas gen-
erated in anaerobic reactors applied to domestic sewage in Brazil, this byproduct is usually 
burned in open flares, where the energetic potential is wasted. Recent research has indicated 
that the small-scale anaerobic-based STPs in Brazil (between 2,000 and 10,000 inhabitants) 
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have an installed capacity to treat the sewage of approximately 1.1 million inhabitants (Arau-
jo, 2017), with a biogas generation potential close to 15,000 m3biogas.d-1, sufficient to sup-
ply around 112 MWh.d-1. Besides the waste of energy due the combustion of biogas, it can 
culminate on the emission of greenhouse gases (GHG), mainly due to the low efficiency of 
the open flares usually used for the destruction of CH4. These facts raise concerns about the 
need to prioritize projects that target gas emission control and biogas-to-energy exploita-
tion. For this purpose, the aim of this work was to develop a tool to assist decision-makers in 
relation to the use of biogas as a source of thermal energy for cooking and heating shower 
water in the surrounding area of the STP, in order to analyze its environmental and economic 
viability.

MATERIAL & METHODS

Based on data reported in the literature and after taking cost surveys and equations obtained 
in several studies carried out by our research group (Chernicharo et al., 2017), a tool called 
GreenSTP was developed in Microsoft Excel. The tool is used to estimate the biogas pro-
duction in anaerobic based STPs, as well as associate the biogas to different uses in the sur-
rounding community (cooking and shower water heating), providing important information 
about: i) the potential for residential service; ii) carbon footprint balance; and iii) economic 
viability considering the costs related to the storage, treatment and distribution units of bio-
gas. The tool includes a database of around 50 coefficients and default parameters, which 
provide the means to perform all the calculus. Some coefficients are related to the specific 
context and can be changed accordingly by the user.

RESULTS AND DISCUSSION
In this work, the tool was used to simulate the following uses of the biogas generated in the 
anaerobic-based STP for: i) cooking purposes; or ii) shower water heating. Considering the 
average number of inhabitants, 3.3 per household in Brazil (IBGE, 2017), it was verified that 
5% and 8% of the population served by the STP could benefit from the biogas production, in 
the scenarios of full utilization of biogas for cooking and shower-water heating, respectively. 
This difference is due to the consumption of biogas per shower session (0.132 m³.d-1.inhab-1 

- Raimo, 2007), being lower than the consumption for cooking (0.198 m³.d-1.inhab-1 - Salazar, 
2014).

The scenario that considers the use of 100% of the thermal energy for cooking presents the 
greatest negative balance (predominance of the amount of CO2e avoided), therefore, it is the 
most environmentally advantageous. The large amount of CO2e emissions avoided is due to 
the high CO2e emission factor for LPG, which corresponds to 1,744.2 kgCO₂e.m-³LPG (USEPA, 
2014), a value 1,090 times greater than the emission factor for burning methane (1.6 kg-
CO₂e.m-³ CH4) (USEPA, 2014).

For the economic viability analysis, a cost survey was carried out which includes investments 
in: gasholders, desulphurization and dehumidification technologies (both partial), compres-
sors, pipeline installation services and respective maintenance costs, to serve populations 
ranging from 5,000 to 20,000 inhabitants. Regarding the revenues which are related to the 
sale of biogas in the replacement of cooking gas and electricity, it was defined as 50% of the 
LPG and kWh average commercial price. The final results (will be shown in the full paper) 
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demonstrated that the biogas-to-energy exploitation system is economically attractive in 
all of the scenarios, and for all of the population ranges, since the present value of the cash 
inflows is higher than the present value of the cash outflows.

This study is of great importance to countries that use anaerobic technology for the treatment 
of domestic sewage. The results demonstrate the viability of the biogas-to-energy exploita-
tion, in contrast to previous beliefs that indicate biogas burning in flares as the only feasible 
alternative for small-scale STPs. Besides the reported environmental and economic benefits, 
the use of biogas for the populations surrounding the STP can have very positive social im-
pacts and also improve the acceptance of the sewage treatment enterprise by neighborhood.
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Abstract
The objective of this work was to evaluate the influence of an alkaline pre-
treatment using NaOH as a strategy to enhance biochemical methane po-
tential (BPM) of grass clippings. BMP of raw grass was 338±52 LN CH4 g SV-1. 
Pretreated grass using NaOH at concentration of 1% and 5% presented an 
increased BMP of 3% and 6%, respectively. Best results were obtained with 
NaOH at concentration of 3% with BMP 35% higher, when compared to the 
raw grass. Besides positive effect on cumulative methane we also observed 
higher hydrolysis rate at concentrations of 1% and 3% due to the organic 
matter solubilization and increased availability of surface area for enzymatic 
action. For NaOH at 5% inhibitions of enzymatic hydrolysis were registered.   

Keywords
Biogas; methane; solid waste; lignin; renewable energy

INTRODUCTION
The lignocellulosic biomass have been standing out among the renewable resources for bio-
gas production (Khor et al., 2014). However, this substrate has a recalcitrant structure that 
may inhibit anaerobic digestion (Singh et al., 2015). Several types of pretreatments have 
been applied to break down its lignocellulose content and increase methane potential (Rabe-
manolontsoa et al., 2015). The objective of this work was to evaluate the influence of an 
alkaline pretreatment as a strategy to enhance biochemical methane potential (BMP) of grass 
clippings.  

MATERIAL AND METHODS
Substrate and pre-treatment
The grass clippings used as substrate were composed by (Panium maximum, Zoysia japôni-
ca e Axonopus compressus). The samples were collected at Itaipu Technological Park (Foz 
do Iguaçu, Parana, Brazil), dried at 60 oC and grinded to particle size under 2 mm. For the 
pre-treatment 180 mL of NaOH at concentrations of 1% (T1), 3% (T2) and 5% (T3) were add-
ed to 23.4 g of dried biomass and the mixture was kept in room temperature for 12 hours. 
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Distilled water was used as control. 
 
Biochemical methane potential assay
The inoculum used in the bioassay was composed by a mixture of animal manure and diges-
tates acclimatized and degassed as described in Edwiges et al., (2017). Total solids (TS) and 
volatile solids (VS) of inoculum (APHA, 2006) was 8% and 65% TS, respectively. Pretreated 
biomass was added to batch bottles with 200 mL working volume and the experiment were 
kept during 30 days (VDI 4630, 2006). Biogas were corrected into dried gas at Standard 
Temperature and Pressure and methane content was measured through gas chromatography 
(Clarus 680, Perkin Elmer).

RESULTS AND DISCUSSION
Grass clippings presented TS 91.2 % and VS 84,2 %. The BMP of grass clippings without al-
kaline pretreatment (control) was 338 ± 52 LN CH4 g SV-1. Nitsche et al. (2017) found similar 
value of 292 LN CH4 g SV-1. The pretreated grass with NaOH at concentrations of 1% and 
3% showed BMP of 349 ± 28 LN CH4 g SV-1 and 359 ± 29 LN CH4 g SV-1, which represents an 
increased potential of 3% and 6%, respectively. However, NaOH (1%) also showed positive 
effect on enzymatic hydrolysis, as the daily methane production was higher in the first days. 
The opposite effect was observed for NaOH (5%), which was responsible for inhibitions of 
hydrolysis (Figure 1). For NaOH (3%) positive effect on both hydrolysis rate and cumulative 
methane was observed, due to the organic matter solubilization and increased availability 
of surface area for enzymatic action. BMP of this pretreatment was 458 ± 8 LN CH4 g SV-1, 
which represents an improvement of about 35% when compared to the raw material.

Figura 1. Cummulative methane production for the raw and pretreated grass clippings 
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CONCLUSIONS
The alkaline pre-treatment of lignocellulosic biomass using NaOH shows positive effect on 
the methane potential and hydrolysis rate. Best results are obtained when concentrations of 
3% is used, with BMP increased up to 35%. At concentrations of 1% or 5% no substantial 
effect is observed and, in addition, possible inhibition of hydrolysis rate can occur. For indus-
trial scale, further investigations considering the time of pretreatment and different particle 
size of substrate may be developed to provide more detailed data about the pretreatment 
potential. 
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Abstract
Given the presence of azithromycin in the waters used for irrigation of crops 
in the area of La Ramada (Colombia), and taking into account the efficiency 
of antibiotic removal by means of anaerobic biological treatments; in the 
present investigation we evaluated the anaerobic biodegradability of this 
antibiotic. The azithromycin was dissolved in a synthetic substrate (0.57 mg 
/ L) and was degraded using as inoculum two types of sludge; granular and 
flocculent. The production of methane for the granular sludge was close to 
7000 mg / L of CODCH4, while for the flocculent sludge the methane produc-
tion did not exceed 2000 mg / L of CODCH4. The percentage of inhibition of 
the granular sludge was 44%, while for the flocculent sludge was 31%. The 
synthetic wastewater was highly degraded with both sludges: 92% for gran-
ular and 90% for flocculent.

Keywords
Azithromycin; Anaerobic degradation; La Ramada; methane production; 
synthetic water

INTRODUCTION

In the last few years worldwide concern has been growing about the presence of emerging 
pollutants in superficial waters, where these pollutants interact with the environment.  Sever-
al studies show the effects of the presence of these emerging pollutants on the environment; 
for example, they have pointed their effects on the river fishes due the exposition to antide-
pressants, which causes alterations in their behaviour due to the accumulation of these kind 
of compounds in the brain, liver, and muscles. Furthermore, these effects on behaviour and 
physiology have also been observed in insects, aquatic plants, and algae; alongside with the 
development of antibiotic resistance in bacteria. (Fernández-Lópeza, 2016).

The towns of Mosquera, Funza, Madrid, Tenjo, Cota y Bojacá are the principal suppliers of 
vegetables for Bogota. These municipalities use irrigation water coming of La Ramada. Its 
hydraulic operation is based on the capture of water from the Bogotá River at the mouth of 
the Chicú River. Hernández and collaborators (2015), made a study to establish the presence 
of these kind of pollutants in La Ramada. In that study they identified more than 10 emerging 
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pollutants associated with pharmaceutical products in the waters used to irrigate crops of 
short-stemmed vegetables, such as acetaminophen, carbamazepine, losartan, and clarithro-
mycin, among others. Subsequently, a second study was conducted in the area, finding azi-
thromycin, ciprofloxacin, and losartan, with average concentrations of 2300, 1120, and 422 
ng / L respectively (unpublished results). 

MATERIALS AND METHODS

Considering that azithromycin was the antibiotic with the higher concentration in the water 
at La Ramada and the studies reporting the high efficiency of antibiotic removal by means 
of anaerobic biological treatments, the present investigation seeks to evaluate the anaerobic 
biodegradability of azithromycin dissolved in a synthetic substrate using as inoculum two 
types of sludge; granular from a dairy production plant, and flocculent from a wastewater 
treatment biodigester (Salitre, Bogotá).

Azithromycin is an antibiotic that belongs to the family of macrolides, resulting from the 
alteration through synthetic processes of erythromycin, the first antibiotic of this family dat-
ing from the fifties. Its molecular formula is C38H72N2O12. This pharmaceutical product is 
eliminated mainly in feces without variations in its composition, while urinary elimination is 
minimal (Zuckerman J, 2009)

The study includes the assembly of the methanogenic activity assay and anaerobic biode-
gradability, for each sludge, for a period of 39 days, based on the methodology proposed by 
Díaz-Báez (2002). These two assays were run simultaneously to determine if there was inhi-
bition in methane production due to the presence of azithromycin in the synthetic wastewa-
ter, whose carbon source was provided by a base medium composed of glucose and glutamic 
acid. Likewise, the biodegradability percentage and the removal efficiency of azithromycin 
for each sludge were determined. 

RESULTS

It was observed that the production of methane for granular sludge was close to 7000 mg / L 
of CODCH4, while for the flocculent sludge the methane production did not exceed 2000 mg 
/ L of CODCH4. On the other hand, the effect of incorporating azithromycin in the synthetic 
wastewater was evaluated; noticing that in both sludges methane production was inhibited. 
In this case, the flocculent sludge responded better to the antibiotic, since the percentage of 
inhibition was 31%, compared with 44% for the granular sludge. This result can be explained 
taking into account the origin of the sludge. As the flocculent sludge comes from a waste-
water treatment plant, it is possible that the microorganisms were adapted to azithromycin. 
In the study conducted by (Sanz J.L, 1996) , where he evaluated the percentage of inhibition 
of tylosin and erythromycin, both antibiotics belonging to the group of macrolides, he found 
that tylosin inhibited methane production by 35% for a concentration of 25 mg / L of antibi-
otic, while the Erythromycin had no influence on methane production, even at high concen-
trations (250 mg / L). Taking into account the above and the results obtained in the present 
study, it was concluded that the percentages of inhibition obtained were high, although the 
concentration of azithromycin used was relatively low (0.57 mg / L).
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As for the percentages of biodegradability of the synthetic wastewater, these were quite 
close for the two sludges, having a biodegradability of 92% for the granular sludge and 90% 
for the flocculent sludge. Both results indicate that the residue is highly biodegradable under 
anaerobic conditions. A better adaptation of the microorganisms of the granular sludge with 
respect to those of the flocculent sludge was observed, since the production of methane, the 
percentage of biodegradability, and the rate of biodegradability, were always greater for the 
granular sludge.
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Abstract
The biotransformation of two halogenated and recalcitrant compounds, io-
promide (IOP) and 3-chloronitrobenzene (3-CNB) was tested under anaero-
bic conditions by methanogenic sludge loaded with biogenic Pd(0) catalyst. 
The results obtained revealed three main findings for the biotransformation 
of 3-CNB and IOP: (i) no differences in kinetics or percentage removal of 
total 3-CNB concentration were found in controls experiments (only metha-
nogenic sludge) as compared with the methanogenic sludge loaded with the 
biogenic catalyst; (ii) important differences in biotransformation products 
were found, 3-CNB was completely converted to aniline in experiments with 
Pd(0) catalyst indicating the reduction of the nitro group and dehalogenation 
and (iii) higher removal percentages of IOP were obtained by methanogenic 
sludge loaded with biogenic Pd(0) catalyst (more than 80%) compared to 
control reactor (only 55% removal). HPLC-MS analysis allowed to elucidate 
the biodegradation pathway of both contaminants. The results indicated 
that recalcitrant halogenated compounds can be transformed under anaero-
bic conditions by means of sludge loaded with biogenic Pd(0) catalyst.

Keywords
Halogenated recalcitrant compound, biocatalyst, nanoparticle, anaerobic, 
methanogenic sludge

INTRODUCTION
The increasing demand of precious metals used in several industrial processes have urged 
the exploration of different methods to achieve metal recovery. 
Palladium (Pd) is specially demanded because of its catalytic activity necessary for the devel-
opment of different reactions (Kielhorn et al., 2002; Melber et al., 2002).
Among the methods used for metal recovery, biological techniques have emerged to offer an 
efficient alternative from the use of pure cultures to consortia. For Pd, it has been demon-
strated that pure cultures of bacteria can reduce Pd(II) to Pd(0) (Creamer et al., 2006; De 
Windt et al., 2005; Lloyd et al., 1998; Mikheenko et al., 2008; Pat-Espadas et al., 2013). Con-
tinuous processes in bioreactors using anaerobic sludge are currently being explored. This 
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study presents the results obtained in UASB reactors including the Pd(II) reduction and the 
use of this biogenic catalyst in synergic action to degrade the model compounds 3-chloro-ni-
trobenzene (3-CNB) and iopromide (IOP).  

METHODS
Anaerobic granular sludge
The anaerobic granular sludge was obtained from a full-scale upflow anaerobic sludge blan-
ket (UASB) reactor treating brewery wastewater (Mexico). The volatile suspended solids 
(VSS) was 6.15% of the wet weight. 
Continuous-flow bioreactors 
Two laboratory-scale UASB reactors (volume= 160 mL) were inoculated with 10 g VSS 
L-1 of anaerobic granular sludge. The reactors were continuously fed with a mineral medi-
um at pH-7.20 containing (g L-1): NaHCO3 (2.5), K2HPO4 (0.25), MgCl2·6H2O (0.2), NH4Cl 
(0.1), CaCl2·2H2O (0.01), yeast extract (0.01), and 0.25 mL L-1 of a trace elements solu-
tion that contained (mg L-1) H3BO3 (50), FeCl2·4H2O (2000), ZnCl2 (50), MnCl2·4H2O (50), 
(NH4)6Mo7O24·4H2O (50), AlCl3·6H2O (90), CoCl2·6H2O (2000), NiCl2·6H2O (50), CuCl2·2H2O 
(30), NaSeO3·5H2O (100), EDTA (1000), and HCl (1 mL L-1). The reactors were run at room 
temperature (21±2°C) and covered with aluminum foil to prevent photodegradation of the 
tested contaminants. During the first 30 days the influent of both reactors was supplement-
ed with ethanol (0.14 g chemical oxygen demand (COD) L-1) until 100% removal of COD was 
achieved. The reactors performance was monitored by measuring the pH value and COD in 
influent and effluent. 
Enrichment of anaerobic granular sludge with Pd(0) 
After the adaption period (30 days) the influent of one reactor (R-2) was supplemented with 
Na2PdCl4 to give a concentration of 3 mg Pd(II) L-1, as described by Pat-Espadas et al.,2015. 
The other reactor was fed with ethanol without addition of Pd(II) and it was considered as 
the control reactor (R-1).
Continuous biodegradation of iopromide and 3-chloronitrobenzene in UASB reactors 
Influent of the UASB reactors (R-1 and R-2) was supplemented with ethanol and 3-chloroni-
trobenzene or iopromide depending on the period of operation.
When 3-CNB was supplied to the influent of both reactors, experiments were performed in 
three periods. Concentrations of 3-CNB and ethanol supplied in each period correspond to: 
0.1 mM of 3-CNB and 0.14 g ethanol-COD L-1 in period 1 (20 days), 0.3 mM of 3-CNB and 
0.24 g ethanol-COD L-1 in period 2 (14 days) and 0.3 mM of 3-CNB and no COD as ethanol 
added in period 3 (3 days). 
After these periods of time the influent was supplemented just with ethanol for 10 days 
until 100% of COD removal remained constant to ensure optimum microbial activity. Sub-
sequently iopromide and ethanol were supplied in the influent of both reactors for 22 days 
at concentration of 0.200 mg L-1 and 0.14 g COD L-1, respectively. Samples were taken from 
both bioreactors at selected time to analyze IOP and its transformations products as well as 
COD in influent and effluent. 
Analytical techniques 
The concentration of 3-CNB was measured spectrophotometrically at 265 nm. The con-
centration of 3-chloroaniline (3CA) and aniline was measured by high-performance liquid 
chromatography (HPLC).  IOP concentration was measured by HPLC detected at 25°C at 
wavelength of 280 nm with an Agilent Technologies diode array detector. Identification of 
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transformation products was performed in a Varian® 500-MS ion trap mass spectrometer, 
electrospray ionization with voltage of 90V and mass-to-charge (m/z) range of 100 to 1500 
m/z.

RESULTS
Methanogenic sludge loading with Pd(0)
In order to obtain biomass loaded with Pd(0) two UASB reactor (160-mL)  were inoculated 
with 10 g VSS/L of methanogenic granular sludge originated from a full-scale UASB reactor 
treating effluents from a brewery factory and ethanol was added as electron donor and car-
bon source. One of the reactors was fed with 3 mg Pd/L, as Na2PdCl4, named R2, to promote 
Pd(0) production. The other reactor remained as a control (R1), not exposed to Pd(II). 
Results indicated that in R2 there was a complete removal of Pd(II) during the period of op-
eration (20 days) and X-ray diffraction analysis confirmed the nature of Pd(0). SEM images 
showed that Pd(0) was retained in the granular sludge.  
Biotransformation of 3-CNB and IOP 
Batch incubations and UASB reactors were used to evaluate the biotransformation of two 
halogenated compounds, 3-CNB and IOP.
Results regarding 3-CNB demonstrated that 95% of 3-CNB (for an initial concentration of 
0.1 mM) fed to both reactors was removed, however batch experiments incubated for 48 h 
demonstrated that Pd-enriched sludge was able to completely convert 3-CNB to aniline. In 
contrast, the control (not exposed to Pd(II)) only yield 3-chloro-aniline as biotransformation 
product. Hence, the biomass loaded with Pd(0) is able to promote the reduction of the nitro 
group and dehalogenation while the methanogenic sludge is only capable to promote the 
reduction of the nitro group.
In the case of IOP, the UASB reactors with the Pd(0)-enriched consortium operated at HRT 
of 8 h were able to remove more than 80% of iopromide while only 55% removal occurred 
in the control UASB reactor. Batch experiments showed that iopromide was completely re-
moved by the Pd-enriched sludge after 150 h of incubation, whereas sludge incubations 
without Pd(0) NP needed 300 h to completely remove this contaminant. 
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Abstract
Two strategies for the development of granular sludge in upflow anaerobic 
sludge blanket reactors (UASB) when treating wastewater polluted with the 
organic solvents ethanol, ethyl acetate and 1-ethoxy-2-propanol (E2P) were 
evaluated. The first strategy consisted in discontinuous chitosan addition 
to two UASB reactors fed in an intermittent pattern of 16 h/day during 7 
days/week, in order to simulate night shutdown periods and discontinuous 
operation related to work shifts at industrial facilities. The second strategy 
consisted in adding polyvinyl alcohol (PVA)-gel beads to evaluate their effec-
tiveness as bio-carriers for granules formation in an UASB reactor operat-
ed with continuous supply of a wastewater polluted with the same organic 
solvents. In the chitosan assisted reactors, a percentage of granules greater 
than 50% was achieved in the first three weeks of operation. However, the 
intermittent operation affected the stability of the granules developed. PVA-
gel beads showed a positive effect in granulation. The UASB added with 
PVA-gel beads achieved a percentage of granules of 65.3% after 100 days 
of operation. Granulation allowed the application of organic loading rates 
(OLR) that fits well in the feasibility range for practical application of UASB 
systems, with 13 kg COD m-3 d-1 for the reactors operating at intermittent 
organic supply, and 15 kg COD m-3 d-1 for the reactor operating at continu-
ous organic supply.

Keywords
Granulation; solvents, intermittent feeding; chitosan; PVA-gel

INTRODUCTION
UASB is a well-established wastewater treatment system that relies on the formation of 
granular sludge for successfully operation (Hulshoff Pol et al., 2004). Although it has been 
applied for the treatment of solvent-polluted wastewater, there are scarce studies evaluating 
granulation process with this kind of organic substrate; instead, disintegration of granules in 
UASB fed with organic solvents has been observed (Lafita et al., 2015). This study aims to 
evaluate two strategies to promote granulation in UASB reactors treating solvent-polluted 
wastewater operating with discontinuous and continuous feeding: the addition of chitosan 
and the addition of PVA-gel beads.
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MATERIALS AND METHODS
Effect of chitosan was tested in two UASB reactors, RUASB1 and RUASB2, operating at an inter-
mittent pattern of organic supply of 16 h/day during 7 days/week. The liquid upflow velocity 
(Vup) of the reactor RUASB1 was adjusted to 3 m h-1 by recirculation, while RUASB2 was operated 
without recirculation stream. A dose of 8.0 mg of chitosan g VSS-1 was added to both reactors 
on days 0, 7, 14, 21 and 43 of a total period of 97 days. A third UASB reactor (RPVA) was as-
sisted with PVA-gel beads at the beginning of the experiment and operated with continuous 
organic supply during 100 days. Reactors were inoculated with digested sludge and fed with 
a synthetic wastewater polluted with ethanol, ethyl acetate and 1-ethoxy-2-propanol in a 
mass ratio of 7:2:1 at room temperature (23.0±1.4 °C).

RESULTS AND DISCUSSION
The mean particle diameter and the percentage of granules (particles with a diameter greater 
than 300 µm) of the reactors operating with intermittent organic supply and chitosan addi-
tion are shown in Table 1. Chitosan improved the granulation in both reactors during the first 
three weeks of operation. However, after the dose applied on day 21, biomass flotation and 
washout were observed. Then, the polymer addition was suspended, and on day 42 the size 
and the percentage of granules decreased, suggesting that granulation enhancement trig-
gered by the polymer was affected by intermittent operation. On day 43 a last chitosan dose 
was added and fluctuation in granules percentage was observed again. Anyway, at the final 
of the study, the percentage of granules was increased. The reactor operating with higher Vup 
(RUASB1) showed a lower percentage of granules and lower mean particle diameter, indicating 
that so high hydraulic stress was detrimental.
Table 1. Mean particle diameter and percentage of granules in the reactors operated under intermit-
tent loading rate and assisted with chitosan. 

 RUASB1 RUASB2  RUASB1 RUASB2

Operational day Mean particle diameter (µm)  % Granules
0 85.3 85.3 5.7 5.7

21 353.6 474.8 51.9 62.6
42 238.1 186.8 31.6 21.8
61 307.2 464.9 46.3 72.4
82 224.2 312.0 29.5 41.4
97 385.8 562.1  52.2 71.1

Regarding the reactor RPVA, the percentage of granules considerably increased from 5.7 to 
65.3% after 100 days of operation with a mean particle diameter of 386.5 µm. 

The maximum (OLR) applied to the reactors RUASB1 and RUASB2 was 13 kg COD m-3 d-1 with COD 
removal efficiencies up to 93% in both reactors and methane yields up to 0.24 and 0.25 
Nm3 CH4 kg CODremoved

-1
, respectively. The maximum OLR applied to the reactor RPVA was 

15 kg COD m-3 d-1 with removal efficiency up to 93% and a methane yield of 0.33 Nm3 CH4 
kg CODremoved

-1. The OLR applied fits well in the feasibility range for a practical application 
of UASB systems (Rittmann and McCarty, 2001). Significant differences were not observed 
in the performance of the reactors operating at intermittent loading, both achieving similar 
removal efficiencies and similar methane yields. However, methane yield values were con-
siderably lower than that of the reactor RPVA, which was closer to the stoichiometric value 
operating with continuous organic feeding.
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CONCLUSIONS
Results showed that chitosan addition to UASB reactors when treating solvent-polluted 
wastewater in an intermittent pattern triggered the development of granules in just three 
weeks; however, intermittent operation induced to the instability of the granules. PVA-gel 
beads also promote granulation showing a positive effect as bio-carries. Further investigation 
about physicochemical characteristics of the granules developed would provide more insight about 
their quality.
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Abstract
Anaerobic bioscrubber has been shown as a feasible technology to treat vol-
atile organic compounds (VOCs) air emissions from printing facilities, where 
a mixture of solvents (ethanol and glycol ethers among others) are frequently 
used. The aim of this study is to investigate the possible influence of ethanol 
in the anaerobic degradation of glycol ethers acting as a co-substrate in an 
expanded granular sludge bed (EGSB) reactor. The EGSB reactor had a sta-
ble performance when ethanol was present in the mixtures of solvents. The 
total removal efficiency (REtotal) was higher than 98% with an organic loading 
rate of 40 g COD L-1d-1 using only ethanol. However, REtotal decreased slight-
ly in each stage, when ethanol was progressively replaced by glycol ethers, 
down to a REtotal of 83% working with only glycol ethers. A stable methane 
yield production of 0.30 ± 0.04 L CH4 g CODdegraded

-1 was obtained. Besides, 
an adaptation period of 22 days was needed to achieve the maximum re-
moval efficiencies of glycol ethers. Furthermore, intermediate compounds 
of their degradation (acetone, isopropanol and methanol) were detected in 
the effluent of the reactor. Removal efficiency of glycol ethers were constant 
close to their maximum values along all the experimental period (100% for 
1-methoxy-2-propanol and 72% for 1-ethoxy-2-propanol), but when etha-
nol was not present in the influent a partial degranulation of the sludge was 
observed. The results pointed out that there was no influence of the ethanol 
proportion in the degradation of glycol ethers, but ethanol seems essential 
to maintain the granular structure of biomass.  

Keywords
Anaerobic degradation; EGSB; glycol ethers; solvents; VOCs

INTRODUCTION
Volatile organic compounds (VOCs) emissions into the atmosphere can successfully be 
treated with  anaerobic bioscrubber, where solvents are transferred to water and then de-
graded in an expanded granular sludge bed (EGSB) reactor (Bravo et al., 2017)ethyl ace-
tate, and 1-ethoxy-2-propanol as main pollutants, with airflows ranging between 184 and 
1253\u00a0m3\u00a0h\u22121and an average concentration of 1126\u00a0\u00b1\
u00a0470\u00a0mg-C Nm\u22123. Three scrubber configurations (cross-flow and verti-
cal-flow packings and spray tower. This technology can be used in flexographic facilities, 
where the emissions are characterized by the presence of ethanol as a major pollutant with 
other minor solvents as glycol ethers as 1-methoxy-2-propanol (M2P) and 1-ethoxy-2-pro-
panol (E2P). However, although the anaerobic degradation of ethanol is widely studied, there 
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is a lack of information about the anaerobic degradation of glycol ethers and the possible 
influence of a co-substrate as ethanol in their degradation.

MATERIALS AND METHODS
To investigate this, an experiment was carried out in an EGSB reactor with an effective vol-
ume of 4 L working at 25°C, and it was divided in 8 stages. Operational conditions of each 
stage can be observed in Table 1. 

Table 1. Influent composition and OLR used in each stage.
Stage I II III IV V VI VII VIII

Time (days) 0-4 5-11 12-18 19-50 51-67 68-74 75-85 86-88
Ethanol: M2P: E2P* 10:0:0 10:0:0 10:0:0 8:1:1 7:1.5:1.5 5:2.5:2.5 2:4:4 0:5:5
OLR (g DQO L-1 d-1) 15.00 32.83 40.05 41.01 45.01 39.00 47.16 44.05

*Mass ratio

RESULTS AND DISCUSSION
The start-up of the reactor was carried out during the first 3 stages through a progressive 
increase of the organic loading rate (OLR) until 40 g chemical oxygen demand (COD) L-1 
d-1, with total removal efficiencies (REtotal) higher than 98%. Then, glycol ethers were intro-
duced (stage IV – VIII) to the influent keeping constant the total OLR during the rest of the 
experiment and the REtotal dropped immediately to 83%, but after an acclimation period of 
22 days a high REtotal was recovered (>93%). During this acclimatation period, intermediate 
compounds (acetone, methanol and isopropanol) were detected in the effluent. This fact can 
give valuable information about the hypothesis of anaerobic mechanism of degradation of 
glycol ethers. When the proportion of ethanol gradually diminished, REtotal decreased while 
RE of glycol ethers kept constant, independent of proportion mixtures, close to their max-
imum values (100% for ethanol and M2P and 72% for E2P). Furthermore, in the last stage, 
when a binary mixture of M2P and E2P was used in the influent, a partial degranulation of 
the granular sludge was observed, indicating that ethanol could be a necessary substrate to 
maintain the granular structure of the biomass and avoid operational problems occasioned 
by the degranulation such as wash out of biomass. Respect to the methane yield production, 
it was obtained an average of 0.30 ± 0.04 L CH4 g CODdegraded

-1 independent of the influent 
composition.  This value is similar to that obtained in previous studies (Ferrero et al., 2018). 
Suspended solids (SS) in the effluent were constant and close to 50 mg SS L-1 except one day 
when a higher value (>200 mg L-1) was registered due to a flotation episode of biomass.  Sol-
ids concentration inside the reactor were increasing along the experimental period, yielding 
a biomass production of 0.015 g COD of biomass produced g CODdegraded

-1. Besides, a specific 
methanogenic activity (SMA) study was carried out with the sludge of the inoculum and the 
both types of final biomass (granulated and degranulated), and with ethanol and a mixture of 
ethanol, M2P and E2P in a mass ratio 2:4:4. The results of the SMA study revealed that both 
ethanol and the mixture of solvents showed faster degradation with the final granulated 
biomass, indicating that the intimate connections between microorganisms occurring in the 
granules favoured the solvents degradation. Besides, the inoculum biomass presented a low-
er activity with the ternary mixture than final biomass (granulated and degranulated), which 
point out that biomass needed an adaptation period to degraded glycol ethers. 
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CONCLUSIONS
Under the tested conditions ethanol do not showed influence, as co-substrate, in the perfor-
mance of anaerobic degradation of M2P and E2P in and EGSB. However, it seems to have an 
important role maintaining the granular structure and integrity as could be observed when 
it was not present in the influent. From the intermediate compounds detected, it seems that 
both glycol ethers could be degraded by the same mechanism, but their maximum RE were 
different (100% for M2P and 72% for E2P). Besides, granular structure of sludge favoured 
the anaerobic degradation of solvents while the initial biomass needed an adaptation period 
to degrade glycol ethers.
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Abstract
This study assessed the processing of sugarcane vinasse to obtain value-add-
ed biohydrogen (H2) and volatile fatty acids (VFA) by dark fermentation in 
batch systems. The effects of initial pH (4.5-7.5), temperature (40-60oC) and 
three types of sugarcane vinasses were assessed through a 33 Box Behnken 
factorial design. The results indicated that the effect of initial pH and vinasse 
type was similar for both H2 and VFA production. However, enhanced VFA 
production was observed at mesophilic temperature range, whereas ther-
mophilic temperature conditions favored H2 production.

Keywords
Hydrogen, volatile fatty acids, anaerobic digestion, sugarcane vinasse

INTRODUCTION

Sugarcane vinasse is the main wastewater from ethanol industry. Historically, vinasse has 
been considered an undesirable byproduct of ethanol distillation and still remain in many 
producing countries, as wastewater that generates secondary effects such as the contam-
ination of rivers, groundwater sources and seas. One of the alternative treatments of this 
wastewater is the application of anaerobic digestion, with the consequent production of H2 
and VFA as intermediates and biogas as final product (Khan et al., 2016). 

MATERIALS & METHODS

Acidogenic bacteria as inoculum from the treatment of sugarcane vinasse in structured fixed 
bed reactors was used. Concentrated sugarcane vinasse (VC) and two types of fresh sugar-
cane vinasses (called V1 and V2) were used. Treatments were carried out in 500 mL flasks 
with 200 mL of work volume in shakers at 130 rpm with control of the temperature and ini-
tial pH (Table 1). Culture media were prepared by diluting vinasse up to a COD of 10 g/L and 
the monitoring was made during periods of seven days. pH and COD were measured accord-
ing to the Standard Methods (APHA, AWWA, WEF, 2005). Biogas composition (H2, CH4 and 
CO2) was monitored by GC-TCD (Perna et al. (2013)). Experiments were carried out using a 
33 Box Behnken factorial design (Table 1) and the obtained data were statistically analyzed 
using Stagraphics Centurion version 15.
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RESULTS AND DISCUSSION
The results of the runs of the factorial design are shown in Table 1. The relationship between 
the independent variables, i.e., pH (X1), temperature (X2) and vinasse type (X3) were estab-
lished according to the quadratic models of Equation 1 and Equation 2. The linear regression 
models that described the correlation between the independent variables and H2 and VFA 
concentrations presented R2 values of 0.9433 and 0.9358, respectively; suggesting R2 values 
were acceptable for the models proposed and a good fitted between the experimental re-
sults and the model equations.

Table 1. Box Behnken design of the variables and results of the hydrogen concentration (c(H2)) at 48 h 
(maximum concentration) and final hour of the fermentation and volatile fatty acids (VFA) concentra-
tion at 168 h of fermentation, in which * were the center point of design (with three repetitions) and 
the time at which the H2 maximum concentration was reached after 48 h were placed in parentheses.

Run pH
(X1)

Temperature
(oC) (X2)

Vinasse
(X3)

c(H2) 48h ; final hour (mmol/L) c(VFA)
(mg/L)

C1 4.5 50 VC 0 ; 0 50
C2 4.5 50 V1 0 ; 0 360
C3 4.5 40 V2 0 ; 6.75 363
C4 7.5 40 V2 7.52 ; 0.25 3227
C5 7.5 50 VC 2.58 ; 0 526
C6 6.0 40 VC 1.79 ; 0.47 154
C7 7.5 50 V2 8.44 ; 0 1143
C8 4.5 60 V2 0 ; 0 1146
C9 6.0 60 V1 0 (9.27; 92h) ; 0 87

C10 7.5 60 V2 13.04 ; 0 423
C11 6.0 40 V1 2.60 ; 0.54 3462
C12* 6.0 50 V2 0 (2.00; 120h) ; 0 744
C13* 6.0 50 V2 0 (2.02; 120h) ; 0.11 457
C14* 6.0 50 V2 0 (1.24; 120h) ; 0 637
C15 6.0 60 VC 0.64 ; 0 182

c(H2)= 106.098 – 10.766*X1 – 2.908*X2 – 12.596*X3 + 0.570*X1^2 + 0.092*X1*X2 + 
0.977*X1*X2 + 0.021*X2^2 + 0.196*X2*X3 – 0.282*X3^2          Equa-
tion (1)
c(VFA)= -9505.42 + 2568.81*X1 – 102.585*X2 + 5286.62*X3 + 50.1226*X1^2 – 59.7807*X1*X2 
+ 51.0567*X1*X3 + 5.64246*X2^2 – 85.0455*X2*X3 – 205.769*X3^2        Equation (2)
Methane was not detected in any of the studied conditions. To optimize H2 concentration, 
the program proposed an initial pH of 7.49 and a temperature of 60oC. In case of VFA opti-
mization, the program proposed an initial pH of 7.38 and temperature of 40oC. In both cases 
vinasse V1 was proposed as the best substrate.
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CONCLUSIONS

H2 and VFA production via dark fermentation were favored at an initial pH of 7.4-7.5 using 
vinasse V1 as substrate. However, VFA production was favored at 40oC, whereas H2 pro-
duction peaked in the thermophilic range (50-60oC). The inoculum of acidogenic bacteria 
allowed simultaneous production of VFA and H2. 
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Abstract
Hydrothermal liquefaction (HTL) is a process that converts wet biomass into 
biofuels, more specifically bio-crude oil. Nevertheless, along with this pro-
cess, a wastewater is generated rich in nutrients and organic matter content, 
yet still high toxic potential. The anaerobic digestion of post hidrothermal 
liquefaction wastewater from HTL of Spirulina, were evaluated using bio-
stimulated sludge as a strategy to optimize the anaerobic degradation. The 
biostimulation was conducted in a sequential batch reactor fed with an or-
ganic acids and methanol solution aiming the development of acetogenic 
and methanogenic microrganisms. Two BMP assays were performed, one 
with biostimulated sludge and another with non-biostimulated sludge. Bio-
stimulated sludge was able to reach higher methane yields at higher organic 
matter concentrations (12 and 16 g.L-1) to the non-biostimulated sludge (8 
g.L-1) and presented a lower degree of inhibition under the inhibitory condi-
tions tested.

Keywords
Anaerobic digestion, toxic wastewaters, hydrothermal liquefaction, biostimula-
tion

INTRODUCTION
HTL is a thermochemical process where the biodegradable solid fraction of wastes can be 
converted into bio-crude oil (BCO) that can be used as a biofuel. The algae and cyanobacte-
ria are feedstocks specially suitable to obtain BCO through HTL (Tian et al., 2014). The post 
hidrothermal liquefaction wastewater (PHWW) is rich in nutrients and organic compounds, 
also containing a large amount of toxic compounds. The anaerobic degradation of PHWW 
has been studied since 2011 (Zhou, 2011). The association of HTL and anaerobic digestion 
processes is an interesting arrangement since it can generate two different biofuels (BCO 
and biogas). However, low conversion efficiencies of organic matter into methane have been 
obtained, added to the need for high dilution rates and high reaction times (Tommaso et al., 
2015; Zhou et al., 2015; Zheng et al., 2017)  The effective functioning of biological treatment 
systems highly depends on the microorganisms that carry out the process, and microbial 
degradation of contaminants can be enhanced using biostimulation. The aim of this work 
was to study the effect of biostimulation of an anaerobic microbial consortium on the anaer-
obic biodegradability of PHWW through kinetic parameter inference.
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MATERIALS AND METHODS
Inoculum and Biostimulation process
The inoculum used was composed of anaerobic granular sludges from three different UASB 
reactors. Specific methanogenic activity assays (Aquino et al., 2007), solid analysis (APHA, 
1998) and optical microscopy analysis were performed to evaluate the sludge before and after 
the biostimulation. A reactor flask (5L), operated in sequential batch in strict anaerobic con-
ditions, were fed with a solution of acetate, propionate, valerate and methanol (40:20:20:20) 
with 5 g COD/L to favor the propagation of acetogenic and methanogenic microorganisms, 
and bovine serum with 2 g COD/L as the nitrogen source. Macro and micronutrients solu-
tions were added according to Zehnder et al. (1980). Sodium bicarbonate was used to adjust 
pH values. The cycle times were 48 h and the process was conducted for 5 months. 
Post Hidrothermal Liquefaction Wastewater and BMP assays
The PHWW used was generated from the HTL of Spirulina according to Vardon et al., 2011 

and presented  162 g COD/L. BMP assays were assembled according to Angelidaki et al. 
(2009) with initial organic matter concentration ranging from 2 to 48 g.L-1. The cumulative 
methane production curves were fitted by a modified Gompertz model as previously done 
by Zheng et al. (2017). 

RESULTS AND DISCUSSIONS
The non-biostimulated sludge had 68.5224 g VTS.L-1 and specific methanogenic activity of 
0.0351 g COD-CH4. (g VTS.h) -1. After biostimulation the sludge presented 66.4212 g VTS.L-1 
and specific methanogenic activity of 0.0863 g COD-CH4. (g VTS.h) -1. In the optical micros-
copy analysis, a great diversity was detected in the microbial population of both sludges. 
However, the biostimulation process provided the growth of various microorganisms, in-
cluding the remarkable presence of fluorescent bacilli and similar morphologies of Methano-
saeta sp. In the BMP assay performed with the non-biostimulated sludge the higher rate of 
methane production (0.03 mmol.h-1) was observed with initial organic matter concentration 
of 8 g.L-1, and the lower speed of methane production were obtained when initial organic 
matter concentration were equal or higher than 16 g.L-1.  In the BMP assay performed after 
the biostimulation of the sludge, the highest production speeds (0.03 and 0.07 mmol.h-1) 
were observed in the organic matter concentrations of 12 g.L-1 and 16 g.L-1, respectively. The 
presence of numerous fluorescent bacilli (hydrogenotrophic archaes), may have contributed 
to the maintenance of low hydrogen partial pressure in the process, favouring the action of 
the acetanogenic microorganisms, thus reducing the intensity of the inhibition in higher or-
ganic matter concentrations. 

CONCLUSIONS
The biostimulation of the microbial consortium with a VFA and methanol solution seemed to 
be an efficient process to improve the anaerobic degradability of PHWW, allowing greater 
degradation of volatile fatty acids and thus reducing the degree of inhibition of the process. 
The biostimulation of the consortium allowed degradation and methane production rates 
higher than those observed when the non-biostimulated consortium was used.
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Abstract
Sanitary sewage can be used in co-digestion of toxic compounds in 
bioremediation processes. The present study evaluated the removal 
efficiencies of chemical oxygen demand (COD) and linear alkylbenzene 
sulfonated (LAS) employing an expanded granular sludge (EGSB) and fluidized 
bed reactor (FBR) in pilot scale. Both reactors were fed with sanitary sewage 
collected from a Sanitary Sewage Treatment Plant (São Carlos, Brazil). The 
hydraulic retention time (HRT) was 36 ± 3 h and 18 ± 2 h for EGSB and FBR, 
respectively. The concentration of LAS and COD influent in both reactors 
was 7.4 ± 3.8 mg L-1 and 527 ± 233 mg L-1, respectively. The removal 
efficiencies of LAS and COD in EGSB reactor were 60 ± 29% and 77 ± 28%, 
respectively. For FBR reactor, the removal efficiencies of LAS and COD were 
24 ± 27% and 56 ± 14%, respectively. A maximum of 6.52 mg L-1 of acetic 
acid was identified only in the EGSB effluent, indicating reactional stability.

Keywords
EGSB; FBR; bioremediation; linear alkylbenzene sulfonated; treatment plant; 
co-digestion.

INTRODUCTION
In EGSB and FBR reactors, upward flow velocity and intense hydraulic mixing are applied, 
which could contribute to a high contact between biomass and substrate improving the 
mass transfer. Another advantage is the dilution of the affluent through recirculation, which 
favors toxic compounds treatment, such as LAS. High LAS removal efficiency was observed 
employing EGSB (Delforno et al. 2014) and FBR (Macedo et al. 2017), in laboratory scale 
treating wastewater from commercial laundry. However, the scale-up of biological reactors 
faces difficulties not only in operational control, which becomes less accurate, but also by 
subjecting the system to greater variations of applied loads. In addition, in anaerobic reactors 
the effluent concentration of acids, such as acetic acid, can be detrimental to the removal 
of LAS (Okada et al., 2013). This study evaluated the possibility of applying two pilot scale 
reactors, with distinct configurations (EGSB and FBR), for the removal of LAS in sanitary 
sewage.
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MATERIALS AND METHODS

Experimental Setup
EGSB (69 L of volume) and FBR (128L) reactors were built in PVC and operated with HRT of 
36 ± 3 hours and 18 ± 2 hours, respectively. The inoculum was provided from UASB reactor 
of the treatment of wastewater of Avícola Céu Azul Alimentos (Pereiras, Brazil). LAS influent 
was 7.4 ± 3.8 mg L-1, COD influent was 527 ± 233 mg L-1 and the pH influent and effluent 
were 7 ± 0.2 and 7 ± 0.3, respectively.

Analytical Assays

COD and pH were determined according to the Standard Methods of Wastewater Examination 
(APHA et al. 2005). LAS were determined according to Duarte et al. (2006). The volatile fatty 
acids (VFA) were quantified according to Penteado et al., (2013).

RESULTS
Table 1. Parameters analyzed in EGSB and FBR.

VFA COD LAS
Effluent
(mg L-1)

Influent
(mg L-1)

Effluent
(mg L-1)

Removal 
(%)

Influent
(mg L-1)

Effluent
(mg L-1)

Specific load 
(mg g VS-1 d-1)

Removal 
(%)

EGSB 
36±3 h 88.3 ± 23.7 527 ± 

233 104 ± 134 77 ± 28 7.4 ± 3.8 3.23 ± 
3.08 1.37 ± 0.7 60 ± 29

FBR 
18±2 h 57.6 ± 48.1 527 ± 

233 210 ± 78 56 ± 14 7.4 ± 3.8 5.67 ± 
2.84 - 24 ± 27

The COD removal was 77 ± 28% and 56 ± 14% for EGSB and FBR, respectively (Table 1). In 
the EGSB reactor, LAS removal efficiency was 60 ± 29%, to 1.37 ± 0.7 mg g VS-1 d-1 influent 
LAS. Additionally, it was observed only 6.52 mg L-1 of effluent acetic acid, indicating reactivity 
stability of the system. In contrast, Delforno et al. (2014) obtained not so different results on 
a bench-scale EGSB reactor (1.4 L) with HTR of 38h, treating commercial laundry wastewater. 
LAS removal efficiency observed by the authors was 76%, with 1 mg g VS-1 d-1 of influent LAS. 
For the FBR reactor in the present study, LAS removal efficiency was 24 ± 27%, for 7.4 ± 3.8 
mg L-1 influent LAS concentration. By contrast, at bench-scale (1.25 L) and 18h HTR , treating 
commercial laundry wastewater, 80% LAS removal efficiency was observed in a FBR reactor, 
for 21.7 mg L-1 of LAS influent (Macedo et al., 2017). Furthermore, these authors observed 
27.7 ± 3.2 mg L-1 of VFA effluent while, in the present study, the VFA effluent concentration 
in the FBR reactor was 57.6 ± 48.1 mg L-1. Therefore, the concentration of VFA effluent 
in the FBR reactor may have influenced the lower LAS removal efficiency. However, the 
two configurations remained stable throughout the operation, being able to use a complex 
effluent, such as sanitary sewage, in the co-digestion of LAS in bioremediation processes.
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Abstract
Microalgae was subjected to hydrothermal carbonization (HTC) for biomass 
valorisation. Three temperatures (180, 210 and 240 ºC) were checked to 
optimize the characteristics of the hydrochar and liquid fraction (LF) pro-
duced. The liquid fractions obtained as well as the raw microalgae were 
biomethanised for comparing purposes. The specific methane potential of 
raw microalgal biomass was significantly increased (by 196%) from 120±8 to 
356±4 mL CH4 g-1 VS by means of LF obtained at180 ºC. The LF from HTC 
at 210 and 240 ºC presented VFA accumulation and lower SCOD remov-
al, which, together with determined refractory compounds, increased the 
methane yield compared with raw microalgae by 88 and 56%, respectively.

Keywords: Anaerobic digestion; hydrothermal carbonization; microalgae

INTRODUCTION 
Microalgae is known nowadays as advantageous approach to remove organic pollutants 
from wastewater and convert them into biomass. Therefore, microalgal biomass must be val-
orized for organic matter recovering. Anaerobic digestion has been used for raw microalgal 
valorization to boost the sustainability of wastewater microalgae-based treatment, but the 
yields obtained are low due the rigid cell envelope of microalgae, which limits the biological 
degradation. Therefore, cell envelope disruption is needed to improve methane production. 

The HTC converts the wet biomass into hydrochar and a liquid fraction (LF) using mild 
temperatures (180-280 ºC). HTC is an appealing processing method by means of using wet 
microalgae (80% moisture) itself as a treatment/conversion medium. Obtained hydrochar 
can be used as solid fuel while the LF has ideal characteristic for anaerobic digestion (AD) 
such as high COD and nutrients. Currently, few studies on the potential to produce methane 
from LF of HTC are limited (Villamil et al., 2018). This study aimed to evaluate the anaerobic 
digestion feasibility of HTC liquid fraction from microalgae HTC processing. 

METHODS
The microalgae was a mixed culture obtained from an outdoor thin layer photobiorector fed 
with diluted pig manure. HTC of microalgae (180, 210 and 240 ºC and 1 h) was performed in 
a ZipperClave® pressure vessel electrically heated. Characteristics of the LFHTC recovered 
by centrifugation and filtration (0.45 µm) and raw microalgae are shown in Table 1. Anaero-
bic granular biomass collected from a full-scale internal circulation reactor treating brewery 
wastewater was used as inoculum, with a total solids (TS) of 57.5±1.4 g L-1 and volatile solids 
(VS) of 46.3±1.7 g L-1. 
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Table 1. Mean characteristics of microalgae and liquid fractions.
Parameters Microalgae FL 180 FL 210 FL 240
TS (g L-1) 65.9±3.5 34.8±0.7 26.5±0.6 25.1±0.8
VS (g L-1) 57.9±2.5 33.8±0.5 24.5±0.6 23.1±0.8
SCOD (g L-1) 2.5±0.2 26.8±0.1 22.3±0.1 22.8±0.1
pH 5.7±0.1 6.1±0.1 6.4±0.1 6.7±0.1

Anaerobic digestion experiments has been described elsewhere (Villamil et al., 2018). APHA 
(1998) standard methods were used to analyze TS (2540B), VS (2540D), COD (5220D), 
N-NH3 (4500-NH3). Partial and total alkalinity by titration to 5.75 and 4.3, respectively. The 
VFA from C2 to C7 were analyzed using a Gas Chromatograph (GC) (Varian 430-GC) and 
biogas composition (CH4, H2, and CO2) was determined by GC separation (Thermo Scientific 
Trace 1310) (De la Rubia et al., 2018).

RESULTS 
The LFs showed lower concentration of TS and VS than initial feedstock (Table 1), mainly due 
to HTC reactions. Instead, the HTC seems to transform the microalgae cell envelope into 
soluble compounds. Hence, LFs presented higher SCOD and pH than the feedstock.  

Figure 1. Time-course of VFA (a), SCOD (b), TAN (c) and specific methane production (d)

Fig. 1d shows the SMP time-course during the 35 days of the experiment. The raw microal-
gae produced the lowest SMP (120±8 mL CH4 g-1 VS) due to its lower SCOD concentration 
(Fig. 1b). The highest SMP of 356±4 mL CH4 g-1 VS was obtained for LF 180. LF 210 and LF 
240 showed SMP of 226±10 and 188±9 mL CH4 g-1 VS, respectively, which were significantly 
lower than LF 180. Then, AD was unfeasible to LFs produced from microalgae HTC ≥ 210 ºC. 
Microalgae VFA was kept low in time (Fig. 1a), denoting reduced microbial degradation. LF 
180 and LF 210 presented VFA increase during first several days and later significantly VFA 
decrement. However, LF 240 showed accumulation of VFA indicating a process inhibition. 
This can be confirmed with time-course of SCOD (Fig 1b). Microalgae and LF 180 showed 
SCOD removals above 50%, meanwhile LF 210 and LF 240 showed SCOD removal of 40 
and 35%, respectively. As TAN kept under 700 mg L-1 (Fig. 1c), the ammonia inhibition was 
discarded. The analysis of chemical species suggested the presence of refractory compounds 
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such as Pyrazine, 2-ethyl-5-methyl- and Phenol-3 methyl. These chemical species were de-
rived from the thermal processing and may limit efficiency of the AD (Villamil et al., 2018). 
Moreover, 1-H-indole was also detected which indicated poor anaerobic digestion process.

Conclusion
HTC is a promising approach to enhance microalgal biomass valorisation. HTC under 180 ºC 
produced a liquid fraction that improves the raw microalgae biomethanation by 196%. 
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Abstract
Changes in biogas production patterns as a result of thermal pre-treatment 
were studied. Synthetic substrates were used for that purpose. Peptone/
glucose and glucose/glycine mixtures were prepared at different concen-
trations, in a similar ratio to that of proteins and carbohydrates found in 
activated sludge. Thermal pre-treatment was carried-out for 1 h at 121°C. 
Bio-methanogenic potential assay (BMP) were carried out using treated and 
raw substrate. Near all the substrate was degraded in all assays. Neverthe-
less, the dynamics of methane formation were different. This was interpret-
ed as a result of the changes induced by Maillard reactions, that were inten-
sified at higher concentrations.
Keywords
Thermal Pre-treatment; Glucose; Glycine; Peptone, BMP, Recalcitrant.

INTRODUCTION
Thermal pre-treatment technologies are often used to improve the bioconversion of wastes, 
particularly sewage sludge in WWTP. When pre-treating sewage sludge, also the readily bio-
degradable fraction is subjected to the process, even if it is not really necessary. After an-
aerobic digestion is applied, a big fraction of non-readily degradable organic matter is still 
present in the digestate. This could be the result of the formation of recalcitrant compounds, 
the inefficiency of the pre-treatment to break down the structure of the particulate organic 
matter, the formation of inhibitory compounds, the requirement for longer retention time, 
or a combination of previous phenomena. Indeed, it is difficult to understand such process, 
due to the complex reactions that could happened in the pre-treatment step, considering 
macromolecular composition of the sludge, or the complexity of the process. The aim of this 
study is to advance in the understanding of how pre-treatment process can affect sludge 
properties and subsequent anaerobic digestion pocess. Assays were performed to see how 
different concentrations of organic matter indices different pre-treatment behaviours using 
simple synthetic substrates.

METHODOLOGY

Substrate
Synthetic substrates were used to facilitate results interpretation. Mixtures of glycine/glu-
cose (G/G) and peptone/glucose (P/G) in a ratio of 3,65:1 respectively, were prepared. Ratios 
used were the same as those reported for proteins and carbohydrate in activated sludge 
(Wilén et. al., 2003). No other compound were considered, since it has been reported that 



219

the thermal hydrolysis aff ects carbohydrates and proteins to a greater extent (Wilson & Novak, 
2009). Glycine, glucose and peptone were also used separately, as controls.

Thermal hydrolysis
The assays were conducted in 100 mL Schott  bott les, with 50 mL of substrate. The assays were pre-
pared at 6 concentrati ons: 12.5, 25, 50, 100, 125 and 150 g L-1. Diff erent concentrati ons are referred 
in the future as A1 to A6 respecti vely for glucose, B1 to B6 respecti vely for glycine, C1 to C6 respec-
ti vely for peptone, D1 to D6 respecti vely for peptone/glucose mixture and fi nally E1 to E6 respec-
ti vely for glucose/glycine mixture. Thermal hydrolysis was conducted in an autoclave at 121°C for 
1 h. Aft er the hydrolysis, a bath of ice was used to cool down the samples, and to stop the reacti on.

BMP assay
BMP assays were performed for the pre-treated and raw substrates, using the methodology de-
scribed by Angelidaki et al., (2009). The assays were conducted in triplicate, in 120 ml bott les (100 
ml working volume) with a S/I rati o of 0.5 VS VS-1, and at a temperature of 37°C. The methane was 
measured by displacement method, using a NaOH soluti on.

RESULTS AND DISSCUSION
The specifi c cumulati ve methane producti on from BMP test is presented in the Figure 1. All assays 
produced nearly 350 mL CH4 g COD-1, indicati ng almost complete substrate degradati on. However, 
the producti on was slower in the assays subjected to pre-treatment, specially at high concentra-
ti ons (with the excepti on of assays with glycine as substrate, B). This would suggest formati on of 
compounds that were more diffi  cult to degrade. In other words, that compounds that were readily 
biodegradable, were transformed into “non-readily” biodegradable. This could be the result of the 
formati on of Maillard reacti ons products (MRP), resulti ng from the thermal hydrolysis. Marti ns et. 
al, (2005) found a 4% of melanoidins which are known recalcitrant compounds (Carrère et al., 2010) 
in an equimolar glucose/glycine model at 120°C for 25 mins. Moreover, such eff ect was intensifi ed 
at high substrate concentrati on. Such fi nding are in concordance with Matmaroh et. al., (2006)pre-
pared by heati ng an equimolar mixture of fructose and glycine at various concentrati ons (0.75-30 
mM who obtained a higher MRP at higher reactant concentrati on in a fructose/glycine model. 

Figure 1. Methane producti on from a) glucose, B) glycine, C) peptone, D) peptone glucose & E) glucose gly-
cine.
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Abstract
Treatment of chemical and petrochemical wastewater is often challenging, 
and phenol is a common recalcitrant contaminant. Anaerobic digestion can 
be used to treat these effluents that typically have high temperatures. In this 
study, model phenolic wastewater with a phenol concentration of 500 mg/L 
and a sodium concentration of 6 g/L was treated at 55 °C in an anaerobic 
membrane bioreactor (AnMBR). After operating the reactor for more than a 
year, the co-substrate sodium acetate was left out of the feeding solution so 
that phenol remained as the major carbon and energy source. After twenty 
days of operation without acetate, the phenol conversion rate decreased 
leading to a phenol concentration build-up in the reactor from 190 mg/L 
to 310 mg/L (38 removal %). Sodium acetate was dosed again causing an 
improvement in the phenol conversion rate from 20 1 mgPh/gVSS.d to 30 2 
mgPh/gVSS.d. 

Keywords
Phenol, thermophilic, AnMBR, co-substrate, sodium acetate, phenol conver-
sion rate.

INTRODUCTION
Chemical and petrochemical wastewaters often contain high levels of salt [1] and recalci-
trant or toxic (aromatic) compounds such as phenol, and have elevated temperatures. Under 
these conditions, conventional biological treatment systems suffer from biomass washout 
and poor reactor performance. Anaerobic membrane bioreactors (AnMBR) could overcome 
these problems because of the complete biomass retention provided by the membrane [2]. 
Anaerobic phenol degradation has been mainly studied under mesophilic conditions [3]. One 
paper reports on phenol degradation under thermophilic conditions in a UASB reactor but 
without other harassing conditions [1]. In this study, we investigated the phenol degrada-
tion in an AnMBR under thermophilic (55 °C) condition and high sodium concentration [6 g 
Na+/L]. We focused on the effect of the dosage of sodium acetate as a co-substrate on the 
phenol conversion rate of the biomass. 
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MATERIALS AND METHODS
Anaerobic membrane bioreactor
An AnMBR (6.5 L working volume) was used to treat a mixture of phenol and sodium acetate 
during more than a year under thermophilic conditions. After that period, sodium acetate 
was  decreased stepwise from 7 g/L to 0 g/L until phenol was the sole substrate and COD 
source, besides the yeast extract in the medium. The feeding solution then consisted of a 
mixture of phenol [500 mg/L], sodium chloride [16 g/L], macronutrient solution [9 mL/L], 
micronutrient solution [18 mL/L], and yeast extract [400 mg/L].

The AnMBR was connected to a 130 mL external ultrafiltration module (X-Flow compact 33, 
Pentair) with a nominal pore size of 30 nm, and was operated with a cross flow velocity of 0.8 
± 0.1 m/s. The reactor was mixed thoroughly by sludge recirculation at a rate of 200 times/
day. The temperature was 55 ± 1.0 ºC, and pH 7.0 ± 0.5. The volatile suspended solids (VSS) 
concentration in the reactor was 1.8  0.2 g/L and the HRT was 6 d. 

Chemical and physicochemical analysis   
Permeate COD was measured with Hach Lange kits. Phenol concentration was measured 
using Spectroquant cell kits (Merck) and GC. Volatile suspended solids (VSS) were measured 
following standard methods. VFAs, benzoate, and biogas composition were determined by 
GC. Particle size distribution was measured during the experiment. Biomass samples were 
taken during the reactor operation for the study of the microbial community changes.

RESULTS AND DISCUSSION
The reactor operation was divided into two stages (figure 1). In stage A the main COD 
source was phenol. In stage B, NaAc [1.5 g/L] was dosed such that 50% of the COD was 
phenol. During stage A, phenol loading rate (PhLR) was between 40 and 50 mgPh/gVSS.d 
with a phenol conversion rate (PhCR) of 20±1 mgPh/gVSS.d (95% CI). Nevertheless, there 
was a decrease in the phenol removal efficiency leading to a phenol concentration build-up 
in the reactor from 190 mg/L to 310 mg/L, passing from 60 to 38 phenol removal percent-
age. Once sodium acetate was dosed (stage B) the phenol removal percentage increased, 
and so did the PhCR to a value of 30±2 mgPh/gVSS. In other studies, co-degradation of 
phenol with carbon sources such as carbohydrates or VFAs has been reported. Currently, 
we are investigating the role of acetate in the degradation of phenol. VFAs composition 
showed no differences between stage A and stage B; although, a period of reactor souring 
occurred before stage A, which was alleviated by adding NaOH (data not shown). Benzoate 
appeared as an intermediate metabolic product, although it has been proposed in the liter-
ature that the phenol degradation route under thermophilic condition occurs via caproate 
instead of benzoate [1]. Batch tests to identify a model for the degradation of phenol under 
saline and thermophilic conditions are currently being done so do the continuous operation 
with butyrate as cosubstrate and the microbial community analysis. In conclusion, in an 
AnMBR under saline and thermophilic conditions, the phenol conversion rate increased by 
50% when sodium acetate was present as a co-substrate. 
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Abstract
The present work aimed to evaluate in a microaerobic reactor the effect of 
different operational parameters, such as microaeration flow rate (0.5-2.0 
mL·min-1), dosing point (feeding line and headspace) and effluent recircula-
tion (on and off), on benzene (~4.2 mg·L-1) removal from contaminated wa-
ter. Microaeration increased benzene removal efficiency (~30%), being 1.0 
mL·min-1 the best airflow rate and feeding line the best dosing point. Effluent 
recirculation showed to be an important parameter to keep high removal 
efficiencies, and microbial activity seems to be the main benzene removal 
mechanism since removal by stripping was negligible.

Keywords
Benzene; microaeration; dosing point; recirculation.

INTRODUCTION
Benzene is a toxic and carcinogenic monoaromatic hydrocarbon found in crude oil and its 
derivatives (Chakraborty and Coates, 2004; Varjani, 2017). Therefore, waters contaminated 
with this compound represent an environmental and public health problem, which demands 
effective treatment technologies. Benzene biodegradation under anaerobic conditions is still 
a challenge due to its high chemical stability (Chakraborty and Coates, 2004; Varjani, 2017). 
However, literature reports that the addition of low oxygen concentrations (microaeration) 
to anaerobic treatment systems can facilitate the initial degradation of monoaromatic hydro-
carbons (Firmino et al., 2017), but this process still needs to be better understood in order 
to enable the design of real-scale systems. Hence, the present work aimed to evaluate the 
effect of different microaeration flow rates, as well as the influence of dosing points and ef-
fluent recirculation, on benzene removal from contaminated water.

MATERIAL AND METHODS
A UASB reactor was operated at an HRT of 24 h and fed with a synthetic benzene-contam-
ined water (~4.2 mg·L-1), which contained ethanol (~1.0 COD·L-1) as co-substrate and macro 
and micronutrients as described elsewhere (Firmino et al., 2010). The experiment was divid-
ed in seven stages, in which the operational parameters microaeration flow rate, dosing point 
and effluent recirculation were tested, as detailed in Table 1. Benzene was determined in 
both liquid phase (influent and effluent) and biogas by gas chromatography-flame ionization 
detection.
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RESULTS AND DISCUSSION
Initially, the reactor was operated under anaerobic conditions (stage I) and reached an aver-
age benzene removal efficiency of approximately 56% (Table 1). After 64 days of operation, 
the reactor started to be microaerated at the feeding line at an airflow rate of 1.0 mL·min-1 
(stage II), and the average removal efficiency increased almost 30% (Table 1), being in ac-
cordance with Firmino et al. (2017), who assessed BTEX-contaminated water (~3 mg·L-1 of 
each compound) treatment under similar operational conditions. Most likely, oxygen is in-
serted into the aromatic ring by mono-oxygenases, converting benzene into phenol, a less 
recalcitrant compound, and, therefore, enhancing the reactor performance (Firmino et al., 
2017). By decreasing the microaeration flow rate to 0.5 mL air·min-1 (stage III), the efficiency 
reduced 10% (Table 1). However, when 2.0 mL air·min-1 was applied to the reactor (stage IV), 
there was no significant difference in efficiency when compared to that of stage II (Table 1). 
Probably, benzene degradation reached its saturation, and efficiency could not be improved 
at microaeration flow rates above 1.0 mL air·min-1, which was chosen as the best one since it 
represents lower operational costs.

Table 1. Operational conditions and average benzene removal efficiencies.

Stage Microaeration 
(mL·min-1)

Dosing
point

Recirculation 
(L·h-1)

Removal efficiency 
(%)

I - - 0.7 56.2 (2.8)
II 1.0 Feeding line 0.7 86.6 (1.0)
III 0.5 Feeding line 0.7 76.6 (1.2)
IV 2.0 Feeding line 0.7 85.6 (1.8)
V 1.0 Headspace 0.7 63.5 (3.1)
VI 1.0 Feeding line - 77.3 (3.9)
VII 1.0 Feeding line 0.7 86.9 (3.0)

The standard deviation is shown in parentheses.
Concerning the dosing point, microaerating the reactor at its headspace (stage V) does not 
seem to be an effective strategy (Table 1). Although literature reports that oxygen dissolution 
in liquid occurs from the air temporarily retained at the headspace (Firmino et al., 2017), the 
contact between air bubbles and the sludge blanket might be mandatory. As for the effect 
of effluent recirculation, the results indicate that this parameter is important to keep high 
removal efficiencies (stages VI and VII) since it improves mass transference, i.e. the contact 
between substrate and microbiota. In fact, when recirculation was off (stage VI), the efficien-
cy was almost 10% lower than when it was on (stage VII) (Table 1).

Finally, by analyzing benzene in biogas (data not shown), the removal of this hydrocarbon by 
stripping was negligible, indicating that microbial activity might be the main removal mech-
anism. In addition, intermediates were not found in the effluent, suggesting benzene miner-
alization.
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CONCLUSIONS
Microaeration increased benzene removal efficiency (~30%), being 1.0 mL·min-1 the best air-
flow rate and feeding line the best dosing point. Effluent recirculation showed to be an im-
portant parameter to keep high removal efficiencies, and microbial activity seems to be the 
main benzene removal mechanism since removal by stripping was negligible.
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Abstract
This work aimed to evaluate the effect of different recirculation rates (QR/QF of 0.2 
and 0.4) of nitrified effluent on emerging micropollutants (EM) removal in a UASB re-
actor supplemented or not with microaeration (1.0 mL/min). EM removal efficiencies 
under anaerobic conditions were very low (10-24%). The recirculation of nitrified 
effluent to the UASB reactor negatively affected EM removal, probably due to the 
lowering of the HRT. On the other hand, the addition of microaeration enhanced re-
moval of all compounds, even when the highest QR/QF ratio was applied. Therefore, 
microaeration in anaerobic reactors seems to be an interesting option for improving 
EM removal.

Keywords
Hormones, pharmaceuticals, microaeration, nitrate.

INTRODUCTION
Emerging micropollutants (EM), which might be present in domestic and industrial wastewa-
ters, represent an environmental and public health concern even at very low concentrations 
(Castiglioni et al., 2006). The fate of these compounds in biological wastewater treatment 
systems, especially in anaerobic reactors, is still matter of investigation. Microaeration in an-
aerobic reactors has enhanced removal of recalcitrant compounds, such as BTEX, hormones 
and pharmaceutical compounds (Buarque, 2017; Firmino et al., 2017). In many cases, nitri-
fied effluents from aerobic post-treatment systems are recirculated to anaerobic systems 
in order to promote denitrification (Buarque, 2017). However, there is a lack of information 
concerning the effect of this practice on EM removal. Hence, the present investigation as-
sessed the effect of different recirculation rates of nitrified effluent on EM removal in a UASB 
reactor supplemented or not with microaeration.

MATERIALS AND METHODS
The experiment was carried out in a lab-scale UASB reactor (working volume of 3.7 L), which 
was initially fed with a synthetic effluent containing a mixture of EM (~210 µg/L each), eth-
anol (~1.0 g COD/L), basal medium (Firmino et al., 2010) and a buffer (~1.0 g NaHCO3/L) 



228

(stage I) (Table 1). Then, at stages II and III, the reactor received the nitrified effluent from a 
lab-scale trickling filter (working volume of 38 L) at a recirculation to feeding ratio (QR/QF) of 
0.2 and 0.4, respectively (Table). After that, at stages IV and V, the reactor was microaerated 
(1.0 mL air/min), while QR/QF ratio was reduced from 0.4 to 0.2 (Table 1). Finally, at stage 
VI, the recirculation was turned off. The micropollutants were quantified by HPLC (Buarque, 
2017).

RESULTS AND DISCUSSION
EM removal efficiencies under anaerobic conditions (stage I) were very low (10-24%), being 
the lowest one found for BPA (Table 1). The recirculation of the nitrified effluent (stages II 
and III) negatively affected the removal of all compounds, mainly at QR/QF ratio of 0.4 (Table 
1). Probably, the lowering of the HRT of the UASB reactor might have been the major cause 
(Carballa et al., 2008). On the other hand, microaeration enhanced EM removal significantly 
(stages IV to VI), even when the highest QR/QF ratio was applied (Table 1). These results are 
in accordance with Buarque (2017), who observed an increase of almost 50% in the removal 
efficiencies of the same EM after microaerating a UASB reactor at an airflow rate of 1.0 ml/
min.

Table 1. Operational conditions of the reactor and average emerging micropollutants removal effi-
ciencies.

Stage I II III IV V VI
Operational conditions

End of the stage (days) 105 200 101 38 38 67
HRT (h) 6.5 5.3 4.5 4.5 5.3 6.5
QR/QF - 0.2 0.4 0.4 0.2 -
Microaeration (mL/min) - - - 1.0 1.0 1.0
Nitrate (mg/L) - 84 (15) 88 (12) 92 (9) 103 (7) -

Emerging micropollutants removal efficiencies (%)
Estrone (E1) 17 (6) 23 (13) 9 (5) 44 (4) 50 (8) 56 (10)
β-Estradiol (E2) 24 (19) 23 (10) 9 (7) 44 (8) 55 (13) 64 (15)
17α-Ethinylestradiol (EE2) 16 (6) 20 (12) 9 (7) 38 (3) 54 (14) 57 (8)
Bisphenol-A (BPA) 10 (5) 20 (13) 10 (8) 32 (5) 49 (10) 59 (7)
Diclofenac (DCF) 20 (15) 19 (12) 1 (6) 34 (4) 30 (16) 47 (8)
Trimethoprim (TPM) 20 (15) 22 (15) 7 (5) 43 (6) 52 (13) 65 (11)
Sulfamethoxazole (SFX) 23 (11) 22 (13) 9 (7) 42 (4) 50 (7) 50 (10)
The standard deviation is shown in parentheses.

CONCLUSIONS
The recirculation of nitrified effluent to the UASB reactor negatively affected EM removal, 
probably due to the lowering of the HRT. On the other hand, the addition of microaeration 
enhanced removal of all compounds. Therefore, microaeration in anaerobic reactors seems 
to be an interesting option for improving EM removal.
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Abstract
It was evaluated the enrichment of denitrifying autotrophic biomass (AD) with ni-
trate as substrate and supported on zeolite,
using three bioreactors with different particle sizes R1 = 1-1.18 mm, R2 = 2.83 
- 3.36 mm and R3 = 0.5 -0.6 mm and it was established which reactor showed 
the highest growth of biomass according to nitrate and thiosulfate removal. The 
maximum removal rates occurred in reactor R3 with a nitrate removal of 98.7%, a 
low concentration of nitrite 0.016 g/L and a thiosulfate consumption of 98.9%, the 
bioreactors were operated for a period of 280 days, reactor performance was eval-
uated in the loading and unloading every two days, the monitoring of pH was kept 
constant (6-7), the sulfur/nitrogen ratio was 1.12 mol/mol during the whole time 
of operation. The identification of the microorganisms present is ongoing, waiting 
to obtain a high proportion of Thiobacillus denitrificant.

PALABRAS CLAVES
Autotrophic denitrification, nitrate, slurry, thiosulfate, zeolite.

INTRODUCTION
One of the biggest pollutants in the world is the intensive breeding of pigs,  which in Chile 
are located in
concentrated points distributed in the central zones of Chile (from the V Region of Valparaí-
so to VIII Region of Biobío) (ASPROCER, 2016), which favors the imbalance of the natural 
cycles of nitrogen (N) and sulfur (S). Therefore, this research focuses on an unconventional 
treatment that is autotrophic denitrification, which does not require the addition of organic 
matter and also removes nitrogen compounds, and sulfur in its forms (sulfur or thiosulfate). 
In addition, to promote the growth and retention of microorganisms, Chilean zeolite was 
used, which has a porous surface allowing high adhesion and good adsorption.

METHODS
Three reactors were operated with 1.5 L of effective volume, 40 g/L of zeolite and 3.0 g 
SSV/L. Autotrophic denitrification occurred under anaerobic conditions according to Koe-
ning and Liu et al. (2001). The S/N ratio was 1.12 mol/mol which indicates that only au-
totrophic denitrification will occur. Sampling was done every 2 days and throughout the 
operation, nitrates, nitrites, thiosulfates and sulphates were monitored, all the analyzes 
were  carried  out  according  to  Standard  Methods  (2017).  In  addition,  the  autotrophic  
denitrifying  activity (ADA) was evaluated according to Fajardo (2012).

RESULTS
Table 1 shows the results obtained from the parameters evaluated during the time of the 
AD process, for the reactors R1, R2 and R3. R3 was the best reactor and results were: ni-
trate and thiosulfate removal of 98.74% and 98.90% respectively.
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Table 1. Results for AD process in all reactors.

The removal of nitrogen for the three reactors was evaluated during 1 hour, obtaining that 
the R3 is the one that presents the best removal rate, based on this, only the performance 
of this reactor is presented during 1 day of operation (Figure 1.A).
In addition, the ADA was evaluated for the 3 reactors, which is presented in Figure 1.B. It 
was obtained for R1 and R2, 10 [mg /N-N2·L - 1] ,  an d 8 [ m g /N - N 2·L - 1]  fo r  
R 3,  i n  a t i m e o f 70 min..

Figure 1. A) R3 AD performance in 1 day; B) ADA test

CONCLUSIONS
It is evident that the best size of zeolite as a microbial support was that used in R3, (0.5 - 
0.6 mm), which is
explained by the greater contact surface area. With this, it is observed that the R3 is also 
the reactor that presents better performance, and greater removal of contaminants.
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Abstract
Antibiotics are globally used in food-production animals for therapeutically 
treatment of specific diseases and subtherapeutically for infection preven-
tion. This work reports an experiment of acute inhibition of veterinary drugs 
in biogas production. An experimental design using inhibition test scheme 
by the addition of a wide range (six concentration levels) of tylosin, tiamulin, 
lincomycin and gentamicin in anaerobic digestion of bovine concentrated 
feedstock standard substrate, using Hohenheim Batch Test (HBT) system, 
were performed. After 3 days of anaerobic digestion, it was observed inhibi-
tion in biogas production, in order: tylosin ~ lincomycin > tiamulin >> genta-
micin. Losses in the biogas yield at high antibiotics concentration, evaluated 
by reduction on the maximal methane recovery after 35 days, were higher 
for lincomycin, tiamulin and gentamicin. The results demonstrate the level 
of inhibition on anaerobic co-digestion process of agricultural wastes and 
manure driving losses in biogas yield, when contaminated with veterinary 
drugs.

Keywords
Veterinary drugs; manure; agricultural waste; inhibition; BMP

INTRODUCTION
Antibiotics are globally used in food-production animals as therapeutically (typically higher 
doses and administered individually or as group-treatment), to treat specific diseases, and 
subtherapeutically (typically lower doses), for disease or infection prevention. Metabolites 
present in the manure are still biologically active (Venglovsky, Sasakova, et al., 2009) can lead 
to a number of concerns about interference in biogas production.

On the other hand, the anaerobic digestion has become a common practice to treat ma-
nure and also reduce production costs through energy recovery (Cherubini, Zanghelini, et al., 
2015). Moreover, co-digestion of agricultural substrates is an attractive strategy to increase 



233

the biogas productivity from livestock manure by addition of external carbon source. A wide 
variety of cellulosic substrates, energy crops and agricultural residues can be added to ma-
nure to increase the biogas productiveness (Westerholm, Hansson, et al., 2012; Martin-Ry-
als, Schideman, et al., 2015).

To promote a better understanding about the interference of veterinary drugs in biogas 
production (e.g. co-digestion of manure with agricultural substrates) this work was conduct-
ed.

METHODOLOGY
The inhibition test scheme was conducted by addition of tylosin (0.05, 0.5, 5, 50 and 500 
mg/L), tiamulin (0.05, 0.5, 5, 50 and 500 mg/L), lincomycin (0.1, 1, 10, 100 and 1000 mg/L) 
and gentamicin (0.1, 1, 10, 100 and 1000 mg/L). All antibiotics were VETRANALTM quality 
(Sigma-Aldrich, Germany). As standard substrate it was used bovine concentrated feedstock 
(KS Kälber 183 PELL, Raiffeisen Kraftfutterwerke, Germany). The inoculum came from bio-
gas plant Unterer Lindenhof (fed with manure and a wide variety of silages) and acclimated 
in a laboratory scale reactor as described by Mittweg et al. (2012). The anaerobic digestion 
assay was executed in three repetitions using 30 g of inoculum (0.863gVS) and 0.4 g of sub-
strate (0.328 gVS) incubated at 100 mL syringes reactors in the Hohenheim Biogas-yield Test 
(HBT), according recommendation from VDI 4630 (2006) guideline. Besides the antibiotic 
additions, it was conducted control assay with standard substrate and inoculum. The meth-
ane content was measured by infrared-spectrometric methane-sensor “Advanced Gasmitter” 
(Pronova Analysetechnik, Germany). The biogas inhibition effects (IC10 and IC50) after 3 and 
35 days was performed according ISO 13641-1 (2003). 

RESULTS AND CONCLUSIONS
It was observed a tendency of reduction in biogas production by increasing the concentration 
of antibiotics added. The biogas inhibition effect was determined by regression adjustment 
to the experimental points, generating the equations and the IC10 and IC50 shown in Table 1. 
After 3 days it was observed higher inhibition in biogas production for tylosin and lincomy-
cin. Tiamulin and gentamicin demonstrate less inhibition effects. Losses in the biogas yield at 
high antibiotics concentration (inhibition after 35 days), were higher for lincomycin, tiamulin 
and gentamicin. These results demonstrate the level of inhibition on anaerobic co-digestion 
process of agricultural wastes and manure driving losses in biogas yield, when contaminated 
with veterinary drugs. 

Table 1. Regression equations for biogas inhibition after 3 and 35 days and estimative of IC10 and 
IC50.

Inhibition Regression r2 IC10
mg/L

IC50
mg/L

Tiamulin
I3days y=3.6439ln(x)+3.766 0.9939 5.2 >> 2000
I35days y=2.6798ln(x)-4.1464 0.9978 198 >> 2000
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Tylosin
I3days y=9.0347x0.2727 0.9706 1.4 498(462-534)
I35days y=2.0654ln(x)-3.193 0.9977 502 >> 2000

Lincomycin
I3days y=5.1789ln(x)+10.611 0.9615 0.9 1890(1446-

2286)
I35days y=3.0072x0.3237 0.9557 41 >2000

Gentamicin
I3days y=2.6001ln(x)+0.0629 0.9498 45 >> 2000
I35days y=0.4518x0.4546 0.9389 906 >> 2000

Values in parentheses represent a confidence interval of 95%.
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Abstract
In the present study was evaluated the anaerobic co-digestion using the bio-
chemical methane potential test (BMP), without nutritional supplement, of 
residues as vinasse (Vin), extract yeast and hemicellulose hydrolyzate (HH) 
obtained by autohydrolysis pretretament of sugarcane bagasse (SB).  For 
best experimental condition (25% HH-75% Vin and 1 g/l of extract yeast), 
was possible to produce 0.277 Nm3 of CH4 per kg of COD with an energy 
equivalence of 3.04 kWh kg COD-1. The residues were characterized for the 
following contents: sugars, chemical oxygen demand (COD), soluble lignin, 
total nitrogen, furans and other components identified by ions chromatog-
raphy in order to explain the performance of BMP.

Keywords Biogas; Anaerobic co-digestion; hemicellulosic hydrolyzate; vi-
nasse; residual yeast 

INTRODUCTION
In recent times the usage of bioethanol and biogas as an eco-friendly fuel has been gain 
attention because of those can reduce the negative environmental impacts by the use of 
fossil fuels. In the process production of first and second generation ethanol, four steps 
are essential: pretreatment, hydrolysis, fermentation and distillation. During pretretament, 
fermentation and distillation steps are generated amounts of liquid residuals, rich in pentoses-
hexoses, organic acids, aromatic aldehydes and soluble lignin that can have recalcitrance and 
pollutant properties. One way to increase the energetic recovery and final disposition of 
these liquid residues is try to convert them in biogas via anaerobic co-digestion (AcD) (Rabelo 
et al, 2011), (Baêta et al, 2016a). 
This study aimed to evaluate the biogas production and energy achieved by AcD, using liquid 
fraction (hemicellulose hydrolyzate) obtained by autohydrolysis  pretretament of SB,  vinasse 
from distillation process and  residual yeast in order to shown the influence of combine this 
substrates for enhance biodegradability  and evaluate their biochemical methane potential 
(BMP)  performance. 

MATERIALS AND METHODS
Sugarcace bagasse was subjected to autohydrolysis pretreatment (T=182.9 °C, time= 
40.7 min and liquid-to-solid ratio of 3.94 mL/g SB) using Parr reactor in order to obtain 
hemicellulose hydrolyzate (HH). Vinasse from sugarcane ethanol production was obtained 
from Agropéu industrial plant (Pompéu, MG, Brazil). Commercial yeast extract (Himedia) was 
used for the experiments.   The Vinasse and HH was characterized for its composition in terms 
of monosaccharides, sugar degradation products, organic acids, soluble lignin, solids set and 
chemical oxygen demand. A characterization by ions chromatography was also performed. 
After the compositional characterization, different percentage proportions for the mixture 
of HH/Vinasse (100/0, 50/50 and 25/75 %) with three concentrations (0.5, 1.0 and 1.5 
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g/L) of yeast extract were submitted to anaerobic biodegradability tests without nutritional 
supplement to evaluate their biochemical methane potential (BMP). 
RESULTS AND DISCUSSION  

The physicochemical analysis of HH and vinasse is shown in table 1. As can be seen, 
there are differences between the carbon contents, expressed as COD, (HH = 71.10 g/L 
and vinasse = 18.06 g/L) and total nitrogen (HH = 123.36 mg/L and Vinasse = 415.09 
mg/L) for each sample. This behaviour shows an imbalance in the C-N ratio and in the nu-
trients content for the individual samples, which allows to define that the mixture of the 
substrates (co-digestion) would improve this ratios and consequently increase the biode-
gradability of the system and the production of methane (Moraes et al.,2015). Figure 1 
shows the amounts of methane produced for AcD of vinasse, HH and extract yeast at dif-
ferent experimental conditions. It is clear that the condition that produced more methane 
was the assay 3 (25% HH-75% Vin and 1 g/l of extract yeast) with a BMP of 276.86 NmL 
CH4 g COD-1 removed). The hypothesis that supports the efficiency of the experimental 
condition 3 is based on the dilution of the inhibitory compounds (FF + HMF) and the ad-
dition of micronutrients, contained in the extract yeast and vinasse, that are used by the 
microbial consortium as enzymatic co-factors in the metabolic pathways of anaerobic di-
gestion, as well as to an optimal carbon-nitrogen ratio. The modified Gompertz model (GM) 
was used to model the kinetics of methane production for the best experiment. The model 
exhibited a satisfactory fit with coefficient of determination higher than 0.99. The adjusted 
parameters shows that a lag phase of 8.1 days was necessary for adaptation microbial con-
sortia due to different kind of organic compounds in substrates. Using the PO (279.98 NmL 
CH4 g COD-1 removed) obtained by GM for BMP was calculated the energy output of 3.04 
kWh kg COD-1 attained for anaerobic digestion of Assay 3.
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Abstract
The main sources of Cr VI pollution can be both natural and derived from anthropogenic 
activities, such as the tanning, mining and textile industries. Cr VI represents a highly toxic 
source at low concentrations. Biological treatments with anaerobic granular biomass are a 
promising alternative for the Cr VI bioremediation. This study evaluated the Cr VI removal in 
a range of 5-500 mg/L, using an active anaerobic granular consortium. Two removal mech-
anisms were differentiated from the assays: 1) biological reduction of 70 mg/L to Cr III at a 
concentration of 250 mg Cr VI/L and 2) physical bioadsorption of 300 mg/L at concentration 
of 500 mg Cr VI /L. Therefore, the main goal of this work was to evaluate the removal capac-
ity of Cr VI by the differentiation of the adsorption and biological reduction mechanisms on 
the active anaerobic granular consortium.
Keywords
Anaerobic Consortium; Bioadsorption; Biological Reduction.

INTRODUCTION
Some species of microorganisms that are developed in the Cr VI contaminated environments 
have evolved novel strategies to cope with its toxicity. The most important mechanism is the 
microbial reduction of Cr VI to Cr III, since it transforms toxic and mobile chromium deriv-
atives into a harmless reduced species and is considered an essential trace element that is 
involved in glycolysis and lipid metabolism. In order to carry out this reduction, Cr VI must 
cross the cell membrane through an anion carrier (Ding, 2002), and once inside the cell it can 
be reduced by an enzyme or non-enzymatic action to Cr V, Cr IV and Cr III (Myers, 2012). 

MATERIALS AND METHODS
These assays were performed in 60 mL serological bottles with a working volume of 20 mL 
of the mineral medium, 45.5 g VSS/L of the anaerobic consortium was incorporated with 
concentrations of 50, 100, 250 and 500 mg Cr VI/L. The bottles were stored at 37°C for 
120 hours under strict anaerobic conditions. After the established time, quantification of 
Cr VI and Cr III in the aqueous phase and the amount desorbed from the consortium was 
performed. For the determination of Cr III  in the aqueous phase, a digestion of the sample 
was carried out according to the diphenylcarbazide colorimetric method established in the 
(APHA, 2012). Subsequently, the bioadsorbed Cr VI and Cr III were determined through 
desorption from the granules using a solution of K2HPO4 + NaCl for 1 hour at 130 rpm. Sub-
sequently, the samples were centrifuged once again, and both species were measured in the 
supernatant. Finally, the presence of intracellular chromium species was determined by re-
suspending the granules separated from the desorption in 20 mL of distilled water and them 
placed in a sonicating bath them for 10 hours to perform cell breakage. Both the bioaccumu-
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lated Cr VI and Cr III were identified and quantified. The chromium that was not quantified 
in any of the phases was used to quantify the percentage of bioadsorbed Cr VI, that is, the 
result of the difference between the total chromium removed and reduced.

RESULTS AND DISCUSION
The predominant removal pathway of Cr VI at the different evaluated concentrations is de-
scribes in Figure 1, which shows that at concentrations lower than or equal to 50 mg of Cr 
VI/L, the reduction process predominates, while at higher concentrations, bioadsorption is 
the main process. These results show a similar behavior to that reported by Khorramabadi et 
al. (2012), who observed that the Cr VI bioadsorption process is directly related to the initial 
concentration of the adsorbate in the system due to the influence of the mass transfer in the 
process. At the end of the assays and after the Cr VI and Cr III determination in all phases 
studied, the average recovery was 96.8% (Table 1). 

Table 1. Mass balance of Cr VI and Cr III in different matrices.

Initial concentration 
(mg Cr VI/L)

Removal 
Capacity 

(%)

Final concentration of chromium species (mg /L)

Cr VI bioadsorpted Cr III* Cr VI in aqueous 
phase

5 80.00 1.90±0.1 2.00±0.2 0.97±0.1
50 90.00 21.96±1.5 21.88±2.9 4.87±0.7

100 94.15 64.68±3.8 26.06±3.3 5.69±1.9
250 92.46 161.22±8.4 61.44±5.7 18.34±5.1
500 72.40 285.64±16.9 61.32±6.6 134.27±10.8

CONCLUSIONS
The Cr VI removal assays were performed with an anaerobic granular consortium without 
previous acclimatization to this metal. There was biological reduction of up to 70 mg/L of Cr 
VI to Cr III at a concentration of 250 mg/L. There was bioadsorption of 297 mg/L when eval-
uating 500 mg of Cr VI/L. Therefore, the metal removal in the anaerobic granules is attribut-
ed to the combination of the consortium biological activity and the physical characteristics 
of the granule. 
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Abstract
The individual and mutual effects of substrate concentration and pH on hy-
drogen production from sugarcane bagasse (SCB) were investigated in batch 
reactors, using a response surface methodology (RSM) and central compos-
ite design (CCD). The maximum of 23.10 mmol H2/L was obtained under the 
optimum condition of 7.0 g SCB/L and pH 7.2. According to the results, the 
RSM and CCD were useful tools for achieving high hydrogen production 
rates by Clostridium and Bacillus, identified by Illumina sequencing in the 
fermentative consortium, and Clostridium, Paenibacillus, autochthonous bac-
teria from SCB. Besides that, Lactobacillus and Escherichia were identified in 
the central point condition, and Bacteroides and Enterobacter were identified 
in the optimized condition.

Keywords
Cellulosic substrate; central composite design; fermentation; endogenous 
bacteria

INTRODUCTION
The use of lignocellulosic biomass as substrate for biohydrogen production is suitable for 
waste treatment and energy production. Furthermore, some lignocellulosic biomass such 
as sugarcane bagasse (SCB) are renewable, cheap and widely available in tropical countries 
(Aguilar, Ramírez, et al., 2002)cheap and widely available waste in tropical countries. The 
hydrolysis of sugar cane bagasse to obtain xylose solutions has a double consequence, the 
elimination of a waste and the generation of a value-added product. The objective of this 
work was to study the xylose production from sugar cane bagasse by sulphuric acid hydro-
lysis at several temperatures (100, 122 and 128 \u00b0C. However, due to the complexity 
of the SCB structure, the choosing a cellulolytic and fermentative microbial consortium is 
crucial to successful cellulose degradation and hydrogen production (Kumari and Das, 2015).

There are many factors that can greatly influence the production of hydrogen from lignocel-
lulosic biomass, such as pH and substrate concentration (Jo, Lee, et al., 2008). In the present 
study, the effect of these independent factors were modeled and optimized by factorial de-
sign, using a fermentative inoculum and autochthonous bacteria from SCB for hydrolysis and 
fermentation.
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MATERIALS & METHODS
Fermentative consortium and Substrate and Experiments of factorial design
The fermentative bacterial consortium was collected from a bioreactor with cellulose as sub-
strate. The substrate was SCB provided by the São Martinho sugar mill and pretreated by 
autoclave (121ºC for 15 minutes).

The experiment was carried out in triplicate. Thus, PCS medium (yeast extract 1.0 g/L, pep-
tone 5.0 g/L, CaCO3 2.0 g/L and NaCl 5.0 g/L) and inoculum (10%) were added in the batch 
reactors with SCB as substrate. The pH was adjusted with HCl or NaOH. The reactors were 
submitted to an atmosphere of N2 for 10 minutes, closed with rubber stoppers and plastic 
stoppers and incubated at 37ºC. The biogas composition was determined in accordance with 
Rabelo, Soares, et al. (2018).

CCD and RSM were conducted in order to evaluate the SCB concentration (from 0.8 to 9.2 
g/L) and pH (from 4.6 to 7.4) effects. Based on the RSM, 7.0 g/L of substrate concentration 
and pH 7.2 were used as optimum values for hydrogen enhancing and validation of the sec-
ond order model. 

The bacterial characterization was performed by next-generation sequencing at MR DNA on 
a MiSeq following the manufacturer’s guidelines. The sequencing was conducted in inocu-
lum, substrate, central point experiment (E9) and experiment of optimal conditions (Eotm). 
The sequence data were deposited in NCBI Sequence Read Archive under the accession 
number PRJNA383576.

RESULTS AND DISCUSSION
The variations observed in hydrogen molar production according to the modified Gompertz 
model  (E1: 1.64 mmol/L with 2.0 g SCB/L and pH 5.0, E2: 12.79 mmol/L with 2.0 g SCB/L 
and pH 7.0, E3: 7.31 mmol/L with 8.0 g SCB/L and pH 5.0, E4: 24.06 mmol/L with 8.0 g SC-
B/L and pH 7.0, E5: 6.79 mmol/L with 0.8g SCB/L and pH 6.0, E6: 13.64 mmol/L with 9.2 g 
SCB/L and pH 6.0, E7: 0.33 mmol/L with 5.0 g SCB/L and pH 4.6, E8: 20.13 mmol/L with 5.0 
g SCB/L and pH 7.4, E9: 17.86 mmol/L with 5.0 g SCB/L and pH 6.0 and E10: 18.86 mmol/L 
with 5.0g SCB/L and pH 6.0) reflected the importance of substrate concentration and pH 
optimization to enhancement of the hydrogen production response. Specifically, the individ-
ual effect of substrate concentration and pH and its interactions were considered significant 
according to analysis of variance (ANOVA) with greater F-value and smaller p-value.

To predict the optimal point, a second order polynomial function was fitted to the experi-
mental results for hydrogen production: P = -143.26 + 2.55x1 – 0.42x1² + 44.76x2 – 3.35x2² 
+ 0.46x1x2, where x1 is the decoded values of substrate concentration (g/L) and x2 is the de-
coded values of pH. By the validation, a high degree of accuracy of the model was observed 
(more than 85%), which is a confirmation for the model validation under the investigated 
conditions.

The bacterial composition by Illumina sequencing revealed that the bacteria with the great-
est relative abundance identified in the fermentation consortium (Clostridium, 62.77% and 
Bacillus, 31.78%) and/or adhered in the SCB (Clostridium, 84,69% and Paenibacillus, 11,67%) 
were not favored under the conditions imposed on E9 and Eotm. In E9, bacteria similar to 
Lactobacillus (37.50%) and Escherichia (34.32%) were the main ones identified. In Eotm, the 
main bacteria identified were similar to Bacteroides (55.32%) and Enterobacter (27.72%) gen-
era. 
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CONCLUSION
The experiment with 7.0 g SCB/L at pH 7.2 and 37ºC was the optimal condition for hydrogen 
production from SCB pretreated by autoclave. A predictive model was validated with 80% 
of accuracy. Autochthonous cellulolytic bacteria were identified in the autoclaved SCB and 
probably acted in synergism with the fermentative consortium for the bioconversion of SCB 
into hydrogen.
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Abstract: Competition for the electron donor and modifications on sulfate-reducing bacteria (SRB) population 
were evaluated at low pH in relation to electron donor and  ratio. Sulfate reduction was the dominant pathway 
at  ratio 1.0, regardless of electron donor.  The same dependence on  ratio was achieved for the SRB population, 
that increases as the  ratio decreases. Lactate performed a success sulfate process, considering electron flow 
and sulfate reduction apart  ratio. For ethanol and cheese whey, SRB could outcompete methanogens archaea 
(MPA) and fermentative bacteria (FB) only when on  ratio 1.0. At pH 4.0, the stablish of the sulfate reduction 
process as the mandatory pathway was totally dependent on  ratio, even when preferential substrates, as 
ethanol and lactate, are applied.

Keywords: sulfate reducing bacteria; electron flow; microbial population.

In anaerobic treatment of sulfate-rich wastewaters, SRB and MPA/FB always compete for 
the electron donor, which implies an extra cost for the process, considering the need to 
perform the complete sulfate reduction. The ratio of chemical oxygen demand to sulfate 
() also influences the competition between SRB and MPA/FB, promoting changes on the 
electron flow to sulfate reduction (Lu et al., 2016) and on the diversity of microbial community. 
This work investigated the competition by SRB and MPA/FB for the use of three electrons 
donors at COD/SO4

2- ratios of 1.0 and 2.0 and changes in the microbial community and SRB 
populations.
Six fed-batch reactors containing 50  of granular sludge (39.04 ) from a bench scale reactor 
treating acid mine drainage and 700  of synthetic wastewater (SW) at pH 4.0 and 1500  were 
kept at 30 °C and 150rpm. Ethanol, lactate and cheese whey were evaluated separately at 
ratios of 1.0 and 2.0. Time cycle was 48h. The reactors were fed with SW (): MgCl2·6H 2O 
(213), FeSO4·7H 2O (497), ZnCl2 (40), NH4Cl (58), NaH2PO4·2H 2O (34), Na2SO4 (1,833), and 
CuSO4·5H 2O (20). COD, sulfate and the SRB most probable number (MPN) were performed 
according to APHA (2012). Microbial community diversity was investigated by the phyloge-
netic characterization of dsrB gene, made by ABI3730 DNA Analyzer. 

The  ratio had great influence on electron flux competition by SRB and MPA/FB, except 
when lactate was the electron donor (Fig.1.1). A  shift on the dominance of SRB by MPA/
FB was achieved on the  ratio 2.0 using either ethanol or cheese whey. The  ratio is an im-
portant parameter affecting the competition between SRB and anaerobic microorganisms 
involved on the oxidation of organic matter, being the optimum ratio of 1.5–2.25 reported 
when lactate is the electron donor (Lu et al., 2016; El Bayoumy et al., 1999). However, in 
this work, a more success process regarding the removal of sulfate was obtained at the ratio 
1.0, since no huge influence was performed by the type of the electron donor. The removal 
rates were 77±14% (COD) and 73±8% () using ethanol, 68±19% (COD) and 80±8% (), using 
lactate and 68±19% (COD) and 80±8% () using cheese whey. However, with a  ratio of 2.0, 
only lactate performed a process with high removal rates of COD (>71%) and sulfate (~90%), 
agreeing with the previous statements that lactate is the preferred electron donor for SRB.  
The slightly better result on sulfate removal by cheese whey (58±8%) compared to ethanol 
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(48±10%) is related to the fact that a complex substrate enables fermentative pathways and 
results in products easily assimilated by SRB, such as alcohols and short-chain acids. SRB 
population determined by MPN in the inoculum ( and at the end of operation showed that 
SRB decreases as  ratio increases, regardless of electron donor. Electron donor and  ratio 
did not significantly affect the communities present on the reactors, being Desulfovibrio the 
dominant genus observed in all operational conditions. The dominant species were Desul-
fovibrio carbinolicus, D. fructosivorans, and D. magneticus, along with some other uncultured 
SRB. The results of this work highlighted the  ratio as the major influential parameter to 
achieve a success sulfate removal and  higher SRB populations at acid conditions. The type 
of electron donor had minor influence on the process and no significant changes on microbi-
al species resulted from any operational condition. The methodology proposed in this work 
was extended to the Biogas Project (P&D 06899-2612/2016) with appropriate suitability for 
the use in SMA bench tests of bovine manure.

Figure 1.1 Electron flow to sulfate-reducing bacteria (SRB) and methane producing archaea/fermentative bacteria (MPA/
FB) and SRB population (by MPN) as a function of electron donor and .
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Abstract
Two laboratory-scale anaerobic reactors were operated for 320 days at the same time. A 
hybrid reactor packed with polyethylene carriers and a UASB as a control system were feed 
with swine wastewater. The SMA was evaluated in the hybrid reactor during its start-up and 
steady state. The SMA test showed an increase from 0.26 to 0.32 g COD-CH4/g VSS d during 
the evaluated period. These results implied an upgrading in the initial maximum Organic Load 
Rate (OLR) calculated from 3.14 (t= 0 days) to 4.14 kg COD/m3d (t= 200 days). Moreover, the 
hybrid reactor reached a COD removal efficiency of 98% ± 5.52, higher to the UASB control 
system (88% ± 6.84), also achieving the removal of N-NH4

+ of 99.83% ± 0.1 while the UASB 
system presented ammonification.

Keywords
Specific Methanogenic Activity (SMA), anaerobic hybrid reactor, swine wastewater

INTRODUCTION
Hybrid systems improve the efficiencies of conventional reactors to treat wastewater, which 
remove more than 80% of the macropollutans of swine wastewater (Garzón & Buelna, 2014). 
The success of hybrid systems can be attributed to the combination of biological (aerobic/
anaerobic/anoxic) and physical treatments in the same unit. The use of polyethylene or poly-
urethane foam as carrier media inside of biological unit could be useful for the growth of mi-
croorganisms as a biofilm form. The SMA test is a useful tool to improve the performance of 
anaerobic system, for example it can help to establish the initial OLR of a reactor and control 
this parameter during the steady state according with the microorganisms activity (Hussain & 
Shashi, 2017). The objective of this study was to evaluate the dynamics of the methanogenic 
activity during the start-up and the equilibrium state of a packed hybrid reactor to improve 
the elimination of the efficiencies of the macropollutans without overloading the system.

MATERIALS AND METHODS
Design and operation of the Anaerobic Hybrid reactor. The hybrid system consists of two 
stages:          1- UASB (2 L) and 2-Aerobic system with polyethylene rings (1 L). The support 
media applied (size of 2x1 cm, surface area of 18.17 cm2/g and density of 0.4 g/mL) were 
inoculated with aerobic nitrifying sludge (7.66 VSS g/L).  The hybrid system operated at the 
same time with a conventional UASB as a control reactor, both systems were inoculated 
with granular sludge (31.71 of SSV g/L) with an IVL of 58.36 mL/g SST and sedimentation 
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rate of 42.56 m/h. The systems were feed with a swine wastewater under the following 
conditions: °T: 32±2 °C; Hydraulic Residence Time (HRT): 0.83±0.16 days and OLR that 
gradually was increased from 2.64 to 3.14 kg COD/m3d. The performance of both reactor 
were monitored through the measured of physicochemical parameters as COD, N-NH4

+, 
N-NO3

-, N-NO2
-, Alkalinity, Volatile Fatty Acid (VFA), STT and TVS.

Specific Methanogenic Activity (SMA). The SMA was carried out with samples from the hy-
brid reactor during the start-up (t=0 days) and the steady state (t= 210 days). Methanogenic 
activities were measured in triplicate in serum bottles with a medium enriched with micro 
and macronutrients with 0.05% CH3COOH as substrate. The bottles were maintained in me-
sophilic conditions (35±2°C) and the production of CH4 was monitored by a Fisher 1200 gas 
chromatograph.

RESULTS AND DISCUSION
The SMA of the hybrid reactor sludge at t= 0 and t= 210 days was increased from 0.26 to 
0.32 g COD-CH4 /g VSS d. Figure 1 shows the slope of the maximum production of CH4 ex-
pressed in mL as a function of time. This enhancement implies an increase in the activity of 
the methanogenic population and in the content of VSS (31.71 to 55.4 g/L). The SMA values 
obtained in this study are higher than reported by Hussain & Shashi, (2017) for a UASB-UAF 
hybrid reactor (0.25 g COD-CH4 /g VSS d) operating with a HRT of 0.66 days. 

Figure 1. A) Volume of CH4 produced at a t= 0 days and B) produced at t= 210 days.

The value of the SMA in the hybrid reactor was allowed to reevaluate the maximum OLR, 
increasing it from 3.14 to 4.14 kg COD/m3d. As a result, the COD removal efficiency was 
improved from 80%±5.39 to 98% ± 5.52, while in the control reactor the performance was 
88% ± 6.84. These results are higher than reported by  Chao et al., (2008) which treated 
swine wastewater in a biodigester that achieved COD removal efficiencies less than 70% ap-
plying HRT of 6-15 days. The hybrid reactor also showed removal efficiency of 99.83%± 0.11 
of N-NH4

+, which is excellent considering that the control system presented amonification. 
Other studies such as Aubry et al., (2006) report removal efficiencies of 56-78% N-NH4

+ in 
anaerobic biofilters, results less than reported in our work.

CONCLUSIONS
The SMA is a tool that indicates the capacity of assimilation that the methanogenic bacteria 
have to produce CH4 and allows to classify its potential under different operating conditions 
to achieve the highest removal efficiency of macrocopollutants. The SMA test also differen-
tiates the active microbial biomass from another type of particulate organic material allow-
ing determine the maximum potential loading capacity of the anaerobic treatment systems, 
without compromising the methanogenic population.

BA
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Abstract
The production of 1,3-propanediol (1,3-PD) from glycerol was studied during 
a 76-day period, in a UASB reactor with biomass suspended and attached 
in a silicone tube inside reactor. The goal was to establish the operational 
conditions aiming to maximize the 1,3-PD yield. The initial conditions were 
set at 7-g-L-1.d-1 glycerol loading rate (gly-LR), 3-d hydraulic retention time 
(HRT) and pH of 6.5. The gly-LR was increased to 12 g.L-1.d-1 by decreasing 
the HRT to 2 d.  The results showed that during the glycerol degradation, a 
competition occurred between the oxidative and reductive pathways, with 
production of ethanol and acetic acid, and 1,3-PD, respectively. Neverthe-
less, the glycerol degradation efficiency was maintained always near 100%, 
with a yield of 0.4-0.5 mol 1,3-PD.mol glycerol consumed-1 (maximum 0.6 
mol.mol-1). The operation will be continued to know the possible maximum 
gly-LR and to study the microbiota by NGS Illumina technique.

Keywords
1,3-propanediol; glycerol loading rate; hydraulic retention time; mixed cul-
ture; pH; silicone tube. 

INTRODUCTION
Glycerol is generated as a by-product of the biodiesel synthesis (0.1 kg glycerol per kg bio-
diesel produced). The dramatic excess generated exceeds by far its commercial demand, turn-
ing into an environmental concern that needs solutions. The anaerobic biological conversion 
is a potential economical alternative due to its low costs and the production of value-added 
compounds, such as carboxylates, alcohols, esters, ethers, hydrogen, methane, and 1,3-pro-
panediol (1,3-PD). The last can be used for textile polymers, adhesives, polyester resins, 
inks, lubricants, antifreezes, cosmetics, solvents and biocides production (Abad and Turon, 
2012). The objective of this study was to evaluate the 1,3-PD production from the anaerobic 
conversion of glycerol in a UASB reactor using a support medium containing attached and 
suspended mixed culture.

MATERIALS AND METHODS
In a previous work, the formation of biofilm inside a silicone tube (Carl Roth®, Germany; 0.15-
cm thickness and 0.4-cm internal diameter), used to supply a mineral solution (Florencio et 
al., 1993; Varrone et al., 2013) supplemented with 20 g.L-1 of glycerol to an UASB reactor, was 
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observed. Effluent samples were collected at the end of the tube before entering into the 
reactor and analyzed by HPLC (Agilent®, Japan), to verify if glycerol removal was occurring 
inside the tube. The efficient glycerol conversion demonstrated the development of a mixed 
culture attached to the tube. Therefore, a 762-mL UASB reactor was started-up containing 
silicone tube (285 cm) occupying half of the height, disposed in a spiral format and connected 
to the feeding tube. The experiment was conducted in a controlled room at 30 ±2°C. During 
a period of 76 days, the reactor was fed with the same mineral medium and glycerol, as in 
the previous experiment. 1g NaHCO3 per g COD glycerol was added to provide enough al-
kalinity. Glycerol loading rate (Gly-LR), hydraulic retention time (HRT), flow-rate, metabolites 
concentration and pH were daily monitored. In this period, biomass attached in the inner and 
external walls of the tubes was observed, as well as in suspension inside reactor.

RESULTS AND DISCUSSION
The main results obtained during the 76-day operational period of the UASB reactor are 
shown in Figure 1. During the first 14 days, the production of 1,3-PD decreased in parallel 
with ethanol increase, up to 0.2 mol.mol glycerol consumed-1; a high H2 release inside the 
tube was also observed. These results imply in a change from the reductive to oxidative fer-
mentative pathway of glycerol. Between the 5th and 15th days, an evident formation of bio-
film in the external wall of the tube was visually observed; this biomass seems to be related, 
after the 14th day, with the oxidation of ethanol to acetate, which could explain the ethanol 
consumption accompanied by an exponential increase of volatile fatty acids, mainly acetic 
acid that caused a pH drop. The increase of gly-LR to around 12 g.L-1.d-1 by reducing HRT 
to 2 days (35th day), seems to have caused an overloading to the acetate-producing organ-
isms, resulting in a dramatic reduction in acetate production. These conditions may have also 
favoured chain elongation reactions, resulting in consumption of ethanol, lactic and acetic 
acids, since an increase in butyric acid production was observed. After the 14th day, the 1,3-
PD production gradually increased reaching a maximum (0.6 mol.mol glycerol consumed-1). 
The value at day 76 of 0.55 mol.mol glycerol consumed-1 is higher than the values reported 
in similar works (Nakazawa et al., 2017).

Figure 1. (a) Glycerol loading rate, hydraulic retention time and pH during the 76-day operational 
period; (b) products yields and glycerol consumption.
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Concerning the configuration with silicone tube as support for biofilm formation inside a 
UASB reactor, the resulting biomass showed an efficient glycerol conversion into 1,3-PD, 
with an efficiency of almost 100% along the 76-day operational period. The experiment is 
presently been continued by (i) increasing the gly-LR, (ii) using crude glycerol as substrate 
and (iii) characterizing the microbiota by means of Illumina massive sequencing. The com-
plete results will be present in the symposium.
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Abstract
The effect of zeolite addition in an expanded granular sludge bed anaerobic reactor (EGSB) for the 
treatment of swine wastewater at high organic loading rates (OLR) was evaluated. The anaerobic pro-
cess was operated at 6 m/h with 5 cm of bed height, applying an organic shock loads strategy. The 
reactor with zeolite addition showed a higher stability at high OLR reaching efficiency of 80% at 32 
kgDQO/m3d. Further gradual increase of both OLR and the up-flow velocity, increased the efficiency 
of the modified EGSB up to 90%. In addition, this reactor attained more than 76% of organic degra-
dation rate with respect to the control reactor. According to specialized literature, this behavior has 
not been reported so far. It can be ensured that the addition of 40 g/L zeolite to the EGSB allowed 
the higher stability of the system with robustness when varying the operational conditions. Moreover, 
changes in microbial diversity were observed. 

Keywords
Anaerobic digestion, denaturing gradient gel electrophoresis (DGGE); expanded granular sludge bed 
reactor (EGSB); microbial diversity; organic loading rate (OLR); scanning electronic microscopy (SEM); 
volatile fatty acids (VFAs); zeolite

INTRODUCTION
The pig production has increased world widely in more than 3.5 times over the past 40 years. 
It is evident that this growth leads to a substantial increase in the generation of pig wastes 
and its inadequate disposal causes high contamination, including groundwater, contamina-
tion by pathogens and greenhouse gas emissions. The expanded granular sludge bed reactor 
(EGSB) was created to solve the problems of hydraulic short circuits, dead zones and prefer-
ential flows existing in UASB, being the last one, the preferred one to treat the swine waste-
waters. The use of higher upflow velocities and higher height/diameter relationship brings 
about granule expansion and the hydraulic mixture increase resulting in a rise of the bio-
mass/substrate contact (Seghezzo et al., 1998). Moreover, due to the attractive properties of 
zeolite, it is ideal for biological wastewater purification processes (Montalvo et al., 2012) and 
it has been used as a support in fixed and fluidized bed configurations. The objective of this 
paper was to study the influence of zeolite addition on the performance of EGSB reactors for 
the treatment of swine wastewaters.

MATERIALS AND METHODS
The lab experiments were conducted in two acrylic EGSB reactors (R1 and R2) with working 
volume of 3.04 L. In the case of reactor 2 (R2), 120 g of zeolite was added. The hydraulic 
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retention time (HRT) was 12 hours. The feeding consisted of a synthetic effluent simulating 
the characteristics of swine wastewater according to Bergmann et al. (2000). 
In the study of the effect of organic loading shocks, the reactors were inoculated with gran-
ular sludge obtained from a full-scale UASB reactor treating poultry slaughterhouse waste 
(Dacar Poultry, Tieté, São Paulo, Brazil). The recirculation flow (Qr) was approximately 200 
mL/min, resulting in 6.0 m/h of up-flow velocity (vup). The adaptation period was operated at 
OLR ranging from 1 -6 kgCOD/m3d along 40 days. From that moment, continuous OSL were 
applied over a period of 6 h with step increments of the OLR.  
When increasing both the OLR and the up-flow velocity, the reactors were inoculated with 
sludge obtained from a full-scale UASB reactor treating swine manure (UNESP-Jaboticabal, 
Brasil). The adaptation period was conducted at OLR ranging from 1 - 2 kgCOD/m3d during 
50 days. In the stage 1 an upflow velocity (vup) of 6 m/h was applied and the OLR was gradu-
ally increased (4, 8, 10 kgCOD/m3d). In stage 2, the recycling flow was increased to 320 mL/
min to provide a vup of 10 m/h and OLR of 10 and 15 kgCOD/m3d were applied.
The stability in the operation of the reactors was evaluated by following the behavior of the 
removal efficiency of chemical oxygen demand (ɳCOD), the accumulation of VFAs, the mean 
diameter of the granules and the microbial community shifts.

RESULT AND DISSCUSION
The principal results demonstrate that at higher up-flow velocities, the presence of zeolite in 
EGSB reactor, provide a more stable process at higher organic loading rates (Fig. 1 and Fig. 
2). However, the increase in the upflow velocity had a negative effect on the control reactor.

At the end of the operation in R1, the presence of curves bacilli, vibrios and long filaments 
was observed, probably related to an increase of the OLR. In addition, the Shannon and Chao 
similarity indexes (data not shown) were higher in R2 compared to R1, indicating a higher 
diversity and richness of the Archaeas community in the reactor to which zeolite was added.
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Abstract 
Volatile fatty acids (VFA) and alcohols are important classes of substances for en-
ergy generation and used as a raw material in several industrial processes. In the 
present study, experiments were carried out to compare VFA and alcohols produc-
tion from glucose by C. acetobutylicum and C. beijerinckii in batch reactors (GA and 
GB, respectively). Analyses have shown that GB presented a greater concentration 
of VFAs than GA (8.8 g/L in comparison to 4.6 g/L). Conversion efficiencies of car-
bohydrates (glucose) were 99% for GA and 92% for GB. Lactic acid was the major 
metabolite in both reactors, reaching 3.0 g/L in GA at 72 h and 6.0 g/L at GB at 96 
h. The concentration of ethanol was slightly higher in GA, presenting a peak value 
of 1.6 g/L at 90 h.

Keywords 
C. acetobutylicum; C. beijerinckii; ethanol; lactic acid; metabolites; volatile fatty ac-
ids.

INTRODUCTION
C. acetobutylicum and C. beijerinckii are two species of bacteria traditionally used in anaerobic 
digestion of fermentable sugars aiming to produce alcohols and VFA. Mixtures of these class-
es of compounds have been used as reactants in esterification for liquid biofuels synthesis. 
Furthermore, VFA and their derivatives are widely applied as raw materials in food, textile, 
pharmaceutical and plastics industries (ZHOU et al., 2018). The primary goal of this study 
is to compare the products of acidogenic metabolism of C. acetobutylicum and C. beijerinckii 
using glucose as a substrate in simple batch reactors.

MATERIALS & METHODS
Duplicate batch experiments were carried out in a shaker at 37 °C and rotation speed of 
100 rpm. Anaerobic reactors were prepared in Duran® flasks with an initial reaction volume 
of 850 mL. 90% of this volume corresponded to an aqueous solution of glucose at 20 g/L, 
while the remaining 10% was fulfilled with the inoculum at 2 g VSS/L of C. acetobutylicum 
ATCC 25752 (reactor GA) and C. beijerinckii ATCC 824 (reactor GB). There was no nutritional 
supplementation and 2 g NaHCO3/L was added to each reactor as a buffer to keep pH in the 
range from 4.0 to 6.0. 
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Analyses were performed with a frequency of 6 h from 0 to 96 h. Parameters measured 
were pH and Chemical Oxygen Demand (COD) according to Standard Methods (APHA, 
2012); concentration of carbohydrates (DUBOIS et al.,1956). VFA and alcohols were charac-
terized using an HPLC (High-Performance Liquid Chromatography), adapted from Penteado 
et al. (2012).

RESULTS AND DISCUSSION
Initial COD values of reactors GA and GB were 22.4 and 22.5 g COD/L. At the end of the 
experiments, both reactors had attained a COD value of 20.1 g COD/L. Initial carbohydrates 
(glucose) values of GA and GB were 20.5 and 20.6 g/L, , dropping to 0.2 and 1.7 g/L, resulting 
in conversion efficiencies of carbohydrates to metabolites of 99 and 92%, respectively. 
 Figure 1 (a) depicts the behavior of total VFA, which attained concentrations of 4.6 (GA) and  
8.8 g/L (GB) at 96 h. After 30 h, the concentration of VFA was stable in GA, while it increased 
continually in GB. Figures 1 (a) and (c), pH and concentration of VFA could be related since 
both vary relatively less after 30 h for GA. For GB, however, behaviours of pH and VFAs are 
opposite. The same correlation is valid for lactic acid, see Figure 1 (d), which was the primary 
metabolite in GA and GB. An increasing concentration of lactic acid took place in GB and the 
highest value attained was 6.0 g/L at the end of experiments. For GA, from 30 h, concentra-
tion of lactic acid was kept in the range of 3.0 to 2.0 g/L. According to Figure 1(b), the highest 
concentration of ethanol in GA was 1.6 g/L at 90 h, while it was 1.1 g/L at 96 h in GB.

Figure 1. Profiles in batch experiments: (a) VFAs concentration; (b) ethanol concentration; (c) pH; (d) 
lactic acid concentration; (e) butyric acid concentration; (f) malic acid concentration.

 As shown in Figure 1 (e), butyric acid started to be significant in reactor GA at 60 h and 
was present in lower concentration than in GB until 84 h. In reactor GB, butyric acid was de-
tected for the first time at 24 h. In the final of batch, concentration of butyric acid in GB was 
the greatest (0.64 g/L in comparison to 0.35 g/L in GA). ). For malic acid, see its concentration 
profiles in Figure 1 (f), it was verified that there is a point of maximum in GA at 6 h (2.3 g/L) 
and one in GB at 12 h (1.5 g/L). Then, periods of production and consumption of malic acid 
occur for both reactors and the final concentration of this metabolite was greater in GA (0.59 
g/L) than in GB (0.27 g/L). 

The concentration of isobutyric acid started to be pronounced at 36 h in GA and only at 96 
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h in GB, attaining final values of 0.47 and 0.35 g/L, respectively. Propionic and acetic acids 
did not show significant variations in both reactors, and GB reached higher concentrations of 
these metabolites than GA. Citric, succinic, formic, isovaleric and valeric acids were present 
in low concentrations in GA and GB throughout the experiments. Caproic acid, methanol, 
and butanol were not detected. 
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Abstract
One of the most important problem in the treatment of industrial wastes 
such as vegetables, seafood processing, oil and gas production, chemical 
manufacturing, pharmaceuticals and fertilizer is the high salt concentration 
they contain that could inhibit biological actors of the system. In salmon farm 
marine sediments, we show that high salt concentration does not inhibit the 
methanogenic activity. The current study highlighted methanogenic activi-
ty with and without substrate addition. The metabolically active microbial 
community diversity (evaluated by high throughput sequencing of the 16S 
rRNA transcripts) is currently under study.
Keywords
Methanogenic activity, salinity, halophile microorganisms, marine sediment.

INTRODUCTION
Anaerobic digestion and particularly methanogenic activity is inhibited by high salinity due 
mainly to the presence of cations (Lefebvre et al., 2007), since high salt concentration dis-
rupts metabolic functions and causes cell disintegration (Kargi and Dincer, 1996; Aslan and 
Şekerdağ, 2015). Despite these limitations, various processes have been used for the anaer-
obic treatment of saline wastewater (Lefebvre et al., 2007), but it requires long adaptation 
times. However, little is known about the dynamic and the diversity of the microbial ecosys-
tem that treats highly saline residues (Lefebvre et al., 2004)rich in both organic matter and 
salt (> 35 g l(-1. The use of a salt tolerant organism  has been proposed for the treatment of 
saline residues (Kargi, 2002; Abou-Elela et al., 2010) but it implies maintaining sterility and it 
is not possible to degrade all types of compounds. We propose to use natural enriched mi-
crobial consortium adapted to saline conditions, with methanogenic potential, as presumably 
found in marine ecosystem impacted by aquaculture. Especially, below the salmon farming 
cages, the anoxic conditions of the marine sediment coupled with the available organic ma-
terial generate the accumulation of methane, even though this gas is naturally found in low 
concentration, mainly due to the presence of sulphate-reducing bacteria (Barnes and Gold-
berg, 1976; Iversen and Blackburn, 1981). The organic waste resulting from aquaculture dis-
rupts in biological, chemical and ecological systems, generates methane (contributing global 
warming) and therefore requires adapted treatment to mitigate anthropic impacts generated 
by salmon production.

The objective of this work is to evaluate the use of microbial consortia from organic-rich ma-
rine sediment, contaminated by salmon farming, as inoculum to produce methane in condi-



260

tions of high salinity and to assess the effect of salt concentration on methanogenic activity 
and microbial community composition. Further, a consortium with potential for biotechnolo-
gy applications in the treatment of saline waste will be generated.

MATERIALS AND METHOS 
Sample collection. The marine sediment samples used in this study were collected the 
under the salmon farms of Puerto Montt (Chile). Physicochemical parameters pH, sa-
linity and COD were measured in addition to the concentration of phosphate, sulfate, 
ammonia, nitrate and nitrite (HANNA kits).

Methanogenic activity assays. The determination of methane production was carried 
out in 55 mL vial in triplicate under anaerobic conditions, in three different exper-
iments evaluating: EXP 1: the ratio between the concentration of volatile solids of 
the inoculum and the concentration of substrate, EXP 2: two temperatures without 
addition of substrate and EXP 3: the effect of salt concentration (Table 1). The biogas 
production was quantified by pressure measurement using a manometer (PCE P05), 
while the composition of the biogas was obtained using gas chromatography (Perkin 
Elmer Clarus 500 (TCD), VICI Hayesep Q 4mx1/8”OD column). 

Table 1. Conditions used in the different assays for of the methanogenic activity determination in 
the marine sediment.

Analysis of community. The RNA extractions were carried with commercial kit Pow-
erSoil® Total RNA Kit (Qiagen) using manufacturer recommendations. The RNA 
quantification was done using the spectrophotometer of UV-VIS (Shimadzu Scientific, 
BioSpec-nano). The copy number of bacterial 16S rRNA transcripts and archaeal 16S 
rRNA transcripts from four principal methanogenic groups (Methanobacteriales, Meth-
anomicrobiales, Methanosarcinaceae and Methanosaetaceae, primers used are detailed 
in Yu et al., 2005) in the samples was determined by qPCR using Takyon SybrGreen-
ROX mastermix (Eurogntec) with the AriaMx thermocycler (Agilent Technologies).

RESULTS

Methanogenic potential of marine sediments with addition of acetate. The samples 
incubated at different VS/substrate ratios produced methane (Table 2), confirming that 
this marine sediment did exhibit a potential for methanogenic activity. Although these 
tests were carried with a salt concentration of 5 g L-1 it could be established that there 
are microorganisms capable of supporting the halophilic conditions.
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Table 2. Kinetic parameters obtained during incubation of a saline inoculum at 25 °C and 30 mM 
acetate as substrate.
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                 Abstract
Anaerobic digestion of sewage sludge represents a long-standing, well es-
tablished technology. However, the process is not always stable and new 
monitoring variables capable to predict the performance of digesters are 
needed. The aim of this study was to find stability biomarkers in a full-scale 
digester which treats hydrolyzed sludge as substrate and suffered instability 
events in wich VFAs levels raised up to 5000 mg/L. To achieve this objective, 
sludge samples were taken at differents stability periods and the microbial 
composition were analyzed by 16S rRNA gene amplicon sequencing (Illumina 
Miseq). Results indicates that microbial structure changed during different 
stability stages. On the other hand, correlations test between populations 
abundances and stability parameters indicate that Methanosaeta dynamics 
correlated significantly with VFAs levels having its maximum correlation 
streght after 9 days of sludge sampling date. This predictive correlation was 
also comfirmed in a pilot-scale digester, which suggests that Methanosaeta 
dynamics could serve as a predictive biomarker for acidification events on 
digesters treating hydrolyzed sludge. 

                 Keywords
Anaerobic digestion, sludge digester, microbial community, predictive bio-
marker, amplicon sequencing.

INTRODUCTION 

The anaerobic digestion process is a well established process but is not always stable and 
new monitoring variables capable to predict the performance of digesters are needed. In this 
respect, the process parameter should respond rapidly to process disturbances [1]. The es-
tablishment of predictive correlations between microbial populations and monitoring param-
eters could be an interesting approach in order to find early warning indicators of instability 
events. The aim of this study was to find stability biomarkers in a full-scale digester which 
treats hydrolyzed sludge as substrate and suffered VFAs instability events. 



263

MATERIAL AND METHODS

Experimental set-up, DNA extraction and sequencing
The stability of a 15,000 m3 CSTR sludge digester treating hydrolyzed sludge was monitored 
along one year. Thirteen sludge samples were taken from digester to extract its DNA using 
the PowerSoil DNA isolation kit (Mobio). DNA extracts were subjected to sequencing of 
the 16S rRNA gene V4 variable region using the PCR primers 515/806 at MR DNA (www.
mrdnalab.com, Shallowater, TX, USA) on a MiSeq sequencer following the manufacturer’s 
guidelines.

Statistical analysis
PCA analysis was performed in order to visualize microbial structure changes at different sta-
bility periods. Correlations between stability parameters and relative abundances of micro-
organisms were determined by Pearson correlation test using the XLSTAT software version 
2014. Correlations were considered significat at p-values ≤ 0.5.  

RESULTS 
The AD had three periods: without acidification, acidification and post acidification period 
that was a new stable stage. As showed in Fig. 1b microbial community of samples changed 
and, in general, grouped according to the period in which sludge sample was obtained. Cor-
relation test indicated a strong predictive correlation between Methanosaeta and VFAs (Fig. 
1d). The maximum correlation of 0.94 was obtained with VFAs data from nine days after 
sludge sampling (Fig. 1c). 

Fig. 1. In (a), the monitoring of VFAs (red points) during digestion of hydrolyzed sudge. The sludge 
sampling points are indicated by vertical lines and numbers. In (b) the microbial structure changes 
during different stability periods. In (c) the values of Pearson coefficients between VFAs and Metha-
nosaeta abundance using VFAs data from 2 to 12 days after suldge sampling. In (d) the linear regres-
sion of Methanosaeta and VFAs (data from 9 days after suldge sampling).        
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CONCLUSIONS
Microbial community changes together with digester´s stability. A predictive correlation be-
tween Methanosaeta relative aundance and volatile fatty acids concentration were found, 
suggesting a potential predictive biomarker which would help to anticipate acidification 
events on digesters treating hydrolyzed sludge.
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Abstract
Agave  bagasse  from  tequila  industry  is  an  agroindustrial  waste  that  
can  be  used  for  methane production, a pretreatment is needed to hy-
drolyzate cellulose and hemicellulose. Temperature in anaerobic  digestion  
is  a  crucial  parameter,  where  thermophilic  temperature  (55-60°C)  
has  the potential to produce higher methane yields. This study aimed to 
evaluate the gradual acclimation of a  methanogenic  mesophilic  inocu-
lum  to  thermophilic  temperature,  using  acid  hydrolysate  from agave 
bagasse as substrate, the microbial community dynamic was followed by 
high-throughput sequencing  based on 16s rDNA. The anaerobic digestion 
at thermophilic conditions  prompted a slight increment on methane pro-
duction compared to mesophilic conditions, corresponding to a 18% high-
er yield (NmL CH4/gCODconsumed). The microbial characterization suggests a 
metabolic pathway associated to syntrophic metabolism of fatty acids.

Keywords
Acidic hydrolizate; lignocellulosic; mesophil-
ic; thermophilic

INTRODUCTION
Wastes and  effluents from  agroindustrial  processes are  a  potential  source  of biomass 
for biofuels production.  Agave  bagasse  from  tequila  industry  is  an  agroindustrial  waste  
that  can  be  used  for methane  production,  as  biofuel.  Nevertheless,  a  pretreatment  is  
needed  in  order  to  hydrolyzate cellulose and hemicellulose into fermentable sugars. From 
those pretreatments, produced effluents or hydrolyzates are used as substrate for a metha-
nogenic process. However, it is necessary to adapt a methanogenic  inoculum  in  order  to  
get  high  and stable  methane  production  during  the  anaerobic digestion. Temperature 
in anaerobic digestion is a crucial parameter, where thermophilic temperature (55-60°C)  
has the  potential  to produce  higher  methane  yields than  mesophilic  (35-40°C), but  the 
former is highly dependent on the influent substrate composition (Labatut et al., 2014). To 
the best of our knowledge, thermophilic anaerobic digestion of hidrolizated from agave 
bagasse have been not evaluated.  The objective of this study was to evaluate the gradual 
acclimation of a methanogenic mesophilic  inoculum  to  thermophilic  temperature,  using  
acid  hydrolysate  from  agave  bagasse  as substrate. The acclimation time and methane 



266

yields were determined in two semi-continuous reactors, one thermophilic and another 
mesophilic as control; the microbial community dynamic was followed by high-throughput 
sequencing based on 16s rDNA.

MATERIALS & METHODS
Agave tequilana Weber bagasse was obtained from a local tequila distillery in Jalisco, Mex-
ico. The bagasse,  previously  dried  were  cut  in  5  cm  length  fibers  and  stored.  Then,  
acid  agave  bagasse hydrolysate was obtained (Arreola et al., 2015). The hydrolysate was 
filtered (0.45 µm), and then neutralized to pH 7 using NaOH reagent. The inocula for meth-
ane experiments was a mesophilic anaerobic granular sludge from a brewery water treat-
ment plant. A gradual acclimation stage of the mesophilic sludge to the acid hydrolysate 
and thermophilic temperature was carried out in an UASB reactor  of  2  L  of  working  
volume,  named  as  acclimation  reactor  (AR). The  AR  was  operated  in sequential batch 
mode. Each cycle last 4-6 days, until the biogas production stopped. At the end of each 
cycle solids were allowed to settle 1 h and 1.5 L of effluent were exchange for fresh hydro-
lyzate and mineral medium at 5 g COD/L. The AR were operated initially at 35 °C until a 
stable methane production  was  reached  among  cycles  (coefficient  of  variation  >  10%).  
Then  temperature  was increased at 45 °C and after at 55 °C. Increments of temperature 
followed the same stability criteria. A second UASB reactor was operated along the exper-
iment as control at 35°C, named as mesophilic reactor  (MR).  Reactors  temperature  was  
controlled  using  a  water  bath  and  recirculation.  Biogas production  was measured by  
an automatic device  (µFlow, Bioprocess Control, Lund SE). Biogas composition was deter-
mined by GC-TCD (Buitrón et al. 2014). Gas is reported at standard conditions (0°C, 1 atm).

RESULTS
The gradual increment of temperature allowed a continuous production of methane 
during more than
60 days (Figure 1). Compared to mesophilic reactor, the last two cycles at 55 C increased 
the total methane  production  10%,  corresponding  to  a  18%  higher  yield  (NmL  CH4/
gCODconsumed).  The microbial community characterization showed and increment of the 
Methanofolis genus, associated to the scavenge hydrogen and formate generated from 
secondary fermentation of fatty acids (Chauhan et  al.,  2006);  assuming  a  metabolic  
pathway  associated  to  such  acids  prompted  by  thermophilic conditions.
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CONCLUSIONS
The  anaerobic  digestion  at  thermophilic  conditions  prompted  a  slight  increment  on  
methane production  using  acidic  hydrolysates  as  substrates.  The  microbial  charac-
terization  suggests  a metabolic pathway associated to syntrophic metabolism of fatty 
acids.
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Abstract
Anaerobic digestion is a microbial-mediated process used to treat a wide 
range of organic wastes. However, the functionality of the microbial pop-
ulations that facilitate the process is still not fully understood. This study 
aims to uncover relationships between taxa and kinetic rates. Correlation 
between hydrolytic activity (cellulose), acetogenic activity (butyrate and 
propionate), methanogenic activity (acetate and formate), and the microbial 
community composition (based on 16S rRNA amplicon sequencing) were 
determined. The tested microbial communities were the effluent from 4 lab-
scale reactors at various operational days (0, 90, 145, 185 and 295). Pear-
son correlation revealed several significant associations between bacterial 
taxa and activity rate profiles. For instance, the presence of Armatimonade-
tes, Chloroflexi, and candidate phylum OP8 were positively correlated with 
higher cellulolytic rates. Acetogenic bacteria such as Syntrophomonas and 
Synthophobacter were correlated to higher butyrate and propionate degra-
dation rates but also other fermentative bacteria belonging to Bacteroidetes, 
Firmicutes and Proteobacteria. The positive correlation between butyrate, 
propionate and fermentative bacteria suggests that up-stream fermenting 
microbes could trigger VFA degrading microbes. No strong correlation was 
found between the archaeal community and hydrogenotrophic or aceticlas-
tic methanogenesis rates. For the acetoclastic methanogenesis different 
rates were obtained by a fairly consistent community, while for hydrogeno-
trophic methanogenesis similar rates were obtained by a variable communi-
ty. Overall, the correlation of activity assays and the 16S rRNA gene has re-
vealed insights into the linkage of microbial functionality and their possible 
role within the anaerobic digestion microbiome.

Keywords
Anaerobic digestion; microbial community; activity assays; correlation; Pear-
son.

INTRODUCTION
Anaerobic digestion (AD) is a microbial-mediated multi-step process where organic matter 
is converted to biogas by the action of several groups of microbes. Understanding the role 
of the microbial communities in AD can promote the development new tools for predicting 
and controlling AD to improve process performance and application (Carballa et al., 2015). 
The combination of culture-independent microbial tools (e.g. 16S rRNA) with kinetic activity 
assays could be used to  estimate of microbial activity through substrate consumption rates 
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and find new functionalities. The combination of these two techniques is scarce in the litera-
ture, with most studies only focused on methanogenesis. However, the role and importance 
of bacterial populations should not be undervalued since bacteria are responsible for organic 
matter solubilisation, fermentation and syntrophies critical for methanogenesis and the over-
all AD process. 

The aim of this study is to uncover relationships between microbial taxa and process func-
tion correlating activity assay data (hydrolysis, acetogenic and methanogenic rates) and their 
associated microbial communities from four operational-stable anaerobic digesters.

MATERIALS AND METHODS
Effluent from four lab-scale CSTR digesters was collected to perform activity assays at sever-
al operational days (day 0, 90, 145, 185, and 295) (Peces et al., 2016). Briefly, activity assays 
were carried out at 37 ± 1 ºC, the same temperature as the digesters. Five model substrates 
were tested: cellulose, butyrate, propionate, acetate and formate as in Peces et al. (2016). 
Genomic DNA was extracted using FastDNA™ SPIN kit for soil. The V6 to V8 region of the 
16S rRNA gene was amplified using universal primers 926F and 1392R and sequenced using 
the Illumina MiSeq platform. Statistical analyses were performed in RStudio. Pearson cor-
relations between activity rates and taxa (at 97% similarity, at the lowest possible taxonomic 
assignment) were performed on Hellinger-transformed taxa abundance and variance-cor-
rected activity rates. Only positive correlation coefficients with a significance lower than P < 
0.05 have been considered. 

RESULTS AND DISCUSSION 
Pearson correlations between taxa and activity rates are shown in Figure 1. The increment in 
cellulolytic rates was correlated with the presence of Armatimonadetes (candidate class SHA-
37), some representatives of Chloroflexi (candidate genus SHD-231) and candidate phylum 
OP8. The functionalities of these candidate taxa are still not fully identified in the literature. 
However, the present results suggest a plausible involvement of these groups in the hydro-
lysis-fermentation step. 

Regarding acetogenesis, Syntrophomonas, Synthophobacter, and Bacteroidetes (BA008) were 
positively correlated with a higher butyrate consumption rate, while Clostridium, Veillonellace-
ae, Phycisphaeraceae and Syntrophobacter as well as other Proteobacteria and Sphaerochaeta-
ceae were positively correlated with a higher propionate consumption rate. In the literature, 
Syntrophomonas and Synthophobacter are described as bacteria capable of VFA degradation, 
while the other forenamed bacteria are generally classified as fermenters. The correlation 
of fermentative bacteria with higher acetogenic consumption rates suggest these bacteria 
are responsible for butyrate or propionate production, supporting the growth and activity 
of butyrate and propionate consumers. Therefore, a higher activity rate is obtained when a 
degradation pathway is more expressed.   

Only Methanomassiliicoccus was correlated with acetoclastic methanogenic rate, while no 
methanogen was found to be correlated with hydrogenotrophic methanogenesis. The latter 
is because methanogens relative abundance and methanogenic rates were relatively stable 
in this study, diminishing the power of correlation tests. Interestingly, several bacteria (Figure 
1) that can generate formate as a fermentation end-product were positively correlated with 
higher formate rates. These observations provide strong evidence of the linkages between 
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functi onal steps in AD and groups of microbes. A key outcome is that future research into 
microbiome-functi onality correlati ons should incorporate both substrate producers (bacte-
ria) and consumers (bacteria and methanogens) and include functi onal genomic analyses to 
advance into the diffi  cult linkage of microbial functi onality with process performance.

Figure 1. Pearson correlati on maps displays the taxa that showed a signifi cant correlati on with at least 
one acti vity rate. Blue represents positi ve correlati ons, red negati ve correlati ons with taxa 
abundance. Colour intensity represents the strength of the correlati on (darker, stronger). 
Numbered cells indicate signifi cant correlati on coeffi  cients (Bold, P < 0.01, Italic P < 0.05). 
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Abstract
This work aims at understanding the adaptation of microbial communities in 
anaerobic digesters treating municipal sewage sludge (SS), to co-digestion 
with food waste (FW). Four parallel lab- scale anaerobic reactors (5 L) were 
fed with SS and increasing concentrations of FW. Higher amount of food 
waste in the feed was accompanied by shifts in microbial communities during 
the time course of the experiment (160 days). A tightly associated group of 
syntrophic bacteria related to Syntrophomonas and Cloacimonadales, and the 
methanogenic archaea Methanospirillum appeared to be coupled to the sta-
ble performance of anaerobic co-digestion at high FW/SS ratio.

Keywords
Co-digestion; Food Waste; Sewage Sludge; Microbiome

INTRODUCTION
 Addition of food waste (FW) as a co-substrate in anaerobic digesters may exert positive 
effects on the co-digestion of sewage sludge (SS), particularly for realizing the potential of 
wastewater treatment plants to become energy-neutral. However, excessive supply of easily 
degradable organic matter may bring about deterioration of the digestion process, due to the 
accumulation of volatile fatty acids (VFA) and resulting reduced biogas production (Leitao et 
al., 2006; Carballa et al., 2015). Therefore, gaining deeper insight into the changes that occur 
within the structure of the anaerobic digester microbiome upon addition of co-substrate 
may contribute to the overall improvement of performance, in terms of process stability and 
biogas production. 

EXPERIMENTAL DESIGN
 Four lab-scale anaerobic reactors (5 L) were operated at 37 °C during 160 days, with daily 
feeding of sewage sludge plus increasing concentrations of food waste, and retention time 
of 21 days (Fig. 1). 
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Figure 1. Volatile solids from sewage sludge (blue), food waste (green) fed to the reactors, and accu-
mulated biogas production (gray area).

RESULTS AND DISCUSSION
All reactors displayed stable specific biogas production (biogas/VS), with no accumulation 
of volatile fatty acids (VFA) throughout the study. Following metagenomic DNA extraction, 
shotgun sequencing was performed using an Illumina Hiseq 1500 platform. The program 
EMIRGE (Miller, 2013) was used to reconstruct 427 small subunit rRNA genes (>800 bp) in 
the 49 metagenomes (17 archaeal, two from Eukarya, and the remaining 408 from Bacteria), 
which were subsequently mapped to all samples for the estimation of the relative abundance 
of each OTU in the communities.  

 A non-metric multidimensional (NMDS) plot, based on the Bray-Curtis index, showed that 
higher amount of food waste in the feed was accompanied by shifts in microbial communities 
during the time course of the experiment (Fig. 2). Interestingly, an additional pulse of FW 
starting at day 125 (Fig. 1) replicated the direction of the changes in all reactors (Fig. 2).
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Figure 2. NMDS (nonmetric multidimensional scaling) plots representing the similarity of microbial 
communities in the reactors. The numbers indicate the time of sampling (same as in Fig. 
1).

 A co-occurrence network revealed a strong association (Pearson correlation > 0.95) be-
tween four taxa, including a bacteria belonging to the order Sphingobacteriales, two syntro-
phic bacteria related to Syntrophomonas and Cloacimonadales, and a methanogen belonging 
to the hydrogenotrophic genus Methanospirillum. The abundance of this group of coexisting 
microorganisms was tightly associated to periods of high FW content of the feed to reactors 
B, C and D.

CONCLUSIONS
 We present new evidence of shifts that occur within microbial communities due to the 
addition of food waste in the co-digestion process. A reproducible group of syntrophic bacte-
ria and methanogenic archaea appear to be coupled to the stable performance of anaerobic 
co-digestion at high FW/SS ratio. We are currently performing the assembly of individual 
genomes from the metagenomes in order to reconstruct the carbon flow in these syntrophic 
associations.
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Abstract
The ultimate goal of this ongoing research project is to design a control sys-
tem based on online sludge filterability (SF) measurements, coupled with 
flux enhancers (FEs) addition, to optimize the membrane filtration process 
in anaerobic membrane bioreactors with regard to the applicable operation-
al flux. The effects of FEs addition on the SF, membrane filtration process, 
sludge characteristics and biological activity was studied for industrial and 
municipal anaerobic sludge samples. Different FEs were tested in short-term 
filtration tests and jar tests. The FE KD451 was selected based on its capaci-
ty to significantly enhance the SF of municipal and industrial sludge samples 
when applied at very low concentrations, while no effect on pH was ob-
served. Results showed that the addition of FE improved the SF, increased 
the particle size and decreased the biopolymeric clusters concentration. 
The optimal dosages of KD451 for SF enhancement were: 0.35 g L-1 (21.3 
mg gTSS-1) for industrial sludge and 0.25 g L-1 (8.2 mg gTSS-1) for munici-
pal sludge. However, also some adverse effects were observed when using 
FEs, that is: increasing dosage increased biomass activity inhibition and de-
creased permeate quality. Therefore, a control strategy should be designed 
to avoid adverse effects on the permeate quality and biomass activity while 
increasing SF for an optimized filtration process. 

Keywords
Anaerobic sludge; Biopolymeric clusters; Filterability; Flux enhancers; Per-
meate quality; SMA

INTRODUCTION
Anaerobic membrane bioreactor (AnMBR) is an innovative technology for sewage treatment, 
whereas it is getting more accepted for industrial wastewater treatment. However, the main 
factor limiting the economic feasibility and applicability of AnMBRs is the low operational flux 
caused by severe membrane fouling (Ozgun et al., 2013). So far, research on membrane foul-
ing mitigation strategies focused on the optimization of membrane operational conditions, 
such as flux adjustment, and cleaning frequency and duration. However, this approach can 
lead to suboptimal filtration performance when the sludge filterability (SF) is deteriorated, 
such as high gas sparging rate, low operational flux and high mechanical cleaning frequen-
cy or duration, hence decreasing permeate production and increasing energy consumption. 
Therefore, fouling mitigation strategies including SF optimization is crucial to allow optimal 
filtration conditions.
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Quantifying the SF, independently from the membrane filtration variables and membrane 
module configuration, is crucial for allowing effective control of the filtration process. Al-
though the usefulness of SF measurements for control purposes has been mentioned in 
several publications so far they were mainly applied to characterize and monitor the fouling 
potential in aerobic MBRs. The overall objective of our ongoing research project is to design 
a control system to optimise the operational flux in AnMBRs coupling SF measurements with 
flux enhancers (FEs) addition. Several research papers report the use of FEs (adsorbents/
coagulants/flocculants) to increase SF in membrane bioreactors. Excessive dosage of FE can 
lead to adverse effects (Drews, 2010), such as inhibition of the biological activity, pH de-
crease and deterioration of filtration performance.

This study aimed to assess the effect of FEs addition to anaerobic sludge from reactors treat-
ing respectively industrial wastewater and sewage sludge. The effect on the SF; permeate 
quality; sludge characteristics and biological activity were examined. 

MATERIALS AND METHODS
Sludge samples from the anaerobic digester of a sewage treatment plant and from the full-
scale AnMBR of a food industry were used; these are further designated as municipal and in-
dustrial sludge samples, respectively. The coagulant PAX14 and the flocculant KD451 were 
added to the industrial sludge sample in jar tests, where soluble chemical oxygen demand 
(sCOD), pH and capillary suction time (CST) were measured. The selection of this FEs was 
based on a previous study (Lousada-Ferreira et al., 2018). Short-term filtration tests were 
performed in the anaerobic Delft filtration characterization (AnDFC) installation (Lousa-
da-Ferreira et al., 2017) with consecutive additions of FE (achieving different dosages) into 
municipal and industrial sludge samples. The SF, particle size distribution (PSD) and CST were 
measured on the raw and flocculated sludge. Permeate quality was assessed measuring total 
organic carbon (TOC) in the permeate;  TOC in the sludge supernatant was measured, and 
the biopolymeric clusters (BPC) concentration was determined as the difference between 
supernatant and permeate TOC. Specific methanogenic activity (SMA) tests were performed 
at different concentrations of FE to assess the inhibition on the methane production rate. 
Municipal and industrial flocculated sludge samples were used individually as inoculum. 

RESULTS AND DISCUSSION
Jar tests using industrial sludge with the addition of PAX14 or KD451 were performed. The 
optimal KD451 dosage was 0.5 g L-1 corresponding to 66 % removal of sCOD and 67 % de-
crease of CST. Moreover no effect on the pH was observed. A higher sCOD removal and CST 
decrease were achieved with PAX14; however, considerably higher dosages were needed 
compared to KD451. Furthermore the pH decreased with increasing PAX14 dosage, namely 
71 % sCOD removal, ~100 % CST decrease and a pH of 5.6 were obtained with a dosage of 
8.1 g L-1. Therefore, KD451 was selected for further tests within this project.

Results from short-term filtration tests with consecutive additions of KD451 on municipal 
and industrial sludge samples are shown in Table 1. The optimal dosages were selected to 
significantly decrease ΔR20 while minimizing the amount of FE used. The addition of FE led 
to larger particles, and the BPC concentration decreased causing a decrease in ΔR20, that is: 
an improvement in SF. However, FE addition showed an adverse effect on permeate quality 
and biomass activity. 
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In the presentation, the potential role of FE in online fouling control using continuous SF 
measurements will be discussed and an outlook for application will be presented.
Table 1. Results from short-term filtration tests for raw sludge and flocculated sludge at its optimal 
dosage.
Sludge Dosage

(g/L)
TOC permeate

(mg/L)
BPC

(mg/L)
50 percentile

(µm)
ΔR20

*

(x1012 m-1)
SMA inhibition

(%)
Industrial NA 3 455 61 50 NA
Industrial + KD451 0.35 27 181 121 17 6
Municipal NA 72 362 53 12.8 NA
Municipal + KD451 0.25 108 148 79 0.5 19

* ΔR20: estimated additional resistance when 20 L of permeate per m2 of membrane surface 
are filtered, it is inversely related to SF. ΔR20 was measured applying a flux of 60 L m-2 h-1 and 
cross-flow velocity of 1.5 and 0.5 m s-1 for industrial and municipal sludge, respectively.

REFERENCES
Drews, A., 2010. Membrane fouling in membrane bioreactors : Characterisation , contradic-

tions , cause and cures. Journal of Membrane Science 363, 1–28.
Lousada-Ferreira, M., Muñoz Sierra, J., Odriozola, M., Spanjers, H., van Lier, J., 2018. Flux 

enhancers in Anaerobic Membrane Bioreactors. Manuscript in preparation.
Lousada-Ferreira, M., Odriozola, M., Spanjers, H., van Lier, J., 2017. On-line fouling control 

tool for Anaerobic Membrane Bioreactors, in: 12th IWA Specialized Conference on In-
strumentation, Control and Automation. Québec.

Ozgun, H., Kaan, R., Evren, M., Kinaci, C., Spanjers, H., van Lier, J.B., 2013. A review of an-
aerobic membrane bioreactors for municipal wastewater treatment : Integration options 
, limitations and expectations. Separation and Purification Technology 118, 89–104.



281

Effect of substrate concentration on anaerobic 1,3-propane-
diol production from industrial wastes

A. C. O. Nobre*; N. W. S. Morais*; A. M. Pereira*; M. M. H. Coelho*; T. J. T. Ferrei-
ra**; R. C. Leitão**; P. I. M. Firmino* and A. B. Dos Santos* 

* Department of Hydraulic and Environmental Engineering, Federal University of Ceará, Fortaleza, Ceará, 
Brazil
(E-mail: carolnobre1404@gmail.com; naassomw@gmail.com; andreymp@icloud.com; 
milenamaciel.ufc@gmail.com; igor@deha.ufc.br; andre23@ufc.br)
** Embrapa Tropical Agroindustry, Fortaleza, Ceará, Brazil
(E-mail: tassojorgetavaresferreira@hotmail.com; renato.leitão@embrapa.br)

Abstract
This study aimed to evaluate 1,3-PDO production from residual glycerol 
and dairy effluent fermentation at different concentrations, keeping the 
food-microorganism ratio constant (2 g COD·g VSS-1). Two batch tests were 
performed, in which four concentrations (5, 10, 25 and 50 g COD·L-1) of both 
wastes were tested using a domestic sludge inoculum. The experiments 
with residual glycerol showed that the highest production of 1,3-PDO (6.05 
g COD·L-1) was achieve at the concentration of 10 g COD·L-1, although high 
concentrations of carboxylic acids were also observed. For all concentra-
tions of dairy effluent, 1,3-PDO was not detected, but acetic, butyric and 
latic acids were found only at the initial concentration of 5 g COD·L-1.

Keywords Acidogenesis; residual glycerol; dairy effluent; industrial effluent; 
1,3-PDO.

INTRODUCTION
Anaerobic production of alcohols, such as 1,3-propanediol (1,3-PDO), represents an eco-
nomical and viable way for generating value-added bioproducts from industrial wastes to 
chemical and pharmaceutical industries. The reductive route of glycerol degradation produc-
es, by dehydration, 3-hidroxypropionaldehyde, which can be further converted into 1,3-PDO 
(Lee et al., 2015). The reverse β-oxidation of lactate allows the production of organic acids 
(Kucek et al., 2016), but has not been studied yet for 1,3-PDO generation. Therefore, this 
study aimed to evaluate the anaerobic production of 1,3-PDO from different concentrations 
of residual glycerol and dairy effluent, keeping the food-microorganism ratio constant.

MATERIALS AND METHODS
Two batch experiments were carried out in 250-mL bottles (with 20% headspace), in which 
different concentrations (5, 10, 25 and 50 g COD·L-1) of residual glycerol and dairy effluent 
were tested. The seed inoculum was a domestic sludge obtained from a sewage treatment 
plant. After inoculation (at food-microorganism ratio of 2 g COD · g VSS-1), pH was adjusted 
to 7 and NaHCO3 was used as buffer (6 g·L-1). In order to inhibit the methanogenic activity, 
chloroform (0.05%) was also added to the bottles, which were, then, sealed with butyl rubber 
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stoppers. After that, anaerobic conditions were established by flushing the headspace with 
N2. The tests were run, continuously agitated (113-114 rpm), for six days, keeping constant 
the temperature (30 °C). Samples were collected manually at days 1, 3 and 6 of incubation. 
1,3-PDO production and other metabolites (carboxylic acids) were measured by HPLC (Shi-
madzu), equipped with an Aminex HPX-87H column, at an isocratic flow of 0.6 mL·min-1 (5 
mM H2SO4).

RESULTS AND DISCUSSION
1,3-PDO production from anaerobic fermentation of dairy effluent was not observed in the 
experiments, probably due to the large amounts of lactose present in this waste, which stim-
ulates lactase production by fermentative microorganisms. As 1,3-PDO formation requires a 
reductive pathway, and lactase only catalyzes oxidative pathways, the production of this diol 
might not have been possible from dairy effluent (Supaphol et al., 2011). However, others 
compounds were produced only at 5 g COD·L-1 (Table 1). Using residual glycerol, the highest 
production of 1,3-PDO occurred (at day 6) at the concentration of 10 g COD·L-1 (3.60 g·L-1) 
(Table 1). In addition, oxidative pathways also occurred since high productions of acetic, pro-
pionic and succinic acids were observed. Possibly, the low production of 1,3-PDO obtained 
in the present work might have been due to the use of a nonadapted inoculum and high sub-
strate concentrations tested, which led to a rapid accumulation of metabolites in the medium 
and, consenquently, a probable process inhibition. No production of the compounds was 
found in the endogenous controls for both residual glycerol and dairy effluent experiments.

Table 1. Biological compounds produced under different concentrations of industrial wastes, high-
lighting 1,3-PDO production.

Substrate Concentration 
(g COD·L-1)

Produced metabolites (g·L-1)
Acetic 
acid

Propionic 
acid

Butiric 
acid

1,3-
PDO

Succinic 
acid

Lactic 
acid

Residual glicerol

5 1.11 2.15 - 1.42 0.72 -
10 1.83 4.98 - 3.60 0.86 0.46
25 3.28 4.26 - 3.31 1.33 0.62
50 1.20 2.59 - 2.31 1.28 0.62

Dairy effluent 5 1.58 - 1.76 - - 0.74
CONCLUSIONS
Metabolites were detected only at day 6 of incubation for both wastes. Using residual glyc-
erol, the highest production of 1,3-PDO was achieved at 10 g COD.L-1 concentration, which 
also allowed the formation of carboxylic acids. For the dairy effluent, 1,3-PDO production 
was not detected, but some carboxylic acids were detected at 5 g COD. L-1.
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Abstract
This work aimed to evaluate the effect of microaeration (0.1 mL air·min-1) at 
different dosing points (headspace and sludge blanket) associated to nitrate 
addition (35 mg·L-1) on sulfide removal from effluent and biogas in a UASB 
reactor. Microaeration, at both dosing points, has promoted high dissolved 
sulfide removal efficiencies (> 70%). However, H2S could be removed only 
when the microaeration was applied to the headspace, and very low effi-
ciencies were unexpectedly achieved (< 20%). The addition of nitrate, un-
der microaerobic conditions, increased dissolved sulfide removal efficiency 
(96%), but no impact on gaseous sulfide removal was observed.

Keywords
Dessulfurization; microaeration; autotrophic denitrification; sulfide removal.

INTRODUCTION
Sulfide produced from sulfate reduction in anaerobic wastewater treatment plants rep-
resents an environmental and health problem due to its malodor, high toxicity and corrosive 
nature. Microaeration and autotrophic denitrification have been shown as cost-effective in 
situ biological methods for sulfide removal (gaseous and dissolved fractions, respectively) 
in anaerobic reactors (Díaz et al., 2011; Reyes-Avila et al., 2004). However, the association 
of both methods still needs to be better investigated. Hence, the present work aimed to 
evaluate microaeration application associated to nitrate addition as an alternative for sulfide 
removal from effluent and biogas in a UASB reactor.

MATERIALS AND METHODS
The experiment was carried out in a lab-scale UASB reactor (working volume of 3.0 L and 
HRT of 8 h), which was initially fed with a synthetic wastewater containing ethanol (~1.0 g 
COD·L-1), basal medium (Firmino et al., 2010), a buffer (~1.0 g NaHCO3·L-1) and sulfate (~0.1 
g·L-1) (period I) (Table 1). After this control period, microaeration (0.1 mL air·min-1) was applied 
to the reactor headspace (period II) and, subsequently, to its sludge blanket (reactor bottom) 
(period III). Finally, ~35 mg NO3

-·L-1 were added to the feeding while the reactor continued 
to be microaerated at the sludge blanket (period IV). SO4

2-, NO2
- and NO3

- were measured by 
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ion chromatography, whereas sulfide (dissolved and gaseous), COD and CH4 were detected 
according to Sousa et al. (2016).

RESULTS AND DISCUSSION
During the whole experiment, COD removal efficiency remained approximately 90% (data 
not shown). Therefore, microaeration and nitrate supplementation might have not affected 
significantly organic matter removal and its conversion into methane (Table 1). Concerning 
sulfide removal, when the reactor was microaerated at the headspace, the dissolved sulfide 
concentration reduced considerably from 13 (period I) to 4 mg·L-1 (period II), achieving a re-
moval efficiency of almost 73% (Table 1). However, although literature reports microaeration 
as a highly efficient strategy to remove H2S from biogas (Díaz et al., 2011; Sousa et al., 2016), 
the gaseous sulfide removal efficiency in the current work was unexpectedly less than 20% 
(Table 1). By microaerating the reactor at the sludge blanket (period III), the dissolved sulfide 
concentrations remained similar to those of the previous period, whereas H2S content in bio-
gas increased, even in relation to period I (control) (Table 1). According to Diaz et al. (2011), 
the headspace seems to be the best dosing point since O2 reacts more easily and directly 
with H2S, and it is not consumed by other reactions in the sludge blanket (e.g. organic matter 
and dissolved sulfide oxidation). Thus, higher airflow rates might be necessary in order to 
obtain good H2S removals when the microaeration is applied directly to the sludge blanket.

Table 1. Operational performance of the reactor

Period I II III IV
Period length (days) 116 174 65 68

Dosing point - Headspace Sludge blan-
ket

Sludge blan-
ket

Nitrate (mg·L-1) - - - 35

SO4
2-

Influent (mg·L-1) 119 (15) 128 (12) 129 (15) 159 (18)
Effluent (mg·L-1) 53 (12) 59 (15) 54 (18) 77 (24)
Efficiency (%) 56 (8) 54 (11) 57 (15) 52 (14)

S2- Effluent (mg·L-1) 13 (3) 4 (2) 3 (2) 1 (1)
H2S Biogas (mL∙d-1) 6 (2) 5 (2) 10 (10) 10 (10)
CH4 Biogas (L∙d-1) 3.1 (0.6) 2.4 (0.5) 2.4 (1.5) 2.0 (1.4)

The standard deviation is shown in parentheses.
When the reactor was supplemented with nitrate (period IV), no difference were observed at 
H2S concentrations (Table 1). However, in this period, the dissolved sulfide was approximate-
ly 96% lower than in period I (Table 1). As sulfidogenesis was not affected by nitrate addition 
(Table 1), sulfide might have been further removed via autotrophic denitrification, in which it 
was oxidized using nitrate as electron acceptor (Reyes-Avila et al., 2004). In fact, nitrate was 
almost completely consumed in this period (~97% removal) (data not shown).

CONCLUSIONS
Microaeration, at both dosing points, has promoted high dissolved sulfide removal efficien-
cies (> 70%). However, H2S could be removed only when the microaeration was applied to 
the headspace, and unexpected very low efficiencies were achieved (< 20%). The addition of 
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nitrate, under microaerobic conditions, increased dissolved sulfide removal efficiency, but no 
impact on gaseous sulfide removal was observed.
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Abstract
In the present work, the effect of different nitrate concentrations (80-270 
mg·L-1) on sulfide removal in an anaerobic reactor was evaluated. Nitrate 
addition had a positive impact on sulfide removal, being the best results 
obtained with ~270 mg·L-1 (97% for dissolved sulfide and 62% for H2S). As 
nitrate did not hinder sulfidogenesis, autotrophic denitrification might have 
been the main sulfide removal process. Nitrate also increased COD removal, 
but it decreased methane production (by 17%) due to a likely competition 
between denitrifying and methanogenic pathways for substrate.

Keywords
Autotrophic desnitrification, nitrate; sulfide; desulfurization.

INTRODUCTION
Sulfide is a toxic, corrosive and malodorous compound which is harmful to human health 
at concentrations as low as 10 mg L-1. Biological process to remove this pollutant from an-
aerobic effluents has received increasing interests. Autotrophic denitrifiers can use reduced 
sulfur compounds (S2-, S0, S2O3

2-) as energy source (Reyes-Avila et al., 2004). Therefore, ni-
trate supplementation in anaerobic systems might promote sulfide removal via autotrophic 
denitrification (Zhang et al., 20188). Thus, the effect of different nitrate concentrations on 
removal of dissolved and gaseous sulfide in an anaerobic reactor was evaluated.

MATERIAL AND METHODS
The experiment was carried out in a lab-scale UASB reactor (working volume of 3.0 L and 
HRT of 8 h), which was initially fed with a synthetic wastewater containing ethanol (~1.0 g 
COD·L-1), basal medium (Firmino et al., 2010), a buffer (~1.0 g NaHCO3·L-1) and sulfate (~0.1 
g·L-1) (period I) (Table 1). After this control period, the reactor was supplemented with nitrate 
at different concentrations (80-250 mg·L-1) in order to assess its effect on sulfide removal 
(periods II to IV) (Table 1). SO4

2-, NO2
- and NO3

- were measured by ion chromatography, 
whereas sulfide (dissolved and gaseous), COD and CH4 were detected according to Sousa et 
al. (2016).
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RESULTS AND DISCUSSION
The addition of different nitrate concentrations (periods II to IV) slightly increased COD re-
moval efficiency (4-5%) (Table 1). Most likely, it stimulated heterotrophic denitrifying activity, 
which led to an increase in organic matter consumption. However, it also decreased methane 
production (by 17% in period IV), whereas air content in biogas increased (by 58% in period 
IV), probably due to a higher N2 production (Table 1), which evidences the competition be-
tween the methanogenic and denitrifying pathways for substrate.

Concerning sulfide removal, by adding ~80 mg NO3
-·L-1, dissolved sulfide concentration re-

duced from 15 (period I) to approximately 4 mg·L-1 (period II), whereas H2S production in 
biogas decreased from 9 (period I) to 5 mL·d-1 (period II) (Table 1), which represent average 
removal efficiencies of 76% and 47%, respectively. With the addition of ~170 mg NO3

-·L-1 
(period III), sulfide concentrations were similar to those of period II (Table 1). However, in pe-
riod IV (~270 mg NO3

-·L-1), the highest removal efficiencies were achieved (97% for dissolved 
sulfide and 62% for H2S). As sulfate reduction was not hindered by nitrate presence, even at 
the highest concentration (Table 1), most likely sulfide might have been removed via autotro-
phic denitrification, in which it was oxidized using nitrate as electron acceptor (Reyes-Avila 
et al., 2004). In fact, nitrate was almost completely consumed during the whole experiment 
(Table 1), and there was not nitrite accumulation in the effluent (data not shown), suggesting 
that nitrate might have been effectively reduced to N2.

Table 1. Operational performance of the reactor.

Period I II III IV
Period length (days) 116 174 65 68

COD
Influent (mg·L-1) 1051 (112) 918 (101) 1135 (190) 1139 (91)
Effluent (mg·L-1) 113 (40) 63 (26) 74 (27) 65 (27)
Efficiency (%) 89 (4) 93 (3) 93 (4) 94 (2)

SO4
2-

Influent (mg·L-1) 115 (11) 126 (12) 122 (16) 147 (6)
Effluent (mg·L-1) 52 (4) 47 (17) 48 (13) 53 (11)
Efficiency (%) 55 (12) 62 (14) 61 (11) 64 (7)

NO3
-

Influent (mg·L-1) - 84 (11) 174 (12) 269 (25)
Effluent (mg·L-1) - 13 (9) 1 (4) 1 (3)
Efficiency - 97 (7) 99 (3) 99 (1)

S2- Effluent (mg·L-1) 15 (3) 4 (2) 3 (1) 1 (1)
H2S Biogas (mL∙d-1) 9 (3) 5 (2) 6 (2) 3 (3)
CH4 Biogas (L∙d-1) 2.7 (0.5) 2.2 (0.4) 2.2 (1.4) 1.6 (1.1)
Air Biogas (L∙d-1) 0.2 (0.1) 0.1 (0.2) 0.8 (0.5) 0.8 (0.5)

The standard deviation is shown in parentheses.
CONCLUSIONS
Nitrate addition had a positive impact on sulfide removal, being the best results obtained 
with ~270 mg·L-1 (97% for dissolved sulfide and 62% for H2S). As nitrate did not hinder sul-
fidogenesis, autotrophic denitrification might have been the main sulfide removal process. 
Nitrate also increased COD removal, but it decreased methane production (by 17%) due to a 
likely competition between denitrifying and methanogenic pathways for substrate.
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Abstract
A variable-gain controller for anaerobic digestion of industrial sewage sludge 
(SS) is presented. A control law using both volatile fatty acids (VFA) and meth-
ane production rate as controlled variables and organic loading rate (OLR) as 
manipulated variable is defined. The controller was successfully validated in 
a pilot-scale continuously stirred tank reactor (CSTR), treating industrial SS 
at OLR between 0.25 and 0.89 g VS L-1 d-1 over 210 days at mesophilic con-
ditions. Higher performance was achieved contrasted with a conventional 
operation strategy carried out in a parallel CSTR unit.

Keywords
Anaerobic Digestion; Control; VFA; Sewage sludge

INTRODUCTION 
The objective of this study is to develop a variable gain controller, using VFA and methane 
flowrate as control variables and OLR as manipulated variable, and validate it at pilot scale, 
treating industrial SS in a CSTR. This approach is compared and contrasted with a conven-
tional strategy carried out simultaneously in a parallel CSTR unit, where the OLR changes of 
the entire operation are set from the beginning.

METHODOLOGY
Control strategy
A control strategy for the continuous operation of an anaerobic digester is presented. A dis-
cretised control law (eq. (1)) calculates the new OLR applied to the system from the current 
value of OLR and three other variable factors (K, fCH4 y fVFA).

Where  stands for the OLR (expressed in kg VS m-3 d-1) to be applied in the next cycle n+1;  
refers to the average OLR applied during the current cycle n;  (d) is time cycle;  (d-1) is the gain 
factor (eq. (2)); fCH4 y fVFA are defined as methane production factor and VFA factor, respec-
tively, and are calculated empirically through eq. (3) and (4), similarly to those implemented 
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by Rodríguez et al. (2006). fVFA, ranged between (-1, 1], serves as instability indicator of the 
process when negative, and level of stability when positive; fCH4, ranged between (0,1], serves 
to regulate the extent at which the OLR can be raised in high stable conditions when values 
of methane production are already close to the estimated maximum capacity.

Parameters m, n and α were conveniently selected to shape the functions fCH4 and fAGV. 
Same values that García-Diéguez et al. (2010) were used (m = 0.5, n = 10, α = 0.1); [VFA*] is 
the setpoint of VFA concentration (450 mg L-1);  is the average concentration of VFA in the 
reactor during a cycle;  is the setpoint of methane productivity (set to 0.7 m3 CH4 m-3 d-1);  is 
the average methane productivity during a cycle. Finally, whenever the removal of volatile 
solids (VS)  falls below 35%, the system returns to the last OLR meeting this criterion.

The control strategy here proposed is compared with a conventional strategy run in a par-
allel CSTR unit, in which the OLR increases steadily at a rate of 25%  every  two times  the 
HRT value.

Experimental setup for continuous experiments
The experiments were carried out simultaneously in two parallel CSTR units of 115 L for 170 
days (the proposed controller) and 210 days (the conventional strategy) at mesophilic con-
ditions, treating on-site the SS produced in the wastewater treatment plant of Chimbarongo 
(Chile). 

RESULTS AND DISCUSSIONS
The proposed control strategy was validated at pilot scale during 170 days for a limited 
range of OLR (0.25 to 0.89 kg VS m-3d-1), due to the abnormally low volatile solid content of 
the treated SS (4.3 – 13.2 g VS L-1). The controller fulfilled two objectives: (1) increase the 
treatment capacity (and therefore the methane production rate) when the system is stable 
and (2) recovery of the system from an overload when it decreases organic matter removal. 
Along the operation, the OLR increased from initially 0.25 to 0.89 kg VS m-3d-1 (0.31 to 1.18 
kg COD m-3d-1) near the end of the experiment, HRT ranging between 23 and 7 days, respec-
tively. The average VS removal achieved 61%. The control law increased the OLR according 
to the values of VFA. In general, VFA tended to increase or decrease as OLR did. In this par-
ticular study, VFA fluctuated over time although it never surpassed the threshold of stability 
(VFA*, 450 mg/L). So the control law did not determine the instability of the system, since this 
was not due to an organic overload. The condition of the control strategy of a volatile solid 
removal 35%, forced the decrease of the OLR, which allowed the recovery of the system. 
Therefore, the VFA can be an adequate indicator to estimate the stability of AD operations 
but setpoint value, VFA*, should be tuned depending on the case.

The conventional control strategy reached similar end values of OLR when this operation 
extended till 210 days. In this case, an average VS removal of 60% was achieved. Not with 
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standing, the proposed control strategy treated 35% more organic matter (in terms of VS) 
and produced 33% more methane volume during the first 170 days compared to the conven-
tional operation in 210 days.

CONCLUSIONS
The proposed variable-gain controller has been validated in a pilot-scale CSTR reactor treat-
ing industrial sewage sludge, this containing variable volatile solids content.  It successfully 
assessed the process state over a limited range of operating conditions, with VFA and meth-
ane production rate as key process indicators. Based on the diagnosis outcome, the control 
law was able to both increase methane productivities by changing adequately the OLR ap-
plied. A better performance was achieved in comparison to a conventional operating strategy 
carried out simultaneously in a parallel CSTR reactor.
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INTRODUCTION
The exploitation of wastes and wastewaters should be considered as sources of resources 
for specific products, since they are often treated and discarded without any reuse, making 
it necessary to seek these specific products in the environment. Within this scope, some 
industrial wastewater has a considerable organic load (COD), which can be converted to a 
series of by-products during their degradation. From the technologies for treatment and 
reuse of wastewater, anaerobic treatments are considered a more economical technology 
than aerobic treatment, for effluents with medium or high pollutant load. Using anaerobic 
microbiological processes and regulating this process for the acidogenic phase to excel, this 
COD can be converted into short-chain volatile fatty acids (VFA). Acetic acid, one of the 
main compounds generated in this way, has economic value and can be converted later to 
alcohols (UYAR et al., 2009), biohydrogen (SRIKANTH et al., 2009), bioplastics (AMULYA 
et al., 2014), bioelectricity (MOHANAKRISHNA; VENKATA MOHAN; SARMA, 2010), alde-
hydes (SILVA et al., 2013; SPIRITO et al., 2014).
According FERNÁNDEZ; VILLASEÑOR and INFANTES (2011), the use of mixed cultures of 
microorganisms is also favourable to the process, since, besides reducing the operational 
costs of the process, they have a better adaptive capacity due to the microbial diversity, a 
better capacity in the use of mixed substrates and the possibility of a processing.
The main goal of this research is to evaluate the acidogenic activity from the two anaerobic 
sludges treating two different wastewaters, using glucose as substrate.

METHODOLOGY
In order to determine which anaerobic sludge had the better acidogenic capacity were uti-
lized two different sludges as inoculum from two different sources with different biologic 
characteristics, previously treated by thermal shock in order to eliminate the methanogenic 
archeas and ensure no methane production (ROSSI et al., 2011). Two anaerobic sludges 
were tested as inoculum to settle which one would have the better efficiency in the pro-
duction of the desired products from the digestion of glucose as substrate. Besides this, 
was tested different values of pH to set the ideal pH for which one of the sludges. The test-
ed values pH were 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0 and 11.0.
Initially, it was mixed dry inactivated sludge in a nutritive solution in 4 L and 1 L of glucose, 
resulting in the concentration of 5 g.L-1 and the sludge concentrations used were 3.36  g.L- 1 
for the sludge 1 and 7,70 g.L-1 for the sludge 2. The reactional volume of the reactor was 5 
L and 2,5 L of headspace. The temperature was set in 35ºC and the agitation in 80 RPM, 
while were monitored pH and the gas production in the headspace. Periodically were sam-
pled some of the mixture of the reactor to analyse the AGV concentration.
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The composition of the formed gas were analysed through gas chromatography in a Dani 
Master GC with thermic conductivity detector (TCD) and capillar column Carboxen 1006 
PLOT with the operation conditions 100ºC injector’s temperature, 230ºC detector’s tem-
perature, 40ºC column’s temperature. The drag gas used was nitrogen in a flow of 6 mL/
min and the volume of sample injected was 100 µL. The following volatile fatty acids were 
analysed: acetic acid, propionic acid, isobutyric acid, butyric acid, isovaleric acid and valeric 
acid. To determine the AGV concentration was used a Shimadzu GC 2010 plus with Flame 
Ionization Detector (FID) with column DN-FFAP 11448. The operation of this chromato-
graph will have the following conditions: injector temperature at 200 ° C; detector tem-
perature at 250 ° C; column temperature at 100 ° C. 

RESULTS
Observing the results for sludge 1 (Table 1) and sludge 2 (Table2), it is concluded that the 
sludge 1 is the inoculum which presents the best acidogenic activity in the fermentation of 
glucose and the acid to neutral pH (4 to 7) are more favorable to the process resulting in 
the higher VFA concentrations and H2 production. 
It was expected results like this, once alkaline pH favors the hydrolisis (MA et al., 2016; 
CHEN et al, 2007; JIE et al., 2014) and, as the substract used was glucose, which is na solu-
ble organic source, would not increase the VFA concentration. No methane was detected in 
the headspace analysis, proving the efficiency of the pretreatment. 
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CONCLUSIONS
Both sludges presented butyric acid as the main VFA in acid pH and, for neutral and alka-
line pH, acetic acid was the main acid produced. Our results are alike with other literatures, 
where were found major concentration of butyrate and H2 production in pH around 5 and 
thermophilic temperature (FANG; LIU, 2002). Studies with more complex substrate rein-
forces that more alkaline pH are more efficient in VFA accumulation, once promote higher 
solubization of this substrate.
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Abstract
Anaerobic digestion (AD) of waste activated sludge (WAS) allows its stabili-
zation by the organic matter (OM) reduction and conversion. Nevertheless, 
it has the disadvantage of low solubilisation of OM. Several pretreatments 
have been studied, being the most promising electrooxidation (EOP) and 
peracetic acid addition (PAP), because increase the hydrolysis rates signifi-
cantly. Besides, the addition of trace metals (TM) as micronutrients improve 
the methane production during AD. However, only a few research has been 
done combining WAS pretreatment coupled with TM addition for increasing 
de biogas production. Therefore, in this research biochemical methane po-
tential (BMP) assays were carried out testing EOP and PAP in combination 
with the addition of four TM (Fe, Ni, Co, and Mo) as AD biostimulants. First, 
the pretreatment conditions were the following: EOP at current density of 
28.6mA/cm2 and PAP with 500 ppm of peracetic acid, with a substrate/mi-
croorganism ratio (S/X0) of 0.5 kg VSi/kg VSf and 3% of total solids (TS) for 
both. Afterward, the BMP assays were performed for 21 days at mesophilic 
conditions and TM solutions with 5.0 (Fe), 0.79 (Ni), 0.52 (Co) and 0.02 mg 
L-1 (Mo). WAS pretreated with PAP, obtained removal of volatile solids (VS) 
and chemical oxygen demand (COD) solubilisation and removal efficiencies 
of 59.4, 13.83 and 74.9% respectively, as well as BMP of 267.5 N-L CH4/kg 
VS. Furthermore, WAS pretreated with EOP had efficiencies for VS removal 
of 60.4%, and for COD solubilisation of 13.8 and removal of 68.4%, and 
BMP of 448.1 N-L CH4/kg VS. Overall, combining the pretreatment with the 
addition of TM increase significantly VS removal and biogas production in 
both pretreatments, the assays with S-PEO were mostly biostimulated.

Keywords
Waste Activated Sludge, Anaerobic Digestion, Trace Metals Supplementa-
tion, Pretreatment

INTRODUCTION
WAS is the excess biomass from biological wastewater treatment systems, most of organic 
content of WAS consists microbial cells that are hard to degrade. AD is one of the most com-
monly used sludge treatment processes, 70% of the WAS is stabilized by this method (Tyagi 
& Lo, 2011). This process has a major advantage by the energy production from biogas, but a 
pretreatment are required due to that the hydrolysis rate needs to be accelerated since it is 
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the limiting stage of the process.
The pretreatments prior to AD increase the solubility of organic matter so that dissolved 
the components to be used in subsequent stages (Müller, 2001). Two examples improved 
are peracetic acid (PAP) and electrooxidation (PEO) pretreatments. PAP has a high oxidizing 
power that generates hydroxyl ions                   (-OH) during its reaction with organic matter, 
PEO can decompose the organic substances of macromolecules into the smaller ones by 
generating free radicals (•OH); for this reason both can break the cell wall and releasing the 
intracellular content (Barrios et al., 2017).
Recent research suggests that heavy metals have beneficial effects by adding concentrations 
in trace levels. In AD, many metals are part of the essential enzymes that drive numerous 
reactions as well as are part of composition in the cell. Metals such as iron (Fe), nickel (Ni), 
cobalt (Co) and molybdenum (Mo) are stimulants for methanogenic microorganisms, ampli-
fying their cellular reproduction and resulting in increased production of methane in the 
composition of biogas (Noyola & Tinajero, 2005).
Even though many reports mention the benefits of WAS pretreatments or biostimulating 
effect of TM on AD, research has not yet been carried out to know the combined influence 
of a mixture of trace metals as micronutrients in AD of WAS that has been subjected to a 
pretreatment by different chemical methods. This study’s objective was to investigate the 
synergistic effect of combining pretreatment (PAP or PEO) with TM supplementation on the 
performance of the WAS anaerobic digestion. 

MATERIALS AND METHODS 
Sludge Samples. WAS was collected from a secondary clarification of a WWTP in Mexico City 
(Cerro de la Estrella, Iztapalapa).
Pretreatments. (a) PAP was carry out by the addition of 500 ppm of peracetic acid to samples 
of 1 L of WAS with an initial concentration of 3% TS. Contact time of the peracetic acid with 
stirred at 300 rpm and room temperature (25 °C) was 30 minutes; (b) PEO was carried out 
with a DiaClean® reactor with diamond-based anode and cathode, samples of WAS with 
the same initial concentration of TS were continuously feeding the (2.8 L/min) at room tem-
perature. Power was supplied during 30 minutes applying a current density of 28.6 mA/cm2.
Biochemical Methane Potential (BMP). The assays were performed in OxiTop® Control OC 
110. Working volume was 80 mL and 170 mL was left as headspace for the biogas produc-
tion. Anaerobic sludge, with 10.5 g VS L-1, from mesophilic laboratory reactor was used as 
inoculum. Assays were carried out in duplicate using as substrate: raw WAS (RS), WAS with 
PAP (PSPAP) and WAS with EOP (PSPEO). A mixture of TM were used (5.0 of Fe, 0.79 of Ni, 0.52 
of Co and 0.02 mg/ L of Mo). Inoculum and substrate were dosed according to the S/X0 ratio 
of 0.5 kg VSi/kg VSf. Controls without TM were used for each substrate. Operational condi-
tions were: temperature of 37±1 °C, pH adjusted to 7 and shaking at 150 rpm for 21 days. At 
the beginning and the end, the following determinations were made: solids, soluble and total 
COD, and biogas production and composition.
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RESULTS AND DISCUSSION

0

5

10

15
C

O
D

 so
lu

bi
lsa

tio
n 

(%
)

0

20

40

60

80

100

C
O

D
 re

m
ov

al
 (%

)

0

20

40

60

S-Raw S-PAP S-PEO

V
S 

re
m

ov
al

 (%
)

Assays

0

100

200

300

400

500

S-Raw S-PAP S-PEO

BM
P 

(N
-L

 C
H

4/k
g 

V
S)

Assays

(a) (b)

(c) (d)

Figure 1 summarizes the response variables for all the assays. In general, the higher values 
obtained were with S-PEO. These results are clearly in agreement with the fact that pre-
treatments increased the soluble material in WAS due to cell rupture and release of intra-
cellular compounds and make them availability as is mentioned by Xu et al., (2014). The TM 
supplementation evidenced that for two pretreatments both BMP and VS removal were 
significantly, but the assays with S-PEO were mostly biostimulated. TM proved to be better 
by stimulating anaerobic digestion in all WAS assays proved. Hence, synergistic effect of 
combining pretreatment with TM supplementation shown to be needed for a more compet-
itive energy production by optimizing methane generation. 
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Figure 1. (a) solubilisation, (b) removal of 
COD and (c) VS removal efficiencies and (d) 
BMP, of assays with three substrates: S-Raw, 
S-PAP and S-PEO, and without TM () or 
with TM ().
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Abstract
The aim of this study was to assess the environmental benefits of implementing 
low-cost digesters in small-scale farms in Colombia by using the Life Cycle As-
sessment methodology. Four scenarios were taken into account considering two 
small-scale farms: two (previous) scenarios where manure was stored in manure 
pit and LPG was used for cooking; two (current) scenarios where manure is treat-
ed by using low-cost digesters, the digestate replaces the synthetic fertilizer and 
the biogas is used for cooking replacing the LPG. Results showed that the poten-
tial environmental impacts of digesters scenarios were between 1.5 and 5 times 
lower than those generated by the previous scenarios, depending on the impact 
category. The implementation of low-cost digesters may reduce the impact asso-
ciated with livestock waste management, and fertilizer and fuel consumption by 
up to 80%.

Keywords
Anaerobic digester; Biogas; Environmental impact; Life cycle assessment; Low-
cost technology

INTRODUCTION
In rural areas of Colombia the economy is mainly based on self-sufficient agriculture and family 
farming. In these areas, farmers use liquefied petroleum gas (LPG) (e.g. propane gas) for cook-
ing. Nonetheless, there are drawbacks to accessing this energy fuel, such as purchasing (USD 
$50/-month on average), transporting costs from urban to rural areas (USD $25/month on aver-
age), and risk in propane tank management [1]. To mitigate these disadvantages, the small-scale 
biogas plants are a good candidate for improving the standard of living of rural families. The aim of 
this study was to assess the environmental benefits of implementing low-cost digesters in small-
scale farms in Colombia by using the Life Cycle Assessment (LCA) methodology.

MATERIAL AND METHODS
The goal of the LCA was to assess the environmental impacts of low-cost digesters implemented 
in two small-scale farms in Colombia (Table 1 and Fig. 1). The following scenarios were considered:
1) Scenario 1: previous scenario in the small-scale farm located in the Caribbean Region (CR), 
where manure was stored in a manure pit and LPG was used for cooking. 
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2) Scenario 2: low-cost digester implemented in the small-scale farm located in the CR (mesophilic 
condition), where a low-cost digester is implemented to treat manure and produce biogas. The 
digestate replaces the synthetic fertilizer, while the biogas is used for cooking replacing the LPG. 
3) Scenario 3: previous scenario in the small-scale farm located in the Andean Region (AR), where 
manure was stored in a manure pit and LPG was used for cooking.
4) Scenario 4: low-cost digester implemented in the small-scale farm located in the AR (psychro-
philic condition), where a low-cost digester is implemented to treat manure and produce biogas. 
The digestate replaces the synthetic fertilizer, while the biogas is used for cooking replacing the 
LPG. 
The functional unit was 1 kg of treated manure. The system boundaries included: air and soil 
emissions by cause of manure storage, LPG production and transport, air emissions due to LPG 
combustion, synthetic fertilizer production and transport, emissions to air and soil due to synthet-
ic fertilizer and digestate application to soil, raw materials for digesters construction and mainte-
nance, water consumption and air emissions due to biogas losses and combustion. The LCA was 
performed using the software SimaPro® 8. Background data were obtained from the Ecoinvent 3 
database. Potential environmental impacts were calculated by the ReCiPe midpoint method (hier-
archist approach).

RESULTS
Results showed that the potential environmental impacts of digesters scenarios (2 and 4) were 
between 1.5 and 5 times lower than those generated by the previous scenarios (1 and 3), de-
pending on the impact category (Figure 2). The implementation of low-cost digesters can reduce 
the impact associated with livestock waste management, fertilizer and fuel consumption by up to 
80%. It was mainly due to the reduction of LGP and synthetic fertilizer consumption. It was also 
noticed that better results were obtained in the case of the low-cost digester implemented in the 
CR (mesophilic conditions) (scenario 2). 
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CONCLUSIONS 
Implementing low-cost digesters may enhance the environmental performance of small-scale 
farms in Colombia. An economic assessment is currently being addressed in order to evaluate the 
economic benefits.
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Abstract
This work aimed at identifying the operating STPs in two Brazilian watersheds. For each 
STP, the generation of sludge, as well as the alternatives for its proper disposal was eval-
uated. To assess the sludge management, field visits and contact with the local sanitation 
company were performed between 2016 and 2017. In the studied area, 70 STPs were 
identified and the UASB reactors comprised the most adopted treatment technology, with 
51 systems operating, while the most post-treatment alternative adopted in these cases 
were trickling filters, in 24 systems. The sludge generated in the studied area totalized 
81,000 m³/year, mainly disposed of in landfills (77% of total). 

Keywords
Sewage sludge; final disposal; agricultural use

INTRODUCTION
It is estimated that almost 2.6 billion people do not have access to the sewage system in 
the world (LEBLANC et al, 2008). Usually this deficit is even greater in developing countries. 
For instance, in Brazil, in 2015, 50% of the population was served with sewerage system 
and only 43% of total generated sewage was treated (SNIS, 2017). Despite this challenging 
scenario, the rates of sewage treatment have been increasing, and probably will continue 
increasing due to currently investments in the sanitation sector.
As one of the consequences of the expansion of sewage treatment there is higher gener-
ation of sludge, a solid by-product. Despite the low sludge generation (about 2-3% of the 
volume of treated effluent), the costs related to the management of this by-product are 
significant, varying from 20 to 60% of the total operation costs of a sewage treatment plant 
(STP) (Spinosa et al., 2011). In Brazil, the management of this by-product has been neglect-
ed, with scarce and local information regarding its generation, as well as studies related to 
alternatives for sludge final disposal. Specifically in the investigated area, information re-
garding these aspects were not available. 
In this context, this work aimed at identifying the operating STPs in the watersheds of Vel-
has (SF5) and Jequitaí, Pacuí (SF6) rivers. Both watersheds are located in the state of Minas 
Gerais (MG), contiguous and sub-watersheds of the São Francisco river, one of the most 
important in Brazil. For each STP, the generation of sludge, as well as the alternatives for 
its proper disposal (namely, landfills and agricultural use) was evaluated. Besides being an 
adequate alternative and possible to be implemented in a short term, the agricultural use of 
the sludge allows the recycling of organic matter and nutrients in the soil, aspects of great 
relevance in the studied area, with notable agricultural activity and intense fertilizer de-
mand.
MATERIAL AND METHODS

To assess the sludge management in the studied area, field visits and contact with the local 
sanitation company were performed between 2016 and 2017. Several information was col-
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lected as: location of STPs, liquid phase treatment flowchart, average operating flow, dewa-
tered sludge generation, method of sludge dewatering and final disposal. In the cases that 
sludge generation was not monitored, it was estimated based on the population equivalent 
(P.E.) of the STP, the sewage treatment flowchart and method of sludge dewatering. The re-
sults were presented according to the typology of sewage treatment, equivalent population 
and watershed. Finally, the licensed sanitary landfills were mapped in order to compare the 
feasibility of this alternative and agricultural use as sludge final disposal.
RESULTS AND DISCUSSION

From all the 73 municipalities that composes the considered watersheds, 70 STPs were 
identified in operation, with population equivalent about 4 million inhabitants (approxi-
mately 68% of the total of both watersheds). Although far from universalization, this value 
is higher than the rates reported for the State of Minas Gerais and Brazil, of 43% and 44%, 
respectively (ANA, 2017). This better scenario might be related to the fact that the metro-
politan region of Belo Horizonte, the capital and most populous region of the state, is par-
tially located in the study area (30 STPs are located in this region).
The STPs were classified according to its scale: 41 small STPs (P.E. ≤ 10.000), 25 medium 
STPs (10.000 < P.E. ≤ 100.000) and 4 large STPs (P.E. > 100.000). The UASB reactors com-
prised the most adopted treatment technology, with 51 systems operating, while the most 
post-treatment alternative adopted in these cases were trickling filters, in 24 systems. The 
applicability of UASB reactors, followed or not by post-treatment, was observed in all eval-
uated scales, with a total flow of 2,900 L/s of treated sewage. The total sludge generation 
per treatment flowchart is shown in Table 1.

Table 1. Annual production of dewatered sludge, according to the liquid phase treatment process.

Treatment flowchart
Annual production of dewatered sludge (m³.year-1)

SF5 SF6 Total
UASB reactors with/without post-treatment 38,661 15,488 54,149
Activated sludge 24,239 0 24,239
Stabilization ponds 1,831 515 2,345
Septic tank-anaerobic filter 170 34 204
Total 64,902 16,036 80,938

Evidences of decentralized sewage treatment were observed, which directly influences the 
management of sludge. When the agricultural use of sludge is pursued, the decentralized 
generation may be advantageous once it increases the potential of achieving suitable areas 
for the disposal of a small amount of sludge, nevertheless, there are operational and logistic 
difficulties along the treatment and distribution of the sludge due to the scale. The central-
ization of sludge management allows the optimization of the treatment in a central place, 
however, finding suitable areas for receiving a large amount of sludge around one STP may 
be challenging, incurring high transport distances and costs for final disposal. In addition, 
12 licensed sanitary landfills were identified, in which almost 77% of the total sludge gen-
erated in the study area was disposed, while the remaining fraction was disposed of inap-
propriately. All typologies of treatment and its implications regarding sludge agricultural use 
will be detailed in the complete version, enabling the description and comparison by water-
shed.
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Abstract
Anaerobic digestion is a worldwide technology used in sewage sludge stabilization and 
pre-treatment step is used to improve anaerobic digestion of sewage sludge. Theaim of this 
study was to evaluate the effect of pre-treatment on anaerobic digestion of the biosolids from 
sewage by phytotoxicity. Lactuca sativa and Raphanus sativus were used as tested plants. Two 
different biosolids, one from conventional anaerobic digestion (CAD) and the other,from ad-
vanced anaerobic digestion (with a pre-treatment stage) (AAD). Four treatments (25%,50%, 
75%, and 100% w/w), were used. Biosolids from CAD shows endpoints major than AAD, 
with a root growth of about 13% higher and a germination index about 50% higher for R. 
sativus, while for L. sativa were 33% and 4%, respectively.

Keywords
Anaerobic digestion, sewage sludge, anaerobic digestion, pre-treatment, phytotox-
icity.

INTRODUCTION
Biosolids are sewage sludge that have been stabilized. Anaerobic digestion is a worldwide 
technology used in sewage sludge stabilization. However, sewage sludge complexity makes 
hydrolysis a limiting step in anaerobic digestion; so a pre-treatment step has been incorpo-
rated to enhance the process(Neumann et al., 2016).While there is extensive information on 
pre-treatment influence on digestion performance, impact of pre-treatments over nutrients, 
pathogens, metals and other quality indicators of biosolids have not received too much at-
tention(Neumann et al. 2016). Even more, the utilization of bioassays to assess biosolids 
quality had been scarcely reported. This last point acquires great importance because the 
influence of pre-treatment on biosolids quality is fundamental to management strategies 
such as land application and agronomical evaluation(Kapanen & Itävaara, 2001).Bioassay, 
particularly phytotoxicity assays are a useful tool to evaluate waste that is going to be ap-
plied in the soil (Ramírez et al., 2008). In this scenario, the aim of this study is to evaluate 
theeffect of pre-treatment on anaerobic digestion of the biosolids from sewage evaluated by 
phytotoxicity.

MATERIALS AND METHODS
Two types of biosolids were used;one came from conventional anaerobic digestion (CAD) 
and the other ones from advanced anaerobic digestion (AAD). The pre-treatment in AAD 
consists in ultrasound using a specific energy of 2000 kJ/ kg of ST (Neumann et al., 2018). All 
the samples were stored at 4°C until use. Artificial soil was used as control. Their composi-
tion was according OCDE with 10% peat, 20% kaolin clay and 70% sand.
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Phytotoxicity assay was realizedaccording to 208 OECD/OCDE (2006) methodology. Two 
dicotyledonous plants, Lactuca sativa (lettuce) and Raphanus sativus (radish) were used as 
testing plants. Four treatments 25%, 50%, 75%, and 100% w/w, were used. Artificial soil 
was used as a control. Ten seed were placed in Petri dishes and 45 g of the corresponding 
treatment was added. The seeds were incubated at room temperature (25-27°C) under con-
tinuous light conditions. The bioassay was carried in triplicate. Toxicity endpoints assessed 
were root elongation and, germination index (GI).

RESULTS AND DISCUSION

The Figure 1 shows root length of the biosolids from CAD and ADD. The L. sativaroot length 
varied from 0.0 to 0.6 cm for CAD and from 0.1 to 0.4 cm for AAD. On the other hand, the 
biosolid from CAD evaluated by R. sativus shows a root length variation from 0.15 to 1.79 cm 
and for AAD variation from 0.10 to 1.55 cm.
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Figure 1. Root length of a) Lactuca sativa and b) Raphanus sativus.  Conventional anaerobic diges-

tion; advanced anaerobic digestion.

The Figure 2 shows the germination index (GI) of the biosolids from CAD and ADD. On the 
other hand, L. sativa GI varied from 0 to 74% for CAD and from 4 to 71% for AAD. Mean-
while for R. sativus, biosolids from CAD shows a GIvariation from 0.4 to 39%, and for AAD a 
variation from 0.2 to 22%.
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Figure 2. Germination index of a) Lactuca sativa and b) Raphanus sativus.  Conventional anaerobic 

digestion; advanced anaerobic digestion.
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CONCLUSION

The results obtained show that biosolids from conventional anaerobic digestion have end-
points major than advanced anaerobic digestion, with a root growth of about 13% higher and 
a germination index about 50% higher for R. sativus, while for L. sativa were 33% and 4%, 
respectively.
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Abstract
The  hydrolysis  of  a  complex  substrate,  like  the  cow  manure,  is  mod-
elled  as  two  fractions,  one
easily to degrade and other more difficult to degrade, both represented by 
a first order kinetic. To include  the  other  degradations  steps  the  hydro-
lysis  are  coupled  with  a  single  anaerobic  digester model and also with 
the AM2 model. Parameters are experimentally determined and  models 
are applied to a continuous digester to validation.

Keywords
Model; hydrolysis; kinet-
ics; manure

INTRODUCTION
Process kinetics provides a rational basis for the analysis, control and design of the process. For 
hydrolysis of
particulate  material,  as  is  the  case  of  the  cow  manure,  a  first-order  kinetics  referred  to  
the  substrate  has traditionally been used. First order kinetics emerged as an empirical expression, 
which aims to include the cumulative  effects  of  a  series  of  microscopic  processes.  To  improve  
the  model  in  order  to  represents  the degradation of a complex substrate like manure, we can 
considering that the complex substrate is composed by two different fractions, one easily degrad-
able and other one more difficult to degrade. In both fractions the first order hydrolysis kinetics is 
maintained, but the constant value reflects the degradation rate. The Two Substrates First Order 
(TSFO) model was applied to continuous digesters a) with a Single AD (SAD) model, assuming that 
all the COD of the degraded solids are transformed in methane and cells and b) coupled to the AM2 
model proposed by Bernard et al. (2001). 
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MATERIALS AND METHODS
Inoculum  was  originally  obtained  from  an  anaerobic  lagoon  from  the  wastewater  treatment  system  of  a
slaughterhouse  factory.   Previous  to  the  experiences   it   was  acclimated  with  manure   as  substrate  in 
discontinuous mode. The substrate source was a dairy stabled farm.
For determining the fast  and slowly biodegradable fractions, manure was washed with distilled water and
sifted with a 0.8 mm sieve. Hydrolysis constants of both fractions are determined from BMP tests of each 
fraction separately.
A continuous stirred reactor of 3.0L of volume was used in the continuous experiment with a Solid Retention
Time of 30 days. The reactor was operated in continuous mode at 2.9 gCOD/L.d and later 4.4 gCOD/L.d.

In the SAD-TSFO model the YX  parameter was obtained performing a COD balance between days 60 to 100. 
The methane yield YP  was calculated assuming that all the biodegradable COD is transformed in methane and  
cells.  Finally  the  kd   constant  value  was  obtained  adjusting  the  model  predicted  values  with  the experi-
mental  values of cumulated exit VS in the above  period.  In  the  AM2-TSFO  model,  the  kinetic and stoichio-
metric parameters proposed by Hassam et al. (2015) are used, except the hydrolysis constants.
The SAD-TSFO and the AM2-TSFO applied to continuous digester are solved numerically using the free soft-
ware Octave 4.2.1.

Figure 1 – Left: Solid fractions evolution predicted by the SAD-TSFO model and total VSS experi-
mental data. Right:

Methane flow predicted by the SAD-TSFO model and experimental data. Similar results are obtained 
with the AM2- TSFO model. The first 30 days the reactor was operated in batch conditions; later, 

continuous operation with no feeding in weekends was occurred.
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Washing with different quantities of distillated water and determining the solids content in the sifted fraction it 
has been verified that 50 mL of water is enough to separate the fractions. The volatile solid content of the fast 
biodegradable fraction (the fraction that is not retained in the sieve) is 74.5 gVS/kgmanure  and the slowly biode-
gradable  fraction  is  52.0  gVS/kgmanure.  From  COD  and  VS  determinations  the  fast  biodegradable fraction 
was calculated and the result is f1  = 0.74 as COD fraction. The inlet biodegradable fraction was 71%. The ob-
tained values of the SAD-TSFO parameters are: kh1  = 0.278 d-1, kh2  = 0.069 d-1, kd  = 0.036 d-1, YX  =
0.20 (gVS/gVS), YP  = 284 mLCH4/gCOD.

CONCLUSIONS
The  TSFO  model  could  be  applied  to  represents  the  hydrolysis  step  of  complex  substrates  and  could  be
coupled with a simple AD model or with the AM2 model to complete all the anaerobic process. Both models 
show  good  agreement  with  experimental  data.  AM2-TSFO  allows  to  represents  the  behaviour  of  other 
variables as pH, VFA and alkalinity.
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Abstract
The aim of this research was to analyze the effect of thermal and mechanical pre-
treatments in biogas production from Slaughterhouse Wastewater (SWW) inocu-
lated with anaerobic granular sludge. Thus, autoclaving (120 °C, 1.2 atm, 15 min) as 
thermal pretreatment was applied to raw SWW (RSWW) and a clot was obtained. 
Afterwards, clot disruption with a tissue-tearor at 30000 rpm during 1 minute was 
employed as mechanical pretreatment. Then, three experiments were carried out 
in serological bottles by triplicate at room temperature with volumetric ratios of 
RSWW, not disrupted clot (NDC) and disrupted clot (DC), respectively, to anaerobic 
inoculum ratio varying from l:l, 2:1, 3:l, 4:1 to 5:l. Results showed that the highest 
methane production (922.4 mL) was obtained with DC, which was approximate-
ly nine times higher than methane obtained from RSWW. Also, an increase in the 
time to attain a plateau in cumulative methane production and a change in biogas 
production kinetics was observed. The ratio substrate to anaerobic inoculum of 3:1 
showed the highest biogas production, regardless the substrate employed.

Keywords
Anaerobic digestion, clot disruption; methane generation; thermic pre-treatment.

INTRODUCTION
The meat processing industry produces large volumes of Slaughterhouse Wastewater (SWW) from 
cattle slaughtering and facilities cleaning, in a proportion of 1000 L per animal sacrificed.  However, 
it is a common practice that slaughterhouses discharge their untreated effluents into the municipal 
sewer systems or directly to a water body, causing a serious environmental issue because of their high 
solids, fats and proteins concentrations (Bustillo-Lecompte et al., 2016).

Anaerobic digestion is the most common treatment for SWW due to the possibility of applying 
high organic loads and biogas production, while efficient organic matter removals are obtained (Fia et 
al., 2015). Thus, several methods have been studied for improving methane production, among which 
are thermal, mechanical, biological and chemical pretreatments (Carrere et al., 2010). Therefore, the 
aim of this research was to analyze the effect of thermal (autoclaving) and mechanical (clot disruption) 
pretreatments in biogas production from SWW inoculated with granular sludge. 
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MATERIAL AND METHODS
Raw SWW (RSWW) was collected from the discharge pipe of a municipal bovine slaughterhouse, 
sieved through a 5mm mesh screen and maintained at 4°C prior to analysis. Then, it was autoclaved 
(120 °C, 1.2 atm, 15 min) and a clot was obtained. Afterwards, a portion of this clot was disrupted 
using a tissue-tearor (Model 985-370, Biospec Products Inc, USA) at 30000 rpm during 1 minute. 

Serogical bottles of 120mL with a work volume of 50 mL were employed as anaerobic digest-
ers. Three experiments were carried out in triplicate at room temperature with volumetric ratios of 
RSWW, not disrupted clot (NDC) and disrupted clot (DC). The inoculum used was an anaerobic gran-
ular sludge from the food industry, in ratios varying from l:l, 2:1, 3:l, 4:1 to 5:l. The serological bottles 
were purged with N2 and hermetically sealed to guarantee anaerobic conditions. Produced biogas 
was measured through saline solution displacement and biogas composition was determined using 
TDC-GC (Gow-Mac Series 580, Gow-Mac Instrument Co, Bethlehm, PA, USA). Total (TS) and Volatile 
Solids (VS), Soluble COD, soluble protein, ammonium (N-NH4

+), pH, volatile fatty acids (VFA) and fat 
were determined according to the Standard Methods.

RESULTS AND DICUSSION
The maximum volume of accumulated methane for volume ratios of 1:1, 2:1, 3:1, 4:1 and 5:1 was 
457 mL, 476 mL, 922.4 mL, 896.3 mL and 92.8 mL, respectively. These results were obtained in the 
experiments where DC was used as substrate. Since 3:1 ratio showed the highest biogas production, 
in Figure 1 is depicted the evolution of this parameter with the three substrates studied. 
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Figure 1. Evolution of biogas production with RSWW, not disrupted clot (NDC) and disrupted clot (DC)

Figure 1 demonstrates that the combination of thermal and mechanical pretreatments improves sig-
nificantly potential biogas production from RSWW.  This increase has been linked to substrate COD 
solubilization due to thermal and mechanical disrupt of the clot matrix (Carrère et al., 2010).  Is worth 
to notice that thermal and mechanical pretreatments also raised the time to achieve the plateau in 
cumulative methane production, which seems to follow a complex-order kinetics. According to Cava-
leiro et al. (2013), this behavior could be associated with a fast build-up of long chain VFA in day 27 
and day 70, causing a momentary methanogenesis inhibition; which was followed by a slower release 
of VFA, allowing a steady conversion of methane.
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CONCLUSION
Experiments showed that the combination of thermal and mechanical pretreatments improves sig-
nificantly biogas production, allowing an increase of approximately nine times in relation to the biogas 
obtained from raw slaughterhouse wastewater. Also, a raise in the time to achieve the plateau in 
cumulative methane production and a change in biogas production kinetics was observed. The ratio 
substrate to anaerobic inoculum of 3:1 showed the highest biogas production, regardless the sub-
strate used. 
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Abstract
Wastewater from the wine industry consists mainly of sugars, alcohols, ac-
ids, recalcitrant compounds (polyphenols, tannins and lignins) and it has a 
low pH. Anaerobic digestion in two stages, acidogenic and methanogenic, 
is an alternative to the treatment of this waste, thus avoiding acidogenesis. 
In this work the biochemical methane potential of the effluent from an aci-
dogenic reactor treating winery wastewater was evaluated. Three different 
acidogenic effluent concentrations (5, 10 and 15 g COD/L) were evaluated 
by triplicate. The initial substrate to biomass ratio (S0/X0) was maintained 
constant at 0.5 for the tests conducted at 35 and 55 °C, and also a S0/X0 
ratio of 0.85 was evaluated for thermophilic conditions (55 °C). The exper-
iments showed that the maximum methane rate and production was ob-
tained at a concentration of 15 g/L and an (X0/S0) ratio of 0.5. However, no 
significant difference in COD removal was observed.

Keywords
Biochemical methane potential; winery wastewater; acidogenic reactor; 
methane

INTRODUCTION
The annual production of wine in Mexico, is approximately 2.9 millions of litters per year. It 
has been estimated that 0.2 to 4 liters of effluent are generated per liter of wine produced. 
The composition is mainly sugars, alcohols, acids and recalcitrant compounds (e. g. poly-
phenols, tannins and lignins). To treat such effluents anaerobic digestion in two stages has 
been proposed to boost the activity of each consortium increasing the VFA production in 
the acidogenic reactor and avoiding acidification problems in the methanogenic reactor. The 
main objective of the present work was to evaluate the biochemical methane potential of the 
effluent obtained from the acidogenic reactor treating winery wastewater. Three different 
acidic concentrations, two initial substrate to biomass ratio (S0/X0) and two temperatures 
were evaluated. 

MATERIALS & METHODS 
Biochemical methane potential (MBP) tests were evaluate in mesophilia (35 °C) and thermo-
philia (55 °C). The inoculum used was a granular anaerobic sludge from a mesophilic UASB 
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treating brewery wastewater. The inoculum used in thermophilia was previously acclimated 
to 55 ºC. The substrate used was the effluent of an acidogenic reactor that uses winery 
wastewater as substrate whit a 34.61 g COD/L and pH of 5.5. Three initial substrate concen-
trations of 5, 10 and 15 g CDO/L were tested in  triplicate. The S0/X0 was maintained constant 
at 0.5 for the tests conducted at 35 and 55 °C, and also a S0/X0 ratio of 0.85 was evaluated for 
thermophilic conditions (55 °C). The test were conducted in triplicate utilizing the AMPS II 
system (Bioprocess Control) where the methane production was evaluated. Composition of 
the biogas obtained in the head space of the reactors was measured by gas chromatography. 
Chemical oxygen demand (COD) analysis was performed using the Hach 435 method, total 
solids and total volatile solids by gravimetry.  

RESULTS AND DISCUSSION
The maximum methane production was presented at 15 g/L in all conditions, obtaining val-
ues from 1 596 to 1 209 mL of methane at 170 days. The maximum potential and the max-
imum production rate of methane were presented in the 35 °C with an S0/X0 ratio of 0.5. 
Moreover, the lag phase was not detected at 35 °C at any concentration. However, at a tem-
perature of 55 °C, the lag phase was detected. The removal of organic matter, represented as 
COD, showed no significant difference in the three conditions tested. Comparison between 
the yields obtained from methane production per gram of COD removed and the production 
rates per reactor volume were analyzed. It was observed that, at concentrations of 5, 10 and 
15 g/L, in the thermophilic condition both yield and methane production rate decreased. 
The comparison between the concentrations, using thermophilia, shows an increase in high-
er substrate concentrations, increasing the yield by 25% (S0/X0 = 0.5 and 0.85) and in the 
specific rate by 58% (S0/X0 = 0.5) and 64% (S0/X0 = 0.85) when comparing, but these values 
were notoriously lower than at 35 ºC. To compare yield in mesophilia, an ANOVA statistical 
analysis was performed with a P < 0.05, showing significant differences between yields. It 
has been reported that by thermophilic conditions, it generates advantages to the process, 
such as greater solubility and better reaction rates (Da Ros et al., 2016), however, there are 
studies where thermophilic temperatures have been reported to lower yields of the process 
when compared to mesophilic conditions (Rebecchi et al., 2013). Chachkhiani et al. (2004), 
showed that the dominant microorganisms under thermophilic conditions were not adapted 
mesophilic, but that thermophilic microorganisms were already present in the inoculum in 
a very low percentage, therefore the process of selection of microorganisms generates that 
part of them does not resist the changes applied, consequently, the concentration of SV 
can be seen. Therefore, it is necessary to perform more experiments with an inoculum with 
more acclimatization time. The comparison between the different concentrations at 35 °C 
showed a significant difference in the concentration of 15 g/L. There was no difference be-
tween 10g/L and glucose-containing white, indicating that the acidic acid effluent is readily 
biodegradable.
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Figure 1. Performance and specific speed of methane production for each concentration and treat-
ment.
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Abstract
Using a Landfill Gas Emission Model (LandGEM) and a forecast statistical model, it was pos-
sible to predict the biogas production and the future MSW which will be admitted to La 
Pradera landfill (located in Medellin-Colombia). It has been obtained an average biogas flow 
of 12,452 Nm3/h over the years 2017-2028 using a forecast of total admitted MSW of 16 
million of tons, which represents a raw power of 25.8 MW and a Low Heat Value (LHV) of 
14,770 kJ/kg. Taking advantage of biogas flow produced, the Brayton-Rankine combinate 
cycle was proposed. The system was simulated and optimized through Equation Engineering 
Solver (EES) software using the global efficiency of the power plant as objective function, 
which reached values higher than 60%. The independents variables had been chosen mak-
ing a freedom degrees analysis, obtaining a value of 3. This biogas was foretold by Landgem 
model. Subsequently, the environmental performance of the power plant was calculated by 
comparing the biogas transformed to Carbon Dioxide Vs methane emission in Carbon Diox-
ide equivalent (CO2e), obtaining a polluting reduction 33 times lower.

Keywords
Optimization; Landfill; biogas; energy recovery; Thermoelectric power plant; LandGEM

INTRODUCTION
There are many landfills, especially in developing parts of the world, where open dump sys-
tems are used for the final disposal of solid waste rather than engineered landfills (Bhatt et 
al., 2017). The biogas produced in landfills is composed mainly by methane (CH4) in average 
60%, which has a LHV of 20,670 kJ/kg. Methane is a greenhouse gas (GHG) with a global 
warming potential 33 times more than CO2 (Gardiner et al., 2015). Different methods are 
used to optimized power systems, Monte Carlo can be used to predict the future economic 
parameters which affect the operating cost the cogeneration systems. Then, coupled with 
economic functions, is can optimizes the Cogeneration system (Momen, et al., 2016). In this 
context, the present study optimized a designed Biogas Landfill Power Plant (BLPP), using a 
model to predict biogas production in La Pradera Landfill in Medellín, obtaining higher effi-
ciency than commercial thermodynamic cycles and variable operating capacity.

MATHERIAL AND METHODS
Predictive model to landfill biogas generation
A previous study prediction adopting MSW into La Pradera Landfill was made using a FSM 
programmed in STATGRAPICHS v9.1 software and historical data of MSW admitted in the 
last 12-years. These results were used in Landfill Emission Model (LandGEM), that consist 
in a fist-order decomposition rate equation to estimate annual biogas emission over a time 
period. 
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Design and optimization of BLPP
Using Landfill biogas, a thermoelectric plant with combination of two cycles was proposed 
(Fig. 1).

Figure 1. Biogas Landfill Power plant with Brayton-Rankine combinate cycles

The solution and optimization of this system was realized in EES software taking into ac-
count a degree’s freedom analysis to determine independent operation variables. The ob-
jective function to be optimized is the global efficiency of the system, which consists in the 
relation of power generated by the turbines 1 and 2 and the net heat that enter as a fuel by 
the stream 3. The CO2 emission from the stream 6 were compared to emissions of LandGEM.

RESULTS AND DISCUSSION 
The last 12 years the MSW admitted into La Pradera Landfill has been 1,800 to 3,600 ton 
per day, following the behaviour of the historical data that is shown in the Fig. 2 (a), these is 
adjust a forecast exponential model with a level confidence of 95 %. The rising of MSW in 
average is 1.36 % annually, which represents in total 16 million of ton of MSW. These wastes 
generate in average 1,308,994 Nm3 CH4/year over the years 2017-2028 as shown in the 
Figure 2 (b), which represent a raw power of 25.8 MW with a LHV of 14,770 kJ/kg using the 
Standard Test Method E955.

Figure 2. (a) Model of prediction of wastes which will admitted into La Pradera landfill, (b) Prediction 
of biogas emissions in La Pradera Landfill using the LandGEM model.
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Take advantage of the biogas predicted by LandGEM model, the efficiency of BLPP was 
increased thorough a Local Search Method for Continuous Global Optimization obtaining 
values higher than 60%, using as independent parameters the pressure of compressor 1 and 
pump 1, and the air excess ratio to burn the Biogas, the optimal values are 20 MPa in the 
compressor 1 and air excess ratio of 45 % as shown in the Fig. 3 (a). Linear optimization and 
economic function (Yechiel & Shevah, 2016)the economics of such operation are not ade-
quately attractive and in most of the MSWL, worldwide, the LFG is flared to the atmosphere 
unused, contributing to the global warming. In this study, a Linear Programming (LP reaching 
efficiencies of 48 %, using as independent variables the fluctuating electricity price and the 
operation cost of the thermoelectric power plant. 

Figure 3. Optimization of global efficiency in function of air excess ratio and operation pressure in 
the compressor 1.
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Abstract
Hydrogen production by dark fermentation is feasible. However, its main 
disadvantage is  the high concentration of acids and chemical oxygen de-
mand (COD)  in its effluent. By this reason, it is necessary to close the cycle 
and remove these organic material using a methanogenic phase. Given the 
fact that the UASB reactors are the most commonly used in a real scale, the 
objective of this work was to evaluate the volumetric production hydrogen 
and methane (VPH-VPM) in Hybrid-UASB reactors. VPH and VPM values of 
20.56 mLH2/L.h and 26.48 mLCH4/L.d were yielded, whereas COD values 
were reduced up to 25%. In conclusion, the hydrogen and methane produc-
tion using hybrid-UASB reactors is feasible. 

Keywords: Biogas production, Mesophilic Acidogenesis and methanogene-
sis, Natural fermentation, two phase process.

INTRODUCTION
IEA (2007) suggest that the biological production of hydrogen using anaerobic process is be-
coming popular among communities, due to with this method it is not necessary to use fossil fuel or 
electricity, which in turn is related with hydrocarbon emission and the need for energy storage. How-
ever, one of the main disadvantages related to the anaerobic hydrogen production is the high rate of 
volatile fatty acids (VFA) production, which also is related to an increase on the concentration of the 
chemical oxygen demand (COD) by the effluent. This process require the treatment of the effluents 
before its discharge into the environment (Nualsri et al. 2016). Based on this  the objective of this 
work was to evaluate the performance of two-phase hybrid-UASB anaerobic reactors for hydrogen 
and methane production.

MATERIAL AND METHODS
The hybrid-UASB reactors were built using PVC, with a height of 975 mm and the inner diameter of 
75 mm, which resulted in a working volume of 4.1 L (Figure 1). A pH and biogas flow online-moni-
toring system was coupled to the reactor´s lid. The Caudalis G measuring system, developed at the 
Environmental Sanitization Laboratory, UMNG, was used for biogas flow measurement. A fixed bed 
with 245 Biopack rings, which also were filled with polyurethane foam, was located on the reactor´s 
top. The acidogenic reactor (AR) was operated continuously during 139 days, with a volumetric or-
ganic load of 11.26 KgDQO/m3.d, and 8 h of hydraulic detention time. The methanogenic reactor was 
operated continuously during 104 days, with 8 h of hydraulic detention time, and was gradually filled 
with an effluent mixture from AR (AE) and synthetic wastewater (SW). 
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Figura 1. Performance evaluation in the methanogenic reactor.

The proportions utilized were: 100% SW, 25% AR + 75% SW, 50% AR + 50% SW. At this moment, the reactor is 
working with 100% EA, but the data of this stage have not been evaluated yet. Parameters such as COD, Total 
volatile fatty acids, Buffer Index and pH were determined, following the guidelines established by APHA (2005). 
Biogas composition was determined using the Agilent 7890A Chromatograph and the VPH and VPM were cal-
culated. Data were statistically analyzed using the ORIGIN PRO 8.0 Software and included the determination of 
variance coefficient (VC).

RESULTS
The parameters assessed in the acidogenic reactor are presented in the Table 1. At day 41, the highest VPH and 
lowest pH values occurred (20.56 mlH2/L.h and 3.05, respectively). Additionally, 100% of H2 was obtained in the 
biogas composition at that same day. These results are in agreement with Mota et al. (2018), who suggest that 
is possible to produce hydrogen in acidic environments. However, after this results were achieved, the VPH was 
reduced constantly until reach values of 1.24 mlH2/L.h. 

Table 1. Performance evaluation in the acidogenic reactor
Parámetro Min -Max Media±DS C.V

PVH [mlH2/L.h] 1.24-20.56 5.77±5.30 92%
H2 (biogas) [%] 18.61-100 60.94±26.39 43%

AVTefl [mgHAc/L] 48.58-751.49 365.22±169.90 47%
On the other hand, the process on the methanogenic reactor MR has been stable. The Buffer Index values ob-
served were homogeneous, which is depicted by the VC 6%. At day 10 of operation, the hydrogen production was 
completely reduced. After that, the methane production was close to 40%. The COD removal was close to 25% 
(VC 60%) when the reactor feeding has been performed using the acidogenic reactor effluent. Maximum values 
of VPM were 26.48 mLCH4/L.d were yielded when the reactor feeding was performed using 50% AR – 50% SW. 
In what refers to the biomass, either with the AR as well as the MR, was observed the increase of this inside the 
reactors suggesting that the rings with foam on the fixed bed increase the microorganism retention capacity.
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Figura 2. Performance evaluation in the methanogenic reactor
CONCLUSIONS
During 139 days, a two-phase system for hydrogen and methane production was operated. These results show 
that highest values of VPH were produced simultaneously with the lowest pH values during the whole operation. 
The methanogenic reactor also was stable and yielded a 25% reduction on the COD present on the acidogenic 
effluent. 
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Abstract
The production of biogas from coffee mucilage (MC) in co-digestion with chicken 
manure (EG) was evaluated.
Two experimental phases were carried out, first the optimum MC: EG ratio was 
determined, second the optimum concentration of total solids was determined in 
relation to the methane potential. As a result, an optimum methane yield of 0.301 
Nm3/kg VS was obtained, with 4% ST and a ratio of 65:35 MC: EG (VS:VS). This 
study showed that anaerobic digestion of MC and chicken manure is a viable pro-
cess for the use and disposal of MC, besides the biogas produced could be used as 
a fuel in the coffee production.

Keywords: anaerobic co-digestion, chicken manure, coffee mucilage, 
biogas, methane production.

The mucilage of coffee is a waste from the coffee production and represents on average 
10,4% of the weight of fresh fruit (Quintero V. & Rondón C., 2012). It is very little used in 
Colombian coffee farms, however, given that is rich in carbohydrates could be a good sub-
strate for anaerobic digestion if combined with a co-substrate that provides nitrogen. The 
objective of this research was to determine the biogas production from coffee mucilage in 
co-digestion with chicken manure.

MATERIALS AND METHODS
Biogas production from anaerobic co-digestion of MC and EG was carried out following 
the standard
procedure  of  biochemical  methane  potential  (PBM)  (Owen  et  al.,  1979)  and  the  
recommendations proposed by Agelidaki et al. (2009). Initially, a pH experiment was per-
formed in order to determine the proportion of MC:EG that would produce a stable and 
adequate pH value for methane production. The proportions 80:20, 70:30 and 65:35 of 
MC:EG (vs/vs) were studied with a concentration of 4% ST, the experiment was carried out 
by measuring the pH for 3 days.

Thereafter, the optimum concentration of total solids of the process was determined with 
3 levels: 2%,
3% and 4% ST. The biogas was measured through the liquid displacement technique and 
biogas samples were taken on days 8, 15, 22 and 30 for the indirect quantification of the 
methane content, which was carried out by alkaline displacement.

For both experiments granular sludge inoculum was used in a ratio of 1: 1 (vs inoculum/
vs substrate), a temperature of 37° C ± 2 and 250 ml bottles, with an effective volume of 



327

200ml.

MAIN RESULTS AND DISCUSSION
The highest pH values were recorded with the 65:35 ratio, followed by 70:30 and finally 80:20 (Fig. 1).
These  results  are  consistent  with  the  coffee  mucilage  content  of  each  proportion.  At  the  end  
of  the experiment the pH was 7.4, 6.6 and 5.8 for the ratios 65:35, 70:30 and 80:20, respectively. The 
pH of the
65:35 ratio was within the optimum range for methane production (Appels  et al., 2008; Hagos et al.,
2017), unlike the other proportions.

The biogas potential with the 65:35 (MC:EG) ratio, for the concentrations of 2% ST, 3% ST, and 4% ST 
was  0.386  Nm3/kg  VS,  0.349  Nm3/kg  VS,  and  0.463  Nm3/kg  VS,  respectively,  with  a  statistically 
significant difference. The average methane content in the concentrations was 57% during the first 8 
days. Then and until the end of the process it was 72% (v/v). The highest methane potential of 0.301
Nm3/kg VS was obtained with 4% ST, followed by 2% ST with 0.251 Nm3/kg VS, and finally 3% ST
with 0.227 Nm3/kg VS (Fig 2).
Quintero V & Rondón C (2012) studied the anaerobic digestion of coffee mucilage as only substrate, 
they obtained a methane yield of 0.25 Nm3  CH4/kg VS, using sodium carbonate to neutralize pH at 7 
at the beginning of process. It is noteworthy that the methane potential found in the present research 
exceeds that value, without the need of pH adjustment.

CONCLUSIONS

In this research it was found that the optimal total solids percentage, for anaerobic co-digestion of 
coffee mucilage and chicken manure, is 4% ST, using an MC:EG ratio of 65:35 (VS:VS). With these con-
ditions a methane yield of 0.301 Nm3  CH4/kg SV was obtained.

The anaerobic co-digestion of coffee mucilage with chicken manure is a promising alternative of coffee 
mucilage use in rural farms of Colombia, since the biogas produced could be used as renewable energy 
in the coffee production.
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Abstract
The objective of this work was to evaluate the production of hydrogen and 
methane from a co-digestion of OSW and PS by a two-stage anaerobic pro-
cess in sequencing batch reactors. The results showed that the proportion 
of mixture formed by 90% of food residues and 10% of PS, generated the 
highest accumulated hydrogen production and volatile solids removal. This 
ratio was used in a two-step process to evaluate the hydrogen and methane 
production. The results showed that the hydraulic residence time (HRT) in 
the fermentative step affect the hydrogen productivity. The use of the efflu-
ent of the fermentative step increase the methane production and reduce 
the HRT necessary for the organic matter degradation.

Keywords
Anaerobic Digestion; Co-digestion; Hydrogen; Organic Solid Waste; activat-
ed sludge purge.

INTRODUCTION
The co-digestion is a waste treatment method in which different wastes are mixed and trea-
ted together in order to increase the load of biodegradable organic matter, improve balance 
of nutrients and the increase of the biogas yield (Khalid et al., 2011), and can be used for hy-
drogen (H2) and methane (CH4) production applying two-stage process. Organic solid waste 
(OSW), has reported yields of H2 production of 50-150 mLH2 / gVS (Kim et al., 2011). To 
increase the H2 production rate, a co-digestion of OSW and activated sludge purge (purged 
sludge, PS). Has been proposed (Liu et al., 2013). In a two-stage process, the fermentation 
can be the limiting step, because it has been reported that different parameters affect the 
hydrogen production including the HRT, temperature, pH and the organic loading rate (Lin 
et al., 2012). The objective of this work was to evaluate the co-digestion of purge sludge and 
organic solid waste of a restaurant in order to increase the productivity of hydrogen (H2) in a 
dark fermentation process and methane in the methanogenic process. 

METHODOLOGY
The OSW was obtained from a restaurant, and the fermentable matter was preserved 

as feedstock at -20°C. PS was obtained from an aerobic municipal wastewater treatment 
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plant after its dewatering with a press. For H2 and CH4 potential production test, different 
combinations of OSW and PS (from 0 to 100%) were tested in serum bottles of 160 mL. For 
CH4 production test, the inoculum was obtained from an anaerobic sludge blanket (UASB) 
reactor degrading wastewater from a brewery (5 gVSS/L) and pH value was adjusted at 7. For 
H2 production test, the pH values in the experiments were adjusted to 5.5 and the inoculum 
was heated-pretreated according to Ramos et al. (2012). Incubation was at 36°C mixed at 
130 rpm. All experiments were run in triplicates. The ratio of OSW-PS with the best results 
for the H2 production, was used in the start-up of a two-stage process: Fermentative stage 
in a Sequencing Batch reactor (SBR) for H2 production (1.5L), and Methanogenic stege (using 
the effluent of the fermentative step) in an SBR of 4L. H2, CO2, Volatile Fatty acids (VFA), 
ethanol and acetone were determined by gas chromatography. Analysis of Total solids, total 
and volatile suspended solids (TS, TSS, VSS), were determined. A kinetic analysis of cumula-
tive H2 production was done using the modified Gompertz equation according to Ramos et 
al. (2012).

RESULTS AND DISCUSSION
The results show that there is a mixing ratio (90-10% OSW-PS) that favors the production of 
H2 (142 mL/L/d) above the other mixtures, in addition it can be observed that the addition 
of sludge facilitates the fermentation to the extent that the latency phase of the process 
decreases when compared to the case of 100% OSW; Which turns into higher rates of hy-
drogen production. It is interesting to note that in the 100% purge sludge test, hydrogen 
production was practically zero, due to the low amount of available carbohydrates (compared 
to OSW) reflected in a  low biodegradability (Kim et al., 2011). Carbohydrate removal was 
higher than 88% independently of the mixture evaluated. 

For the operation of the two-stage process, Figure 1 shows the variations in the concen-
tration of the biogas obtained in the first stage (fermentative) during the three HRT evaluat-
ed conditions. The highest concentration of H2 in the biogas (37%) was obtained with a HRT 
of 16 h, resulting in a productivity of 470 mlH2/Lreactor/d. Table 2 shows the physicochemical 
parameters evaluated in the two different stages, the highest removal of carbohydrates, vol-
atile solids and COD were obtained with a HRT of 24h, producing the highest production 
of VFA, available for methane production in the second stage. During second stage (CH4 
production), the biogas composition generated was 69% CH4 - 29% CO2, with productivities 
of 809 ml CH4/Lreactor/d. The operation with each HRT was maintained at least 10 days. The 
overall soluble COD removal of the system has remained between 78-85%.
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CONCLUSIONS
For the hydrogen production, a codigestion of 90% OSW-10%PS presented the best re-
sults for H2 production, showing that the addition of small amounts of PS improves the 
performance of H2 fermentation from OSW. For the operation of the two-stage process, the 
highest concentration of H2 in the biogas (37%) was obtained with a HRT of 16 h, while the 
highest removal of carbohydrates, volatile solids and COD were obtained with a HRT of 24h, 
producing the highest production of VFA, available for methane production in the second 
stage. During CH4 production, the biogas composition generated was 69% CH4 - 29% CO2, 
with productivities of 809 mL CH4/Lreactor/d. 
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Abstract
Banana waste (BW) was used for hydrogen production and BW indigenous 
bacteria were enriched using mesophilic temperature (37°C) e pH 6.5 for 
use as seed inoculum without any external seeding. Key factors affecting 
the bio-hydrogen production were optimized by Central Composite Rota-
tional Design (CCRD). Temperature (30, 37 and 44ºC) and initial pH (5.5, 
6.5 and 7.5) were identified by Plackett-Burman  design  as  the  signifi-
cant  factors.  The  temperature  and  initial  pH  significantly affected the 
cumulative hydrogen production. The minimum and maximum cumulative 
hydrogen production of 2.52 and 27.3 mmol.L-1  was achieved under the 
conditions of the temperature 37 and
30ºC and initial pH of 6.5 and 5.5, respectively. The estimated optimum 
operating conditions was found to be at pH of 7.0 and 37ºC.

Keywords
Renewable energy; Fermentation; Indigenous bacte-
ria; vegetal biomass

INTRODUCTION
The banana (Musa spp.) is among the most abundant crops in the world, generating large 
amounts of solid waste from discarding the fruits since their harvest to their commercial-
ization, which makes the banana waste (BW) a potential feedstock for fermentation. A 
higher or lower pH and temperature value can inhibit the activity of H2-producing bacteria. 
The objective of this study is to optimize the key environmental factors affecting bio-hy-
drogen production from BW including temperature e initial pH using indigenous bacteria 
as seed inoculum.

MATERIALS AND METHODS
Banana Waste (BW) was collected from the fresh market in São Carlos city, Brazil. BW (pulp 
and peel) was crushed and to pass a 2 mm-mesh sieved, after that was stirred and mixed 
in a mechanical stirrer with flow profile containing chicane and stored -20°C. The seed in-
oculum was BW indigenous microbiota,  pre-cultivated  at  cultivation  temperature  37ºC,  
BW  (5  g  total  carbohydrates.L-1)  and growing medium (5 g.L-1  peptone, NaCl, CaCO3 
and 1 g.L-1  yeast extract), initial pH 6.5 for 2 days to enrich the bioH2 producing bacteria. 
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Two independent variables were assigned a high (+1) and low (−1) level (Table 1). Cumulative hydrogen 
production was considered as the response. The statistical software Protimiza Experimental Design 
was used as a tool for statistical analysis. The biogas was collected at the interval time and analysed by 
Gas Chromatography (GC) (GC-2010, Shimadzu) and the coefficients of the Gompertz equation were 
determined by regression analysis.

RESULTS AND DISCUSSION
According operating condition of initial pH and temperature the H2 production (P) ranged from 2.52-
27.6 mmol.L-1, a production rate (Rm) between 0,46-5.77 mmol.L-1 and the start time of fermentation
(λ) between 1.52-7.0 h. Table 1 shows that the results obtained at pH above 5.5 always exhibited the
highest cumulative H2  production, independent of the temperature. On the other hand, the effect of 
temperature  showed  that  cumulative  H2   production  decreased  as  temperature  increased  in  the 
investigated range (30-44°C). This could be related to the fact that the acclimatization was carried out 
at very similar pH.  However, working at higher temperatures reduced the fermentation start time and 
increased the rate of hydrogen production. These opposing trends indicated that an inhibitory effect 
occurred during the experiment (Infantes et al. 2011). Through response surface (Figure 1) is possible 
to verify that optimum range of initial pH and temperature is between 6-7 and 32 and 40ºC, respec-
tively. The estimated optimum operating conditions was found to be at pH of 7.0 and 37ºC. Under 
these conditions, the expected H2  production was 30.15 mmol.L-1.

Table 1. Experimental matrix and values of the variables responses for maximum production of H2 (P), 
production rate (Rm), production start time (λ).

 
Figure  1.  Response  surface  and  contour  plots  for  the  pH  and  temperature  effect  
of  variables  on hydrogen production.
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Abstract
Methane production by coupling anaerobic digestion and microbial elec-
trolysis cells is an option to  increase  the  purity  of  methane  as  well  as  
the  biogas  production  rate.  The  use  of  suitable electrodes can further 
improve the performance of the reactors for methane production. This 
work evaluates  the  performance  for  the  methane  production  using  
two  different  substrates  (tequila vinasses  and  red  wine  effluent)  and  
two  electrode  configurations  (graphite  felt-graphite  felt  and graph-
ite  felt-nickel  foam).  Results  demonstrated  that  the  best  methane  
production  rates  were obtained  with  wine  effluent (582  ±   96  mL  
CH4/L/d  and  methane  yields  of  345  ±   27  mL  CH4/g COD) and 
graphite felt-nickel foam for the electrodes.

Keywords
Anaerobic digestion, biogas, electrofermentation, electro-
methanogenesis, methane

Introduction
The coupling of anaerobic digestion (AD) with microbial electrolysis cell (MEC) systems 
aims to increase the yield and purity of methane. In this process, there are two routes to 
produce methane: a) via electrochemistry in which CO2  reacts with protons and electrons 
to be reduced to CH4  and b) biologically  by  hydrogenotrophic  microorganisms  that  
improve  the  production  rate  and  yield. Exoelectrogenic  bacteria  are  responsible  for  
conducting  oxidation  reactions  for  electrons  and protons production. In single-chamber 
MEC, the methane production is favored by phenomena of electrosynthesis is a variable 
that has a significant impact on the performance of bioelectrochemical systems  so  its  
correct  handling  during  single-chamber  MEC  operation  can  improve  the  system per-
formance. The material of the electrodes is important for methane production since metals 
can be used that directly catalyze hydrogen or biocathodes that allow the microorganisms 
to take advantage of   the   electrons   directly.   Supplementing   an   anode   potential   
(Ean)   stimulate   the   growth   of hydrogenotrophic microorganisms (Villano et al. 2010). 
In the case of exoelectrogenic bacteria, a positive Ean  could to increase the activity of the 
electrochemical biofilm and thus, reduce the star-up time (Wang et al. 2010). The aim of 
this work was to evaluate two-electrode material configurations on methane performance 
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in single-chamber MEC using tequila vinasses and red wine effluents as substrates.

Materials and methods
The reactor used was a single-chamber MEC made of acrylic. The useful volume was 0.45 L. Two elec-
trode configurations were evaluated: 1) graphite felt - graphite felt (GF-GF) and 2) graphite felt
- nickel foam (GF-NF). The anode was graphite felt and the cathode was nickel foam for the second 
configuration.  Anaerobic  granular  sludge  (30  g/L)  was  used  as  the  inoculum  source  for  the
electroactive  biofilms.  The  anode  potential  was  fixed  at  (Ean)  to  0.5  V.  Substrates  used  were 
vinasses  from  the  production  of  tequila  and  wine  effluent.  The  initial  concentration  for  both 
substrates was adjusted to 2 g COD/L. Single-chamber MEC was operated at 30 °C and initial pH 7.

Results and discussion

The  period  of  acclimatization  and  biofilm  formation  in  the  reactors  was  approximately  25  days. 
During this period, the hydraulic retention time (HRT) was 7 days. After this stage, the HRT was reduced 
to 3 days. In the case of tequila vinasses, the two configurations produced biogas with a maximum of 
95% methane purity. Although methane production rates were slow (Table 1), yields were higher than 
250 mL CH4/gCOD. The low yields can be explained because of the formation of biofilm  in  the  walls  
of  the  MEC  and  to  the  formation  of  propionic  acid,  which  should  be transformed to acetate.

Wine effluent and the GF-NF configuration gave the best results reaching a production rate of 582 ±
96  mL  CH4/L/d  and  a  yield  very  close  to  the  theoretical  value  (345  ±  27  mL  CH4/g  DQO). 
Additionally, in the MEC-AD it was observed a color of the red wine, indicating that the oxidation 
processes involved the organic compounds (tannins) responsible of the color present in the effluent. 
Results   demonstrated   that   methane   production   occurred   under   both   the   acetoclastic   and 
hydrogenotrophic   pathways,   since   only   30%   of   the   substrate   was   transformed   to   electrons 
consumed  as  demonstrated  by  the  columbic  efficiency  (CE)  (Table  1).  That  indicated  that  the 
remaining substrate was most likely converted to methane by the acetoclastic via. For the reactor oper-
ated with red wine effluent and the GF-GF configuration it was observed that the sugars (36 mg/L)  and  
ethanol  (1047  mg/L)  were  converted  to  acetate  (270  mg/L)  and  butyrate  (515  mg/L), indicating 
that this reactor operated in the form of an electrofermentor.

Conclusions

The coupling of MEC-AD proves to be an interesting way to increase the rate and purity of methane 
from complex substrates. Purity of 95% methane and yields close to the theoretical value (350 ml 
CH4/g  COD)  were  obtained.  The  best  configuration  was  graphite  felt  with  nickel  foam,  the 
hydrogen  was  produced  directly  at  the  cathode  and  subsequently  used  by  hydrogenotrophic 
microorganisms.
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Abstract
In this research, the impact of different pretreatments over the biogas pro-
duction from corn stover was analysed using process system engineering 
and simulation. Case studies were simulated considering 12434,406 kg/h 
of raw material, corresponding to 50% of corn residues production in the 
Bolivar department, the residues were pretreated through 5 different alter-
natives, studying their energetic yields. Higher biogas production was ob-
tained using alkaline pretreatment with NaOH at 5%. Finally, energy inte-
gration was applied to the selected alternative, designing a heat exchangers 
network that allowed reducing the external energy requirements by 85.47% 
and 84.70% for cooling and heating, respectively.

Keywords
Biogas; pretreatment; simulation; pse; heat integration.

INTRODUCTION
Biogas is an environmentally advantageous energy source which is mainly composed of meth-
ane (60%) and carbon dioxide (35-40%). In addition, biogas contains a low amount of other 
gases such as ammonia (NH3), hydrogen sulfide (H2S), hydrogen (H2), oxygen (O2), nitrogen 
(N2) and carbon monoxide (CO). Biogas is the gas that was developed from a process known 
as anaerobic digestion (Abdelsalam et al., 2015). However, biogas production in industrial 
scale requires confirm that net energy gain is higher that energy demand for the overall pro-
cess. So, application of heat energy methodologies are a good alternative to reduce energy 
requirements in the process.

In this research, an integrated plant for biogas production was designed from agro-industrial 
waste of corn trough simulation in commercial software Aspen Plus, in order to analyse the 
biogas production through simulation, environmental analysis and energy integration of the 
process.

RESULTS

Biogas production process was simulated considered five alternatives for pretreatment path-
way: mechanic, acid, alkaline, urea and urea combined with magnetic nanoparticles.
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Despite the extensive informati on present in the Aspen Plus data banks, components such 
as glucan, xylan, lignin, arabinan and extracti ve among others were not available. Therefore, 
it was necessary to validate the simulated compounds to obtain more realisti c and reliable 
informati on, for which properti es like HHV (Higher heati ng value), LHV (Lower heati ng value) 
and heat capacity were compared. Comparison of the LHV of the main components in the 
lignocellulosic biomass is presented in fi gure 1. 

Figure 1. Comparison of simulated properti es for biomass components.

The biomass was pretreated prior to anaerobic digesti on process in order to analyse the 
pretreatment eff ect over yield and environmental profi le. Mechanical pretreatment, NaOH 
pretreatment, diluted sulphuric acid pretreatment, urea pretreatment and urea catalized with 
magneti c nanoparti cles were simulated. Simplifi ed fl owsheet for acid pretreatment is pre-
sented in fi gure 2. Table 1 summarizes the main comparison results for the alternati ves.

Figure 3. Acid pretreatment.

Table 1. Main results for the process.

Methane pro-
duction (kg/h) 

Environmen-
tal impact 
index (PEI/kg) 

Net energy 
value 

Case 1 282.547 10.60 4.239 
Case 2 362.5 9.05 4.287 
Case 3 326.133 12.90 0.217 
Case 4 296.548 19.10 0.058 
Case 5 284.611 22.30 0.056 
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Abstract
In this research, the incidence of the particle size of the substrate (0.5mm, 
1mm and 2mm, and In natura) and the ratio inoculum / substrate RIS (1: 1, 
2: 1, 3: 1) about the amount of methane production was determined.. Three 
chemical pretreatments were applied: urea, and urea with photocatalytic 
nanoparticles of Fe3O4-ZnO to evaluate the biogas yield in batch systems. 
The highest methane yield was 0.019 m3 CH4 / kg SV of substrate, and its 
composition in the gas collected was 68.97%. Likewise, it was demonstrated 
that the implementation of chemical-mechanical pretreatments using urea 
generated greater stability in the biodigesters throughout the anaerobic di-
gestion process.
Keywords
Biogas; pretreatment; urea, magnetic nanoparticles.

INTRODUCTION
Colombia is a country with a huge agricultural potential, and it counts with a big amount of 
acres  destined  to  crops,  in  which  it  generates  enormous  quantities  of  organic  material  
no edible; for  this  reason there have been so  many research about the energetic use of re-
sidual biomass in Colombia, with the final purpose of mitigate environmental problems.   This 
work evaluated the yield of biogas production through the anaerobic digestion of pretreated 
corn lignocellulosic wastes using pig manure and rumen liquid as inoculums.

For the quantification of the generated methane, the volumetric displacement method was 
used. This method has been widely used by a large number of researchers, such as García 
& Lambis (2013), Cendales (2011), Torres & Pérez (2010), Magaña and collaborators (2006), 
among others.

RESULTS

The biomethanization potential  or yield allows knowing the amount of methane generated 
from a specific amount of substrate. Table 1 describes this parameter ad the volumetric pro-
duction of accumulated methane, for each RIS and for each particle size.

For the chemical pretreatment using urea, a 10% w/v solution of Urea was used and mixed 
with the substrate, using a Shaker to maintain constant agitation and a temperature of 80 ° 
C for 20 h.
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For pretreatment with urea and nanoparti cles of Fe3O4-ZnO, a 1:10 rati o (1 g of Fe3O4-
ZnO nanoparti cles per 10 grams of biomass to be pretreated) was used, with a 10% w/v urea 
soluti on, in the liquid solid rati o of 1: 15, at 80 ° C for 20 hours.

 Figure 1 shows the cumulati ve methane producti on in the pretreated systems using urea and 
urea catalysed with nanoparti cles magneti cs, these nanoparti cles were removed from the 
systems using a magneti c fi eld before de anaerobic digesti on process.

Table 1. Biomethanizati on potenti al for each RIS and each parti cle size.

Particle 
size

Volumetric pro-
duction 
RIS 1:1

Volumetric 
production 

RIS 2:1

Volumetric 
production 

RIS 3:1
0.5 mm 343 0,013 204 0,016 166 0,019
1 mm 266 0,010 180 0,014 147 0,017
2 mm 204 0,008 225 0,017 164 0,019

In natura 180 0,007 167 0,013 150 0,017

 

Figure 1. Cumulated biogas producti on in the pretreated and without pretreated systems.
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Abstract: The present work was aimed the complete dynamic of the BMP of sewage sludge in presence of fly 
ashes, including liquid and gas phases. The new model was calibrated with data of soluble Chemical Oxygen 
Demand (COD), volatile solids (VS) and daily methane production coming from a BMP of raw sewage sludge 
without fly ashes and validated for BMPs using 8 fly ash concentrations (10, 40, 25, 50,150, 250, 350 and 500 
mg/L). As results, the calibration showed that the model fits well with the experimental, with the values of the 
parameters falling in the range reported in the literature. The calibrated model was able to describe properly 
the behaviour of soluble COD and volatile solid in the liquid phase, with NRMSE and CC ranging from 0.4052 
to 0.2729 and 0.6246 to 0.8172, respectively. For the gas phase, the model was able to represent accurately 
the daily methane production and accumulated methane, with NRMSE and CC ranging from 0.8915 to 0.07194 
and 0.5051 to 0.9736, respectively. Thus, the model proposed is robust and valid for the studied conditions.

Keywords: Anaerobic digestion model, fly ash, BMP, soluble COD, daily methane production.

The modeling of anaerobic digestion including the effect of fly ashes (FA) has been studied 
mainly for the gas phase and specifically the accumulated methane. The modelling of 
accumulated biogas was presented by (Lo et al., 2010), (Huilinir et al., 2015) and (Gertner et 
al., 2017), without include other variables such as the dynamic of the biogas generation in a 
BMP, as well as the variation of compounds in the liquid phase. Thus, the complete dynamic 
of the BMP of sewage sludge in presence of fly ashes including liquid and gas phases, has 
not been studied through modelling of the process. Therefore, the present work as a goal 
generate a model that can describe not only the accumulated methane in a BMP assay, but 
also describe the kinetic of the process, including daily methane generation, soluble COD 
and VS degradation, situation that has not been reported.     
The model presented is based in the work of (Carrera-Chapela et al., 2016) and Bernard 
et al. (2001), avoiding the sulfate reducing processes. Thus, the conceptual model includes 
only three stages (hydrolysis, acidogenesis and methanogenesis) in order to simplifying the 
complex system. To separate the effect of fly ash on the process, the function proposed by 
(Gertner et al., 2017) was included for the prediction of methane production. For calibration 
and validation, data of soluble COD, volatile solids and daily methane production for raw 
sewage sludge coming from (Huilinir et al., 2017) and (Gertner et al., 2017) was used.

As results, the values of parameters obtained in the calibration are within the range of values 
reported. The model succeeded in representing the behavior of soluble COD and volatile solid 
in the liquid phase as shown Figure 1, with NRMSE and CC ranging from 0.4052 to 0.2729 
and 0.6246 to 0.8172, respectively. For the gas phase, the model was able to represent 
accurately the daily methane production and accumulated methane as shown Figure 2, with 
NRMSE and CC ranging from 0.8915 to 0.07194 and 0.5051 to 0.9736, respectively. Thus, it 
is possible to conclude that the model proposed is robust and valid for the studied conditions.
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Figure 1: Profiles of Soluble COD (Figure A) and VS (Figure B) at different fly ash concentrations. 
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Figure 1: Profiles of daily methane production (Figure A) and accumulated methane (Figure B) at different fly ash 
concentrations. 
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Abstract
The biologic production of H2 from residues of coffee industry is an 
interesting alternative, due to its abundance, high carbohydrates and 
nutrients content, reduction of pollutants generation and energy reuse. 
Fermentation assays were conducted in batch reactors at 30°C for H2 
production and homoacetogenesis. A fractional factorial design 24-1 was 
used to evaluate the factors pH (5.5, 6.5 and 7.5), headspace (40, 50 and 
60%), pulp concentration (3, 6 and 9 g L-1) and wastewater concentration 
(7.5, 15 and 30 g COD L-1). Pulp was obtained from a hydrothermal system 
operated at 180°C during 15 min. Reactors were inoculated with microbial 
consortium (0.5 g VSS L-1) obtained from the fermentation of the coffee 
wastes. Maximum H2 production potential (Pmax) of 42.19 mmol H2 L-1 
was observed under conditions of pH 5.5, headspace 40%, pulp 9 g L-1 and 
wastewater 30 gCOD L-1. The main organic acids produced were acetic 
(120 to 1352 mg L-1) and butyric (31 to 3684 mg L-1). The H2 accumulated 
decreased (between 0.66 and 18.17 mmol L-1) and acetic acid concentration 
increase (between 1271 and 6142 mg L-1) in all assays, possibly due to the 
homoacetogenesis.
Keywords
Hydrothermal pre-treatment; kinetic of H2 production; microbial consortium; 
wet coffee processing. 

MAJOR HEADINGS
Greater H2 production potential (Pmax) and H2 production rate (Rm) was observed with 
high substrates’ concentrations (pulp and wastewater) due to major carbohydrates content 
available for the fermentation (Table 1, Assay 5). Thereby, high acetic acid was produced 
with H2 consumption in assays with superior substrate concentration. With 40% of 
headspace, H2 pressure, Pmax, Rm and duration of the lag phase (λ) during H2 production 
increased, however, it led to superior H2 consumption for acetic acid production through 
the homoacetogenic pathway. Low pH (<6.5) increased the Pmax and λ, but decreased the 
Rm. Homoacetogenesis was observed in all pH tested, because the acids production during 
fermentation decreased the pH from 5.5 - 7.0 to 4.8 - 5.1, which are pH values reported to 
be adequate for homoacetogenic bacteria (4.0 - 5.1) (DINAMARCA; BAKKE, 2009). 

 Superior acetic acid production and H2 consumption was observed in reactors with higher 
Pmax (assay 2 and 5), and after 144 – 168 h of fermentation, which is cited as the lag phase 
of homoacetogenic bacteria (RYAN; FORBES; COLLERAN, 2008).
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Minor headings
Low biomass growth (determined through TSS, assay 6 and 7, Figure 1a) and high carbohydrates reducti on 
(assay 5 and 8) were observed with wastewater concentrati on of 30 g COD L-1.  
 Butyric and aceti c acids were the main metabolites produced during the fermentati on (Figure 1b). 
Butyric acid was determined in all batch reactors, with superior concentrati on in assays with high Pmax 
(assay 2).

Table 1. Kineti c parameters of hydrogen producti on in batch reactors with coff ee wastes.
Experimental conditions Hydrogen production Monitoring of 

Homoacetogenesis
Assays pH Headspace

(%)
Pulp

(g L-1)
Wastewater

(g L-1)
Pmax

(mmol L-1)
Rm

(mmol L-1.h)
�
(h)

Hac
(mg L-1)

Hac
(mg L-1)

 Cumulative H2
(mmol L-1)

1 5.5 40 3 10 5.53 0.39 38.69 443 1515 1.75
2 7.5 40 3 30 30.68 1.57 20.99 642 6889 8.99
3 5.5 60 3 30 14.65 0.69 35.54 222 3655 11.45
4 7.5 60 3 10 2.68 0.43 15.56 933 992 1.08
5 5.5 40 9 30 42.19 1.26 33.78 259 7061 20.45
6 7.5 40 9 10 7.15 0.94 15.51 869 1324 1.37
7 5.5 60 9 10 1.99 0.20 17.73 277 714 0.80
8 7.5 60 9 30 18.79 0.71 22.76 1116 5089 7.59
9 6.5 50 6 20 11.34 0.52 25.91 1167 2934 4.25
10 6.5 50 6 20 11.09 0.51 16.06 1845 3917 3.15
11 6.5 50 6 20 5.38 0.48 16.74 818 2032 1.69
12 6.5 50 6 20 16.85 1.26 32.21 1377 2261 4.34

Pmax = H2 producti on potenti al, Rm = maximum H2 producti on rate, λ = durati on of the lag phase, Hac= aceti c acid.

Figure 1. a) Carbohydrates reducti on and total suspended solids (TSS) increase b) Acids and alcohols producti on 
in batch reactors during hydrogen producti on with coff ee wastes (Hac= aceti c acid, Hbu= buti ric acid, Hpr= propionic 
acid, EtOH= ethanol, MeOH= methanol, Pmax= H2 producti on potenti al).
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Abstract
Energy recovery from lignocellulosic biomass has gained prominence in re-
cent years. This research aimed at evaluating the influence of hydrothermal 
pretreatment on the biodegradability of Citrus Peel Waste (CPW) to obtain 
H2 in batch reactors at 37°C using as substrate in natura or, alternatively, 
hydrothermal pretreated CPW and, as inoculum, a mixing of an autochtho-
nous consortium obtained from the in natura CPW and as an allochthon 
consortium, sludge from UASB reactor applied to the treatment of sugar-
cane vinasse. The maximum H2 production and the maximum growth rate 
were significantly higher in assays with in natura CPW (13.31 mmol.L-1 and 
1.29 mmol.h-1, respectively) in comparison with the pretreated CPW (8.19 
mmol.L-1 and 1.08 mmol.h-1, respectively), possibly due to the phenolic com-
pounds appearance after hydrothermal pretreatment, where an increase of 
58% was observed in relation to the initial concentration before the fer-
mentation process. Furthermore, Scanning Electron Microscopy analyzes 
indicated that in natura CPW contains rods and endospores adhered, which 
does not occured after hydrothermolysis. 

Keywords
Bio-hydrogen; autochthonous microorganisms; agroindustrial waste; hydro-
thermolysis

INTRODUCTION
Energy recovery from lignocellulosic biomass has been studied as a way to solve both the 
problem of its inadequate disposal and the need to seek new carbon sources. In Brazil, about 
8,825,276 t/year of orange is produced, being approximately 500 t of Citrus Peel Waste 
(CPW) for 1,000 t of processed fruit (Ruiz and Flotats, 2016).

The hydrolysis of the lignocellulosic biomass results in the glycosidic linkages breakdown 
of polysaccharides. In hydrothermolysis, pressurized reactors are used to maintain liquid 
water at high temperatures, enabling the penetration of water into the biomass structure, 
hydrating the cellulose, solubilizing the hemicellulose and removing the lignin (Zheng et al., 
2014). This research aimed at evaluating the hydrothermolysis influence on the CPW biode-
gradability to H2 production.
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MATERIAL AND METHODS
The CPW was collected and stored according to Calabrò et al. (2016)it leads to the produc-
tion of about 25-30Mt of orange peel waste (OPW and analyzed by Scanning Electron Mi-
croscopy (SEM). The autochthonous microbial consortium was obtained according to Haruta 
et al. (2002)being heated to 95 degrees C, and freezing at -80 degrees C. The community de-
graded both nonsterilized and sterilized substrate; and its degradation ability was not affect-
ed by pH changes in the medium (initial pH 5-9. As an allochthon consortium, sludge from 
UASB reactor applied to the treatment of sugarcane vinasse was used. The determination of 
total carbohydrates (Dubois et al., 1956) and total phenols (APHA/AWWA/WEF, 2012) were 
performed.

The hydrothermolysis was carried out in a reactor under 10 bar at 180°C for 15 min, in the 
proportion of 1.5:100 (m/v). In biogas production assays, 15 g.L-1 of CPW was used in flasks 
with 50% reaction volume containing PCS medium (Haruta et al., 2002)being heated to 95 
degrees C, and freezing at -80 degrees C. The community degraded both nonsterilized and 
sterilized substrate; and its degradation ability was not affected by pH changes in the medi-
um (initial pH 5-9 at pH 7.0. The consortium and the sludge were added in the ratio of 10% 
and 2 gSSV.L-1, respectivelly. The flasks were incubated at 37°C under anaerobic condition. 
The biogas composition was analyzed by gas chromatograph.

RESULTS AND DISCUSSION
The maximum H2 production and specific growth rate were significantly higher in the assays 
with CPW without pretreatment, for production, velocity and also lag phase duration (Figure 
1).

Figure 1.  H2 production from CPW in natura and after hydrothermolysis.Y(t)= logarithmic 
ratio between the microbial count at time t and the initial count, μmax= maximum 
specific growth rate (mmol.h-1), λ= lag phase duration (h), A= sigmoidal curve am-
plitude (mmol.L-1).

In comparison with assays with in natura CPW, carbohydrate analyzes suggested a reduc-
tion in sugar availability at the beginning of the assays after hydrothermolysis (1.25 g.L-1 and 
0.72 g.L-1, respectively), however, there was no difference for the carbohydrates removal, 
being 41.6% in the in natura CPW and 40.3% in the CPW hydrothermal treated. SEM ana-
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lyzes indicated that in natura CPW contains rods and endospores adhered, which does not 
occured after hydrothermolysis. It is possible to attribute the lower biogas production in the 
pretreated residue to this factor, since the presence of autochthonous microorganisms con-
tributes to the increase of the substrate biodegradability (Haruta et al., 2002)being heated 
to 95 degrees C, and freezing at -80 degrees C. The community degraded both nonsterilized 
and sterilized substrate; and its degradation ability was not affected by pH changes in the 
medium (initial pH 5-9. In addition, one of the possible causes would be the significant phe-
nolic compounds appearance after hydrothermal pretreatment, since a production of 58% of 
phenolic compounds was observed in relation to the initial concentration before the fermen-
tation process in the assays containing hydrothermal pretreated CPW, whereas in the assays 
containing in natura CPW there was no significant production of these compounds. 

CONCLUSIONS
In comparison to the pretreated CPW, the maximum H2 production and the maximum growth 
rate were significantly higher in the assays with CPW without pretreatment.
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Abstract
The discontinuous reactor, such as ASBR and AnSBBR, shows as an alter-
native to recover energy
from wastewater treatment to produce biogas (methane and hydrogen). 
Thus, in this work it was studied a mechanically stirred (100 rpm) ther-
mophilic anaerobic reactor  containing immobilized biomass  operating  in  
sequencing  batch  or  fed  batch  (AnSBBR)  to  treat  whey  for  methane 
production modifying the organic load by increasing the applied volumet-
ric organic load (AVOL) and  the  fed  strategy.  The  best  overall  results  
for  methane  production  was  of  batch  mode  with AVOL  24.68  gCOD.L-

1.d-1,  attaining  organic  matter  removal  efficiency  as  COD  of  85.7%,  the 
yield of methane generated by the consumed organic matter was 13.13 
mmolCH4.gCOD-1  and the molar productivity of methane achieved at this 
condition was 324.0 molCH4.m-3.d-1  and a kinetic model was adjusted to 
the experimental data indicating that the preferred methane production 
was by hydrogenotrophic route, besides the acetoclastic was also ob-
served.

Keywords
AnSBBR, methane, whey, batch, fed-batch, anaerobic re-
actor, thermophilic.

INTRODUCTION
Whey is the aqueous part separated in the cheese making process, generated at about 40 
ºC, represent
the  major  by-product  of the  dairy  industry  (9  kg  of  whey  for  1  kg  cheese).  Because  
of  the  high nutritional value, whey can be used as a raw material for animal or human 
nutrition.

Studies  aimed  the  methane  and  hydrogen  production  by the treatment  of whey  using  
ASBBR  and AnSBBR,  in  this  context  the  objective  of  this  work  was  to  assess  the  
applicability  and  main advantages of the control and operational flexibility related to the 
feed concentration and strategy of an AnSBBR reactor treating whey at thermophilic con-
ditions.

MATERIALS AND METHODS
The  AnSBBR (total volume  6  L, total volume  of liquid  medium 2,3 L, fed/discharge vol-
ume  1  L,
temperature  of  55  ºC  and  length  cycle  of  8h)  was  operated  for  173.  The  support  
material  was polyurethane foam cubes and the inoculum was obtained from a thermophilic 
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reactor treating vinasse. The wastewater was prepared from commercial whey (73% carbohydrates, 
11% proteins, 2% fats, 9% minerals  and  5%  moisture). The  assays  were performed  by increasing  the  
volumetric  organic  load varying  the  influent  concentration  in  batch  mode  (5000,  6000,  7500,  
8000,  10000,  12000,  14000,
16000, 18000 and 20000 mgCOD.L-1) and by changing of fed strategy to fed-batch mode.

The reactor performance was evaluated by measuring influent and effluent samples (total and soluble) 
in  accordance  with  Standard  Methods  for  the  Examination  of  Water  and  the  kinetic  model  of 
metabolic pathways proposed in this work was based on the model used by Lovato et al. (2016).

RESULTS, DISCUSSION AND CONCLUSIONS
The monitored parameters of the AnSBBR are presents in the Table  1. The increase in the influent 
concentration did not affect the removal efficiency of carbohydrates, which remained above 99.4 %, 
the removal efficiency of COD until condition VII (AVOL 6.2 – 24.7 gCOD.L-1.d-1) remained about 90 %, 
from the following conditions the COD removal efficiency. The reactor maintained satisfactory stability  
regarding  pH,  which  remained  above  8.0  at  all  conditions  and  generation/consumption of bicar-
bonate alkalinity and total volatile acids (TVA) during the conditions I to VIII. In the last two conditions 
was an accumulation of TVA, indicating an imbalance between the biomass communities probably due 
to the high organic load. Regarding methane production, Condition VIII presented the best result in 
relation to the molar productivity (324 molCH4.m-3.d-1). The change in feeding strategy to fed-batch 
did not show improvement in relation to the batch strategy.

Through Figure 1 is possible identify that the model was successfully adjusted to experimental data of 
Condition  VIII,  which  presented  better  results  regarding  biogas  production  and  composition.  The 
values indicated in the markers were obtained during the profile experiment and the line refers to the 
values obtained by the model.
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Figure 1. Methane production, substrate consumption and intermediate compounds profile at Condition VIII.
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Abstract
The interest in alternative municipal solid waste management strategies 
will like intensify because
the production of solid waste continue to grow, while the disposal capacity 
via traditional landfilling is diminishing. An alternative solid waste treatment 
strategy is anaerobic biological treatment. The main of this study concerns 
the results of a pilot-scale of the startup phase of the mesophilic semi- dry 
anaerobic co-digestion of food waste (FW) and rumen content. The startup 
was make in three periods in order to anaerobic microbial acclimation and 
it was achieved in 45 days.  During each phase  of  this  study,  the  variation  
in  pH  was  found  to  be  within  a  favourable  range  of  6.2–7.2, however  
VFA  concentration  was  high  and  VFA/ALK  ratio  presented  adequate  
levels.  The mesophilic startup of the pilot-scale reactor was successfully 
carried out directly feeding the FW and increasing the OLR.

Keywords
CSTR reactor, semi-continuous mode, mesophilic condition, rumen 
content, pilot-scale reactor

INTRODUCTION
Currently in Colombia, about 9.76 million tons of food is wasted every year (Medina, 2016). 
This
food waste (FW) is the mass of food lost or wasted during the part of the food supply 
chains leading to edible products for human consumption. Besides, the main destination 
of these wastes are landfills and it contributes to global warming and climate change. The 
interest in find an alternative municipal solid  waste  management  strategies  will  like  in-
tensify  because  their  grow  production.  However, anaerobic digestion is now an accept-
able technology for FW treatment, in order to convert that waste to  biogas  and  stabilised  
residual  matter  (Xu  et  al.,  2018).  A  wide  variety  of  systems  have  been proposed to 
anaerobically treat FW, as dry, semi-dry and wet digestion, continuous and batch process, 
mesophilic and thermophilic digestion, mono-digestion and co-digestion, etc. Anaerobic 
co-digestion of  food  waste  with  others  co-substrate  (manure,  sewage  sludge,  ligno-
cellulosic  matter)  could  be beneficial due to dilution of toxic chemicals, enhanced balance 
of nutrients, and synergistic effect of microorganisms (Zhang et al., 2014). Dry anaerobic 
digestion contain greater than 20% of total solid (TS), wet digestion contain less than 10% 
TS and semi-dry digestion contain in the feed range from 10% to 20% TS. According to Pa-
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van et al. (2000) dry digestion is beneficial to its compact digester with high organic loading 
rate and its energetically effective performance, compared to wet digestion. Accordingly, 
the aim of this study was to evaluate the co-digestion startup of FW with rumen content to 
mesophilic temperature in a semi-continuous pilot-scale reactor (CSTR) and a range from 
wet to semi-dry conditions.

METHODS
A schematic diagram of the semi-continuous pilot-scale reactor used in this study is shown 
in Figure
1. The plant is equipped as follows: a blender for substrate pre-treatment, a feeding hop-
per, a CSTR reactor,  a  circulation  pump,  a  gas  holder,  a  gas  flowmeter  and  CH4/CO2   
sensors,  a  pHmeter,  a temperature sensor, a pressure sensor and a control and super-
vision system. After cut in the blender and mixed with water, the biomass is delivered to 
the feeding hopper. The reactor tank has an overall volume of 60 L whereas the working 
volume is 40 L. It is operated in a semi-continuous mode. The temperature  is  automatically  
monitored  and  regulated  at  mesophilic  condition  (35  ±  1°C).  The  following  parame-
ters  were  continuously  measured  and  recorded  by  the  data  acquisition  system (DAS): 
pH, temperature, pressure, gas flow and gas composition (CH4 and CO2). Composite sam-
ples (inlet  and  outlet)  were  analysed  for  various  physicochemical  parameters,  as  Total  
Solids  (TS), Volatile Solids (VS), moisture, ash and Chemical   Oxygen   Demand   (COD), 
according to Standard Methods for the Examination of Water and Wastewater (APHA,  
2012).  Additionally,  volatile fatty acid (VFA) and alkalinity (ALK) following the methodolo-
gy proposed by Anderson   &   Yang   (1992).   Rumen content (6.2 % TS), collected from the 
Slaughter  Plant  (CARLIMA),  located in the city of Ibagué-Tolima, was used as the inoculum 
source and co-substrate.

This inoculum was stored in a plastic bottle of 10 L for about one month at room temperature (25 ◦C
to 27 ◦C), and in absence of O2. FW was collected daily from the university 
restaurant.
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RESULTS AND DISCUSSION
The  first  45  days  of  reactor  operational  was  registered  as  the  startup  phase  with  
an  operating
temperature in a mesophilic range (35 ± 1°C). The reactor was initially loaded with a 10% 
rumen proportion and in the first 3 days no feed was applied to the digester. In this con-
dition the Volatile Fatty Acids (VFA) content rose gradually from 1.77 g/L to 3.12 g/L. A 
second acclimation followed when the reactor was feed with rumen at Hydraulic Retention 
Time (HRT) of 30 days and an Organic Load Rate (OLR) less to 1 kgSV/m3reactor.d. It second 
period was kept from day 4 to 14. The VFA reached constant values to 4.15 ± 0.10 g/L, 
but the pH was quite low (< 7) and VFA/ALK ratio was less 0.8. Finally, a third acclimation 
period was conducted with increased the OLR, therefore the reactor was fed with a blend 
of rumen and FW with a VS concentration of 12%. The OLR was made gradually from day 
15 to 45. More stable operational condition were achieved, even though a higher content 
of VFA and pH about 7. The pH in anaerobic digestion is a crucial factor that can have a 
pronounced  effect  on  microbial  activities,  thereby  affecting  the  reactor  performance  
and  biogas production. However, during each phase of this study, the variation in pH was 
found to be within a favourable range of 6.2–7.2. This was achieved despite the increase in 
the OLR during each run period and changes in the VFA levels. As the results demonstrate, 
the removal efficiency in each of the early phases in the reactor tended to be unstable ow-
ing to changes in the OLRs. Therefore, to overcome this instability, an adaptation period 
was needed for the microorganisms in the reactor. Furthermore, for semi-dry anaerobic 
digestion, particularly, which involves the treatment of high concentrations of solids, the 
concentration of biomass in the reactor has to be high as well.
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Abstract
Lignocellulosic  crop  wastes  are  important  agroindustrial  residues  that  represent  an  attrac-
tive
renewable  source  for  the  generation  of  biofuels  with  associated  environmental  and  eco-
nomic benefits. Ethanol can be produced from lignocellulosic wastes considering a biorefinery 
process
using  waste  biomass.  Among  different  pretreatment  methods,  thermal  hydrolysis  has  
shown  an
interesting performance in carbohydrates recovery. The process generates residues that can be 
used for the production of biogas by anaerobic digestion. Anaerobic co-digestion of different 
feedstocks
can provide better nutrient balance, increased buffer capacity and synergistic effects that con-
tribute
to the enhancement of biogas production. As part of a broad scope screening national pro-
gram, this research evaluates the co-digestion, in terms of biochemical methane potential 
(BMP), of aloe peel
waste   (A)   with   biorefinery   lignocellulosic   residues   generated   from   the   thermal   hy-
drolysis
pretreatment. The thermal pretreated residues consisted on sugarcane bagasse (SB), wheat 
straw
(WS), agave bagasse (AB) and corn stover (CS). The soluble compounds of each lignocellulosic 
residue were lixiviated using water. Lixiviates were mixed in a proportion similar to that gener-
ated in the biorefinery pretreatment to produce a representative mixture (L) (5% AB, 15% CS, 
30% SB and 50% WS). BMP tests were performed at 37 °C  with So/Xo of 0.5 for A:L ratios of 
1:0, 1:1, 1:2,
1:9 and 0:1. The highest methane yields were found for the 0:1 and 1:9 ratios (152.5 and 150.73 
mLCH4/gCOD, respectively). Increments, respect to the expected methane yield with no inter-
action between the substrates, of 6.1, 4.96 and 2.55% were found for co-digestion at A:L ratios 
of 1:1, 1:2 and 1:9, respectively. An increment of 22.6% in the average volumetric rate was ob-
tained for co- digestion of A:L at 1:9 when compared with the digestion of L as single substrate.

Keywords
Anaerobic co-digestion; lignocellulosic residues; biomethane potential; 
aloe

INTRODUCTION
With 1.5 Pg year-1  of dry biomass produced (Kim and Dale, 2004), lignocellulosic crop wastes 
are abundant non-food cheap agroindustrial residues. Using these residues, ethanol can be 
produced at biorefineries.  Thermal  hydrolysis  pretreatment  has  shown  an  interesting  
performance  in  the
carbohydrates  extraction  of  lignocellulosic  wastes  used  in  the  context  of  biorefin-
ery  process. However, such biorefinery processes also generate wastes that can be further 
valorised. On the other hand, aloe is broadly used in cosmetics, food products and pharma-
ceuticals. Aloe processing industry generates  residues  that  consist  mainly  in  aloe  peel  
wastes.  Anaerobic  co-digestion  of  different feedstocks can provide better nutrient balance, 
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increased buffer capacity and synergistic effects that contribute  to  the  enhancement  of  
biogas  production  (Huang  et  al,  2016).  As  part  of  an  integral program  for  exploring  
suitable  renewable  sources  for  the  generation  of  biofuels,  this  research evaluates the 
production of biogas, in terms of biochemical methane potential (BMP), from the co- diges-
tion of aloe peel waste with a mixed lixiviate of biorefinery lignocellulosic residues generated 
in the thermal hydrolysis of sugarcane bagasse (SB), wheat straw (WS), agave bagasse (AB) 
and corn stover (CS).

MATERIALS AND METHODS
Water quality parameters were determined according to standard methods (APHA, 1998). A 
thermal hydrolysis process (autohydrolisis and steam explosion at 180 ºC ,  145 psig; whole 
process 45 min) was applied to extract the sugars contained in the lignocellulosic residues. 
The main core of the treated biomass was used to continue the ethanol generation process, 
but the leftovers were used to obtain methane. Lignocellulosic residues from SB, WS, AB and 
CS were lixiviated with 2 L of water per kg of  residue.  The  soluble  compounds  of  each  lig-
nocellulosic  residue  were  lixiviated  using  water. Lixiviates were mixed in a proportion sim-
ilar to that generated in the biorefinery pretreatment to produce a representative mixture (L) 
(5% AB, 15% CS, 30% SB and 50% WS). Aloe peel waste (AP) was homogenised in a blender 
and diluted in water (A). BMP tests were performed in triplicate at mesophilic conditions (37 
°C ),  So/Xo = 0.5 (gCOD/gSV), in an automatic methane potential test system (AMPTSII, 
Bioprocess Control).

RESULTS AND DISCUSSION
BMP test were performed for the co-digestion at A:L volume ratios of 1:0, 1:1, 1:3, 1:9 and 
0:1. The best methane yields per gram of initial COD (CODi) were obtained for the 0:1 and 
1:9 A:L ratios (152.5 ml CH4/g CODi and 150.73 mL CH4/g CODi, respectively) (Figure 1). 
The lowest yield, 97.3 mL CH4/g CODi, was for the digestion of only A. Yields of 140.95 and 
132.6 mL CH4/g CODi were found for A:L ratios of 1:2 and 1:1, respectively. Compared to the 
yield obtained by digestion of aloe as single substrate, net yields increases of 36.3, 44.9 and 
54.9% were found for the co-digestion at A:L ratios of 1:1, 1:2 and 1:9, respectively. A deeper 
analysis, calculating the expected methane yield considering no interaction between the sub-
strates, shows increments of 6.1, 5.0 and 2.6% for co- digestion at A:L ratios of 1:1, 1:2 and 
1:9, respectively. Moreover, while similar methane yields were obtained for A:L ratios of 0:1 
and 1:9, an increment of 22.6% in the average volumetric rate was obtained for co-digestion 
of A:L at 1:9 when compared with the digestion of L as single substrate.

Figure 1. Methane yields obtained by BMP tests for the co-digestion of Aloe (A) with lix-
iviate of biorefinery lignocellulosic wastes (L).
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Abstract 
The energy efficiency of ethanol production depends on the final use of the by-products generated. 
Vinasse is a co-product generated from the industrial production process of bioethanol and it has been 
estimated that for each liter of ethanol, 10-15 liters of vinasse are produced. In this work we 
evaluated  anaerobic  digestion  as  vinasse  valorisation  strategy  through  biogas  production. We 
determined the biomethane potential (BMP) and how it varies among distilleries. According to the 
results,  there  is  no  significant  difference  between  the  biogas  yield  production  among  the  mills 
regarding the percentage of volatile solids (VS) but the production of biogas is strongly affected by 
the evaporation steps. After, we calculated that the daily maximum energy capacity for concentrated 
(787,076 kW) and diluted vinasses (3,5 GW), supporting the viability of the use of vinasse as a 
strategy for generating energy. 

 
 

Keywords 
Anaerobic digestion; Vinasse; Biogas. 

 
 
 
Vinasse is a co-product generated from the industrial production process of bioethanol and it has been 
estimated that for each liter of ethanol generated on average 10 to 15 liters of vinasse are produced 
(Moares  et  al.,  2014).  For  its  characteristics  the  vinasses  have  been  widely  used  as  fertilizer  
in fertigation  processes; however,  studies  have  determined  that  the  use  of  vinasse  leads  to  
adverse effects  such  as  increased  soil  salinization  and  relevant  ecosystem  impacts  due  to  
groundwater contamination (Silva et al., 2007). The AD can contribute as method reduced organic 
content through biogas production. In this work we evaluated the anaerobic digestion as vinasse 
valorization strategy. 

 
The  characterization  of  the  substrates  is  showed  in  table  1,  the  values  are  directly  related  to  
the percentage  of  organic  matter  of  each  substrate  and  vary  according  to  the  efficiency  of  the 
evaporation processes. In Table 2, we show the BMP values obtained during AD process and the 
results indicate there is significant difference (p = 0.437) between the biogas production yield among 
the mills considering the percentage (%) of VS. However, there is a statistically significant difference 
(p = 0.019) between the degree of vinasse solids concentration and the biogas production. 

 
 
Figure  1  shows  the  production  yields  of  concentrated  and diluted vinasses  from  six  sugar  mills 
considering  the  amount  of  organic  matter. The  results  suggest  that  the  biogas  production  has  
an inversely proportional correlation with the degree of solids concentration of vinasse: the higher the 
concentration, the lower the production of biomethane. The above indicates that the concentration 
process  not  only  increases  the  %  VS  but  may  also  be  increasing  the  presence  of  inhibitory 
compounds; or that heating reduces the biodegradability of organic compounds reducing the biogas 
production. In  this  way,  the  organic  matter  content  of  the  vinasses  coming  from  the  distillation 
processes define the conditions of biogas production and, in turn, they can function as a variable to be 
altered to generate higher biogas yields in order to obtain a greater fraction of energy.  According
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to the data obtained, the equation y = -12.587x + 763.42 (where x is the value of the percentage of 
volatile  solids)  models  the  behavior  of  the  biogas  production  of  vinasses,  according  to  its 
concentration of solids. 

 
 

According  with  table  2,  the  average  of  BMP  values  for  diluted  and  concentrated  vinasses  
were 
0.71 ± 0.06 m3  /  Kg  VS  vinasse  and  0,4 8 ± 0,09   m3  /Kg  VS  vinasse,  respectively. If  we  consider  
the BMP  values, the  maximum  energy capacity calculated  from  the  experimental  data  obtained  
from dilute and concentrated vinasses would be 2,12 ± 0.06 KWh/ LVinasse and 1.43 ± 0.09 KWh/ 
LVinasse, respectively. If we consider that the region produces on average 275,000 liters of ethanol per 
day, the volume per day of concentrated vinasse (30% VS) would be 550,000 L and 1’650,000 L of 
diluted vinasses (10% VS). In this way, the energy production capacity of the concentrated vinasse of 
the region daily would be 787,076 kW and 3.50 GW, respectively. In general, a house with a high 
energy consumption requires more than 22 kW per day and taking into account the values of energy 
capacity calculated from the production of biogas from the vinasse, the concentrated vinasse could 
supply the energy need of 35,776 homes and the diluted around 157,500 houses. 

 
 

Table 1. Characterization of vinasses from the sugar 
mills of the Cauca River Geographical Valley.

 
             Vinasse                 % Dry solids       % Volatile solids   
  Concentrated Mill I          42.17 ± 8E-04           32.2 ± 9E-04   
  Diluted Mill I                    10.16 ± 5E-04           7.39 ± 7E-04   
  Concentrated Mill II         34,99 ± 2E-04          25.93 ± 6E-04   
  Concentrated Mill III        33.04 ± 2E-05          25.76 ± 4E-05   
  Diluted Mill III               20.72 ± 4,1E-06        13.78 ± 1E-04   
  Concentrated Mill IV        37.83 ± 0.02             27,7 ± 0.02   
  Diluted Mill IV                2.98 ± 6,9E-05          1.95 ± 9E-05   
  Concentrate Mill V           14.94 ± 5E-05           9.63 ± 6E-05   
  Concentrated Mill VI       20.70 ± 3E-04          14.88 ± 3E-04   

Diluted Mill VI                 10,10 ± 3E-04            6.9 ± 1E-04 
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Table 2. Potential for biogas and energy roduction of 
the sugar mills of the Cauca River Geographical 
Valley. 

 
              Vinasse                Biogas potential (m3  /Kg VS )   
  Concentrated Mill I                          0.33 ± 0.05   
  Diluted Mill I                                   0.79 ± 0.05   
  Concentrated Mill II                         0,55 ± 0,1   
  Concentrated Mill III                       0.44 ± 0.05   
  Diluted Mill III                                0.65 ± 0.05   
  Concentrated Mill IV                       0.42 ± 0.03   
  Diluted Mill IV                                0.65 ± 0.02   
  Concentrate Mill V                          0.61 ± 0.05   
  Concentrated Mill VI                       0,52 ± 0,04   

Diluted Mill VI                                 0.75 ± 0.1 
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Figure  1.  Performance  of  biogas  production  of  the 
sugar mills of the Cauca River Geographical Valley 
based  on  the  concentration  of  organic  matter. The 
points  on  the  graph  represent  each  of  the  samples 
(diluted and concentrated) of vinasse from each mill and 
the    blue    line    represents    a    confidence    level    of 
95%. Yellow:   Mill   1; Rosa:   Mill   2; Orange:   Mill 
3; Red: Mill 4; Blue: Mill 5; Green: Mill 6. 
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Abstract 
This  work is aimed  at  evaluating the lignocellulosic  compounds in Mexico  City’s OFMSW  and 
biochemical  methane  potential  (BMP).  Nine  fractions  were  carefully  identified  and  separated. 
Bromatological and fiber characterization was carried out to determine the content of lignocellulosic 
compounds and its relationship with BMP. A second approach was made for a better understanding 
of the influence of the fibers and their bromatological composition on the hydrolysis of the fractions, 
with an evaluation with clean fractions that served as a target. With this information a statistical 
analysis was performed and it was found that the square of the sample correlation coefficient (R2) 
from the BMP versus lignocellusic compunds and bromatological composition was 0.99 (p <0.05). 
Keywords 
Anaerobic digestion; biogas; lignocellulosic compounds; organic fraction municipal solid waste. 

 
INTRODUCTION. Mexico City produces 12,920 t/d of solid wastes, from which 49 % correspond 
to  the  organic  fraction  (OFMSW)  (SEDEMA,  2017).  According  to  Campuzano  and  González- 
Martínez (2016), lignocellulosic compounds in OFMSW were 40 % of volatile solids (VS). Therefore, 
this research deals with the presence of lignocellulosic compounds in the different fractions in Mexico 
City’s OFMSW and biogas production during anaerobic digestion. 

 

METHODS. A sample from Mexico City’s OFMSW was taken according to the norm NMX-AA- 
015-1985 in the transfer station Coyoacán. From approximately 2 tons and after thorough mixing, 
sampling produced 200 kg which were distributed in freezing bags of 2 kg each. Bags and contents 
were frozen at -20 °C. Afterwards in the laboratory nine fractions were separated manually: Animal 
waste, cereals waste, fruits, vegetables, kitchen paper, dry leaves, branches (garden cuts), fresh garden 
waste and unsorted rests. For biochemical methane potential (BMP), an AMPTS Biocontrol Process 
system was used and as inoculum anaerobic granular sludge from a large beer factory was used. For 
BMP, VDI 4630 recommendations were followed: RIS = 4:1, 35 °C during 21 days triplicate (VDI 
4630, 2006). Lignin, cellulose and hemicellulose were determined according to Van Soest (Van Soest, 
1963, Goering and Van Soest, 1970) and Official Methods of Analysis of AOAC INTERNATIONAL 
(AOAC, 2012). All other determinations were performed according to APHA (2005). 

 

RESULTS. Table 1 shows the results of OFMSW characterization. The fraction with the highest 
percentage is fruits (36 %) followed by unsorted rests (20 %). The fraction with the lowest contents 
is kitchen paper and cereal waste. The highest VS/TS ratio belongs to fruits followed by cereals and 
branches and paper. Because of the highest amount of proteins and lipids and lowest concentration of 
structural carbohydrates and lignin, the animal waste reported the highest BMP of 447 NL/kg VS. The 
kitchen paper fraction reported a high concentration of structural carbohydrates and lignin and also a 
high amount of lipids. Kitchen paper absorbs fluids from other fractions and because of this it 
presented a high methane production (310 NL/kg VS).The branch fraction had a low concentration of 
protein and lipids containing higher amounts of lignocellulosic compounds, reporting the lowest BMP 
(133 NL/kg VS). 

 

Curves in figure 1 show  different behaviors. On  the third day fruits and  vegetables show a large 
methane production that represent more than 60% of the methane production in 21 days indicating 
that  these  fractions  contain  readily  biodegradable  substances.  From  day  4  to  day  9  all  fractions 
produced little methane and, after day 10 the methane production increased in all fractions except in
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Table 1. Characterization of the OFMSW fractions 
Prot       Lp        DC        H          C          L          BMP          % 

 
 
BMP

Fraction               % 
OFMSW 

VS/ 
TS 

VS 
g/kg 

 
g/kgVS NL/ 

kgVS 
CH4 % 

OFMSW

Animal                 8               0.7          320        373       393        63          3           4          39           447           62             12 
Cereal                 3              0.87         380        123       121       121       232        53         32           355           53              3 

Unsorted              20             0.73         252        131       181       197        62         33        165          350           58             23 
Paper                  2              0.86         265         62        203       743        20        207        32           310           60              2 
Fruits                 36              0.9          206         94         82        377         7         121        32           301           55             35 

Garden                 6              0.81         227        130       152       342        51        111        69           283           59              6 
Vegetables             13             0.84         192        121        96        299        63        102        65           283           56             12 

Leaves                 7              0.84         306         89        166       247        49         98         68           261           61              6 
Branches               4              0.86         475         44         97        259       155        37        401          133           64              2 
OFMSW             100            0.78         228        165       135       680         9         102        53           288           55            100 

Note:  OFMSW  (%  wet  weight),  protein  (Prot),  biochemical  methane  potential  (BMP)  (NL/kgVS),  lipids  (Lp),  degradable  carbohydrates  
(DC), hemicellulose (H), cellulose (C), lignin (L) 

 
the branch fraction. After day 18 the methane production receded with exception of animal rests 
and unsorted organics.For better understanding of the effect lignocellulosic compounds have on 

biogas production,   stepwise   regression   analyses 
were      performed,      considering      BMP 
(dependent   variable)   and   lignocellulosic 
compounds        (independent        variable), 
resulting  in  correlations  lower  than  0.7  (p 
<0.05). For in which considering only these 
variables,   no   explanation   p0   substances 
determined            as            bromatological 
characteristics. Because it is not possible to 
assess   the   effects   of   combinations   of 
fractions   and   the   fluids   exchange   that 
occurred  during  mixing  and  sampling,  a 
second   approach   was   made   considering 
“pure”  substances  as  reference,  such  as

 

Figure 1. Methane production of fractions and 
OFMSW 

grapes, orange peel, carrots, kitchen paper, 
fresh grass and banana peel. A new analysis 
was     made     in     which     lignocellulosic

compounds,  bromatological  characteristics  and  BMP  were  considered  resulting in  0.99  (p  <0.05) 
correlation.  A  relative  root  mean  square  error  (RRMSE)  less  than  10  %  was  used  to  assess  
the accuracy of the model. 

 

CONCLUSIONS. Animal waste presented the highest methane production with 447 NL/kgVS. The 
highest relative methane production is for fruit waste and unsorted organics, they represent almost 
60 % of methane in OFMSW. The methane production on the fourth day represented almost 60% of 
the methane production in 21 days in every single fraction, except animal waste (43%). After day 15, 
with the exception of animal kitchen and unsorted waste, the methane production was minimal. All 
the parameters that are in table 1 correlate very well with methane production, with a correlation index 
of 0.99. 
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Abstract
The anaerobic digestion of lignocellulosic materials is frequently depressed at long time of 
operation. Therefore, the regular application of metal cocktail of trace elements, in chemical 
salts, is a common practice to overcome these problems. However, the substitution of these 
salts by minerals has been barely studied. This study investigated on the mono-digestion of 
maize straw with Cuban natural mineral addition at different dosage strategies and evaluat-
ed the speciation/bioavailability of metals in semi-continuous stirred tank reactors (CSTRs). 
The highest methane yield (257 mL g-1 VS) was obtained with the mineral supply (1 g L-1) 
once a week over 30% respect to control reactor. A significant amount of Fe, Ni, Co and Mn 
was found in the exchangeable and carbonate fractions and were bioavailable for microbial 
uptake. The potential bioavailability (Mn ˃˃ Co ≈ Ni ˃ Fe) of R2 was higher respect to R1. 

Keywords
Anaerobic monodigestion; methane yield; speciation, mineral supplementation; potential 
bioavailability

INTRODUCTION
A drawback of the anaerobic digestion (AD) of lignocellulosic biomass is its poor content of 
micronutrients, which are involved in the synthesis of essential coenzymes or cofactors in 
methanogenic pathways. Therefore, the metal trace supplement is a prerequisite for micro-
bial growth and metabolism. In Cuba, there are mineral clays with a varied composition of 
metals that can be useful to the AD. The study is focused on the chemical speciation of met-
als, and bioavailability during the operation of semi-continuous stirred tank reactors (CSTRs) 
with mineral supplementation. 

MATERIAL AND METHODS

Feedstock, inoculum and mineral

Maize straw collected from an agricultural farm in Campinas (São Paulo) was used as feed-
stock for the AD. Inoculum was collected from an up-flow anaerobic sludge bed (UASB) re-
actor treating poultry slaughterhouse wastewater (DACAR, Brazil). As micronutrients source 
was used a natural mineral clay mixture.

Experimental set-up

The CSTRs were operated to 37 °C. The OLR of 0.5 g VS L-1d-1 to 2.0 gVS L-1d-1 were applied. 
R1 was limited of mineral, whereas R2 was supplemented with 1 g L-1 mineral in the influent 
at different dosage period defined as: I (once a day), II (without mineral supply), III (once a 
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week) and IV (twice a week). The bonding forms (exchangeable, carbonates, oxidizable and 
residual) were determined with a modified Tessier sequential extraction (SE) procedure as 
described by Osuna et al. 2004.

RESULTS AND DISCUSSION

Effect of mineral dosage strategies on semi-continuous anaerobic digestion

The once a week dosage strategy to R2 exhibited the maximum value of methane yield (257 
mlCH4 g-1VS), with a significant increase by 30% compared to R1 (198 mlCH4 g-1VS). R2 over-
came to the OLR increment due to the strategy of mineral addition, while R1 was not able 
to keep a proper performance at 2.5 gVS L-1d-1. This mineral dosage strategy provides the 
required metals and stimulated methane production. The increment in mineral dosage from 
one to two-fold, led to diminish the substrate degradation efficiency, with a tendency to de-
crease the methane yield until the end of the process.

Effect of mineral, trace metals speciation and bioavailability during anaerobic digestion

The bonding form distribution of Fe, Ni, Co, Mn at the starting-up (day 0), 57, 73 and 96 days 
of operation were determined for both reactors. In R1, the exchangeable (3%) and carbonate 
(12%) fractions of Fe remained almost negligible with regard to both residual and oxidizable 
fractions. The bonding forms of Ni/Co mainly existed as oxidizable fractions (36% and 42%, 
respectively), with a trend to diminish over time. Mn showed the higher degree of bioavail-
ability with a high proportion of metal mobilized in the exchangeable (31%) and carbonate 
(36%) fractions. 

At the end of experiment (day 96) the more bioavailable fractions of these metals signifi-
cantly decreased, compared to the initial phase in R1. The results confirm that fewer metals 
were directly bioavailable for microbial uptake at the end of the process.

On the contrary, with the mineral supply in R2 the total concentrations of Fe, Ni, Co and 
Mn showed a noteworthy increase compared to day 0. The dominant speciation of Fe, Ni 
and Co was the oxidizable fraction. With the dosage strategy of mineral once a week in R2, a 
significant amount of Fe (29%), Ni (39%), Co (40%) and Mn (61%) was found in the bioavail-
able fractions after 57 days of operation, and a remarkable stimulation of methane yield was 
observed.

The ranking of potential bioavailability was the same in each reactor and both reactors 
had the highest Mn-bioavailability. Potential bioavailability was different for each metal in 
R1 (Mn ˃˃ Co ˃ Ni ˃ Fe), while in R2 the Ni and Co was similar (Mn ˃˃ Co ≈ Ni ˃ Fe). The 
potential bioavailability of R2 was higher in comparison to R1 and hence was able to support 
the metals uptake by methanogens (González-Suárez et al., 2016). The results confirmed that 
the dosage strategy of mineral once a week applied in R2 had a positive effect on methane 
production.
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CONCLUSIONS

The best mineral dosage strategy for maize straw mono-digestion was once a week at 1 g L-1, 
which exhibited remarkable stimulative effects on methane yield compared to the control 
reactor. The potential bioavailability of R2 was higher in comparison to R1. Thereby, the high 
metals availability was able to support the metals uptake by methanogens and a stimulatory 
effect on the methane yield.
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Abstract
The wine vinasses are the main waste from the wine industry and has the 
potential to be used as substrate for hydrogen production because had high 
content of carbohydrates, but also ethanol that could inhibit the fermenta-
tion. This high COD content could be a limit for the fermentation; so, the 
use an expanded granular sludge bed reactor (EGSB) that works with high 
organic loads is an attractive option. On the other hand, to adapt the mi-
croorganisms to the complex substrate, batch fermentation are necessary 
before the continuous fermentation. Therefore, the main goal of this study 
was to evaluate the batch hydrogen production from vinasses in a pilot 
EGSB. The EGSB reactor had 40 L of working volume and was operated at 
35 °C, with up-flow velocity of 5 m/h and concentration of vinasses of 7 g 
COD/L. Methanogenic granular sludge acclimated to hydrogen production 
was used as substrate. The fermentation lasted 120 days with a hydrogen 
concentration of 51 %.  The hydrogen production rate and the maximum 
hydrogen production obtained was 5 NmL/h and 70 NmL, respectively.  The 
pH ranged from 4.5 to 6. The main soluble microbial products detected were 
ethanol, acetate and butyrate. The batch hydrogen production using wine 
vinasses is feasible, but more batch hydrogen fermentation are necessary 
before the continuous hydrogen production.  

Keywords
Biohydrogen; batch fermentation; ethanol; expanded granular sludge bed 
reactor; pilot reactor; wine vinasses

INTRODUCTION
Wine vinasses are the principal waste from the wine industry (0.7-14 L per L of wine), is gen-
erated during the line washed, product losses, off wine, among others parts of the wine pro-
duction process (Ioannou et al., 2015). Wine vinasses have high potential to use as substrate 
for the recovery of energy through biohydrogen production because are composed mainly by 
carbohydrates, organic acids, ethanol, glycerol, phenolic compounds, and sodium and potas-
sium salts. This complex composition could provide nutrients that favors the fermentation, 
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but also some compounds could cause inhibiti on at some concentrati ons such as the COD 
and ethanol. On the other hand, the expanded granular sludge bed reactor (EGSB) is used to 
treat wastewater with high content of organic matt er, because this reactor could be operated 
at high up-fl ow velociti es that causes the bed to expand and intensify mixing. Therefore, the 
main objecti ve of this study was to evaluate the batch hydrogen producti on in an EGSB at 
pilot scale, prior the fermentati on in conti nuous mode.

MATERIAL AND METHODS
The EGSB reactor (40 L of working volume) had a Supervisory Control and Data Acquisiti on 
(SCADA) to control pH, temperature, and level. Methanogenic anaerobic sludge was used as 
inoculum (7.3 g VS/L). The acclimati on of the inoculum to hydrogen producti on was carried 
out as was described by Hernández-Mendoza and Buitrón (2014) with glucose as substrate. 
Red wine vinasses were collected from a local winery in Queretaro, Mexico. The reactor was 
operated at 35 °C, pH 4.5, up-fl ow velocity of 5 m/h and concentrati on of vinasses of 7 g 
COD/L.

RESULTS AND DISCUSSION
The acclimati on of the methanogenic granules to hydrogen producti on was carried out with 
glucose as model substrate, and no methane producti on was observed during the fermen-
tati on (7 days). In spite the EGSB reactors can work with high COD concentrati on (as was 
menti oned before), the batch fermentati on with vinasses was carried out with a low COD be-
cause the vinasses had high ethanol concentrati ons that also could aff ect the hydrogen pro-
ducti on. So, the batch fermentati on was done to acclimate the microorganisms to  the main 
vinasses compounds in order to produce hydrogen in a conti nuous mode later. The kineti cs 
of cumulati ve hydrogen producti on were fi tt ed to the modifi ed Gompertz equati on (Figure 
1). The lag ti me observed was long (45.13 h) and this could be because the microorganisms 
needed ti me to adapted to the ethanol concentrati on, even when that the ethanol con-
centrati on fed was lower than the reported as inhibitory for Ethanoligenens harabinese B49 
(Tang, 2012). The H2 producti on rate was 5 NmL/h, and the maximum hydrogen producti on 
obtained was 70 NmL. The pH was diffi  cult to control due to the acid characteristi cs of the 
vinasse. The main soluble microbial products observed were ethanol, acetate and butyrate.

Figure 1. Reactor performance. Red circles, cumulati ve hydrogen producti on; Green circles, pH; Red 
dott ed line, Gompertz.
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CONCLUSIONS
The hydrogen production with vinasses in a pilot EGSB is feasible. The batch hydrogen pro-
duction was the first step to acclimate the inoculum to the complex substrate, further batch 
fermentations with higher vinasses concentration are needed before the continuous hydro-
gen fermentation.
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Abstract 
The dry anaerobic fermentation  of  OFMSW  was carried  out as  a first step during the anaerobic 
digestion to produce VFA and these can be used in the methanization step. During the fermentation 
the alkalinity was controlled with NaHCO3 whit alpha index greater than 0.6, however the NaHCO3 
addition proved to be a problem because sodium accumulation. The mixtures OFMSW:Digestate, 
80:20 and 60:40 produce more methane, 425 and 449 LNCH4/kgVS, respectively, than the other 
combinations. 

 
Keywords 
Methane, OFMSW, VFA, digestate 

 
INTRODUCTION 
Fermentation of the organic fraction of municipal solid wastes (OFMSW) is known as a first step 
during the anaerobic digestion prior to methanisation. Static, dry fermentation contains dry solids in 
concentrations above 15 % (Li et al., 2014). Before processing OFMSW for methane production, the 
wastes are stored during days and, sometimes, weeks. During this time anaerobic fermentation and 
hydrolysis take place without methane production because alkalinity and pH are not favorable for the 
development of methane archaea. A wide variety of inhibitory substances are the primary cause of 
anaerobic digester upset or failure since they are present in substantial concentrations in wastes (Chen 
et al., 2007). On the other hand, because dry digestion operate with high solids contents problems of 
instability  in  the  process  can  occur  (Di  Maria  et  al.,  2012).  This  work  deals  with  the  effects  
of humidity and the OFMSW to digestate ratio on biogas production during static, dry fermentation 
of OFMSW. 
Method. The first step was to generate a digestate from OFMSW al 35 °C. A 30 L container was 
placed in a room with temperature control and OFMSW was added periodically. The second step was 
the dry, static fermentation varying the OFMSW:digestate ratio at 100:0, 80:20, 65:35, 50:50, and 
0:100 with and without the addition of NaHCO3 to control alkalinities. Volatile fatty acids (VFA) and 
biogas production were monitored. The third step consisted in combining OFMSW and digestate 
with and without NaHCO3 addition over 27 days monitoring pH, alkalinity and biogas production. 
The fourth step consisted in testing inhibitions diluting the digestate with tap water. Biochemical 
methane   production   (BMP)   was   then   determined   and   in   testing   several   OFMSW:digestate 
combinations:  100:0, 80:20,  60:40,  40:60, 20:80 and  0:100.  The  fifth step  consisted  in OFMSW 
fermentation  at  different  solids  concentrations  to compare  VFA  production  under  different  solids 
concentrations. Results are not shown in this abstract. 
Results. For the first step, the obtained digestate presented a alpha index of 0.69. According to Rozzi 
(1986) and Jenkins (1983) these values are adequate for anaerobic digestion. No methanisation was 
detected. For the second step, the VFA production for OFMSW:digestate ratios of 80:20, 65:35, and 
50:50 without NaHCO3  addition resulted in better VFA production than only OFMSW fermentation 
(Table 1). Not combined digestate produced the highest VFA concentration. Third step. Figure 1 
shows the main results of the fermentation of mixtures of OFMSW, digestate and anaerobic sludge 
over 27 days and corresponding alpha index and pH values. In both reactors methane production was 
achieved but, it decreased as VFA accumulated in the reactors. At day 5 methane contents in biogas 
was 37 % and, at day 24, this value decreased to 10 %. At the end of this experiment both reactors
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presented similar pH and alpha index values. As alpha index decreased, VFA concentration decreased.
Fourth step. According to the results described Table 1. CO2  and VFA production for different

in   figure   1,   the   conditions   for   methane                          OFMSW:digestate ratios  
production  are  adequate,  but  low  amounts  
of methane were detected. This behavior 
indicated 

OFMSW/ 
Digestate 

CO2 
      (NL/kgVS) 

VFA 
       (mgHAc/L)

inhibition.   To   determine   the   extent   of   the                          Without     With    Without     With  
inhibition the digestate was diluted with water 
and methane production was measured. Figure 
2 shows the results indicating that the highest 
methane  production  correspond  to  the  most 
diluted  sample.  Inhibition  was  confirmed  as 
sodium 

100/0             14           15        8,060        3,570 
80/20             26           64       10,075       5,095 
65/35            105          70        9,990        5,500 
50/50            105          70       11,004       6,325 
0/100             1.3            -         13,330          -

inhibition from NaHCO3. Fifth step. Figure 3 shows methane production from OFMSW:digestate 
combinations: 100:0, 80:20, 60:40, 40:60, 20:80 and 0:100. The mixtures with the highest OFMSW 
contents, 80:20 and 60:40, produce more methane, 425 and 449 LNCH4/kgVS, respectively, than the 
other combinations and higher than methane production from only OFMSW (480 LNCH4/kgVS).
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Figure 2. Confirmation of inhibition when 
diluting digestate with water. 

Figure 3. Methane production from different 
OFMSW:digestate combinations.

Conclusions. Although the alpha and buffer indexes were adequate for digestate, methane production 
was inhibited by sodium from NaHCO3  and it produced the highest VFA concentration with lowest 
CO2  production. NaHCO3  addition proved to be a problem because sodium accumulation. Methane 
production increased with OFMSW contents in the OFMSW:digestate mixture. 
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Abstract
In recent years, the use of agave bagasse residues from tequila distillery 
industry has shown promising potential for the production of hydrogen and 
methane. The present work pertains to the evaluation of enzymatic aga-
ve hydrolysates for the production of hydrogen and methane to assess the 
best technical alternative between two different commercial enzyme mix-
tures. Results obtained to this point indicate that there is a higher volumetric 
hydrogen production rate (VHPR) and hydrogen yield (3.3- and 2-fold, re-
spectively) from hydrolysates obtained with Stonezyme over those obtained 
with Cellulase 50XL. Furthermore, Stonezyme hydrolysates displayed a 94% 
agreement with theoretical methane yield. A preliminary techno-economic 
analysis demonstrated that a 32.5% lower cost can be attained with Stone-
zyme hydrolysates for hydrogen production, in accordance to the lower cost 
impact of hydrolysate in this process. As a whole, the present work may 
help to select the best enzymatic treatment for further studies in continu-
ous-mode for biofuel production from agave bagasse.

Keywords
Hydrogen; methane; agave bagasse; enzyme; hydrolysis; dark fermentation; 
anaerobic digestion

Introduction
Given the concern on the depletion of fossil fuels, bioenergy is taking increased relevance 
for the transition into new energy sources. Within the gaseous biofuels category, hydrogen 
and biogas are considered of great relevance. In this work, the generation potential of hydro-
gen and methane - through dark fermentation and anaerobic digestion, respectively - from 
agave bagasse hydrolysates obtained by enzymatic hydrolysis with individual enzymatic mix-
tures was explored through a series of batch experiments performed in an automatic system 
AMPTS II. The different enzymes were used at optimized hydrolysis conditions determined 
previously for agave bagasse. For hydrogen production, experiments were performed by set-
ting up treatments of each hydrolysate along with corresponding endogenous, enzyme and 
glucose controls; prior treatment of anaerobic granular sludge to eliminate methanogenic ar-
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chaea, as well as initial conditions, were arranged according to prior reports (Davila-Vazquez et al., 2008). 
Likewise, methane production experiments were carried out with anaerobic granular sludge according 
to a mineral media composition specified previously (Angelidaki & Sanders, 2004) and alkalinity of 3 g 
CaCO3/L.

Hydrogen and methane production assays
Results from batch experiments carried out with different enzymatic hydrolysates are shown in Table 1. 
For H2 production, results displayed net higher productivity (Hmax) for the case of Cellulase 50XL hy-
drolysates than for Stonezyme hydrolysates. Nonetheless, it was observed that Stonezyme hydrolysates 
outperform the H2 production of Cellulase 50XL hydrolysates by 3.3-fold in terms of VHPR and double 
its volumetric yield in terms of the mass of bagasse utilized; this difference may be attributed to the 
presence of a higher concentration of readily fermentable sugars in Stonezyme hydrolysates. According 
to the results of CH4 production obtained so far, a significant agreement (up to 94%) with the methane 
theoretical yield (0.35 L CH4/g COD) could be observed for Stonezyme hydrolysates, indicating that an 
efficient conversion of the initial COD was attained.

Table 1. Main parameters for the experiments performed with different enzymatic hydrolysates.
Hydrogen production Methane production

Hydrolyzate Hmax 
(NmL 
H2/L)

VHPR 
(NmL 

H2/L-h)

HMY 
(mol 

H2/mol 
hexose)

Yield
(NmL 

H2/g ba-
gasse)

Hmax
(NmL 
CH4/L)

MY
(NL CH4/g 
CODcons)

Yield
(NmL CH4/g 

bagasse)

Stonezyme 847 298 2.32 51 1257 0.33 161

Cellulase 
50XL

1153 69 2.20 22 - - -

Preliminary techno-economic assessment of biofuel production feasibility
A preliminary economic analysis was performed considering the main costs entailed in each process al-
ternative at bench-scale, including chemicals and utilities spent as well as corresponding hydrolysis and 
dark fermentation/anaerobic digestion productivities. Main results of this analysis are depicted in Fig. 1. 
Up to a 32.5% lower cost of production is attained for the use of Stonezyme hydrolysates compared to 
Cellulase 50XL hydrolysates, linked to a lower cost impact of the former.

     
Figure 1. Techno-economic comparison among the different conditions assessed in this study. (A) Hydrogen pro-

duction, and (B) methane production.
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Conclusions
In the present study, Stonezyme agave bagasse hydrolysates showed 2X-higher H2 yield and 3.3X-higher 
rates than those of Cellulase 50XL, as well as a 94% agreement with theoretical CH4 yield. Preliminary 
techno-economic assessment at bench-scale revealed a 32.5% lower cost with Stonezyme hydrolysates 
due to a lower cost impact of these hydrolysates. Overall, the present work could be valuable as a basis 
to elucidate the implications of different process alternatives for further research in continuous-mode 
reactors.
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Abstract 
This study aimed  to evaluate  the potential of  sugar  cane stillage  for the biogas  production. The 
optimize  the  conditions  for  biogas  production  using  Response-Surface  Methodology  (RSM),  a 

factorial design of the central composite type was carried out at two levels, with two main factors: 
substrate concentration (Cs) and pH. The response functions were the biogas production in each 

case. Batch experiments (1 L) were carried out with stillage and anaerobic sludge at a temperature of 
30    , pH of 6.2–8.3 and substrate concentrations of 7,900- 22,100 mg.L-1. The results showed that 
the  maximum yield of biogas                 production 129.00 mL biogas.g-1 COD was obtained with  

pH  7.25  with  a  stillage  concentration  of  15,000  mg.L-1.  At  this  optimum  point  the  scale 
magnification   test   was   performed,   reproducing   the   experiment   in   a   5   L   reactor.   The 

achieved was 156.67 mL biogas. g-1COD. Stillage was a good source for directly producing 
biogas under mesophilic condition. 

 
Keywords 
Biogas; Fermentation; RSM; Stillage. 

 
 
INTRODUCTION 

 

To reduce global warming, substantial effort is being made at a global scale to explore renewable 
energy sources that could replace fossil fuels, in line with the Paris Agreement, ratified in 2015 at 
COP21  to  reduce  the  emission  of  greenhouse  gases.  Anaerobic  digestion  has  great  potential  
of application in the treatment of stillage, aiming to reduce its polluting organic load concomitantly 
to the  bioenergy recovery from  biogas  (Moraes  et  al.,  2015).  Considering the  search  for  
alternative sources of energy to fossil fuels, the present work focuses on analyzing the scale-up of a 
reactor for biogas generation from the digestion of stillage in bench scale reactors in batch system, as 
well as to evaluate the influence of substrate concentration and pH on biogas production. 

 
 
MATERIAL AND METHODS 

 

The stillage used as substrate was collected at the Ipiranga distillery plant, which is a producer of 
sugar and ethanol that uses sugar cane as a  raw material. The sludge used as inoculum, previous 
thermal  treatment  (Lazaro,  2012),  was  obtained  from  a  UASB  reactor  for  treatment  of  bovine 
manure. In the batch reactor (1L) was performed a RSM (Table 1), with a significance level (α) of 
10%. The stillage was added at the desired concentration (7.900 to 22.100 mg/L),  adjusted pH of 
6.2 to 8.3, being followed by the thermally treated inoculum (20% v/v). Nitrogen was injected in the 
batch  reactors  to  ensure  anaerobic  condition.  The  temperature  was  maintained  at  30     through  
a shaker.  Anaerobic  digestion  occurred  during  48  hours  (Lazaro,  2012).  The  volume  of  biogas 
produced  was measured according to Neves (2016). After accomplishing the experiments and the 
statistical analysis of the results, an optimum zone for biogas productivity can be found. Thus, the 
optimum values of pH and substrate concentration were used to run a 5 L stirred tank reactor. 

 
 
RESULTS AND DISCUSSION 

 

Table  1  shows  the  biogas  production  generated  by  each  of  the  experiments.  At  the  best  point,
experiment 9 (pH 7.3 and the Cs of 15,000 mg.  L-1), which had the central point, generated was 
produced  a  yield  (           )  of  129  mL  biogas.g-1  stillage.   It  is  clear  that,  with  lower  pH  values 
(Experiments 1 and 2), the change from level -1 to +1 for substrate concentration (Cs), there was a 
small decrease of            . On the other hand, for higher pH values (Experiments 3 and 4) there was 
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an decrease of 5 times, with the change from lower to higher substrate concentration. 
 
 
At this optimum point the scale magnification test was performed, reproducing the experiment in a 
5  liter  reactor.  The  BPR  achieved  was  156.67  mL  biogas.   g-1   COD.  The  anaerobic  conversion 
process of the organic matter is extremely complex, with several reactions in series and in parallel 
catalyzed by different microbial groups, in addition the kinetics of the microbial populations can be 
inflated  by  the  interaction  between  the  cellular  mass  and  the  medium,  that  in  a  case  of  scale 
enlargement  have  relative  importance.  The  improvement  of  efficiency  in  anaerobic  reactors  is 
related, in terms of design, to the variables of mass flow and hydrodynamics of the system. 
 
 

Table 1.  Factorial central-composite-design matrix of two variables and experimental results of 
biogas production from stillage. 
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Abstract 

 

This study evaluated the influence of sodium bicarbonate (NaHCO3) on the stability of 
an anaerobic structured-bed reactor (ASTBR) processing sugarcane molasses for 
bioenergy production.  NaHCO3  supplying  ranged  from 1.00  gNaHCO3  g-1COD  to 
null   concentrations.   The   removal   of   the   alkalizing   agent   sharply   inhibited 
hydrogenotrophic  methanogenesis,  which  stimulated  hydrogen  production  and  the 
accumulation  of  butyrate  and  acetate.  Methane  production  via  hydrogenotrophic 
methanogens   was   restored   by   resuming   NaHCO3    dosing,   whilst   the   further 
accumulation of acetate suggested losses in the acetoclastic methanogenic activity. 

 

Keywords 
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INTRODUCTION 

 

Sugarcane molasses is a carbohydrate-rich byproduct from biorefineries, which favors the  
growth  of  acidogenic  bacteria  in  anaerobic  systems.  In  this  sense,  alkalinity supplying 
is imperative, usually based on the addition of sodium hydroxide (NaOH) or sodium 
bicarbonate (NaHCO3). Chemical-based alkalinization increases operating costs in 
treatment plants, encouraging the search for strategies that allow the addition of lower 
dosages in systems already stabilized. Thus, the purpose of this article was to evaluate the 
behavior of a stabilized methanogenic system with the gradual removal of external 
alkalinity supplying. 

 

MATERIALS AND METHODS 
 

This study was carried  out in a  bench-scale (1.65  L) anaerobic structured-bed  reactor 
(ASTBR)   using   polyurethane   foam   as   the   support   material.   The   reactor   was 
continuously fed for 192  days with sugarcane molasses. The hydraulic detention time 
(HRT)  was  28  h  with  an  associated  organic  loading  rate  (OLR)  of  10.00  kg  m-3d-

1. System alkalizination was controlled by consecutively decreasing NaHCO3  doses, i.e., 
1.00, 0.75, 0.25 and 0.00 gNaHCO3  g-1COD, from which NaHCO3  was re-inserted up to 
1.00 gNaHCO3  g-1COD. 

 

RESULTS 
 

By decreasing NaHCO3  dosing from 1.00 to 0.25 gNaHCO3  g-1COD, no hydrogen (H2) 
was  detected  in  biogas,  with  average  methane  (CH4)  and  carbon  dioxide  (CO2) 
proportions of 44 ± 9% and 56 ± 9%, respectively. However, CH4  proportion sharply 
decreased  when  NaHCO3   supplying  was  ceased  (Figure  1),  with  the  simultaneous
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increase  in  H2  proportion  up  to  57%.  The accumulation of isobutyrate (HIbu; 2300 ± 
733 mg L-1) and acetate (HAc;  1700 ± 350 mg L-1) was also observed in this period, 
indicating  the  establishment  of  acidogenic  conditions.  By  resuming  NaHCO3   dosing 
(0.25   gNaHCO3    g-1COD)   no   system   recovery   (regarding   CH4    production)   was 
observed,  with  effluent  pH  values  below  5.0.  The  further  increase  in  NaHCO3  (1.00 
gNaHCO3  g-1COD) led to a  gradual reduction  in  H2  proportion, also stimulating CH4 
production (Figure 1). HAc accumulation (4940 ± 296 mg L-1) was still observed after 
restoring alkalinity control for 1,00 gNaHCO3  g-1COD, suggesting that CH4  production 
was strictly associated with hydrogenotrophic methanogens in this period. 

 

 
 

Figure 1: Variation of biogas production at different concentrations of alkalizing agent. 
 
Similarly,  bicarbonate  provision  was  also  suggested  to  favor  the  hydrogenotrophic 
methanogenic pathway in  thermophilic anaerobic systems (Lin et al., 2013). According 
to  Hao  et  al.  (2012)  under  relatively  acidic  conditions  (pH  =  5.5),  and  high  acetate 
concentrations (5.9 g L-1) hydrogenotrophic methanogenesis predominates. Given that the  
pH  after  the  complete  removal  of  external  alkalinization  was  4.57,  the  growth  of 
hydrogenotrophic methanogens was most likely favored relative to acetoclastic ones. 

 

CONCLUSION 
 

The lack of alkalinity (as bicarbonate) in the presence of a carbohydrate-rich substrate 
directly affected the microbial communities, leading to metabolic shifts regarding CH4 
production. Overall, the provision of NaHCO3  to an extremely acidified system favored 
the  growth  of  hydrogenotrophic  methanogens,  whereas  the  acetoclastic  methogenic 
activity was less resilient to the accumulation of acids. 
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Abstract 
Methane gas production  from anaerobic digestion  has  been  shown  to be an excellent option for 
renewable energy. In order to contribute with new approaches for biogas storage, this work evaluated 
three batch reactors operated for 270 h. Reactors 1, and 2 were inoculated with anaerobic sludge and 
they were feed with crude glycerol. At the outlet of the Reactor 1 it was installed a compartment 
containing  HKUST-1  –  a  MOF  (Metal-Organic  Frameworks)  with  exceptional  high  volumetric 
methane  adsorption.  Reactor  3  was  operated  without  crude  glycerol,  in  order  to  evaluate  the 
endogenous production. The maximum amount of methane produced was 954 and 2802 mL and the 
COD removal was 77 and 72% in Reactors 1 and 2, respectively. The similar COD conversions 
indicates that the difference about methane production occurred due to the methane adsorbed in the 
HKUST-1 pores at the Reactor 1. 

 
Keywords 
Metal Organic Framework; Biogas; HKUST-1; Biodiesel; COD Removal. 

 
 
INTRODUCTION 

 

The  use  of  biodiesel  is  an  excellent  alternative  for  the  dependence  on  fossil  fuels.  However,  
its production process generates glycerol as a by-product. It is estimated that for each 100 L of 
biodiesel produced, approximately 10 L of crude glycerol are generated (Maintinguer, Hatanaka and 
Oliveira, 
2015).  Therefore,  crude  glycerol  becomes  an  interesting  substrate  with  significant  potential  for 
methane  production  in  anaerobic  reactors  (He,  McNutt  and  Yang,  2017).  Besides  that,  methane 
production, the great challenge is to optimize storage forms of this gas present in the biogas, in order 
to obtain a fuel cell with high energy density. In this sense, Metal-Organic Frameworks (MOFs) – a 
new class of multifunctional polymeric and porous materials – has been presented as high capacity 
materials for storage of methane and other gases, enabling innovative applications with high added 
value (Peng et al., 2013). The choice of MOF HKUST-1 was due to its odd performance in methane 
adsorption, which surpasses any material reported so far. (Tian et al., 2018). The aim of this study was 
to evaluate the adsorption capacity of methane, generated from anaerobic degradation of crude 
glycerol, in the pores of HKUST-1 to contribute to new approaches for biogas storage. 

 
 
MATERIAL AND METHODS 

 

The  biomass  used  to  consume  the  substrate  was  an  inoculum  from  a  UASB  (Upflow  Anaerobic 
Sludge Blanket) reactor  treating poultry wastes (Avicola Dacar –Tietê, São Paulo, Brazil). Crude 
glycerol was obtained from a pilot plant for production of biodiesel from wasted cooking oil, located 
at IBIOTEC – Institute of Biotechnology at the University of Araraquara (Uniara). The batch reactors 
(500 mL) contained 400 mL of reactional volume and 100 mL to headspace, were kept in a controlled 
water bath at 37.0 ºC. Reactor 1 (R1) and reactor 2 (R2) were fed with crude glycerol (20 g.L-1) and 
reactor 3 (R3) was operated only with anaerobic sludge to quantify the endogenous biogas production.
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Methane generation was quantified by volume displacement  according to  the scheme of Figure 1 
(Aquino et al., 2007; Nghiem et al., 2014). 

 
 
RESULTS AND DISCUSSION 

 

Methane production started 2 h after inoculation, showing that a glycerol concentration of 20 g L-1 

was not toxic to the anaerobic microorganisms. During the 270 hours of experiment, R1, R2 and R3 
produced, respectively, 954, 2802 and 528 mL of CH4  (Figure 2). Citelli et al., (2017) working with 
10 g L-1  of glycerol, with similar conditions reached a production of 399.6 ml CH4  in batch reactors 
after 110 h, showing the possibility to increase glycerol loading for greater methane yields. 
The value of COD initial concentration was 36.63 g L-1  in Reactor 1, containing HKUST-1 chamber 
coupled  at  its  outlet,  and  38.14  g  L-1   in  Reactor  2.  The  similarity  in  COD  removal  shows  
that 
HKUST-1 could adsorb the amount of CH4  present in the biogas produced in reactor 1. In Figure 2 
could be notice that after 90h of experiment, the CH4 quantification increased, indicating the moment 
of HKUST-1 pores saturation, preventing the CH4  adsorption from this point. 
Thermogravimetric  analysis  (TGA),  differential  thermal  analysis  (DTA)  and  X-ray  diffraction 
analysis  (XRD)  confirmed  the  maintenance  of  HKUST-1  structural  integrity  after  exposure  to  
c produced  from  anaerobic  digestion  of  crude  glycerol.  TGA/DTA  indicate  that  the  onset  of  
post- exposure HKUST-1 thermal decomposition is similar to that presented by the pre-exposure MOF 
as well as XRD analysis shows that HKUST-1 diffraction pattern remains unchanged post-experiment 
compared to that presented by pre-exposure MOF (data not shown). 
The results showed that MOF HKUST-1 is a good candidate for the development of devices that can 
be coupled to anaerobic reactors for the storage of CH4  contained in biogas. 

 
 
 

Figure   1.   Scheme   for   measurement   of   
methane 
production by volume displacement, with and without 
the MOF device. 

Figure  2.  Volume  of  methane  accumulated  over 
time  for  R1  (HKUST-1  attached),  R2  (without 
HKUST-1) and R3 (control).
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Summary
In this research a pilot-scale UASB reactor was operated at low temperature 
(17 ºC), medium applied organic loading rate (5.5 – 8.9 kg/m3/d) and short 
hydraulic time (6.3 h) during the treatment of chocolate-industry wastewa-
ter. The main objective was quantifying the calorific value of humid bio-
gas (HB) and dry methane (DM) using in-line devices. The UASB reactor 
removed an average of 67 % of soluble chemical oxygen demand, produced 
264 L/d of HB with 78.9 % of methane. The HB and DM had calorific values 
of 20.7 and 27.6 kJ/L, respectively, at standard temperature and pressure.

Keywords
Industrial wastewater; calorific value; upflow anaerobic sludge blanket; 
low-temperature 

INTRODUCTION
Industrial wastewater (WW) from different origins with high concentration of organic matter 
is easily treated in anaerobic systems. The main advantage of anaerobic treatment systems 
over aerobic treatment systems is the production of energy in the form of methane. The cal-
orific value of methane (35.8 kJ/L theoretical at standard temperature and pressure (STP) of 
0 ºC, 1 atm) is of great economic importance because it indicates the total energy produced 
by the treatment system (Ulbig and Hoburg, 2002); however, such value is rarely reported 
in literature (Biswas et al., 2006). On the other hand, anaerobic systems operating at 35 ºC 
consume heating energy if the temperature of raw WW is lower than 35 ºC; therefore, if 
the same raw WW is treated in low-temperature systems, such heating energy is saved. The 
main objective of this research was to operate a pilot-scale UASB reactor at low temperature 
(17 ºC), short hydraulic retention time (HRT) (6.3 h) and variable applied organic rates (OL-
Rappl) (5.5 to 8.9 kg/m3/d) in order to quantify the calorific value of humid biogas (HB) and dry 
methane (DM) using low-cost, in-line devices.

METHODOLOGY
UASB reactor operation and monitoring
A 244-L pilot-scale UASB reactor (0.3 x 0.35 x 2.33 m) was used in this research. The reactor 
was operated at 17 ºC because of the region’s yearly low ambient temperature (Toluca, State 
of México, México). The raw WW was received daily in 60-m3 batches from a chocolate-pro-
cessing industry. Details of the operation and monitoring of the reactor are given elsewhere 
(Ávila-Arias, 2015). The UASB reactor was operated for 580 continuous days and several ex-
perimental runs were done by varying the influent soluble chemical oxygen demand (CODs) 
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(690 – 2,560 mg/L), while keeping the HRT constant. The OLRappl varied between 5.5 and 8.9 
kg-CODs/m3/d (Fig. 1).

Calorific Value of Humid Biogas and Dry Methane
The calorific value of HB and DM was quantified directly on the biogas line of the reactor 
using low-cost devices as described by Ávila-Arias (2015).

RESULTS AND DISCUSION
For this research, the UASB operation and monitoring started at day 0, however, several 
problems significantly decreased its performance (influent acification, variability of influent 
CODs and flowrate). The UASB reactor stabilized after 100 days and its performance param-
eters steadily increased (Fig. 1). The average CODs removal and HB production were 67 ± 13 
% and 264 ± 64 L/d, respectively, with maximums of 92 % and 515 L/d, respectively, at the 
end of the experiment. The HB had an average methane content of 78.9 ± 3.8 % (Figure 2).
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Figure 1. UASB reactor operational parameters. left) CODs removal; right) applied and removed OLR.

Figure 2 shows the correlation between HB and daily energy production for all the days that 
both parameters were measured. The slope of the linear correlation indicates that 14.27 kJ 
per L of HB were obtained (20.7 kJ/L at STP). This value is lower than the only value found 
in literature, which was measured during the anaerobic digestion of domestic solid waste at 
40 ºC (28 kJ/L-CH4 at STP) (Biswas et al., 2006). The possible causes of this low value may 
be attributed to the use of a non-standardized calorimeter and the presence of water vapour 
and CO2 in HB (Ulbig and Hoburg, 2002). In order to verify the low caloric value of HB, the 
calorific value of DM was measured and an average of 18.9 ± 2.9 kJ /L-CH4 was obtained 
(27.6 kJ/L at STP) (Fig. 2).
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CONCLUSIONS
The produced HB had 20.7 kJ/L of energy, which increased to 27.6 kJ/L after H2O and CO2 
were removed. The most energetically efficient way to use the biogas produced during an-
aerobic treatment without investing energy (heating, biogas cleaning) is to burn the HB on-
site to heat the system.
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Abstract 
 

The  research  consisted  of  analyzing  the  effect  of  microaeration  on  the  operational  stability  of 
anaerobic  reactors  operating  under  batch  and  semicontinuous  regimes.  In  the  batch  test,  with  low 
volatile solids content, the  microaeration improved  the  performance and  stability of a reactor  when 
compared to the control reactor (without microaeration).  For the tests carried out in semicontinuous 
regimes with high volatile solids loads, it was not possible to infer the improvement of the anaerobic 
digestion process between the microaerated reactors compared to the control reactor. 

 
Keywords 
Anaerobic digestion, food waste, microaeration. 

 
INTRODUCTION 

 

Anaerobic digestion allows the energetic reutilization of the Organic Fraction Urban Solid  Waste 
(OFUSW) through the production of methane gas. However, this technology still presents several 
problems  related  to  its  operational  stability  and  optimization  of  the  process  (ANDRÉ;  PAUSS; 
RIBEIRO,  2018).  This  research  consisted  in  the  treatment  of  organic  waste  from  a  university 
restaurant,  in  anaerobic  reactors  in  batch  and  semi  -  continuous  stream  inoculated  with  domestic 
sewage  sludge,  seeking  to  identify  the  influence  of  microaeration  on  the  stability  of  anaerobic 
systems, therefore, to evaluate their methane production. 

 
MATERIALS AND METHODS 
Experimental procedure 

 

The research with the organic residues was divided in 3 experiments. The first one was conducted in  
two  batch  anaerobic  reactors  with  a  useful  volume  of  9.3  L.  Experiments  II  and  III  were 
performed  in  semi-continuous  reactors  that  had  a  useful  volume  of  2.8  L.  The  reactors  were  
fed with shredded and diluted food waste. The reactors were subjected to microaeration during the 
three experiments. The following table shows the operating conditions for each research reactor. 

 

                      Table 1 - Experimental parameters adopted in batch reactors   
Experimento I

 

Reactors             F/M 
(gCDOSubst../gSVSludge) 

HRT 
(day) 

Useful Volume 
(L) 

Microaeration 
(mL/min) 

 

Organic load 
(mgCOD)

R1                    0.5                 45                 9.3                         0.5                        5000 
R2                    0.5                 45                 9.3                         0.0                        5000 

*F/M: Food/microorganism ratio, HRT: Hydraulic retention time. 
 

         Table 2 - Experimental parameters adopted in semi-continuous reactors  
 

HRT 
(day) 

 
OLR 

(kgVS.m-3.d-1) 

Useful 
Volume 

(L) 

      Microaeration 
(mL/min)                        Time 

R3        R4        R5          (day)

 

Experiment II        30            1.2                 2.8               0         1.0        0.2          120 
Experiment III       20            2.2                 2.8               0         1.0        0.2           85 

*HRT: Hydraulic retention time, OLR: Organic Loading Rate.
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RESULTS AND DISCUSSION 
 

Table  3 - Average values and standard deviation of the evaluated parameters in batch reactors 
Experiment I

Reactors      pH                  TA VFA CODr. CH4

                            (mg CaCO3/L)                       (mg HAc/L)                        (%)                       (L)   

R1           6.91      1680.56 (137.37)      950.94 (1276.96)           82.6              10.5 
R2           5.97      1133.33 (454.66)      1951.80 (563.40)           20.8               1.2 

TA: Total alkalinity, VFA: Volatile fatty acids, COD: Chemical demand for oxygen removed, Standard deviation: (  ). 
 

Table 4 - Average values and standard deviation of the parameters evaluated in semi-continuous 
reactors 

Experiment II                                                  Experiment III
Reactors pH         TA VFA VSr. CH4 pH         TA VFA VSr. CH4

                      (mg/L)            (mg/L)            (%)          (mL/d)                           (mg/L)             (mg/L)             (%)         (mL/d)  

R3           6.9 2819.4 920.9 62.7 1319 7.0 6786.4 6260.1 67.1 1241

                      (0.3)     (124.8)     (332.1)      (14.9)     (692)    (0.3)     (964.6)     (3562.4)    (14.2)    (801)  

R4           6.9 3036.1 1038.9 58.6 1116 7.1 6746.6 6329.6 61.8 998

                      (0.3)     (277.6)     (371.1)       (9.0)      (661)    (0.3)     (995.1)     (3557.0)    (11.6)    (626)  

R5  7.0 
(0.3) 

2813.9 
(267.5) 

921.3 
(419.2) 

68.4 
(8.9) 

1178 
(632) 

6.9 
(0.3) 

6356.8 
(979.6) 

6514.8 
(3665.0) 

65.7 
(13.8) 

1265 
(827)

pH: hydrogen potential, TA: Total alkalinity, VFA: Volatile fatty acids, VSr: Volatile Solids removed, CH4:  Methane, Standard 
deviation: (  ). 

 

During  the  experiment  I,  in  batch,  the  microaerated  reactor  (R1)  with  0.5  mL  air/min,  when 
compared  to  the  reactor  R2  without  microaeration,  presented  greater  operational  stability  and 
methane production. The average pH obtained in R1 remained close to neutrality, since for R2, the 
average  was  below  the  ideal  for  anaerobic  digestion,  a  higher  concentration  of  VFA  was  also 
observed in reactor 2. In the experiments II and III performed in semi-continuous systems, the pH 
averages remained in the ideal range for biodigestion, the influence of the microaeration was not 
noticed  when  compared  to  the  reactor  maintained  in  totally  anaerobic  conditions.  The  methane 
production of the reactors was similar between the experiments, with lower methane flow to the R4 
reactor during experiment  III.  It was possible to verify the increase in  VFA concentrations when 
OLR went from 1.2 in experiment II to 2.2 kgVS.m-3.d-1  in experiment III. 

 
CONCLUSIONS 

 

The effects of microaeration on anaerobic systems treating food residues were only evidenced in the 
batch  experiment.  For  the  semicontinuous  experiments,  the  behavior  between  microaerated  and 
non-aerated  reactors  was  similar.  Furthermore,  it  is  suggested  that  possibly  as  the  solids  loads 
applied  in  the  semicontinuous  experiment  were  substantially high,  increasing  the  air  flow  would 
have been an interesting strategy. 
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Abstract 
This  study  assessed  the  granular  sludge  from  four  UASB  reactors  (pilot  scale)  treating  vinasse 
(20gCOD L-1) under increasing organic loading rates (OLR) from 0.3 to 20.0 kgCOD m-3  d-1  and 
different recirculation rates. The reactors R1, R2, R3 and R4 were operated under 50, 100, 200 and 
400%  of  recirculation,  respectively.  Samples  of  the  inoculum  granules  and  the  sludge  blanket 
reactor granules at OLR of 5, 10, 15 and 20 kgCOD m-3  d-1  were analyzed. The granule diameters 
ranged from 0.4 to 5.0 mm. Most of the granules presented diameters between 0.4 and 3.5 mm. 
Although  the  results  suggested  that  the  increase  of  the  OLR  and  upflow  velocity  affected  the 
distribution  of  the  granule  size,  COD  removal  efficiency  and  methane  production  were  not 
affected. This may be because of biomass adaptation to operational conditions. 

 
Keywords 
Granule size; UASB; Vinasse 

 
INTRODUCTION 
The success of using upflow anaerobic sludge blanket (UASB) technology to treat a wide variety of 
wastewater  is  closely  related  to  the  anaerobic  sludge  granulation  phenomenon.  Granular  sludge 
improves biomass-liquid contact and it impedes solids washout, resulting in higher solids retention 
time and enabling higher applied organic load rates in the reactor. Sludge blanket reactors consist of 
microorganisms that naturally form granules, ranging in size from 0.5-5 mm in diameter (Show et al.,  
2004).  Although  there  is  increasing  interest  in  understanding  the  granulation  process  and 
maintenance  of  the  sludge  blanket,  further  research  is  needed  to  understand  the  granulation 
phenomenon. 

 
 
 
MATERIAL AND METHODS 
Four UASB reactors, R1, R2, R3 and R4, pilot scale, were used for vinasse (sugar cane) treatment. 
The reactors were operated with different recirculation rates: 50, 100, 200 and 400%, respectively. 
The granulometry analysis of the inoculum sludge and the sludge blanket of the reactors submitted to 
volumetric organic loading of 5, 10, 15 and 20 kgDQO m-3d-1  was carried out according to the 
methodology used by Del Nery et al (2008). The size of the granules was identified in two steps: the 
images of the granules were captured first; then the dimensions were identified by image analysis 
using the Image Pro-Plus software (version 6.0). 

 
 
RESULTS 
The results showed that different sizes of granules coexist in the reactor. The size of the analyzed 
granules ranged from 0.4 to 5 mm in all samples. The inoculum, used to initiate the R1 reactor, had a 
higher frequency of granules in the range of 2.6 to 3 mm, approximately 40%.  The inoculum used
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for the other reactors, from the same source at different times, had a higher frequency of granules with 
a diameter of 2.1 and 2.5 mm, approximately 46% (Figure 1). 

The reactors submitted to the lowest percentages of recirculation, R1 with 50% and R2 with 
100%  presented  a  similar  granulometric  distribution  behavior.  In  the  two  reactors,  in  all  OLR 
analyzed, the granules remained in the lowest established range (0.4 to 1.0 mm). The continuous 
increase of the organic load and the rising velocity caused an increase in the frequency of granules in 
the smallest diameter range. Reactors submitted to the highest percentages of recirculation, R3 with 
200% and R4 with 400%, presented a higher frequency of granules in the range of 1.6 to 2.0 mm in 
the lowest OLR (5kgDQO m-³d-1). Considering the continuous increase in the organic load and  the  
rising  velocity,  a  reduction  of  the  granular  diameter  to  the  lowest  established  range  was 
observed  (Figure  1).  Despite  the  decrease  in  the  size  of  the  granules,  the  organic  load  removal 
efficiency  remained  high  (approximately  90%)  and  the  methane  concentration  in  the  biogas 
produced remained between 60 and 70%. 
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Figure 1. Distribution of granule diameters. 
 
 
CONCLUSION 
The increase in the OLR and the rising velocity caused a decrease in the size of the granules in the 
analyzed  reactors.  However,  the  organic  load  removal  efficiency  remained  high  
(approximately 
90%) and the methane concentration in the biogas remained between 60 and 70%. 
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Abstract
The biodigestion of food waste has been an interesting alternative treatment for these 
wastes, being the codigestion with lignocellulosic material, a strategy for improve process 
stability and methane production. This work evaluates different food/microorganisms ra-
tios in interaction with different proportions of food residue and straw for the maximiza-
tion of methane production. For this, it was developed in batch, temperature of 35°C and 
rotational agitation of 125 rpm. In the first experimental part, the codigestion resulted in 
higher methane production than each substrates independently, however, need extensive 
experimental time. Thus, is expected to maximize of methane production in shorter time by 
means of the better proportions of substrates for each food/microorganism ratio, contrib-
uting to the feasibility of application in continuous reactors.

Keywords
Biogas, codigestion, organic waste, methane.

INTRODUCTION
The waste treatment and disposal is one of the current dilemmas of mankind. The prohibition 
of disposal organic waste into landfills in same countries is stimulate new treatments, being 
that anaerobic digestion one of the most promising alternative. The food waste is majority 
part of organic waste, in addition to is a substrate easy acidificable, what make its anaerobic 
digestion instable. Have been applied codigestion for improve the stability of biodigestion 
process and methane production. Agricultural lignocellulosic waste have been used (RAH-
MAN et al., 2017; YONG et al., 2015) because they are low cost, large scale produced, and 
have high fraction of carbon of slow degradability.

Thus, this study evaluated the food waste and corn straw codigestion with the purpose of 
verify the influence of each substrate proportions and food/microorganism ratio on the 
methane production.

MATERIAL AND METHODS
The initial test was performed in triplicates, using 250 mL amber bottles, mesophilic tem-
perature (35°C), 125 rpm rotational agitation, with all test parameters based in Holliger et al. 
(2016). These test used food/microorganism ratio of 0,45 gVS gVS-1, and the microcrystalline 
celulose for feed control category. The food waste and corn straw used in the codigestion 
category was 5:1, as cited by Yong et al. (2015).

The additional test is in progress with the same operational conditions of the initial test, but 
using different food waste/corn straw proportions (1:1, 3:1, 5:1) and different food/microor-
ganism ratios (0,20; 0,35; 0,50 gVS.gVS-1).
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The analysis of total (TS) and volatile solids (VS) were performed by 2540B and 2540E methods, respec-
tively, cited in Standard methods for the examination of water and wastewater (APHA, 2012). The biogas 
volumetric production was measured by grinding glass syringe and methane concentration of biogas was 
performed by gas chromatography.

RESULTS AND DISCUSSION 
It is known that codigestion of food waste and lignocellulosic material enable biodigestion more stable 
and better methane production than each substrate separately. This fact is attributed mainly for improve 
C/N ratio (YONG et al., 2015). The Table 1 feature the data of first test, confirm the beneficial effect of 
codigestion.

Table 1. Summary of results of the initial test of codigestion of food waste and corn straw.

Category initial 
pH

final 
pH

SV removal 
(%)

Methane produc-
tion (NmLCH4.

gVSadd
-1)

Inoculum 7,10 7,20 14,6 206,0
Control 6,91 6,41 46,4 635,8

Food waste 6,75 6,36 0,3 364,3
Corn straw 6,71 6,60 23,2 446,2

Food waste+Corn 
straw 6,79 6,32 14,6 498,6

As can see in the Table 1, among the evaluated categories: food waste, corn straw and codigestion, this 
last was bigger methane production, despite the corn straw has presented the biggest efficient of VS 
conversion. These two categories demonstrated higher methane productions than 392 NmLCH4.gSV-1 
cited by Yong et al. (2015) for codigestion of food waste and straw.

The food waste was the category with the lowest conversion of volatile solids, in addition to the lower 
production of methane. Further considering that the methane production of corn straw was 22% higher 
than that of the food waste. In addition, the longer time required for codigestion to show the highest 
methane production (30 days), is possibly due to higher acidification for the categories with food waste. 
This reinforces the importance of the food/microorganism ratio and the food waste and corn straw ratio, 
in order to maximize methane production in a shorter biodigestion time.

Thus, the second part of tests is in progress for evaluate different food/microorganisms ratios (0,20; 
0,35; 0,50 gVS gVS-1) in interaction with different food waste and corn straw proportions (1:1, 1:3, 1:5).

PRELIMINARY CONCLUSIONS
Verified possible acidification in the categories with food waste, because of high food/microorganisms 
ratio (0,45 gVS.gVS-1), however positive results for codigestion category.

There is expectation of methane production maximization from adequation in food/microorganisms ra-
tio together food waste and corn straw ratio, demonstrate in the second test (in progress).
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Abstract: In this study the anaerobic digestion from sugarcane press mud to full scale was assessed in 
terms energetic, economic and environmental. Both scenarios, a sugar mill without and with distillery, 
with 3 and 4 alternatives, respectively, were considered. The alternatives included press mud pre-
treatment by liquid hot water (LHW) and thermo-alkaline (TA) pre-treatment and vinasse codigestion. 
Regarding to the economical, energetic and environmental assessment, the more viable alternative were 
the anaerobic digestion of pre-treated press mud by LHW for scenarios of sugar mill without distillery 
and the un-treated press mud and vinasse in continuous stirred tank reactor (CSTR) for scenarios with 
combined sugar-distillery industry. 

 
Keywords: Anaerobic digestion; energetic-economic assessment; LCA  
 
Sugar and alcohol industry generate highly polluting wastes such as vinasse and press 
mud. Anaerobic digestion (AD) for biogas production from press mud and vinasse as 
monodigestion or codigestion, including alternatives pretreatment and using different 
technologies have been reported previously  (Obaya et al. 2005; López González et 
al. 2013; Barrera et al. 2014; López González et al. 2014; López González et al. 
2017). However, its feasibility to industrial scale has not been yet studied. The aim of 
this work is to assess energetic, economic and environmental different alternatives for 
AD from press mud. 

As case study a typical cuban sugar mill was selected (4600 t d-1of crushed cane), 
considering two scenarios without and with a distillery annex (700 hL alcohol d-1). 
Two alternatives for press mud pretreatment, thermoalcaline TA and liquid hot water 
LHW, were considered, as well as its codigestion with vinasse.  

Energy balance to determine if pretreatment have an energy self-sufficiency to be 
implemented were carried out. Economical dynamic indicators (net present value 
(NPV), internal rate of return (IRR) and payback period (PB)) for each alternative 
were calculated. To account for emissions and resources the RECIPE methodology 
with endpoint indicators and the hierarchist perspective was used. The environmental 
impacts were quantified in “Points” for the endpoint impact categories and for the 
total score (sum of the endpoint scores). 

The thermal energy requirements for both pretreatments alternatives are fulfilled 
by the steam generated with the exhaust gases (Fig. 1.1). The daily net electric and 
thermal energy for the study alternatives ranged between 55-64 MWh and 82-95 
MWh, respectively, for the scenario with distillery annex. This would be enough to 
cover 100% of the daily demand for electricity (12 MWh) and heat (56.2 MWh) 
needed for the alcohol production. 
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Figure. 1.1. Energy balance for alternatives A1 (untreated press mud), A2 (pretreated press mud by LHW) and A2 
(pretreated press mud by TA). EE: electrical energy, ET: Thermal energy. On bars MW installed. 

All the alternatives studied were economically feasible (IRR> 10%). For a sugar 
mill without distillery, the alternative A2 was the most profitable with IRR of 15 and 
PB of 7.2 years. When a distillery annex is considered, the press mud in co-digestion 
with vinasse (IRR 28%, PB 4.3 years) was the most profitable.  

From the LCA an improvement was obtained in the environmental profile with 
respect to the baseline scenario for all the alternatives studied. The highest 
contribution to the endpoint impact categories was "Human Health". This result was 
mainly attributed to the intermediate impact category "Climate change" and is due to 
the burning of fossil fuel in the refinery to supply the required electricity. 

Regarding to the economical, energetic and environmental assessment, the more 
viable alternative were the anaerobic digestion of pre-treated press mud by LHW for 
scenarios of sugar mill without distillery and the un-treated press mud and vinasse in 
continuous stirred tank reactor CSTR for scenarios with combined sugar-distillery 
industry. 
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Abstract 
An hybrid anaerobic reactor (HAnR) (6.4 m3) characterized for having a support layer (Biobob®) is 
used for degradation of vinasse. The effluent recirculation (1:5) was used to dilute the vinasse COD.   
The results of 100 days of operation showed that the  concomitant reduction of the COD 
removal  efficiency  and  the  increase  in  OLR  recirculation  resulted  in  a  high  increase  of  total 
organic acids, which can lead to a failure in the anaerobic process. These results compromised the 
continuity  of  the  reactor  operation.  The  start-up  of  anaerobic  reactors  treating  vinasse  is  a 
challenge  and  studies  of  strategies  to  improve  this  period  is  the  key  to  optimize  the  anaerobic 
process. 

 
Keywords 
hybrid anaerobic reactor ;start-up; vinasse 

 
 
INTRODUCTION 
Anaerobic  reactors  at  various  scales  have  already  been  used  for  vinasse  degradation  and  biogas 
generation. The hybrid anaerobic reactor (HAnR) (Araújo, 2014) characterized by having a support 
layer  (Biobob®)  above  the  sludge  blanket,  is  a  technological  alternative  to  enhance  the  biogas 
generation by anaerobic degradation of vinasse.  The high concentration of organic matter and low 
pH  of  vinasse  could  hinder  the  reactor  start-up  (adaptation  of  the  biomass  to  the  effluent  to  
be treated) and the maintenance of active biomass in the reactor. The aim of this paper is to present 
the challenges for start-up of a pilot-scale reactor in a sugar and alcohol plant. 

 
MATERIAL AND METHODS 
The pilot system (installed in a sugar and alcohol plant) consists of 2 sedimentation tanks (10 m3 each  
one)  and  a  hybrid  anaerobic  reactor  (HAnR)  (6.4  m3)  (3  m3   of  Biobob  ®  and  2  m 3   of 
anaerobic  sludge)  (Figure  1).  The  HAnR  is  provided  with  an  effluent  recirculation  device  
(ratio 
1:5), aiming to dilute the vinasse.   Prior to the biological treatment the vinasse is pre-treated in a 
sedimentation tank under 12 hours HRT and them pumped to the reactor. Hydrated lime was used to 
adjust the pH and alkalinity (0.1g CaOH2/gCOD). The sludge (38 gTVS.L-1  ) used to inoculate the 
HAnR  was from a full scale UASB reactor installed in a sewage treatment plant. 

 
Figure 1: Sedimentation tank and HAnR reactor in a sugar cane and alcohol mill
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RESULTS 
This work presents the results of 100 days of the operation of the pilot system used for anaerobic 
digestion of vinasse. Raw and soluble COD  concentration of  the vinasse  were 34.616±4.980 and 
26.775±3.549 mg.L-1. The alkali adjustment procedure with the addition of hydrated lime kept the pH 
of the HAnR effluent in 7.44+0.13. The organic loading rate (OLR) applied to HAnR ranged from   
0.22   to   0.80   kg   COD.m-3.d-1    while   the   OLR   related   to   effluent   recirculation   (OLR 
recirculation) ranged from 0.0.5 to 6.66 kg COD.m-3.d-1. Figure 2 shows the increase of OLR and 
concomitant decrease of COD removal efficiency and increase of volatile acid concentration.
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Figure 2: OLR aplied to HAnR, COD removal efficiency and volatile total acids over the operting 
period 

 
CONCLUSION 
The results of 100 days of operation showed that the concomitant reduction of the COD removal 
efficiency and the increase in OLR recirculation resulted in a high increase of total organic acids, 
which can lead to a failure in the anaerobic process. The high concentration of organic matter and 
organic load applied to the reactor can lead to inhibition by excess substrate. A successful reactor 
start-up  depends  on  operational  strategies  that  favor  methanogenic  populations.  Investigation  of 
recirculation  ratio  and  stepwise  increase  of  OLR  will  be  carried  out  in  the  second  stage  of  
this research.  The start-up of anaerobic reactors is a challenge and strategies to improve this period 
are the key to optimize the anaerobic process for biogas generation. 
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Abstract 
An alternative to prevent acidification in digestion processes is the anaerobic co-digestion (ACD). 
The  ACD  is  used  to  modified  the  carbon/nitrogen  ratio  (C/N)  improving  the  environmental 
conditions for anaerobic biomass. In this work, biomethane potential (BMP) tests were carried out for 
two substrates [concentrated waste activated sludge (CWAS) and synthetic food waste (SFW)] and 
two ACD. The ACD of 35% of CWAS and 65% of SFW showed the best result in terms of biogas 
production (213.5 mLbiogas/gVSadd). This ACD was applied in five semi-continuous feeding septic 
tanks (SFST) operated at low temperature (18 °C) and five different hydraulic retention times (HRT) 
in Toluca, Mexico. The highest VS removal efficiency during the star-up period was 68 ± 
8%, and a maximum SMY of 0.56 LCH4/gVSadd  was achieved at a HRT of 120 days. 

 
Keywords 
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INTRODUCTION 
A proper nutrients balance is required for the growth and metabolism of anaerobic sludge (AS). Some 
authors have recommended ACD processes to improve the C/N balance showing better results than 
individual  digestion  processes  (Nielfa  et  al.,  2015).  However,  there  are  few  reports  of  semi- 
continuous ACD processes operated at low temperature (Massé & Cata Saady, 2015). These ACD 
processes at low temperature can offer higher energy savings since no external energy for heating the 
reactors would be required. 

 
 
MATERIAL AND METHODS 
The AS was obtained from a pilot-scale UASB reactor that treats chocolate-industry wastewater at 
low temperature. CWAS was obtained from a pilot-scale activated sludge reactor (ASR) that treats 
the effluent of the UASB reactor. 23 L of mixed liquor were withdrawn from the ASR every day and 
excess water from the purge was drained using a polyester fabric. SFW consisted of 90% of fruits and 
vegetables and 10% of pork meat in weight terms, mixed with 500 mL of tap water in a conventional 
blender. BMP tests were carried out as recommended by Angelidaki et al. (2009) for CWAS, SFW, 
ACD1 (CWAS/SFW) of 65/35% and ACD2 of 35/65%. The ACD that offered the best result was 
used in five STST of 11 L operated at HRT of 40, 60, 80, 100 and 120 days, respectively. 

 
 
RESULTS AND DISCUSSION 
The BMP tests results are shown in Figure 1. The ACD2 (35% of CWAS and 65% of SFW) showed 
the best result in terms of biogas production [specific methane yield (SMY), 213.5 mLbiogas/gVSadd] 
at 18 °C. The changes in the C/N ratio showed a positive impact in the activity of anaerobic biomass. 
This SMY value is similar to 200.15 – 220.62 mLCH4/gVS obtained by Nielfa et al. (2015) during the 
ACD of SFW and biological sludge at mesophilic conditions; it is also similar to 171.9 – 262.2 
LCH4/kgVS, obtained by Massé & Cata Saady (2015) during the psychrophilic digestion of dairy cow 
feces. These similar results in both cases, psychrophilic and mesophilic digestion, suggests that no 
external energy input for heating reactors is necessary and that similar SMY can be achieved.



401

V
S 

re
m

ov
al

 e
ff

ic
ie

nc
y,

 %
 

B
M

P,
 m

Lb
io

ga
s/

gV
S a

dd
 

SM
Y

, L
C

H
4/g

V
S a

dd
 

250 
 

200 
 

150 

 
Blank 
CWAS 
ACD1 (65/35) 
ACD2 (35/65) 
SFW

 
100 

 
50 

 
0 

0               10              20              30              40              50 
Time, d

 
 

100 

 
Figure 1. BMP test results for CWAS, SFW, ACD1 and ACD2. 
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Figure 2. VS removal efficiency and SMY of the SFST (1-5) during the start-up period (45 days) of the 

semi-continuous experiments 
The average VS removal efficiency and SMY of semi-continuous experiments is shown in Figure 2. 
SFTF4 (HRT=100d) shows the higher VS removal efficiency (68 ± 8%) during the star-up period. 
The SMY is higher for SFST5 (HRT=120d) (0.56 LCH4/gVSadd). However, there are not significant 
statistical differences between all five SFST for both, VS removal efficiency and SMY. Nevertheless, 
during the start-up period a gradual increase in VS removal efficiency and SMY was observed for all 
SFST. This indicates that tendencies could change as they approach to a stationary state. The SMY is 
similar to 0.54 LCH4/gVSadd (Zhang et al., 2013) during the semi-continuous anaerobic digestions of 
food waste. However these authors carried out their continuous experiments at mesophilic conditions 
(35-37°C), which doubles the temperature in this experimental run (18°C). 

 
CONCLUSIONS 
Low temperature ACD is feasible for semi-continuous systems operated in low climate regions such 
as Toluca Valley; it can achieve similar SMY as mesophilic systems, which represents a higher net 
energy yield. 
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Abstract 
A pilot-scale anaerobic hybrid  reactor (RAnH),  composed  by a sludge blanket zone and  a fixed 
bed zone, was evaluated in the treatment of liquid fraction of dairy manure  (LDM).  The reactor 
was operated with progressive reduction of hydraulic retention time (HRT), reaching HRT of 1.17 
± 0.004 d.  Constant organic matter removal rate was observed during the operation, with a COD 
removal of 64.59 ± 3.91%. The biogas produced was composed by 89 ± 3% of methane, with a 
production of 0.298 ± 0.165 m³ CH4.m³. 

 
Keywords 
Dairy Manure; Anaerobic Digestion; Anaerobic Hybrid Reactor; Methane. 

 
 
INTRODUCTION 
The increasing interest in biogas production through the degradation of organic compounds aiming 
at energy utilization, associated with needing for increasingly compact and efficient units, has led to 
the development of new effluent treatment technologies.   In this way, the performance of a pilot- 
scale  anaerobic  hybrid  reactor  (RAnH),  which  allows  the  combination  of  high  biomass  retention 
time (Ɵc) with relative low hydraulic retention time (HRT), treating liquid fraction of dairy manure 
(LDM) was evaluated in terms of removal of organic matter and methane production. 

 
 
MATERIALS & METHODS 
The dairy manure (DM)  used in this study came from   flushing of the confined cattle place.  The 
LDM is obtained after passing DM through primary treatment, as presented in the flowchart of the 
pilot plant (Figure 1). 

 

 
 

DM              Static Sieve                   Decanter 

 
 
LDM 

 
 
Equalization 

Tank 

 
 
RaHR                     Recirculation 

Tank 

Biogas 
 
Treated 

LDM

 
 

Figure 1. Pilot plant flowchart. 
 
 
The RAnH consists of a feed zone, located at the bottom, a sludge blanket zone, a fixed bed zone and 
finally by a solid-liquid-gas separation zone, located at the top of the reactor. The Biobob® was used 
as support for biomass immobilization in the fixed bed zone. In total, RAnH has a diameter of 
1.20 m and high of 5.50 m, with a useful volume of 3.5 m³ and a total volume of 6.2 m³. 

 

Ramp method was the base for the experimental procedure, by means of which progressive increase 
of flow was carried out, and consequently progressive reduction of the HRT was achieved.  Reactor 
performance was evaluated based on the removal of organic matter (measured by COD), methane 
composition  in  biogas  (analyzed  by  means  of  gas  chromatography)  and  methane  production 
(measured by Ritter® positive displacement).
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RESULTS AND DISCUSSION 
 

Removal of organic matter 
The RAnH was operated for 260 days and in this period the system has reached the feed flow of 3,0 
m³.d-1, the recirculation flow of 9,0 m³.d-1 and the soluble organic loading rate (SOLR) related to the 
feed flow of 2.79 kg COD.m-³.d-1, with average HRT of 1.17 ± 0.004 d in the experimental stage 
(138th to 260th day).   During the operation, the RAnH exhibited constant organic matter removal 
rate, which is represented by the angular coefficient of the tendency line, presented in Figure 2. 

 

This  rate  was  compatible  with  the  results  of  soluble  COD  removal  obtained  in  the  experimental 
stage, which were 64.59 ± 3.91%. Comparing with results of the literature, with HRT ranging from 
20 to 6 days (Liao, Lo & Cheng, 1984; Demirer & Cheng, 2005; Nasir et al., 2013), it was verified 
that RAnH presented greater or similar COD removal efficiency with average HRT of 1.17 ± 0.004 d, 
demonstrating advantages in using the reactor under study. 
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Figure 2. Organic matter removal rate in function of SOLR applied versus SOLR removed. 

 
 
Methane production 
The percentage of methane obtained during the period evaluated (176th to the 260th day) was 89 ± 
3% and the average methane production was 0.298 ± 0.165 m³ CH4.m³ (215th to the 260th day). 

 

Based on this production and considering methane transfer to internal combustion engines coupled to  
generators  (with  a  30%  overall  efficiency),  a  potential  of  electric  power  production  of  0.89 
kWh.m-3  was obtained. Applying this potential to a system with a flow rate of 3,500 m³.d-1, it was 
obtained  that  the  system  would  generate  sufficient  energy  to  supply  615  households  (with  an 
average consumption of 152.2 kWh), generating savings of R$ 11,835.09 per month (considering R$ 
0.13 per kWh). 

 
CONCLUSION 
RAnH  is  a  potential  system  to  be  used  in  the  treatment  of  real-scale  LDM,  associated  with  
low 
HRT,  directly involving  a  smaller  reactor  volume  and  area  of  implantation.  In  addition,  the  
high concentration  of  methane  present  in  biogas  indicates  its  high  potential  for  energy  recovery 
applications. 
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Abstract
A bibliometric analysis was performed from approximately 3,000 relevant 
scientific papers to scrutinise the research domain of pre-treatments for 
anaerobic digestion. The biggest sub-domains were identified and analysed 
according to the model: feedstock → pre-treatment → product. Sludge and 
lignocellulosic matter were the dominant types of feedstock within the do-
main. Furthermore, the research field has focused on the use of harsh and/or 
resource intensive pre-treatment techniques, such as thermal hydrolysis and 
ultrasound. Finally, the main objective of the application of pre-treatment 
has been the production of biogas, whereas alternative products, such as 
volatile fatty acids or hydrogen, are studied less. The results of the analysis 
was particularly useful in the identification of research gaps within the field.

Keywords
Anaerobic digestion; bibliometrics; pre-treatments; scientometrics; similar-
ities

INTRODUCTION
A considerable amount of research on pre-treatment methods for the enhancement of an-
aerobic digestion has been published, particularly in the last decade. A search in the Web of 
Science (WoS) using the terms pre$treat* and an$aerobic* digest* retrieved almost 3,000 
documents from 1983 to February 2018. Only in 2017, a total of 469 documents were pub-
lished. Commonly, research fields are composed of research communities that are connected 
via co-citation networks or co-occurrence of keywords (Gaede & Rowlands 2018). Nonethe-
less, the explosive growth in literature makes it very difficult (if not impossible) to identify 
and keep track of these research sub-domains without the use of informatics tools. Scien-
tometrics is particularly useful to analyse those big data sets, as it extracts information from 
bibliometric data and constructs a network based on the similarities (distance) of terms used. 
The objectives of this paper are a) to identify and quantify the principal research sub-do-
mains of the field and b) to give insight about the trends in this research field.

MATERIALS AND METHODS
A query was run using the citation index of Web of Science with the terms pre$treat* and 
an$aerobic* digest*. The results of the search were saved in a text file that was used to 
build a visualization network, by using the software VoS Viewer (http://www.vosviewer.com). 
Then, the authors of this study analysed every cluster by ordering the obtained research 
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topics in the order: feedstock → pre-treatment → product. For instance, a possible process 
model is: sludge → thermal hydrolysis → biogas.

RESULTS AND DISCUSSION
The bibliometric analysis resulted in the map shown in Figure 1. ‘Methane’ accounts for 
the highest share in the fi eld. Nonetheless, terms such as ‘ethanol’ and ‘hydrogen’ have in-
creased in the recent years, suggesti ng a trend to obtain alternati ve products that respecti ve 
researchers consider of intrinsic higher added value. The bibliometric analysis suggests that 
there is a predominance of studies dealing with harsh and/or energy-consuming pre-treat-
ment methods. As a consequence, the use of milder techniques, such as low-temperature 
treatment and phased-digesti on, is identi fi ed as a research gap. Finally, the recent average 
publicati on years of topics such as ‘food waste’ and ‘codigesti on’ and their strong link with 
‘sludge’ suggests that the co-digesti on of food waste with sludge is a relati vely recent trend 
in the fi eld.

Figure 1. Bibliometric map of the research fi eld.

The bibliometric analysis was useful to corroborate the directi on of our current research top-
ic, as it confi rmed our assumed research gaps within the fi eld. The presentati on will focus on 
the analysis of every cluster and the current and potenti al future research lines from where 
major breakthroughs can be expected. The bibliometric map revealed research lines which 
are seemingly dead-end; possible explanati ons for successful and less successful approaches 
will be discussed.
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CONCLUSIONS
- The published research to pre-treatment methods for enhancement of anaerobic digestion 
is dominated by the use of both sludge and lignocellulosic matter in order to obtain biogas.

- The use of “mild” pre-treatment techniques is limited, but research has focused on the use 
of “harsh” and resource-intensive methods.

- Both the use of “alternative” substrates such as food waste and algae, as well as the cre-
ation of products with a potentially higher added value, such as ethanol, hydrogen and VFAs, 
has increased in recent years, but their occurrences are still marginal.
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Abstract 
The anaerobic digestion of bean pod was evaluated applying a biological pretreatment with 
Trametes versicolor including an intermediate stage of enzymes extraction with water or buffer, 
to improve the anaerobic digestion and to obtain high-value products. The fungus growth showed 
the highest expression of laccase enzyme at 12 d of biological pretreatment and the enzymes 
extract from it were stable at 17 °C. The biogas yield was not affected by the previous stages 
(pretreatment and extraction), differing only in a 16% of increase in the biogas production, when 
the extraction was with  buffer.  Thus,  the  residue  studied  has  the  potential  to  be  applied  in  
the  anaerobic  digestion process for biogas production and also obtaining of a value-added 
product. 

 
Keywords 
Biological pretreatment; Lignocellulosic residues; 
lacasse 

 
 
INTRODUCTION 
The conversion of lignocellulosic biomass into biogas by anaerobic digestion (AD) is a sustainable 
alternative for the final disposal of these residues, as well as reducing the consumption of fossil fuels 
(Cavinato, Fatone, Bolzonella, & Pavan, 2010). In addition, white rot fungi excreting ligninolytic 
enzymes  such  as  lacasse  which  convert  lignin  into  fermentable  sugars,  which  can  improve  the 
production  of  biogas  (Zheng,  Zhao,  Xu,  &  Li,  2014),  but  also  these  enzymes  have  an  industrial 
potential in degradation of various compounds and high commercial value (Rodríguez Couto & Toca 
Herrera, 2006), so it is of interest to recover them before anaerobic digestion. 
The common bean (Phaseolus vulgaris) is the most cultivated legume in Chile (ODEPA, 2017). The 
main residue of these legumes (pods) is considered waste then it is usually discarded and not used, in 
addition it never had been studied for anaerobic digestion and enzyme production. 
The main objective of this study was to evaluate the effect of a biological pretreatment with white rot 
fungi (Trametes versicolor) previous to AD of pod common bean, including an intermediate stage of 
enzymes extraction and the evaluation of the enzymatic crude stability. 

 
 
MATERIALS AND METHODS 
The residue used (pod common bean) was obtained from a street market in Santiago (Chile). It was 
dried at 30 °C until 12% of moisture before storage. The residue was mechanically chopped and sieved 
selecting particles greater than 2.36 mm. Fungi pellets (FP) of Trametes versicolor for the biological 
pretreatment stage was produced in submerged cultures during 7 d at 30 °C with liquid medium. The 
inoculum for the anaerobic digestion stage came from an industrial reactor operated of stable form 
treating yeast production residues. 
The biological pretreatment was carried out in 250 ml Erlenmeyer flasks by adding 3 g of autoclaved 
residue (120 °C for 30 min), 6 ml of FP and 3 ml of water; they were incubated at 30 °C during 30 d. 
In destructive test, every 3 d, an extract was obtained by adding 50 ml of water to a flask, stirred at 
200 rpm for 1 h and filtered (0.45 µm). This extract was characterized by reducing sugars content 
(RS) and enzymatic activity of laccase (Lac) and manganese peroxidase (MnP). 
The enzymatic crude was obtained from the extract in the growth of the fungus at the peak day of Lac 
activity, evaluating two extractants: 1) water and 2) 100mM phosphate buffer at pH 7. These extracts
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were concentrated in an ultrafiltration cell (10 kDa). The stability test of enzymatic crude was carried 
out in 5 ml tubes with 200 U/l of Lac by measuring Lac activity for 4 h at 17 °C. 
The biomethane potential tests were carried out in Pyrex bottles of 250 ml for 0 and 15 d of biological 
pretreatment and the remaining solids after enzymatic crude extraction. The assays were carried out, 
with a substrate/inoculum ratio of 1 gSV/gSV, the biogas production was quantified with a pressure 
transducer and its composition by CG-TCD for 45 d. 

 
 
RESULTS AND DISCUSSION 
During the biological pretreatment, the Lac activity was detected from the beginning, reaching its 
maximum value on day 12 (around 1600 U/l) slowly decreasing. MnP maintained at a stable level 
(around 50 - 100 U/l) and presented at maximum on day 21 (140 U/l). The enzymatic crude showed 
to be stable at the time studied for both liquids used as extractant, showing an increase of 9,2 and 
2,5%  of  Lac  activity  for  water  and  buffer  respectively,  in  comparison  with  the  initial  value.  
The increase  of  enzymatic  activity  is  usual  in  stability  tests  with  stable  enzymes,  because  they  
are vulnerable tests to small changes in the system. In the biological pretreatment was feasible to 
produce a high concentration of ligninolytic enzymes, so it can an alternative the extraction of this 
product of interest. Additionally, the enzyme obtained was stable for the two extractant media used, 
which would mean  an  economic  benefit  for  future  research  by  allowing  the  use  of  water  
without  harming  the performance of the process. 
The biological pretreatment did not show a negative effect on the production of biogas, obtaining an 
accumulated  final  production  of  335±8,  364±45,  349±1  and  387±1  Nml/gSV   for  0,  15  d  and 
remaining solids obtained from water extraction and buffer, respectively. The methane content in all 
the trials was similar reaching a value of 60%. The maximum methane production rate did not show 
significant variations because of biological pretreatment or the effect of extraction, which indicates 
that these stages do not affect AD, only involve the removal of degradable organic matter, this is 
shown by the growth of the fungus at 15 d, the extraction with water and buffer cause a decrease of 
29,  58  and  60%  of  initial  volatile  solids  of  the  system.  The  extraction  with  buffer  showed  
an improvement in biogas yield which can be attributed to: a buffer effect in the AD stage, the removal 
of an inhibitory compound in the extraction process. 

 
 
CONCLUSIONS 
It  was  possible  the  application  of  a  biological  pretreatment  with  Trametes  versicolor  on  the  
pod common  bean,  the  recovery  of  an  enzymatic  crude,  which  is  stable  at  17  °C  and  the  
subsequent obtaining of biogas by AD. Biological pretreatment in AD of pod common bean was used 
before to improve biogas production, now it was used as a step to obtain a value-added product. 
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Abstract 
This work proposed a valorisation strategy for olive mill solid waste applying a biological 
treatment with the finality to oxidize the phenolics compounds to improve the anaerobic digestion 
process and, simultaneously, produce laccase. The biological treatment was evaluated in triplicate 
at 30 ºC and laccase activity was monitoring during 15 d for three strains: Pleurotus eryngii, 
Pleurotus ostreatus and Trametes versicolor while the methane production was evaluated after 0, 
5, 10 and 15 d of biological treatment. The major laccase activity over time was detected using 
Trametes versicolor, being 1524.6 ± 79.9 U/L after 15 d of biological treatment. The methane 
yield showed an increase of 10% after 5 d of biological treatment with Pleurotus eryngii, which 
was attributed to the fungus growth instead of the enzymatic activity. 
Keywords 
white rot fungi; anaerobic digestion, laccase; Trametes 
versicolor,alperujo 

 
INTRODUCTION 
Olive solid mill waste (OMSW) is a lignocellulosic by-product obtained from the two stage (2S) olive 
oil production process. It is estimated that processing 1 ton of olive oil generates 0.8 ton of OMSW 
in a 2S process (Alburquerque, 2004). The OMSW is characterized by presenting high and diverse 
organic load made of acids, lipids, alcohols and polyphenols (Roig et al., 2006). The huge amount of 
OMSW released to the environment is worrying due to its composition confers a phytotoxicity and 
therebefore  an  environmental  hazard  if  the  final  deposition  of  the  OMSW  is  not  management 
correctly. However, the OMSW is an interesting substrate to obtained energy and high added value 
products.  The  anaerobic  digestion  process  is  a  friendly  an  economical  alternative  for  energy 
production, nevertheless this process is limited by the presence of phenolic compounds (Roig et al., 
2006; Serrano et al., 2017a).  There is significant interest in phenolic compounds recovery, through 
the  application  of  high  temperature  treatment  because  they  are  used  in  several  biotechnology 
applications (Serrano et al., 2017b).   Nevertheless, when not exists the possibility to apply a high 
temperature   treatment,   a   biological   treatment   using   white   rot   fungi   is   an   economical   
and 
environmental option to oxidize the phenolic compounds and then to obtain a suitable source to the 
anaerobic digestion process. In addition, during biological treatment the fungus produces enzymes as 
laccase that is considered as high-value product. 

According to this background, the aim of this study is to enhance the methane production in the 
anaerobic digestion process by the viability evaluation of producing ligninolytic enzymes applying a 
solid-state fermentation process as a biological treatment. 

 
EXPERIMENTAL METHODS 
To achieve the goal, the effects of three strains of white rot fungi were compared: Pleurotus eryngii 
(Pe), Pleurotus ostreatus (Po) and Trametes versicolor (Tv). The concentration of reducing sugars 
and enzymatic activities of laccase (Lac), manganese peroxidase (MnP) and lignin peroxidase (LiP) 
were measured every day within a period of 15 days. In the same way, the methane production was 
compared in triplicates assays after 0, 5, 10 and 15 days of biological treatment. 

The  biological  treatment  was  carried  out  adding  OMSW  in  100  mL  flasks  sealed  with  
cotton stopper.  The  samples  were  sterilized  and  subsequently  the  fungus  pellets  were  dosed.  It  
weas manually mixed and carried into an incubator at 30 °C. The assays were carried out using a ratio 
g OMSW/mL fungus pellets of 1.3. For 15 days, 3 flasks were removed daily and destroyed to be 
analysed.  Reducing  sugars  (Miller,  1959)  enzymatic  activity  of  Lac  (Muñoz  et  al.,  1997),   
MnP (Martinez et al., 1996) and LiP (Tien and Kirk, 1988) were quantified in a liquid extract (Wyman 
et
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al., 2018). All analyses were performed using a spectrophotometer SPECORD 210 plus. 
Parallelly, after 0, 5, 10 and 15 days of biological treatment, the residue was moved to 100 mL 

serum  bottle.  Additionally,  anaerobic  inoculum,  micronutrients,  macronutrients,  and  buffer  were 
added (Holliger et al., 2016). The assays were performed using a substrate/inoculum ratio of 1.5 for a 
period of 40 days. Biogas production contained in the bottle was indirectly quantified by daily 
measurement of temperature and pressure, using a pressure transducer IFM.  Th methane composition 
was determined by gas chromatography. 

 
RESULTS 
According to the Figure 1.a the Tv strain showed the major Lac activity over time, while the enzymatic 
activities of Pe and Po did not present significant differences between them. The value shown for Tv 
was a 135% and a 185% higher than the peaks observed with Po and Pe, respectively. 

The  high  enzymatic  activity  observed  can  be  explained  due  to  the  OMSW  corresponds  to  
a lignocellulosic waste, which promoting the release of ligninolytic enzymes from white rot fungi. On 
the  other  hand,  OMSW  is  characterized  by  having  a  high  concentration  of  phenolic  compounds 
(Martinez-Garcia et al., 2009) which promotes the Lac expression (Müller et al., 1988). 

1800  
(a) 

160 
 
140 
 
120 

 
(b)

 
1200 

1000 

800 

 
100 
 

80 
 

60

600                                                                                                                                                                                40 

400                                                                                                                                                                                20 

200                                                                                                                                                                                  0     

0 
0        2        4        6        8       10      12      14      16      18 

Biological treatment time 
(d) 

 
 
Biological treatment condition

 
Figure 1: Effects of biological treatment on OMSW (a) Lac activity measured for Po (circle), Pe (triangle) and Tv (square) (b) 

methane yield obtained for each case studied. Error bars are standard deviation. 
Respect to methane yield, the most favorable biological treatment condition was obtained after 5 

d using Pe. Under this condition the methane yield registered a poorly increase of 10 %. On the other 
hand,  after  15  d  of  biological  treatment  using  Tv  -the  best  condition  for  Lac  production-  did  
not present significant differences with the control, being a good option to valorize and produce 
enzyme and methane from OMSW. 

It is also observable that the enzyme production began between 4 to 6d of biological treatment for 
every case of the study, coinciding with the reducing sugars decay (data not shown). According to 
that  observation,  an  enhancement  in  the  methane  yield  before  the  5  d  of  biological  treatment  
is attributed to the fungus growth, while after the 5 d the effects could be attributed to the enzyme 
activity. 
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al., 2018). All analyses were performed using a spectrophotometer SPECORD 210 plus. 
Parallelly, after 0, 5, 10 and 15 days of biological treatment, the residue was moved to 100 mL 

serum  bottle.  Additionally,  anaerobic  inoculum,  micronutrients,  macronutrients,  and  buffer  were 
added (Holliger et al., 2016). The assays were performed using a substrate/inoculum ratio of 1.5 for a 
period of 40 days. Biogas production contained in the bottle was indirectly quantified by daily 
measurement of temperature and pressure, using a pressure transducer IFM.  Th methane composition 
was determined by gas chromatography. 

 
RESULTS 
According to the Figure 1.a the Tv strain showed the major Lac activity over time, while the enzymatic 
activities of Pe and Po did not present significant differences between them. The value shown for Tv 
was a 135% and a 185% higher than the peaks observed with Po and Pe, respectively. 

The  high  enzymatic  activity  observed  can  be  explained  due  to  the  OMSW  corresponds  to  
a lignocellulosic waste, which promoting the release of ligninolytic enzymes from white rot fungi. On 
the  other  hand,  OMSW  is  characterized  by  having  a  high  concentration  of  phenolic  compounds 
(Martinez-Garcia et al., 2009) which promotes the Lac expression (Müller et al., 1988). 
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Figure 1: Effects of biological treatment on OMSW (a) Lac activity measured for Po (circle), Pe (triangle) and Tv (square) (b) 

methane yield obtained for each case studied. Error bars are standard deviation. 
Respect to methane yield, the most favorable biological treatment condition was obtained after 5 

d using Pe. Under this condition the methane yield registered a poorly increase of 10 %. On the other 
hand,  after  15  d  of  biological  treatment  using  Tv  -the  best  condition  for  Lac  production-  did  
not present significant differences with the control, being a good option to valorize and produce 
enzyme and methane from OMSW. 

It is also observable that the enzyme production began between 4 to 6d of biological treatment for 
every case of the study, coinciding with the reducing sugars decay (data not shown). According to 
that  observation,  an  enhancement  in  the  methane  yield  before  the  5  d  of  biological  treatment  
is attributed to the fungus growth, while after the 5 d the effects could be attributed to the enzyme 
activity. 
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Abstract 
The waste management of the slaughterhouse of the Naranjito municipality (Guayas, Ecuador) has 
become  an  environmental  threat.  Anaerobic  digestion  was  proposed  as  a  solution.  This  work 
proposes  to  estimate  the  residual  biomass  and  to  perform  a  preliminarily  evaluation  of  the 
biochemical methane potential (BMP) and the kinetics of degradation of a mixture of residuals. BMP 
assays were performed in mesophilic condition in batch laboratory reactors. A non-linear regression 
analysis was performed to evaluate the kinetics of the process. The slaughterhouse produces 3550 
kg/d of waste. The mixture studied reached 214.46 NmLCH4  gVSo-1, which corresponds to that 
reported  in  the  literature.  The  model  that  best  describes  the  kinetics  of  degradation  was  that  
of Gompertz modified with an R2 of 0.998. Despite the results achieved, longer tests and a study of 
co- digestion with other substrates are necessary. 

 
Keywords 
Anaerobic digestion; biogas; biochemical methane potential; slaughterhouse waste 

 
 
INTRODUCTION 
The slaughterhouse of Naranjito municipality in the Guayas province in Ecuador still does not have 
an adequate waste destination. This has been identified as an environmental problem in the region, 
and  an  anaerobic  digestion  process  was  proposed  as  an  alternative  solution  (Solano,  2013).  
The objective of this research was to estimate and characterize its residual biomass generation and to 
carry out  a  preliminary  evaluation  of  the  biochemical  methane  potential  (BMP)  and  the  kinetics  
of anaerobic degradation of a waste mixture proposal. 

 
 
MATERIALS AND METHODS 
Representative samples of the waste from the slaughtered animals (pig and cattle) were collected and 
processed. A mixture was prepared with a mixing ratio similar to that studied by Álvarez and Riera 
(2004). The methodology described by Esposito (2012) was used to evaluate the BMP of the mixture. 
The tests were performed in mesophilic condition (30.5 ± 4 ° C), in laboratory batch reactors and in 
triplicate for 33 days. Filtered cattle manure, matured for 10 days was used as inoculum. Total solids 
(TS) and volatile solids (VS), among other parameters, were determined in triplicate. A ratio of 0.24 
gVSsubtrates/gVSinoculum, was used, according to VDI 4630 (2016) (≤ 0.5), to prevent inhibition of the 
process. To evaluate the kinetics of anaerobic degradation of the mixture, a non-linear regression by 
least squares (t-test, α = 0.05) was performed. For this, the STATISTIC 12 program and the modified 
sigmoid functions Logistic, Gompertz and Richards were used. 

 
 
RESULTS AND DISCUSSION 

 

Slaughterhouse waste evaluation and characterization 
Three groups of residuals were identified, and their daily flows estimated. Blood, rumen, belly and 
bowels (BRBB) totalized 417 kg/d (5.52% of pig blood, 28.00% of cattle blood, 53.96% of cattle 
rumen and bowels and 12.51% of belly and pig bowels). Manure (M) totalized 423 kg/d (77.17%
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from cattle and 22.83% from pig), and wastewater from carcass washing (WCW) provided a total of 
2710 kg/d (25.09% from pig and 74.91% from cattle). The mixture was prepared with a 1:1:5 ratio 
(M: BRBB: WCW). The characterization is presented in Table 1. 

 
Table 1. Characterization of the mixture and inoculum used in the BMP experiments (n=3; ±SD).   

pH             TS (%WM)          VS (%TS)        TKN (%TS)     TOC (%TS) 
 

Waste mixture      6.99 ±0.1         4.27±0.2           91.22±0.3          7.28±0.3        57.60±1.8 
 

Inoculum             7.15 ±0.01       1.09±0.04         61.04±0.02             n.d.                  n.d. 
 
 
Methane yield and the kinetics of the methane production 
Studies with similar mixtures are limited in the literature. Table 2 shows the experimental cumulative 
methane  yield  results  (𝑌𝑌𝑌𝑌𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶4 )  of  the  BMP  tests,  as  well  as  the  results  of  the  regression  using  
the Gompertz model. 

 
Table 2. Results of the experimental BMP tests and non-linear regression tests (n=3; ±SD; SE).  

𝑌𝑌𝑌𝑌𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶4   (NmLCH4 A (SE) (NmLCH4 𝜇𝜇𝜇𝜇𝑚𝑚𝑚𝑚  (SE) (NmLCH4 λ (SE)

         gVSo-1)                   gVSo-1)                   gVSo-1 d-1)                 (days)   
Experimental        214.46±8.89                   n.d.                            n.d.                          13 

Gompertz             207.00±7.76           228.74 (6.99)              14.31 (0.54)           13.56 (0.21) 
 
The experimental 𝑌𝑌𝑌𝑌𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶4   obtained for the proposed mixture was slightly higher than the best potential 
obtained by Álvarez and Riera (2004) (190.12) on day 33 of the 90 of their test, using a 1:1:6.5 ratio, 
with 4.63 % of ST and 83.70% of SV on dry basis. An adaptation period (lag) of 13 days was obtained, 
unlike the results of Álvarez and Riera (2004) that did not report lag phase for their mixture. This 
phenomenon was attributed to the activity of the inoculum used and its adaptation to the substrate. 
The  concentration  and  activity  of  the  microorganisms  of  the  inoculum  of  the  present  work  
was supposed to be inferior to that of Álvarez and Riera (2004) because the latter used an inoculum 
fed periodically with cattle manure for more than a year in the laboratory. The modified Gompertz 
model reported the best fit to the experimental data, with approximately 99% of the prediction 
variability explained by the model (R2  = 0.998). Therefore, the values of A, 𝜇𝜇𝜇𝜇𝑚𝑚𝑚𝑚  and λ are valid to 
describe the kinetics of substrate degradation with a 95% confidence level (p < 0.05). 

 
 
CONCLUSIONS 
The slaughterhouse produces 3550 kg/d of slaughterhouse waste. The mixture at the corresponding 
proportions achieved a BMP that corresponds to that reported in the literature. However, longer tests 
and co-digestion with other rich in carbon substrates found in the region are necessary. 
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Abstract
A research was performed regarding the production of methane in an anaerobic sequencing 
batch biofilm reactor (AnSBBR) treating effluent from a biohydrogen production process 
using cassava starch wastewater (CSW). It was assessed the performance of this reactor at 
applied organic loading rate (OLR) of 12.0 kg COD m-3 d-1, influent concentration of 6.0 kg 
COD m-3 and cicle length of 6 hours. The methanogenic AnSBBR have had useful volume 
of 3.2 L (1.6 L residual volume and 1.6 L working volume). The pH influent was adjusted 
to 7.0. The support media was composed by 1 cm3 polyurethane foam cubes involved by 
polypropylene structures. The inoculation was made with anaerobic sludge and agitation 
was performed by recirculation of liquid phase at rate 7,2 m h-1. The reactor was kept in a 
thermostatic chamber at 30±1 oC. Under these conditions, the reactor presented averages 
volumetric velocity of methane production (VVMP) of 2,710±456  mL CH4 L-1 d-1, metha-
ne yeld (MY) of 0.26±0.04 L CH4 gCOD-1 and COD removal (εST) 60±16%. The results 
for VVMP and MY were the highest among the studies about methane production from 
cassava starch wastewater treatment under mesophilic conditions. 
Keywords
Biogas; two-phase anaerobic digestion; mesophilic condition.

Introduction
The anaerobic digestion is known for its capacity to remove the organic load, as 

organic matter is converted into biogas. An advance that has been investigated is the use of 
two-stage reactors, in which acidogenesis and methanogenesis reactions are developed in 
separate reactors, resulting in a higher capacity for hydrogen and methane recovery (MAS-
SANET-NICOLAU et al., 2015).

This study regards the treatment and energy recovery of cassava starch wastewater, 
a high-strength effluent produced in large quantities in Brazil. Some reactors configurations 
were tested aiming the treatment and methane production from this wastewater: upflow 
anaerobic sludge blanket reactor (INTANOO et al., 2016); packed-bed reactor (ARAÚJO et 
al., 2018); and one phase tubular horizontal pilot reactor with support medium (KUCZMAN 
et al., 2017); however, there is no information on the use of sequencing batch anaerobic and 
immobilized biomass (AnSBBR) in the production of methane from the starch wastewater in 
a two-phase system. Therefore, this paper evaluated the performance of an AnSBBR treating 
effluent from a biohydrogen production process using cassava starch wastewater

Material and Methods
The reactor consisted of a cylindrical flask with the following dimensions: 750 mm of 
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height and 80 mm of inner diameter, with a capacity of 2.9 L and working volume of 1.9 L. The support 
medium used to immobilize the biomass was composed by 1 cm3 polyurethane foam cubes involved by 
polypropylene structures. The agitation was performed by liquid phase recirculation at 7.2 m h-1 rate. 
The reactor was kept in a thermostatic chamber at 30±1 oC. Feeding and discharge were performed us-
ing a peristaltic dosing pumps. 

The assay was performed with influent concentration of 6.0 kg m-3, cycle length of 6 h and theo-
retical organic loading rate of 12.0 kgCOD m-3 d-1. The influent pH was adjusted to 7.0 by sodium bicar-
bonate addition. The wastewater used to feed the reactor was the effluent of the biohydrogen reactor 
feed with cassava starch wastewater described by Andreani (2017). 

Samples of the reactor affluent and effluent were characterized by determining pH and Chemical 
Oxygen Demand (COD), according to the Standards Methods for the Examination of Water and Waste-
water (APHA, 2005). The composition of the biogas (carbon dioxide and methane) was determined by 
gas chromatography (GC 2010 Shimadzu). The volume of biogas produced was measured with a Ritter® 
MilligasCounter.

Results and Discussion
The reactor presented 2,710±456 mL CH4 L-1 d-1 volumetric velocity of methane production 

(VVMP); 0.26±0.04 L CH4 gCOD-1 methane yeld (MY); and 70±10% methane content in the biogas. The 
maximum VVMP value obtained was 3,677 mL CH4 L-1 d-1 and the maximum MY was 0,32 L CH4 gCOD-

1. Intanoo et al. (2014) achieved an average VVMP of 650 mL CH4 L-1 d-1 and a methane yeld of 0,18 in 
a two-phase termophilic UASB reactor treating cassava stillage. Furthermore, at mesophilic conditions, 
Araújo et al. (2018) achieve 0,22 L CH4 gCOD-1 in an packed-bed reactor at 10 gCOD L-1 d-1, while In-
tanoo et al. (2016) achieve 0,10 L CH4 gCOD-1 in a two-phase mesophilic UASB at the same OLR.

The COD removal in the present study was 60±16% (non-filtered samples).  The COD remov-
al reported in the cassava starch wastewater treatment by mesophilic anaerobic digestion in different 
reactors is ever above 88% (KUCZMAN et al., 2017; ARAÚJO et al., 2018). However, these results are 
associated to the high hydraulic retention time used in these continuous reactors, up to 312 hours. 

Conclusions
 According to the assessed conditions, the AnSBBR has shown the highest  volumetric velocity of 
methane production and methane yield among the the reactors used in the cassava starch wastewater 
treatment and methane production. Furthermore, the 6-h cicle length and the 12.0-kg COD m-3 d-1 OLR 
used in the AnSBBR were the highest values ever reported in the treatment of cassava starch wastewa-
ter water, so the 60% COD removal was under the values usually reported for others reactors configura-
tions. 
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Abstract 
Sugarcane  vinasse  is  characterized  by  high  concentration  of  organic  matter  and  metals.  A  pilot 
scale UASB reactor (120 L) was operated for 320 days for anaerobic digestion of vinasse (sugar 
cane).The concentration of magnesium, sodium and potassium in the sludge blanket of the reactor 
increased in relation to the sludge used as inoculum at OLR of 5, 10, 15 and 20 kgCOD.m-3.d-1. Despite  
the  increase  in  the  concentration  of  metals,  the  COD  removal  efficiency  of  80%,  the methane 
content in biogas of 81% and the methane yield of 0.344±0.064 LCH4.gDQOremoved-1 indicated 
suitable reactor performance 

 
Keywords 
Vinasse; metals; UASB reactor 

 
 
INTRODUCTION 
The  success  of  anaerobic  digestion  of  vinasse  is  strongly  related  to  the  quality  of  the  anaerobic 
sludge present in the reactors. Sugarcane vinasse is characterized by high concentration of organic 
matter  and  metals.  Although  some  metals  are  added  to  anaerobic  reactors  to  accelerate  sludge 
granulation,  high  concentrations  of  metals  may  cause  toxicity  to  anaerobic  sludge  and  reactor 
failure  (Speece,  1983).  The  knowledge  of  the  metal  dynamics  in  anaerobic  sludge  blanket  in 
reactors treating vinasse is indispensable to ensure long term of biogas generation. The objective of 
this  paper  is  to  assess  the  metal  concentration  in  the  sludge  blanket  of  a  reactor  treating 
vinasse under increase stepped organic load. 

 
 
 
MATERIAL AND METHODS 

 

A pilot scale UASB reactor was used for vinasse (sugar cane) treatment with a capacity of 60L in the 
reaction zone (2 m height) and total volume of 120 L (4 m total height) was used for anaerobic 
digestion of vinasse (sugar cane). Along the vertical profile, eight sampling ports (from P1 to P8) 40 
cm apart from each other allowed the collection of samples. The reactor was operated with 1:0.5 of 
effluent recirculation ratio for 320 days. The reactor was submitted to organic loading rate (OLR) up 
to 20kgDQO.m-3.d-1. Sodium bicarbonate was used as alkali to adjust the pH and the alkalinity in the  
reactor  (0.3  gNaHCO3.g-1COD).  The  reactor  performance  and  the  metal  analysis  of  the inoculum  
sludge  and  the  sludge  blanket  of  the  reactors  were  carried  out  at  organic  loading  rates (OLR) 
of 5, 10, 15 and 20 kgDQO m-3d-1. 

 
 
RESULTS 
The metals concentration in vinasse, seed sludge and sludge blanket reactor are presented in Table 
1.  The  concentration  of  magnesium,  sodium  and  potassium  was  higher  than  the  seed  sludge. 
Probably,  this  increase  was  due  to  the  supply of  metals  contained  in  the  vinasse  and  also  to  
the addition of sodium bicarbonate to buffering.
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The results of the COD (Figure 1) in sample ports along the reactor profile pointed out adequate 
performance  of  the  reactor  sludge  blanket  reactor  over  the  operating  period.  The  COD  removal 
efficiency of  80%,  the  methane  content  of  81%  in  biogas  and  the  methane  yield  of  0.344±0.064 
LCH4.gDQOremoved

-1ensures  that  the  high  concentration  of  metal  not  adversely  affect  anaerobic 
digestion. 

 
 Table 1. Metal concentration in vinasse and in the anaerobic sludge blanket of the reactor  

Metals                   vinasse                  Metals                inoculu OLR(kgDQO.m-3.d -1)

      m            5            10          15          20   
iron (mg Fe .L-1)                      44±24     iron (mg Fe .L-1)                 13718   14180   14740   11460   11910 
calcium (mg Ca .L-1)             527±222   calcium (mg Ca .L-1)           13400   11000    7960     7100    13300 
magnesium (mg Mg .L-1)       254±76    magnesium (mg Mg .L-1)     1913     9260     9260     7950     6590 
sodium (mg Na .L-1)              194±528   sodium (mg Na .L-1)            9000    37100   23500   21500   23300 
potassium (mg K .L-1)          1625±600  potassium (mg K .L-1)          3040    52000   45800   40800   46000 
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Figure 1. Average COD concentration in vertical profile of the pilot-UASB reactor over the operating 
period. 

 
 

CONCLUSION 
The  concentration  of  magnesium,  sodium  and  potassium  in  the  sludge  blanket  of  the  reactor 
increased in relation to the sludge used as inoculum. Despite the increase in the concentration of 
metals, the COD removal efficiency of 80%, the methane content in biogas of 81% and the methane 
yield of 0.344±0.064 LCH4.gDQOremoved

-1  indicated suitable reactor performance. 
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Abstract
Biomethane is an upgraded biogas used in natural gas supply networks and 
as fuel for vehicles, since it has regular methane content of 90% or higher. 
Two experiments were set up with ten mini batch reactors each, to observe 
the change in the methane composition of biogas (upgrade) when adding 
small doses of hydrogen, using a glucose and olive pulp solution as a sub-
strate (experiments 1 and 2, respectively). The experiment conditions are: 5 
g SV/L, 1 g NaHCO/g DQO substrate and 1 mL nutrients/L inoculum and 
substrate in a ratio of 0.5 with respect to the inoculum. During the entire 
experiment, they were kept in a shaker at 200 rpm and 30ºC, and 5 mL of 
H2 was added daily without varying the total volume. Pressure and composi-
tion of the biogas is recorded using a manometer and gas chromatography, 
respectively.
Finally, it is determined that the addition of H2, in the presence of substrate, 
causes no significant variation in the production of biogas. However, it does 
influence the composition of the biogas, particularly when using olive pulp 
as a substrate (84.5%), compared to glucose (66.6%). 
In the case of the bottles without substrate, a significant difference in com-
position was observed, which is explained by the fact that only the hydrog-
enotrophic cultures are favored by the addition of H2, as opposed to in the 
presence of substrate, where the acidogenic phase is also favored.

Keywords
Anaerobic digestion, hydrogen, biogas, biomethane, methane.

INTRODUCTION
One problem with the use of biogas is its quality, due to it undesirable components such as 
carbon dioxide, hydrogen sulfide, water and ammonia, which can cause corrosion, damage 
to machinery, among other problems (Boontawee et al., 2016). For this reason, research on 
biogas upgrade has increased. There are different technologies that can be classified into 
physical, chemical and biological methods, while the final use of biogas is what determines 
the composition and type of upgrade process required (Appels et al., 2008). Biomethane in 
an upgraded biogas which substitutes for natural gas. It can be used in natural gas supply 
networks and as fuel for vehicles, as it has a regular methane content of 90% or higher (Luo 
et al., 2013). The biological enrichment of biogas is achieved with hydrogenotrophic cultures 
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and H2. Studies have shown its use in packed bed reactors (Rachbauer et al., 2016), its be-
havior upon continuous injection of CO2 and H2 (Muñoz et al., 2015), its use in fed-batch re-
actors (Luo et al., 2012), etc. However, the discontinuous and direct addition of hydrogen in 
the biodigestor, has not been studied in depth, and this is the line of research to be addressed 
in the present document. 
Therefore, the objective of this study is to observe the change in the methane composition 
of biogas when adding small doses of hydrogen, in a batch system, using a glucose solution 
in the first experiment (Exp. 1) and olive pulp in the second (Exp. 2).

MATERIALS AND METHODS 
Two experiments were prepared, the first with inoculum from the company EcoRiles S.A. and 
a synthetic glucose solution as substrate (Exp.1). The second with inoculum from Aguas An-
dinas and olive pulp as substrate, from Sociedad Agrícola y Ganadera Río Negro Ltda., (Exp. 
2). Each experiment used ten serum bottles of 120 mL, reaction volume of 60 mL, adding to 
all of the bottles 5 g SV/L buffer in the proportion of 1 g NaHCO3/g DQOsubstrate and nutrients 
at a concentration of 1 mL/Linoculum, and in six bottles (4 are blanks) substrates were added 
at a ratio of 0.5 with respect to the inoculum, corresponding to a glucose solution (Exp. 1) 
and olive pulp (Exp. 2). They were immediately rinsed with pure N2, climatized at 30 ºC for 
one hour, and injected with 5 mL of hydrogen. Finally, the bottles were placed in a shaker at 
200 rpm and 30 ºC, maintaining these conditions for the entire experiment. The injection of 
hydrogen was performed on a daily basis without varying the total volume, until the end of 
the experiment.
The pressure within the reactors is recorded on a daily basis with a IFM brand manometer 
(measurement range 0 – 90 mbar). Additionally, the gas composition is quantified in a gas 
chromatograph (Agilent Technologies model 7890B).

RESULTS
The first experiment is shown Fig. 1, while the second appears in Fig. 2. There is no signifi-
cant variation in biogas production upon adding hydrogen, when the substrate was provided. 
Only in the case of the blanks is a difference of approximately 10 mL observed at the end of 
the experiment (figures not shown). 

Figure 1: Exp. 1, accumulated biogas produc-
tion, glucose as substrate.

Figure 2: Exp. 2, accumulated biogas pro-
duction, olive pulp as substrate.

Likewise, it was found that the methane composition of the biogas, upon addition of the 
substrate, is negligible at the beginning of the experiment and shows a slight increase at the 
end. On the other hand, with no added substrate, the difference in composition between the 
beginning and end of the experiment is significant, which is explained by the fact that only 
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the hydrogenotrophic cultures are favored by the addition of hydrogen, as opposed to the 
first case where the acidogenic phase is also favored.
Moreover, in the cases where H2 is added, there is a significant increase in CH4(%) in the com-
position of biogas over time, showing better results with olive pulp (84.5%) than with glucose 
(66.6%). Hydrogen consumption for each experiment is not presented in this abstract.
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Abstract
This study investigated the anaerobic mono-digestion of the coffee husk evaluating the 
biodegradability during the operation of reactors in batch and semi-continuous stirred tank 
(CSTR) using the residual without pre-treated and pre-treated with Ca (OH)2 at 3%. As a 
result of the pre-treatment, it was possible to increase the soluble chemical oxygen demand 
by 233% and a higher methane yield in discontinuous regime. However, the pre-treatment 
did not give better results in the biodegradability, when it was operated in CSTR. The high-
est methane yield was obtained at a ratio of hydraulic retention time and organic loading 
rate (TRH: OLR) of 45:0.2 when the coffee husk was used without pretreatment, as a result 
a methane yield of 277 mLCH4g-1 VS.

Keywords
Anaerobic monodigestion; pretreatment; methane yield

INTRODUCTION
The residuals generated by the coffee agroindustry are considered among those that have 
the greatest negative impacts on the environment. Anaerobic digestion emerges as an ef-
fective way to treat them, with the disadvantage that in their composition they have ligno-
cellulosic compounds of difficult biodegradation. The objective of this study is to evaluate 
the anaerobic biodegradability of the coffee husk pretreated during the operation of batch 
reactors and semi-continuous stirred tank (CSTR). 

MATERIAL AND METHODS

The raw material used was coffee husk from the Coffea arabica variety, harvested manually in 
the coffee harvest of 2017 in the pulp mill of Sabanilla, Artemisa, Cuba. The inoculum comes 
from the industrial wheat straw processing plant of the German company Kiepenkerl. The 
assembly of the anaerobic digesters in discontinuous system was developed according to the 
German Norma (VDI, 2006). Two variants were studied, one with coffee husk without pre-
treatment (CC) and the other pretreated (CC-p) with alkaline solution of Ca (OH) 2 at 3%, for 
6 hours at 50 ° C. The CSTR was operated at 37± 1ºC and the experimentation was divided 
into four stages, taking into account the ratio of hydraulic retention time and organic loading 
rate (TRH: OLR) of 90: 0.1; 90: 0.2; 45: 0.2 and 30: 0.2.
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RESULTS AND DISCUSSION
When determining the soluble COD, an increase of up to 223% in the solubilization of the organic mat-
ter was obtained when working with the pretreated coffee husk (CC-p). A consequence of the pretreat-
ment, when performing the anaerobic test in a batch system, the maximum methane yield value (274 
mLCH4g-1VS) was obtained in the reactor containing CC-p, with an increase of 7.3% compared to the 
reactor containing the residue without pretreatment (255 mLCH4g-1VS). Figure 1 shows the process of 
experimentation in CSTR.

Figure 1. Methane yield during the monodigestion of the coffee husk with and without pre-treatment. 
Discontinuous vertical line represents change in the power strategy of CC-p to CC

Stage I corresponds to the start of the system. In stage II, an average value of 163.3 mLCH4g-1VS was 
obtained, a result much lower than that obtained in a discontinuous regime with a 41% decrease. For 
these reasons it is decided to feed the reactor with the residue without pretreatment. With the change 
of feed (stage II-III) a 34% increase in methane yield is observed, and an increase of 8.6% with respect 
to discontinuous yield. This may be due to the accumulation of compounds that act as inhibitors of the 
fermentation process, resulting from the fractionation of lignin with the pre-treatment (Mitsuhiko et al., 
2017), as is the case of polyphenols, compounds that are present in the coffee and its waste. From ana-
lyzes carried out on the effluents, it was possible to evaluate the content of polyphenols at the reactor 
outlet and it was found that there was a 152% increase in the concentration of these compounds when 
the pre-treated coffee husk was being fed. In stage IV, a strategy was applied to decrease the solids con-
tent and the inhibitory effect inside the reactor, but this condition shows a decreasing trend in methane 
yield. In general, the highest performance achieved by the reactor during the experiment was for con-
ditions of TRH of 45 days and 0.2 g VS L-1d-1 (stage III) with an average production of 277 mLCH4g-1VS.

CONCLUSIONS
With the alkaline pretreatment carried out on the coffee husk, an increase in methane yield is obtained 
when working in a discontinuous regime. In the CTRS an increase of polyphenols was observed in the 
system with pretreated residual. Due to the accumulation of these toxic compounds released in the 
pretreatment, the system decreased methane production. Therefore, this type of waste requires an op-
eration in CTRS, with low volumetric organic loads and high TRH.
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Abstract 
The aim of this paper is to evaluate the plug flow biodigesters efficiency for the treatment of 
waste that  come  from  São  Pedro  Colombari  farm’s  swine  in  termination  phase.  It  was  
evaluated  the reduction of Chemical Oxygen Demand (COD) and Volatile Solids – VS, and 
afterwards the obtained values in the field were confronted with the ones that have been 
described in the literature. The biodigestion process has reached an average efficiency of 70% 
in the reduction of volatile solids and  77%  in  the  reduction  of  COD,  having  in  mind  that  
the  detected  efficiency  in  the  last measurement were of 85% and 90%, respectively. 

 
Keywords 
Plug flow biodigester, swine waste, organic matter 
removal 

 
INTRODUCTION 
The biodigester is a system or technology that provides favorable conditions for the degradation 
of organic matter to be undertaken by microorganisms in an anaerobic environment, treating the 
waste and producing biogas and digestate (CIBIOGÁS, 2018). 
Biogas formation is related to the effluent conditions, such as the concentration and the available 
organic matter content (VS, TS, COD), associated to the favorable environmental characteristics 
to the anaerobiosis (pH, temperature, redox potential). In this way, it is recommended to reach a 
good performance of those biodigesters so that they can present desirable efficiencies in the 
organic matter removal, as well as its conversion into biogas (DALMAGO, 2009). 
The plug flow biodigester is a low-tech system, with easy installation and operation, that provide 
the 
required  conditions  in  the  biodigestion  process,  for  the  biomass  treatment,  biogas  and  
digestate production. Thus, the aim of this article was evaluate the plug flow biodigesters 
efficiency for the waste treatment, from the São Pedro Colombari’s farm, that comes from swine 
in termination phase, evaluating both the COD and VS reduction from the system, in order to face 
the efficiency values described in the literature with the ones that were obtained from the field. 

 
MATERIALS AND METHODS 
The biomass from the Colombari Farm, located in São Miguel do Iguaçu - PR, has been collected. 
This property has 5500 swine in termination phase and two plug flow biodigesters for the effluents 
treatment that have been generated by the activity. The collections were made at the entrance and 
exit of  the  solids  separator,  and  at  the  entrance  and  exit  of  the  second  biodigester  during  
one  year (February/2017 to February/2018). 
The samples were tested in the CIBiogás’ biogas laboratory, Labiogás, for the determination of 
the following  parameters:  Alkalinity;  Chemical  Oxygen  Demand  (COD);  pH;  Total  Solids;  
Volatile Solids; Fixed Solids; Settleable Solids; Sulphates. The tests were made in accordance 
with Standard Methods for the Examination of Water and Wastewater, revision n. 23 of 2017. 

 
RESULTS AND DISCUSSION 
It has been observed that the biodigestion process has reached an average efficiency of 70% in the 
reduction of volatile solids and 77% of the COD reduction, and the detected efficiency in the last
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measurement was of 85% and 90%, respectively. Figure 1 presents the efficiency calculation 
results in the Colombari Demonstration Unity’s biodigestion system with reduction of COD and 
VS. 

 
 

 
 
Figura 1: Biodigesters fficiency 

 
Dal Mago (2009), has made studies to check the plug flow biodigesters efficiency, utilizing 
different substrates, among them, pig farm in termination phase. The results have shown that there 
has been a general average for the removal of COD in 72%, value that is close to the one that has 
been obtained by this study. 
This study’s biodigester has a hydraulic recirculation system, where its objective is to break the 
crust 
and  and  homogenize  the  substrate,  differently  from  anaerobic  lagoons  that  utilize  agitators  
and internal heating, aiming to foster the substrate treatment and, therefore, the biogas production. 
In anaerobic lagoons with a condition of almost total applied mixture circulation (agitators), it is 
possible to obtain an efficiency compared to a CSTR, reaching until 70%. This efficiency 
obviously depends of  room temperature,  heat exchanger  output (available thermal energy)  and 
the utilized  substrate (BRASIL, 2015). 

 
CONCLUSION 
It has been possible to observe that the plug flow biodigester presented a higher efficiency to what 
was described by other researchers, reaching up to 90% in the COD reduction and 87% in the 
volatile solids reduction, concluding that the use of plug flow biodigesters has become a 
sustainable and viable alternative in the organic matter stabilization, and they present a low cost 
and can obtain high efficiency rates in the reduction of organic load and, as consequence, in the 
biogas production. 
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Abstract 
Food  waste  (FW)  has  a  high  potential  for  use  through  biological  processes  such  as  
anaerobic digestión  (AD),  especially  for  its  high  content  of  biodegradable  organic  matter.  
In  order  to inoculate  the  anaerobic  reactors,  sludge  is  generally  used,  which  should  ideally  
have  good sedimentation  and  specific  methanogenic  activity  (SMA),  which  is  typical  of  
granular  sludge. However,  the  most  widely  available  and  accessible  in  the  Latin  American  
context,  are  the flocculent muds that are characterized by their low settling and SMA. From a 
wide technological watch, different inoculation conditioning methodologies were identified, 
which were grouped into five  categories  and  through  the  application  of  multicriteria  analysis  
techniques  (AHP)  and consultation with international and national experts, the techniques to be 
evaluated were selected . Among international experts, preference was shown for the use of 
conditioning by incubation of the inoculum without substrate at different temperatures, while 
among national experts, the use of pre-exposure to a substrate of easy degradation predominated. 
Keywords 
Anaerobic digestion, AHP,  conditiong of inocula, inocula, food 
waste. 

 
Anaerobic  digestion  (AD)  is  a  multi-stage  biochemical  process  in  which  complex  organic  matter  
is converted into simple compounds by the action of a group of microorganisms that act through specific 
sequential  reactions.  Among  the  factors  that  affect  the  performance  of  the  process,  the  inoculum  
is found,  being  its  conditioning  of  special  interest,  because  these  present  different  compositions  
and  its conditioning is a strategy that can achieve that the microorganisms adapt to the substrate and 
increase their activity with the purpose of improving methane generation rates (Holliger et al., 2017). 

 
In the literature, there are no standardized methodologies for the conditioning of inocula, which is why 
this is a field that presents great possibilities for exploration. Therefore, in this study, the multicriteria 
Analytic Hierarchy Process (AHP) was used to identify and prioritize the strategies used to improve the 
quality of the inocula used in the AD of FW, both nationally and internationally. To reach the objective, 
initially a technological watch was carried out related to inoculation conditioning methodologies for the 
AD of FW, biowaste or similar, using the technology surveillance software Refviz ® and following the 
methodology of Gómez et al. (2014), proposing keywords and search equations, which were entered in 
the Scopus database (Elsevier, 2017). 

 
For the selection of conditioning methodologies, a multicriteria analysis (AHP) was carried out, using a 
group of experts in the subject (Ishizaka & Labib, 2011) and applying the methodology recommended 
by Subramanian & Ramanathan (2012). 

 

The application of the search equations, contributed 12 equations and a total of 7652 documents, with 
which 8 galaxies were consolidated (Figure 1).
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Figure 1. Consolidated galaxies 
 
The  consultation  with  experts  (12  international  and  8  national)  showed  that  the  alternatives  of 
conditioning  of  inocula  of  greater  application  are  the  incubation,  incubation  with  the  addition  of  
an easily degradable substrate and the addition of nutrients, followed by the thickening of the inoculum 
and the addition of coagulant (weights of 25.3, 23.3, 22.4, 17 and 12%, respectively). International 
experts showed a greater preference for incubation with substrate of easy degradation. Although in 
Colombia there are few studies published on the conditioning of the inoculum, if studies are reported 
around the digestion of different substrates such as agricultural residues, sludge from WWTP and  FW, 
which can be easily hydrolysable substrates and the conditioning of the inoculum could represent 
advantages for your anaerobic digestion. 

 
In  conclusion,  it  was  evidenced  that  the  use  of  multicriteria  decision  tools  allows  an  objective  
and fundamental selection of the best inoculation conditioning methodologies found in the literature. 
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Abstract
The anaerobic digestion on poultry wastes permits the closing of the pro-
ductive cycle of this activity (nutrients recycling and biogas production). The 
aim of this study was to evaluate the biogas production from the mixture of 
different poultry wastes. The experimental model studied 8 different combi-
nations of poultry wastes (hen manures or GM, chicken manures or CM and 
intestinal wastes or IW) at laboratory-scale. Batch reactors were operated 
at 38 °C, being inoculated with anaerobic sludge from biodigester treating 
slaughterhouse wastewater. Results evidenced that the biogas production 
varied between 0.55 and 1.35 L/g SVadded. The proportions that exceeded 
1 L/g SVadded for HM>CM>50:49.6:0.4, which could be related with a lower 
acidification or better C/N ratio. 

Palabras claves 
Anaerobic digestion, MBP, mixtures, Poultry wastes.

INTRODUCTION
Poultry wastes such as: chicken manures (CM), hen manures (HM) and intestinal wastes (IW) 
are the most representatives’ wastes from poultry industry. Poultry wastes are rich in pro-
teins, which favors the buffer capacity (alkalinity) and C/N ratio suitable for carrying out the 
anaerobic process. Studies have reported the maximum biogas production of each waste by 
separate, obtaining average values between 0.4 m3/kg VSadded (manure) and 0.7 m3/kg VSadded 
(intestinal wastes) (Yoon et al., 2014). The anaerobic co-digestion of several wastes could 
arise as an alternative to improve their C/N ratio or alkalinity and with this increase their 
biogas production (Flotats et al., 1997). Therefore, the aim of this study was to evaluate and 
compare the biogas production alone or mixed with other poultry wastes.

. 

MATERIALS AND METHODS
Waste sampling: Samples of CM, HM and IW were obtained of different farms of poultry 
farms located in Baños (Ecuador). The sampling was done according to NMX-AA-15-1985 
(1992). Waste samples were storaged at 4 °C under dark conditions. 

Experimental model: 8 MBP-assays were implemented according to established protocol by 
Angelidaki et al. (2009).  Assays in duplicate were established for each mixture described as: 
CM:HM:IW. The volume relationships used were: 50.0: 49.4: 0.6; 100:0:0; 0:100:0; 0:0:100; 
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50:25:25; 25:50:25; 25:25:50 and 33:33:33. Bottles (batch reactors) of 240 mL (100 mL use-
ful volume) were sealed with a nitrile cap and connected to a hypodermic needle. Inoculum 
from biodigester treating slaughterhouse wastewater was placed in each bottle. Previously, 
methanogenic assays (MEA) were done to determine your activity obtaining an average value 
of 0.42 g CODCH4/g VS-d. Assays were operated at 38 °C. Biogas measurements were made 
with volumetric measurements by volume displacement of a barrier solution (95% saturated 
with NaCl, pH 0.5) (Angelidaki et al., 2009; Parajuli, 2011).

Analytical analysis: Physical-chemical characterization of waste mixtures were done be-
fore and after of the experimentation. Measured parameters were: total/volatile solids (TS/
VS), total nitrogen (TN), Total/Partial alkalinity (TA/PA), whose methodology is described 
by APHA-AWWA-WPCF (2012). Potentiometric parameters such as pH, temperature and 
moisture content were also evaluated.

RESULTS
Table 1 details acumulated MBP the each poultry waste mixture studied. Biogas production, 
C/N ratio and IA/TA ranged from 0.55 and 1.35 L/g SVadded, between 16.2 and 21.8 and 
from 0.42 to 1.00, respectively. The best biogas production was obtained for proportion 
HM:CM:IW of 100:0:0, whose values varied between 1.29 and 1.42 L/g VSadded. The biogas 
production was ranked as follows:  2>3>1>5>7>4>6>8. The biogas production could be fa-
vored by less acidification (0.42-0.69, id. proportions 2 and 3) or better C/N ratio (21.8, id. 
proportion 1).

Table 1. Accumulated MBP of the experimental model.

Id. Waste mixture 
(HM:CM:IW)

(%v/v)

Inoculum
(mL) C/N ratio IA/TA Biogas (m3/kg VSadded)

Mean Range

1 50:49.4:0.6 67.1 21.76 0.72 1.04 0.84 – 1.26
2 100:0:0 77.0 16.22 0.42 1.35 1.29 – 1.42
3 0:100:0 42.0 19.47 0.69 1.12 0.95 – 1.29
4 0:0:100 79.0 15.70 1.00 0.66 0.58 – 0.75
5 50:25:25 73.0 19.27 0.62 0.73 0.62 – 0.84
6 25:50:25 67.8 17.50 0.64 0.55 0.35 – 0.74
7 25:25:50 74.0 18.01 1.00 0.70 0.42 – 0.98
8 33.3:33.3:33.3 72.0 19.55 0.80 0.56 0.34 – 0.79
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Abstract
The Continuous multiple tube reactor (CMTR) is a proposed configuration 
for the production of hydrogen in order to contribute to energy sustain-
ability. This technology has shown promise for the potential of maintaining 
the specific organic loading rate (SOLR) through the continuous discard of 
biomass. Within this context, the objective of this study was to evaluate 
new strategies of control of the SOLR to promote the maintenance of the 
biomass and to potentiate the production of hydrogen in a continuous and 
stable way. For this purpose, the internal surface of the multiple tubes of the 
reactor was adapted to the endless thread shape. The reactor was operat-
ed in a continuous stream, kept in an air-conditioned room at 25°C, with a 
feed substrate concentration of 2000 mg COD L-1 (2h) g L-1.d-1 in a hydraulic 
holding time (HRT) of 2h. The average volume of hydrogen (VHPR) was 49.12 
mLH2.h-1.d-1. The multi-tube anaerobic reactor showed stability in the pro-
duction of hydrogen, allowing production to be maintained for long periods 
of operation.

Keywords
Continuous multiple tube reactor; innovative configuration; biohydrogen 
production; sucrose 

INTRODUCTION
In the present work, it is possible to determine the effect of anaerobic fermentation on the 
production of hydrogen in the production of hydrogen, as well as on the use of different ma-
terials as a substrate (Hafez et al., 2010; HASYIM et al., 2011)
In this context, it is important to mention the importance of the concentration of biomass in 
the reactor as a critical factor to the production of hydrogen. Although it is reported in the 
literature that the variation of the concentration of biomass in the reactor contributes to the 
increase of the hydrogen production (HAFEZ et al., 2010). Studies have shown that instabili-
ty in volumetric production and hydrogen yield may be related to SOLR or food/microorgan-
ism relationship (F/M), which acts on the changes in the microbial structure.
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MATERIAL AND METHODS
The multiple tube reactor used was built in three compartments: inlet and outlet chambers, 
and intermediate region, composed of 12 PVC pipes. The inner surface of the tubes was 
sanded to increase the roughness and thus facilitate biomass adhesion. The useful volume 
of the reactor comprised 1065.5 mL. Details about the experimental apparatus used and the 
constructive characteristics of the reactor can be obtained in Gomes et al. (2014) and (2015). 
The RCTM was continuously fed with synthetic wastewater prepared using sucrose and urea 
as carbon and nitrogen sources, respectively, with an optimum C/N ratio of approximately 
140 (Anzola-Rojas et al., 2015). The inoculation of CMTR was carried out through the natural 
fermentation process of synthetic wastewater (Leite et al., 2008). The reactor was operated 
under mesophilic temperature conditions (25°C), applied organic loading rate (OLR) of 24 
g COD L-1 d-1, for an affluent concentration of total carbohydrates of 2 g L-1 and a hydraulic 
detention (HRT) of 2 h. The affluent pH was adjusted to 6.5 with HCl (0.25 mL L-1). The RCTM 
was operated in continuous mode for approximately 60 days.

RESULTS AND DISCUSSION
Considering the response variables associated with the production of BioH2, the temporal 
profiles of VHPR, and HY are presented in Figure 1.

Figure 1: Time profiles for (a) HY and (b) VHPR in the CMTR

For both parameters, the reactor presented a satisfactory performance in its reduction and 
volumetric production, which were relatively constant without risk of gradual decrease. The 
study indicated production and continuous yield of hydrogen for approximately 60 days, 
suggesting that the production of BioH2 is possible in this reactor configuration. In the study, 
VHPR reached a peak of 97.80 mL H2 L -1 h -1 (21º day), from which were observed mean val-
ues of 49.12. mL H2 L-1 h-1. This result is superior to that found by Penteado et al. (2013), in 
which a anaerobic packed-bed reactor (APBR) was operated in the same feeding conditions 
as those of VHPR tests 1 and 2 = 47.3 mL H2.L-1.h-1. The value of HY2, various, in the range of 
0.09 to 0.77 mol H2 mol-1sucrose.

CONCLUSIONS
According to the conditions evaluated the CMTR indicated continuous hydrogen production 
for approximately 60 days in the application of synthetic sucrose based effluent, suggesting 
that the production of BioH2 is possible in this reactor configuration.
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Abstract
This paper presents a technical-economic study of the installation of a plant for the 
production of biogas generated from the anaerobic digestion of the Organic Fraction 
of Municipal Solid Waste (OFMSW) as feedstock, as well as its purification by a 
membrane process. The plant has a capacity of one ton and the methane obtained 
has a quality to be used as automotive fuel. We present the plant design and the costs 
of biogas production and purification only. The leachate obtained from the OFMSW 
is fed into a UASB reactor, the biogas produced is captured and stored at ambient 
temperature and atmospheric pressure in a HDPE bag, then biogas was compressed 
at 6 atm. and pre-purified with a series of filters in order to eliminate the humidity, oils, 
grasses and duster, previous its separation in a systems of membranes. We studied 
the separation condition of biogas in the membrane, testing pressure and flow of 
feed, retentate was slightly less than the feed and permeate was the permeate was 
kept at atmospheric pressure. In the composition of the retentate, a composition of 
maximum purity for 95% methane was obtained at a feed and flow pressure of 60 psi 
and 2 L/min flow, respectively. the degree of methane separation and the increase 
in methane purity in the retentate stream were 57%. Using the fraction yR

CH4 =0.95 
corresponding to the maximum value in the retentate stream, the calorific power of 
the purified biogas will be 47.51 kJ. We estimate as well the fixed installation costs 
using the factor method proposed by Lang. The fixed investment will be $89271 
dollars for a plant that treats one ton of OFMSW and 1 L/s of domestic wastewater 
per day, which will produce 38 kgCH4/d with a purity of 95% and 1806 MJ/d.

Keywords
OFMSW, Biogas, membranes, purification cost.

DESCRIPTION OF THE PROCESS
In the present work the theoretical calculation of produced biogas in an anaerobic digestion reactor 
feed with OFMSW. The wastes were treated in a pilot plant with capacity of a ton daily. As well as, the 
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design of a system of purification of biogas by membranes. The figure 1 presents the description 
of pilot plant. The leachate is obtained from the anaerobic digestion of OFMSW, which is 
mixed with municipal wastewater and both fed to a UASB reactor, the biogas produced is 
captured in a HDPE bag at atmospheric pressure (0.76 atm), then compressed to 6 atm and 
pre-purified in filters to remove moisture, vapours and greases. This compressed biogas was 
purified in a membrane system, in the retentate stream methane was recovered and storage, 
then it was compressed at 200 atm. in a GMC tank.

DETERMINATION OF SEPARATION CONDITIONS OF BIOGAS
The main disadvantage of using gas engines or block type thermal power stations is the 
reduced recovery of the energy content in the biogas. Membrane system has gained interest 
to separate methane and CO2 because of the low energy requirements and low capital costs, 
and easier operation in comparison to common separation methods such as absorption and 
distillation. An experimental-theoretical study to purify biogas in a membranes system that 
was produced in UASB leached reactor from the digestion of OFMSW was realized using the 
PRO II program. The produced biogas was storage, compressed and purified in a membrane 
system. To theoretical study, a commercial gas cylinder whose composition was 60% Methane 
and 40% carbon dioxide, this mixture was employed in order to have a constant composition 
of biogas; as well commercial polyimide membrane was employed. Two parameters were 
studied to obtain the conditions for biogas purification; feed pressure from 4.08 atm. (60 
psi) to 5 atm. (73.5 psi), and feed flow from 1.74 to 17.36 L min-1. The figure 2 presents CH4 
purity and CH4 separation degree. Figure 1 shows that the purity of methane in the retentate 
stream is higher at high pressures and low flows, obtaining an important balance between 
purity and recovery at 60 psi and 2 L/min flow, where the recovery percentage is 57 % and 
the purity is 95% in methane.

Figure 1. Description of the pilot plant to production and purification of biogas.
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Figure 2. Influence of flow and feed pressure on methane purity and recovery (simulation with 
PROII).

PROCESS ECONOMIC ANALYSIS
The cost of biogas production and purification was evaluated on the basis of data on biogas 
production capacity and the production costs using the modified Lang equation. This method 
was developed specifically to estimate the fixed investment of the plant, multiplying the cost of the 
main equipment by certain factors. Where I¦= ɸ1ɸ2ɸ3ƩIe….is the Lang factor fractionated. In this 
case ɸ1 converts the cost of purchased equipment in the installed equipment and is 1.47 for 
plants that process fluid, ɸ2 = 1+ f1 + f2 + f3 + f4 + f5 and ɸ3 =1 + f6 + f7 + f8. The table 1 
shows the used factor to estimate the Lang Factor, whose value is 3.346. 

Table 1. Description of the factors used to estimate costs in the biogas production plant.

Concept Estimated factor Lang Factor
Main Process Equipment ɸ1= 1.47

3.346

Tubing, f1 0.3
Instrumentation,  f2 0.02
Buildings and services, f3 0.05
Electrical Installations, f4 0.05
Laboratory, f5 0.15

ɸ2= 1+0.57=1.57
Engineering and supervision, f6 0.2
Size of the plant, f7 0.05
Eventualities , f8 0.2

ɸ3 =1+0.45= 1.45

The fixed investment will be $89271 dollars for a plant that treats one ton of OFMSW and 1 L/s of 
domestic wastewater per day, which will produce 38 kgCH4/d with a purity of 95% and 1806 MJ/d. In 
figure 2 presents estimation of cost and biogas production based on OFMSW feeding to the plant. As 
can be seen in Table 1, the unit cost of methane production and OFMSW treatment are lower when 
the plant size is larger.
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Figure 3. Estimating the cost and biogas production of the biogas plant.
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Abstract 
 

The depletion of traditional energy sources such as fossil fuels (coal, oil and natural gas) leads to the 
search for alternative energies such as biofuels. The production of CH4  from the DA is perhaps the 
most  explored  technology  for  the  generation  of  bioenergy  that  uses  organic  waste  as  a  substrate 
(Dahiya et al., 2017b). On the one hand, AD helps reduce the volume of organic waste with a small 
environmental  footprint and  energy consumption; and, on the other  hand, it captures  greenhouse 
gases,  especially  CH4,  and  uses  them  effectively  (Sawatdeenarunat  et  al.,  2016a). Therefore,  
the proposed work is proposed with an environmental vision, which seeks to generate a source of 
energy and give added value to agroindustry waste in Colombia, since agricultural and livestock 
activity is the most important economic activity in the country. a share of 7.7% of GDP in the first 
quarter of 
2017 (DANE, 2017). 

 
Taking into account the above, this study aimed at the study of agroindustry waste as possible biogas 
generators through anaerobic co-digestion processes using bovine manure as an inoculum and coffee 
mucilage  substrate,  in  addition  an  identical  test  was  performed,  but  using  as  a  bagasse  brewer 
substrate. Additionally, it was evaluated how the acclimation time affected the production of biogas. 

 
To fulfill the general objective, physicochemical properties of the substrates and the inoculum were 
analyzed  to  establish  the  optimal  conditions  necessary  for  the  production  of  biogas.  Alkalinity 
(ALK),  Chemical  Oxygen  Demand  (COD)  and  total  solids  (ST)  and  volatile  solids  (SV)  were 
measured according to the Standard Methods (APHA, 2005). The elemental analysis of CHONS, to 
evaluate the C / N ratio, was developed through a methodology that uses stoichiometric relationships 
and chemical composition supported by carbon, nitrogen and sulfur analysis. The anaerobic digestion 
processes (DA) were evaluated to establish the methane potential produced by the substrates of the 
residual biomass. Batch-type reactors were designed on a laboratory scale from amber bottles with a 
capacity of 100mL. In each of them, 60mL of acclimated bovine manure mixture and coffee mucilage 
in  9:  1%  v  /  v  ratio  was  added. Ten  reactors  were  designed  for  each  acclimation  process  (EB-
0 without acclimatization, EBA-8 with acclimation for 8 days, EBA-27 with acclimation for 27 days), 
which  were kept at room temperature (anaerobic co-digestion). The  methane  was  determined  by 
volume displacement using a solution of NaOH (0.005N) (pH> 10) as a CO2 trap. Table 1 shows the 
experimental results of the physicochemical characterization of the inoculum and substrate 

 
Table  1.  Physicochemical  characterization  of  inoculum  (Bovine  Manure)  and  substrate  (Coffe 
Mucilage), (Brewer Bagasse). 

 
Parameter                                                         Valor BM     Valor CM           Valor BB 
pH                                                                       7,5                 3,67                     5,5 
Alkalinity (mg de CaCO3/L)                              1597,33         486,11                 - 
Volatile fatty acids (mg/L Ac.acetic)                 1494,53         2058,33               - 
Total solids (g/kg)                                              36,77             -                           18,00 
Volatile solids (g/kg)                                          30,42             -                           98,00 
Carbon (%p/p)                                                    33,41             29,99                   34,00 
Nitrogen (%p/p)                                                 1,24               3,15                     1,90
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The inoculum presented a pH of 7.5 according to which it is established that the mixture is within the 
optimum range for anaerobic digestion (6.5 and 7.5) (Cendales Ladino, 2011). The mucilage of coffee 
has a pH of 3.67 and the BB 5.5 therefore to avoid a possible acidification of the medium and, 
therefore, to inactivate the microorganisms involved in the process, the substrates were neutralized 
(with calcium carbonate) favoring the conditions required for the anaerobic co-digestion process. Next,  
in  Figure  1  and  2.  The  biomethanization  potential  (PBM)  is  presented,  which  allows determining  
the  amount  of  methane  generated  per  mass  of  substrate  in  terms  of  volatile  solids; Therefore, 
from the accumulated volume of biogas by alkaline displacement and its relation to the content of 
organic matter, SV. 
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Figure 1. Relationship of the biomethanization potential (ml CH4/g SV) and time, for the anaerobic 
codigestion process of the BM/CM 

 

 
 

Figure 2. Relationship of the biomethanization potential (ml CH4/g SV) and time, for the anaerobic codigestion 
process of the BM/BB 

 
From  the  results  shown  in  Figures  1  and  2  it  is  observed  that  the  highest  PBM  is  for  the 
acclimatization process at 27 days, according to the co-digestion of the bovine manure and the coffee 
mucilage, although a greater volume of biogas has been collected in the EBA- 8 days. The maximum 
PBM of the EBA-27 days was reached for the fifth week with a yield of 144.814 ml CH4/g SV. In the 
case of the highest PBM according to the co-digestion of bovine manure and bagasse, an increase in 
the biomethanization potential was observed approximately 20 days after the EBA-8,  where a value 
of 240 ml CH4/g SV was obtained. 

 
It is concluded that bovine manure, coffee mucilage and beer bagasse are raw materials that can be 
introduced in a study for the production of biogas. It was observed that for the anaerobic co-digestion 
of the BM/CM the acclimation time that produced a higher PBM was 27 days with a yield of 144.814 
ml CH4/g SV and for the anaerobic co-digestion of the BM/BB the time of Acclimation that produced 
a higher PBM was 8 days with a yield of 240 ml CH4/g SV. 

 
 
 

Keywords Anaerobic digestion, co-digestion, biogas, acclimation, cattle bovine, coffee 
mucilage, beer bagasse 
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Abstract

Microalga-bacteria aggregates (MABAs) are a new attractive system for 
treating wastewater due to high removal of organic matter and nutrients, 
settling properties and potential conversion of their biomass into methane 
as an energy source. To evaluate the scaling-up of the MABAs process, a 
theoretical energy balance was calculated based on the energy requirement 
both of the MABAs cultivation in high rate algal ponds (HRAP) and the di-
gestion of this biomass in anaerobic reactors. In the case of the energy bal-
ance on the anaerobic reactor, the hydraulic retention time (HRT) and tem-
perature were taken into account. Both factors were evaluated regarding 
two levels, 15 and 30 days for the HRT and 35 oC and 55 oC for temperature. 
The results evidenced a positive energy balance when the anaerobic reactor 
was operated at HRT of 30 days, while at HRT of 15 was evidenced a nega-
tive energy balance. In the case of the temperature, the changes of this fac-
tor did not affect strongly the energy balance of the process. The negatives 
energy balance conditions at HRT of 15 days was associated with the low 
energy output (ranging from 51552 kJ d-1 and 71421 kJ d-1) obtained from 
the digestion of MABAs. These energy conditions at most cover the 80% of 
the heating requirement on the anaerobic reactor and 50% of the electricity 
need on the high rate algae pond reactor for treating wastewater. In conclu-
sion, the HRT of 30 days in the anaerobic process is the best conditions for 
supporting the electricity and heating requirement of the MABAs cultiva-
tion and digestion process. 

Keywords
Energy balance; anaerobic digestion; microalgae-bacteria; aggregates; 
wastewater treatment

INTRODUCTION, MATERIAL AND METHODS
Anaerobic digestion of microalgae-bacteria aggregates (MABAs) has been pointed out as an 
energetically-favourable process. In this study, a theoretical energy balance was calculated 
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based on the energy requirement both of the MABAs cultivation in high rate algal ponds 
(HRAP) and the digestion of this biomass in anaerobic reactors. The MABAs wastewater 
treatment process was carried on HRAP of 50L (working volume) operated at HRT of 10 
days. The MABA sludge was digested in an anaerobic completely stirred tank reactor under 
different operative conditions of temperature (35 oC and 55 oC) and HRT (15 d and 30 d). 
The energy balance (Energy input and output) in the anaerobic digester was taken from the 
methodology described by Ferrer et al., 2009, considering real data of methane production 
obtained in our laboratory. The chemical energy of methane was converted on electricity 
and heating based on a combined heat and power (CHP) unit. The net energy is calculated 
by means of the sum of electricity and heating energy. The energy input of the HRAP reactor 
due to the paddlewheel mixing is described by Maga et al., 2017. Energy balance was evalu-
ated according to the energy ratio (Eoutput/Einput). A positive energy balance is related to Eoutput/
Einput > 1, whilst negative balance corresponded to Eoutput/Einput < 1.

RESULTS AND DISCUSSION
To scale-up microalgae production, studies of the energy balance eventually give us an im-
portant information about the viability of the microalgae-bacteria system for biofuels pro-
duction. The theoretical calculates showed a positive net energy balance (Eo/Ei ≥ 1) when the 
anaerobic digester was operated at HRT of 30 d, in contrast a negative net energy balance 
(Eo/Ei < 1) was achieved at HRT of 15 d (Table 1). As for the temperature, it factors did not 
show a strong influence on the net energy balance. The negative balance observed at HRT 
of 15 d was associated to a low energy output produced in the anaerobic digester from the 
methane production, which ranges from 51552 kJ/d and 71421 kJ/d, corresponding to me-
sophilic and thermophilic conditions, respectively. In the case of the best scenario of energy 
balance conditions (thermophilic) at HRT of 15 d, the energy ratio only covered at most the 
80% of the energy heating and 50% of the electricity energy needed related mainly with the 
energy requirement of the paddlewheel mixing in the HRAP. In the case when the net energy 
balance was positive (HRT of 30d), mesophilic conditions showed a high surplus of heating 
energy, while under thermophilic conditions a high surplus related to electricity energy

CONCLUSION
In relation to the energy benefit of anaerobic digestion of MABAs, the HRT of 30 d, ap-
peared as a feasible operative conditions to cover the heating and electricity requirement in 
both the cultivation and anaerobic processes. In this context, the evaluation of new biomass 
pre-treatment technologies which not affect the energy balance and allowing to minimize 
the HRT in the anaerobic process should be a niche for future research.

Table 1. Results of energy balance both consumption (Energy input), production (Energy output) and 
energy ratio (Eouputt/ Einput) of the MABAs systems regarding the units of HRAP and the anaerobic di-
gester. 
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Mesophilic conditions 
(35 oC)

Thermophilic con-
ditions 
(55oC)

MJ/d MJ/d
15 d 30 d 15 

d
    30 
d

Energy input Net 95.4 99.9 140.5 145.0
Heat 45.1 45.1 90.2 90.2
Electricity 50.3 54.8 50.3 54.8

Energy output Net 64.1 143 46.3 214.5
Heat 39.2 87.4 28.3 131.1
electricity 24.9 55.6 18.0 83.4

Energy ratio Net 0.7 1.4 0.3 1.5
Heat 0.8 1.9 0.3 1.4
electricity 0.5 1.1 0.4 1.5
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Abstract 
The concepts of Energy Security, Energy Independence, and Energy Sustainability has motivated 
many countries to contemplate the use of renewable energy sources, among them, biomass-based 
systems. Agricultural crop residue represents one of the largest and most diversified sources to be 
exploited. Coffee (Coffea arábica) represent one of the most important cash crops. Therefore, it is 
expected that the production and availability of agricultural biomass derived from conversion of the 
products of harvest into commodities will be significantly large. The objective of this research is to 
present an in-depth spatial and technical-economic differential analysis of the production of biogas 
from coffee pulp in Colombia. The methodology developed in this study presents a multidimensional 
approach to the problem by identifying the main factors involved and integrate spatial indicators in 
the construction of a decision model. The main results present a critical description of the advantages 
and disadvantages for biogas production from coffee pulp. Furthermore, national strategic zones and 
the number of feasible facilities are presented. For example, spatial analysis shows that only about 
65% of total resources can be used; based on the optimal collection distances. 

 
Keywords 
Anaerobic Digestion; Coffee Pulp Spatial Analysis; Spatial LCA 

 
 
INTRODUCTION 
Colombia is an agricultural-based country, so most of the rural biomass produced consists of large 
amounts of agro-residues derived from cutting processes and conversion of the products of harvest 
into commodities for local and export markets. Agriculture in Colombia produces approximately 71.9 
million tons of agricultural biomass per year on a dry matter basis, with a corresponding energy of 
331.7 PJ year-1  (Escalante et al., 2010). However, contrary to favourable potential for growth of a bio-
based economy, the progress is very sluggish. Coffee makes a very important contribution to the 
economy of the country. It is the dominant cash crop and one of the single most important export 
product.  Coffee  pulp  is  an  underexploited  by-product  obtained  during  coffee  production  and 
represents 30% of the coffee fruit on a dry-weight basis. Generation of biogas using coffee pulp as 
substrate in anaerobic digestion (AD) plant represents an alternative solution for waste management. 
However, in order to exploit the underlying opportunities, research studies are essentially required 
that integrate the assessment of the residual biomass potential for energy production with techno- 
economic feasibility analyses and with the environmental aspects of bioenergy projects. There are 
very few studies that integrate these issues into an overall structure towards to the development of 
strategic programmes at national, and regional levels. 

 
 
MATERIALS AND METHODS 
The principal objective of this study was to evaluate the feasibility of valorizing coffee pulp coming 
from Colombian harvest for installation of AD facilities in order to promote rural development. It 
focuses  on  the  combined  assessment  of  biomass  availability,  techno-economic  feasibility  and 
environmental aspects of this agricultural residues to produce electricity. The approach adopted here 
is based on the premise that sustainability concept is strongly associated with the spatial relationships 
particular to the geographical region, and rejects the limited approach of sustainability associated with
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environmentally  friendly  practices  irrespective  of  the  spatial  features  of  the  farming  systems.  
To accomplish  this,  a  decision  model  composed  of   four  distinct  but  integrated  components  is 
implemented,   including   high-resolution   GIS-based   spatial   coffee   pulp   resource   assessment 
(Component  1),  biogas  conversion  pathways  (Component  2),  spatially  explicit  techno-economic 
analysis (Component 3), and LCA (Component 4). Specifically, Component 1 estimates coffee pulp 
resource,  defines  agro-ecological  zones  for  coffee  crop  based  on  bioclimatic  indicators,  and 
determines  suitable  land  availability  across  the  country.  In  Component  2,  the  physicochemical 
characterization was performed and the anaerobic digestion of coffee pulp used as raw material with 
different substrates were studied. Based on the results of both components, the production of biogas 
and the input/output of material/energy for biomass-to-biogas conversion pathways is evaluated and 
life cycle impact analysis by calculating environmental burdens associated with process operation. 
GIS Data base was provided by the Instituto Geográfico Agustín Codazzi (IGAC). 

 
 
RESULTS AND DISCUSSION 
In Colombia, there are three main drivers for adopting coffee pulp in commercial applications of AD 
technology in rural areas: (i) amount of waste generated is high, (ii) AD technology have reached near 
commercialization and (iii) the country has local expertise in developing and deploying bio- 
methanation technologies for biogas production. As shown in Fig. 1, there is a great potential for 
biogas production from coffee pulp in Andean region. The installed capacity could be up to 834kWe. 
The use of this residue to produce biogas can be limited by the distance from the collection sites to 
AD  plant.  Higher  transportation  costs  and  GHG  emissions  can  be  incurred  by  a  longer  delivery 
distance to the AD plant. LCA results show that environmental impacts vary significantly among 
different locations. Although not competitive to conventional fossil fuel in energy efficiency, coffee 
pulp could offer significant benefit at rural communities. 

 

 
 

Figure 1. AD facilities and its corresponding installed capacity (kWe) across the whole Colombia. 
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Abstract 
In this work we explored the possibility of using alkaline peroxide (1.5, 2 or 2.5%, 1.5 
h) at  50ºC  for  the  pre-treatment  of  microalgal  biomass,  the  methane  production  
potential was determined and compared with other alkaline pre-treatments with NaOH 
(2 or 5%, 
50ºC, 24 h) and CaO (10 or 15%, 72ºC, 24 h). Alkaline peroxide resulted appropriate 
for the  solubilisation  (around  15%)  of  organic  matter  of  microalgal  biomass;  CaO  
pre- treatment yielded the highest solubilisation (around 20%). Methane production 
potential at alkaline conditions (pH = 8) was around 2 fold higher with pre-treated 
biomass than without pre-treatment. The advantage of alkaline peroxide is the reduction 
of exposure time, from 24 h needed when using CaO or NaOH to only 1.5 h. 

 
Keywords 
Alkaline pre-treatment; solubilisation; methane production 
potential 

 
 

INTRODUCTION 
Microalgal biomass can be used as feedstock for anaerobic digestion, but a pre-treatment is 
always  recommended.  Pre-treatments  are  intended  to  diminish  the  recalcitrant  organic 
fraction and increase biomass digestibility; in addition pre-treatments allow nutrient cycling 
and increase methane yields (Paul et al., 2016). The effectiveness of the pre-treatment on the 
biogas production depends on the macromolecular composition and cell wall structure of  the  
microalgae.  Alkaline  pre-treatments  in  combination  with  temperature  (72-120ºC) affect 
the polymeric structure of the cell with emphasis on proteins. Another alkaline pre- treatment 
is the use of alkaline peroxide at mild temperatures (50-60ºC), with the advantage of forming 
less inhibitory compounds, compared to higher temperature pre-treatments. The aim of this 
work was to evaluate the effect of different alkaline pre-treatments, firstly in the solubilisation  
of  organic  matter,  and  secondly  in  the  methane  production  potential  at alkaline 
conditions. 

 
MATERIALS AND METHODS 
Microalgal biomass and pre-treatments 
Microalgal  biomass  (Scenedesmus  obtusiusculus)  was  cultivated  in  a  500  L  raceway, 
concentrated and dried at 60 ºC. A total of 7 different pre-treatments were applied to the 
microalgal biomass, combining different concentrations of alkali: CaO (10, 15%), NaOH (2,  
5%)  and  alkaline  peroxide  (1.5,  2.0,  2.5%),  different  temperatures  (50,  72ºC)  and 
different exposure times (1.5 or 24 h). 
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Granular sludge and methane production potential 
 
Granular  anaerobic  sludge  was  obtained  from  a  full-scale  anaerobic  reactor  that  treats 
tequila  vinasses,  the  sludge  was  previously  acclimated  (6  months)  to  alkaline  
conditions (UASB reactor, effluent pH= 9.0). Methane production potential was performed in 
120 mL serum bottles with 2 g/L of volatile suspended solids of granular sludge and 2 g of 
COD/L of solubilized microalgal biomass. The test was performed at alkaline conditions (pH 
= 8). 
 
RESULTS AND DISCUSSION 
Comparison of alkaline pre-treatments 
In  general  after  the  alkaline  pre-treatment  the  soluble  COD  of  the  microalgal  biomass 
increased (Fig. 1). The pre-treatment with alkaline peroxide (AP) yielded about the same 
COD solubilisation regardless of the percentage applied (1.5 to 2.5%). NaOH showed the 
lowest COD solubilisation among pre-treatments, whereas CaO showed the highest COD 
solubilisation. 

 

 
Figure  1.  Percentage  of  chemical  oxygen  demand  solubilisation  among  different  alkaline  pre- 
treatments  with  alkaline  peroxide  (AP),  NaOH  or  CaO  at  different  temperature  (50  or  72ºC)  
and different exposure time (1.5 or 24 h). 

 

Methane potential production 
Compared   to   the   biomass   without   pre-treatment,   the   methane   production   with   
pre- treatments increased almost 2 fold (1.74, 1.66 and 1.75, for NaOH 2%, AP 2% and CaO 
15%, respectively). The production of methane using the alkaline peroxide pre-treatment, was 
very similar to the methane production reached with NaOH or CaO which pointed out 
that  the  alkaline  peroxide  pre-treatment  is  appropriate  for  microalgal  biomass  with  the 
advantage that the exposure time to perform the pre-treatment is reduced considerably from 
24 hours needed when using NaOH or CaO to only 1.5 hours. 
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Abstract 
The objective of this work was to produce hydrogen from corn cob using a mixed culture (cow composting) 
by anaerobic fermentation. A mechanical pre-treatment, acid and vapor exposure to the corn cob was carried out, 
after this an acid hydrolysis was made with sulfuric acid and steam exposure for one hour. The liquid phase 
obtained was used as sources of reducing sugars in anaerobic fermentation. The results obtained in the pre- 
treatment and acid hydrolysis corresponded to 52.04 and 92.02 g / l, respectively. In the fermentation, different 
substrates composed by a ratio of solutions of reducing sugars and mother solution in proportions of (4: 1, 1: 1 
and 1: 4) were used, the mixed culture pre-treated, was placed in contact with the substrate in an anaerobic 
medium  for  obtaining   hydrogen.  The  fermentation  time  was   60  hours,  pH   6.8,  temperature  37  °  C  
and agitation 120 rpm. The production of hydrogen was  measured by the inverted displacement method or 
Mariotte bottles, where the largest displacement of biogas was obtained from the substrate in relation (4: 1), with 
a volume of 213.20 ml. Finally hydrogen was quantified by gas chromatography, the hydrogen concentration of 
the experiment in relation to 4: 1 presented a value of 52% which is equivalent to 111.74 ml of hydrogen. It was 
found that the greater the amount of reducing sugars, the greater the displaced volume of biogas and, in turn, the 
greater amount of hydrogen produced during anaerobic fermentation, which confirms that corn cob using mixed 
culture has great potential for production of  hydrogen as an alternative energy source. 

 
Keywords 
Corn cob; Mixed culture; Hydrogen; Inverted displacement 

 
 
INTRODUCTION 
The development of renewable energy sources, such as hydrogen, provide clean combustion and does 
not  produce  greenhouse  gases.  World  annual  corn  production  exceeds  1.03  trillion  metric  tons. 
Around 50 % are leaves, stems, husks and ears that are removed as waste material (Sewsynker-Sukai 
et al., 2018) 

 
MATERIALS AND METHODS 

 

All the reagents were of analytical grade. H2SO4 (sulfuric acid) at 1% w / w, 2% NaOH w / w. A UV- 
VIS Spectrophotometer was used for the determination of reducing sugars and a gas chromatograph 
(AGILENT 4890DGC), to verify the presence of hydrogen (Guptaa et al., 2014). The stock solution 
was prepared following the method of (Lay et al, 1999). Anaerobiosis chambers were placed two 250 
ml bottles, containing (10 ml AR: 40 ml SM), medium (25 ml AR: 25 ml SM) and high (40 ml AR: 
10 ml SM) with 3.3 g of cow dung (Chunmei et al., 2010). All trials were done in duplicate and the 
results were averaged for accuracy. 

 
 
 
ANALYSIS OF RESULTS
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Determination of reducing sugars 
 
In Table 1, the hydrolysis process applied to corn husk is presented, reducing sugars of 52.05 g / l 
for pre-treatment and 92.02 g / l for hydrolysis were obtained. 

 
Table 1. Comparison of acid hydrolysis of the present work with other studies.   
            Studies                  Biomass used                 Pretreatment                Hydrolysis          AR [g/l]  

 
This studio                   Corn cob 

Mechanic - Acid 
(H2SO4)- explosion 

Acid (H2SO4)- 
explosion with 

 
92,02

           with steam                      steam             
(Omoniyi  and 

Olawale, 2018) 
(Moodley and 

Gueguim, 2018) 

Corn cob                   Acid (H2SO4)- 
explosion with steam 

Sugar cane leaves           Mechanic- Acid 
(H2SO4) 

-                    61.43 
 
 
Acid (H2SO4)          57,9

 
 
Displacement calculations - characterization by gas chromatography 

 
In  Figure 1,  the  brine displacement  was  greater in the ratio 80%  reducing sugars  and 20% stock 
solution. In Figure 2, according to the results obtained, it can be seen that the highest concentration of 
hydrogen produced was obtained in the 80:20 substrate ratio with a value of 52.41% v / v. 
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Figure 1. Production of biogas from reducing 

sugars and mother solution. 

 
Figure 2. Chromatogram of the substrate ratio 80:20
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Abstract:  Nitrogen  impact  in  the  environment  increases  with  the  population  growth.  In  that  sense,  the 
nitrogen removal has become a necessary process in the Wastewater Treatment Plants (WWTP). However, this 
does not happen in in the most of decentralized treatment systems. The search of new alternatives in the nitrogen  
removal  brought  several  discoveries  in  the  past  decades,  the  most  relevant  was  the  Anammox process. 
The application of this technology is complicated due to nitrite demanding. In this study, we use the benefits of 
constructed wetlands as a decentralized treatment system along with Anammox technology. Two experimental  
units  (planted  and  unplanted  wetlands)  were  evaluate  for  denitrification.  The  results  showed two  different  
pathways  in  the  nitrogen  cycle,  nitrification  for  the  panted  unit  and  denitrification  for  the unplanted one. 
Curiously, both units have an enhance in the nitrogen removal when Anammox biomass were applied. 

 
 

Keywords: Constructed wetland; Anammox; nitrogen removal. 
 
 
INTRODUCTION 
Nitrogen is global problem in the wastewater treatment. One sustainable alternative for the nitrogen 
removal is the Anaerobic Ammonium Oxidation (Anammox) process, which uses ammonium and 
nitrite (almost 1:1) to form nitrogen gas (Mulder et al., 1995). The key issue is the nitrite formation. 
This problem has limited the use of this technology for highly loaded ammonium effluents and its use 
for decentralized systems is scarce. 

 

Constructed  Wetlands  (CW)  are  widely use  around  the  world,  but  mostly  adapted  to  imitate  
the nitrification/denitrification   process   (Vymazal,   2007).   So   far,   however,   there   has   been   
little discussion about the use of Anammox in decentralized technologies. The specialized operation 
and control  of  the  Anammox  process  are  the  bottleneck  for  the  application  in  simplified  
wastewater treatment (Ma et al., 2016). 

 

The  aim  of  this  paper  is  to  evaluate  if  Anammox  could  enhance  the  nitrogen  removal  rate  in 
constructed wetlands. 

 
 
MATERIAL AND METHODS 
Two constructed wetlands was set up to receive effluent of an anaerobic filter and a sand filter that 
operates for 8 years (Cruz, 2013) treating domestic wastewater. 

 

The system consisted of two constructed wetlands with dimensions 0.81 × 0.51 × 0.40 m (length × 
width × depth) and filled with fine gravel (Ø = 4 – 10 mm) and porosity  = 0.40. Only one bed was 
planted  with  Cyperus  papyrus.  The  beds  were  intermittently  fed  with  a  hydraulic  loading  rate 
(HLR) = 1.37 m3 m-2 d-1. 

 

To evaluate the effect of Anammox in CW, the experiment was carried out in three phases. First, the  
units  were  fed  only  with  anaerobic  effluent  (Phase  I);  then,  the  system  uses  a  mixture  of 
anaerobic effluent and aerobic effluent with ratio 3:1 (Phase II); finally, the system was inoculated 
with Anammox biomass (Phase III) with 21 mg N L-1  d-1of nitrogen removal rate.
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RESULTS AND CONCLUSIONS 
Figure 1 shows the median and range of values for the influent characteristics. Nitrate is present in 
Phase II and III due to the aerobic nitrified effluent from the sand filter. 

 

 
 

Figure 1 Characterization of the influent parameters for each phase of the experiment. 
 

In Fig. 2 there is a clear trend of decreasing in concentration of TIN in the effluent of both units, 
especially in the phase III, after the Anammox inoculation. The decreasing of NH4

+-N and increase of 
NO3

—N confirm a nitrifying activity in the planted unit. This is not the case for the unplanted unit 
because the values are similar to the inflow (see Fig. 1). 

 

Interestingly, the nitrate level diminished in Phase III for both units (Fig 2). This effect could be 
promoted  for  the  nitrite  competition  between  Anammox  and  nitrifying  bacteria  or  denitrifying 
microorganisms, in each case. 

 

 
 

Figure 2 Nitrogen balance for the effluent of each experimental unit. 
 

The pathway of nitrite in each unit is different. As we can see in Fig 3 the pH of the planted unit is 
lower than the inflow due to the nitrifying activity; on the other hand, the unplanted unit show a higher   
pH,   typical   response   of   denitrifying  activity  (Paranychianakis   et   al.,   2016).   This  is 
corroborated with the consuming or producing of alkalinity.
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Figure 3 pH and Alkalinity responses in the effluent of each unit. 
 

We conclude that Anammox inoculation enhance the nitrogen removal in constructed wetlands. 
The  vegetation  allows  more  diversity  in  the  nitrogen  removal  pathways.  And,  the  mixture  of 
anaerobic and nitrified effluents could be a good strategy for nitrogen removal. 
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Abstract 
Researches based on the anammox process such as the OLAND (Oxygen-Limited Autotrophic 
Nitrification-Denitrification) process, have been conducted worldwide for the removal of nitrogen 
from wastewater. Rotating biological contactors (RBC) emerge as an alternative of interest to 
conventional processes, since it allows the development of aerobic/anoxic biofilms coupled with 
lower aeration costs. The aim of this study was to evaluate nitrification in RBC systems, focusing 
on the application of the OLAND process for post-treatment of anaerobic effluents. A RBC system 
was fed with synthetic wastewater with concentrations of NH4

+-N of 50 to 200 mg N.L-1 and 
operated with rotations of 5 and 10 rpm. The system proved to be appropriate for the fast 
development of nitrification. However, it was evident that, higher ammonium concentrations are 
required or, for the same concentrations studied, lower speeds of rotation. 
 
Keywords 
Anammox; biofilm; nitrogen; OLAND; post-treatment; rotating biological contactor 

INTRODUCTION 
Despite the evident advantages of anaerobic technology for effluent treatment in warm climate 
countries, the need for post-treatment to remove nutrients remains a major limitation. The application 
of biofilm-based treatment systems allows the coexistence of aerobic and anoxic conditions in the 
same structure, an essential characteristic for the application of alternative biological routes for 
nitrogen removal from wastewater, such as the OLAND (Oxygen-Limited Autotrophic Nitrification-
Denitrification), which consists of the occurrence of nitritation and anammox in a single reactor 
(Courtens et al., 2014). RBC systems are alternatives in this context, considering the possibility of 
double biofilm growth in the discs and the lower expenses with aeration. The occurrence of the 
anammox process in these systems depends on the oxygen dissolved consumption by the nitrifying 
activity. Therefore, the aim of this study was to evaluate nitrification in RBC systems, aiming at the 
application of the OLAND process for post-treatment of effluents from anaerobic reactors.  

MATERIALS E METHODS 
The RBC system consisted of a 50x14x7cm acrylic tank and a shaft containing 30 polycarbonate 
disks of 10 cm diameter, being 40% of it submerged. The reactor was maintained at room temperature 
(23,1±1,1oC) fed with synthetic effluent adapted from Van de Graaf et al. (1996), appropriate for both 
nitrification and anammox, with increasing concentrations of ammonium nitrogen, and operated with 
a HRT of 24 h. The experiment started with a concentration of 50 mg NH4

+-N.L-1 (Phase I) for 
adaptation and after stability, this concentration was increased to 100 (Phases II and III) and 200 mg 
NH4

+-N.L-1 (Phase IV e V). Discs rotations of 5 and 10 rpm were tested. All analyses were performed 
according to APHA (2005). 

RESULTS AND DISCUSSION 
Phase I lasted 39 days and corresponded to the initial period of adaptation. Phases II and III, with 
durations of 25 and 60 days, respectively, and differed only in the rotations, 5 and 10 rpm. Phase IV 
lasted 24 days in the rotation 5 rpm and Phase V, in the rotation 10 rpm, lasted for 14 days. 
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Oxygen transfer in the RBC 
No significant differences were observed in the concentration of DO in the reactor, between phases 
I, II and III, by increasing the aeration capacity induced by rotation speed, confirming that oxygen 
supplied by the movement of the disks was sufficient for the microbiological activity at these 
concentrations. However, when there was a change in the concentration of NH4

+-N influent in phase 
IV, there was a mean decrease of the dissolved oxygen concentration of 43%, 40% and 16% at the 
entrance, middle and the outlet of the reactor, respectively. Thus, it is observed that, for the studied 
rotation speeds, conditions for the development of the OLAND process in the system may require 
higher concentrations of NH4

+-N, in which microaeration and anoxic zones inside the biofilm are 
expected due to intense nitrification activity. 

Nitrification 
The temporal profiles of influent and effluent concentrations over the 162 days of operation are shown 
in Figure 1. 

 
Figure 1. Profiles of nitrogen concentration: NH4

+-N influent (▲), NH4
+-N effluent (Δ), NO2

--N effluent (■) 
and NO3

--N effluent (o) 

The natural development of nitrifying biomass occurred satisfactorily, registering around the 23rd 
day of operation nitrification efficiencies greater than 97%, thus requiring a short period of growth 
and adaptation. At the end of the second phase, a spatial analysis of the N-NH4

+ removal was made 
and it was verified that already in the first third of the reactor, the efficiency achieved was more than 
90%, indicating that the attached biomass had the capacity to support higher loads. The average 
efficiency of nitrification was 95%, 99%, 85%, 98% and 95%, for phases I, II, III, IV and V, 
respectively. 

CONCLUSIONS 
The RBC technology has proven to be suitable for fast and efficient development of nitrification. 
However, it was evident that, for the specific occurrence of nitritation and subsequently simultaneous 
development of anammox (OLAND process), for the same rotations studied, higher ammonium 
concentrations are required, which would result in lower concentrations of DO. This will be further 
tested. Another alternative for effluents in the concentration ranges studied would be the use of lower 
speeds of rotation, which was not possible experimentally. The feasibility of the technologyis still 
under investigation for the post-treatment of effluents from anaerobic reactors. 
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Abstract 
Combining partial nitritation and anammox in a single system is a promising alternative for the 
low-cost removal of ammonium from wastewaters, including anaerobic effluents. In this work, two 
reactors (R1 and R2) with different microaeration and biofilm strategies were operated for 349 days 
aiming for the combined processes of partial nitritation and anammox. The processes were 
successfully established in both reactors (after 90 days in R1 and 80 in R2) and high efficiencies 
(above 90%) of NH4

+-N removal were obtained. 
 
Keywords 
Anammox; microaeration; partial nitritation; snap 

INTRODUCTION 
Sustainable technologies for wastewater treatment require the development of novel processes that 
are energy-efficient and able to reduce costs. The anammox process (anaerobic ammonium 
oxidation) has emerged as a promising alternative especially for ammonium-rich or low C/N ratio 
wastewaters as mature landfill leachate, sludge digester supernatant or other anaerobic effluents. 
Since anammox bacteria need NO2

- as one of the substrates, the process must be coupled to a partial 
nitritation step. This combination in a single stage is possible and known as SNAP (Single-stage 
Nitrogen removal using Anammox and Partial nitritation). The application of the process on a large 
scale is still limited, since the anammox biomass presents slow growth and the operational 
conditions (pH, NH4 and NO2

- loading rate, temperature, DO and others) must be properly 
controlled (Ali and Okabe, 2015). Thus, the aim of this study is to evaluate two different strategies 
of microaeration and biofilm formation in the implementation of the SNAP process. 

MATERIALS & METHODS 
Two continuous and upflow reactors were operated in parallel, both with adhered biomass: one with 
1cm polyurethane foam cubes encaged in plastic cylinders (R1) and the other with a silicone 
membrane (R2). The working volumes of R1 and R2 were 2 and 2.7 L, respectively. The hydraulic 
retention time (HRT) was set to 24h. The internal temperature was maintained at 30°C through a 
thermostatic water jacket. Recirculation of the effluent with the same feed flow was applied. Two 
different microaeration strategies were evaluated: air was injected into R1 through a fine bubble 
diffuser and, in R2, through a 1cm-diameter helical-shaped silicone membrane also used as a 
biofilm support medium. In R1, intermittent aeration was supplied (15 minutes aerated and 30 
minutes non aerated) while in R2 the aeration was continuous. The synthetic wastewater used in the 
experiment was adapted from Van de Graaf et al. (1996). The reactors were inoculated with 
activated sludge from WWTP of Várzea Paulista, SP, Brazil. The operation was divided into three 
distinct phases for the nitrogen loading rate (NLR): 50 (period 1), 100 (period 2) and 250 (period 3) 
g N m-3 d-1. Analyses of NH4

+-N, NO2
--N and NO3

--N of the synthetic wastewater and the treated 
effluent were performed all according to APHA (2005). 

RESULTS AND DISCUSSION 
The profiles of nitrogen concentrations over the 349 days of operation are shown in Figure 1. 
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Figure 1. Profiles of nitrogen concentration in R1 (A) and R2 (B). N-NH4

+ influent (Δ), N-NH4
+ effluent (▲), 

N-NO2
- effluent (■) and N-NO3

- effluent (●). 

The operation started with a NLR of 50 g N m-3 d-1 and this condition was maintained until day 132. 
The SNAP process was established after 48 days in both reactors but only reached stability after 90 
days in R1 and 80 days in R2. The start-up time can be considered short and compatible with other 
recent works on anammox (Ali and Okabe, 2015). The average total nitrogen (TN) removal during 
the stationary phase of period 1 was 70% in R1 and 79% in R2. Maximum efficiencies were 78 and 
84% in R1 and R2, respectively. The NH4

+-N average removal was 99% in R1 and 98% in R2. The 
R2 reactor had a slightly shorter start-up time and a superior performance in period 1, possibly due 
to the differences between the microaeration strategies and biofilm stratification in the two reactors. 
In R2, it was possible to maintain the DO at 0.42 ± 0.09 mg O2 L-1 through the silicone membrane 
and for R2, higher levels (0.70 ± 0.19 mg O2 L-1) and greater variations were obtained through the 
fine bubble diffuser. The stratification of the aerobic-anoxic biofilm is also different in the two 
systems: in R1, the anammox biomass is expected to remain inside the foam and protected from the 
bulk liquid while in R2 this same group tends to stay in the outside layer of the biofilm attached to 
the silicone membrane and in direct contact with the medium. In period 2 the average TN removal 
during the stationary phase was 60% in R1 and 62% in R2. Maximum efficiencies were 68 and 69% 
in R1 and R2, respectively. The NH4

+-N average removal was 88% in R1 and 96% in R2. The 
performance of the two reactors was quite similar. In period 3 the average TN removal during the 
stationary phase was 75% in R1 and 69% in R2. Maximum efficiencies were 80 and 74% in R1 and 
R2, respectively. The NH4

+-N average removal was 88% in R1 and 79% in R2. The R1 reactor 
presented superior performance in period 3.  
 
CONCLUSIONS 
Although R2 presented a faster start-up period, the biofilm strategy used in R1 seemed to allow the 
retention of a larger biomass amount and possibly greater protection for the anammox bacteria. 
Nevertheless, both strategies presented good performance so far. The SNAP process was 
successfully established in both reactors and the NH4

+-N removal was satisfactory. Additional 
operational conditions will be tested in the future regarding NH4

+-N levels for further evaluation. 
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Abstract
This paper evaluates the nitrification and sulfide-driven autotrophic de-
nitrification processes in a structured-bed reactor subjected to intermittent 
aeration (SBBRIA) applied to the post-treatment of nitrogen-rich synthetic 
wastewater. The presence of sulfide from AnR partially inhibited the nitrify-
ing activity, resulting in low NH4

+-N oxidation efficiencies. This fact directly 
affected the overall nitrogen removal performance as Total-N removal effi-
ciencies of 50 and 55% in Conditions III and IV, respectively, were attained. 
Under an anoxic/anaerobic condition, the effective use of sulfide as an elec-
tron donor by autotrophic denitrification was verified by ORP monitoring. 
However, a concentration of 260 mg TDS L-1 associated to high pH showed 
to be inhibitory for NO3

- reduction. Based on results obtained, new strate-
gies of adding sulfide to the SBRRIA should be tested to minimize its inhibi-
tory effect on nitrification and improve nitrogen removal in the SBBRIA unit.

Keywords
Biological post-treatment; sulfide toxicity; structured-bed reactor; oxida-
tion-reduction potential (ORP); nitrogen-rich saline wastewater.

INTRODUCTION
The use of by-products (CH4 and H2S) of anaerobic digestion as electron donors for post-treat-
ment processes, allowing their removal from liquid and gas streams (Foresti et al., 2006), 
has gained considerable interest recently. Studies in this field are usually performed in com-
partmentalized, horizontal and semi-partitioned bioreactors. However, only a few investi-
gations have been carried out on nitrogen removal through simultaneous nitrification and 
sulfide-driven autotrophic denitrification in a single unit, using sulfide as the electron donor 
for denitrification.
 The present study evaluated the post-treatment of an anaerobic effluent in a struc-
tured-bed reactor subjected to recirculation and intermittent aeration (SBRRIA), based on 
sulfide-driven autotrophic denitrification of the remaining oxidized nitrogen. Temporal pro-
files were used to better elucidate mechanisms associated with sulfide inhibition on the ni-
trification and the dynamics of the combined processes. So far, the use of ORP profiles for 
elucidating the dynamics of the SND process coupled to sulfide-driven autotrophic denitrifi-
cation has not been reported yet.

MATERIALS AND METHODS
Two cylindrical-shaped reactors made of acrylic were used in this study, resulting in working 
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volumes of 9.6L. Both SBBRIA and AnR were filled with 13 cylinders of polyurethane foam 
for biomass growth. Both bioreactors were operated in series with a HRT of 18 ± 0.6 h and 
a nitrogen-rich synthetic wastewater was adopted as substrate. The continuous monitoring 
period (298 days) was divided into two main sections: (i) previous operation of AnR until 
adequate establishment of sulfidogenesis (Conditions I, II and III A) and (ii) operation of both 
reactors aiming to develop the SND process coupled to autotrophic denitrification in SBRRIA 
(Conditions III B and IV). A recirculation ratio of 5 and an intermittent aeration cycle of 3 
hours (2h with aeration and 1h without aeration) were adopted for SBBRIA. At the end of 
operational period, temporal profile tests were carried out to elucidate the dynamics of the 
combined processes and sulfide impacts on the SBRRIA performance during aerated and 
non-aerated phases.

RESULTS AND DISCUSSION

Characterization data of the effluent produced by the AnR and SBBRIA reactors in each ex-
perimental phase are presented in Tables 1 and 2. 

Table 1. Characteristics of the effluent generated in the AnR which was applied as influent for the 
SBBRIA.

Variables
Experimental Conditions
I II III (A and B) IV

Operational period 
(days) 1 - 37 38 - 81 82 - 202 203 - 298

COD (mg L-1) 52 ± 25.8 93 ± 12.5 93 ± 8.8 132 ± 27.4
NH4

+-N(mg L-1) 64.8 ± 4.1 66.1 ± 4.1 65.7± 3.8 132.6 ± 5.8
SO4

2- (mg L-1) 213.0 ± 31.3 155 ± 19.1 122.0 ± 40.4 50.1 ± 26.2
TDS (mg L-1) 71.4 ± 2.8 89.7 ± 4.6 220.1 ± 17.8 231.0 ± 25.3
Total alkalinity 
(mg CaCO3 L

-1) 759 ± 41 863 ± 46 1971± 149 2072 ± 148

pH 7.3 ± 0.1 7.0 ± 0.1 7.3 ± 0.1 7.1 ± 0.2
Sulfate reduction 
efficiency (%) 49.2 ± 6.6 68.4 ± 2.5 85.4 ± 4.4 94.0 ± 4.1

COD removal effi-
ciency (%) 93.7 ± 3.0 93.3 ± 1.0 91 ± 1.0 92.4 ± 5.2
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Table 2. Effluent characteristics and removal efficiencies reached in the SBRRIA in Conditions IIIB 
and IV.

Variables
Experimental Conditions

III B IV
Operational period (days) 168 – 202 203 - 298
TDS (mg L-1) 0 0
SO4

2- (mg L-1) 454.2 ± 44.5 434.6 ± 27.3
NH4

+-N (mg L-1) 29.5 ± 10.1 54.6 ± 17.7
NO2

--N(mg L-1) 0.1 ± 0.1 2.7 ± 1.9
NO3

--N(mg L-1) 2.4 ± 1.0 3.8 ± 3.4
NH4

+-N oxidation efficiency (%) 54 ± 16 59 ± 12
Total-N removal efficiency (%) 50 ± 16 55 ± 11
Denitrification efficiency (%) 93 ± 4 92 ±4

 By comparing the stoichiometric sulfide yield from sulfate reduction (1 mole of sul-
fide produced for 1 mole of reduced sulfate) with TDS concentrations detected in the AnR 
effluent under Condition III, it was observed that approximately 90% of the theoretical pro-
duced sulfide was maintained in the dissolved fraction (as H2S and HS− species) (Table 1). 
This result confirmed the effective sulfidogenesis establishment of in the anaerobic reactor. 
Therefore, SBBRIA started to be continuously fed with effluent from AnR on the168th day 
of operation (Condition III B), totalizing 130 operational days.

Results from Table 2 show that the total-N removal in SBBRIA was limited by the nitrification 
step, since low effluent concentrations of NO2

- and NO3
- were obtained. This low nitrifica-

tion performance probably occurred due to the sulfide inhibitory effect on the nitrifying 
community, as the influent contained 220.1 ± 17.8 and 231.0 ± 25.3 mgTDS L-1 (Table 2). The 
ORP range for nitrification and denitrification at the SBBRIA system was lower than typical 
values reported in the literature. Temporal profile tests confirmed that dissolved sulfide was 
effectively used as an electron donor for autotrophic denitrification in a SBRRIA, resulting 
in a maximum Total-N removed load of 0.095 kgN m-3d-1 and denitrification efficiency of 92 
±4% in Condition IV.
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Abstract: The present work has the goal of determining the effect of zeolite as an improver of the nitrification process 
in the presence of sulfide and organic matter. A first step was carried out in batch systems of 300 mL each, with a liquid 
volume of 200 mL. Four zeolite concentrations were studied: 2.5, 5, 10 and 15 g/L, using a control without zeolite for each 
assay. Second step was done in SBR of 1.8 L of liquid volume. The inhibitory effect of both sulfide and organic matter on 
the nitrification process in batch system was decreased up to 53% by the use of zeolite, with the best results at zeolite 
concentration of 15 g/L. In SBR using 1 g/L zeolite, only settling velocity was improved. Therefore, zeolite can be used to 
improve nitrification under stressing conditions with concentrations higher than 5 g/L.

Keywords: Nitrification, Sulfide, COD, Zeolite.

At present, many industrial wastewaters, such as effluents from anaerobic digestion of 
sludge and agricultural wastes, contain specific and readily identifiable chemical compounds 
such as ammonia, sulfides, and carbonaceous substances (Beristain-Cardoso et al., 2011). 
Nevertheless, the study of biological nitrification in the presence of organic matter and sulfide 
has been scarcely reported. One way to improve the nitrification process is the use of process 
improvers, such as natural zeolite. It is known that zeolite can improve the nitrification in 
presence of inhibitors (Park et al., 2003). Therefore, the main goal of the present work was to 
determine the effect of zeolite on the nitrification process in the presence of organic matter 
and sulfide in a batch a SBR system.
The study was carried out in batch systems of 300 mL each, with a liquid volume of 200 mL. 
Four zeolite concentrations were studied: 2.5, 5, 10 and 15 g/L, using a control without zeolite 
for each assay. In order to know if the zeolite has an effect at low zeolite concentrations but 
in a long time, SBR of 2 L each using 1 g/L zeolite and without zeolite were studied. 
As results, it was observed in batch that the inhibitory effect of both sulfide and organic 
matter on the nitrification process was decreased up to 53% by the use of zeolite, with the 
best results at zeolite concentration of 15 g/L, as is shown in Figure 1. No Total Ammonia 
Nitrogen (TAN) adsorption on the zeolite was observed under these conditions, with TAN 
removal taking place mainly by biological oxidation. Specific nitrate production rate increased 
up to 51.4% compared to the control when zeolite had a concentration of 15 g/L (Table 1.1). 
Sulfide was oxidized chemically in all the assays, with sulfate as the main product, while COD 
reduction and VSS production were not affected by zeolite. 

In SBR, no effect of zeolite was observed in the process, even though there was biofilm 
formation on the zeolite (Figure 2), which also had been reported in other works. The main 
improve in the system with zeolite was its settling velocity, which was 29% higher than the 
control reactor (without zeolite). This also improved the rate of treatment of the process. 
As conclusions, zeolite can be used to improve nitrification in batch systems in the presence 
of sulfur and organic matter, obtaining a faster TAN removal rate and higher specific nitrate 
production compared to the controls. 
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Figure 1: Effect of zeolite at 15 g/L. A) TAN consumption; B) nitrate production

Table 1: Variation of specific TAN removal (mg TAN/mg VSS h) at different zeolite concentrations.
Ze o l i t e  

c o n ce n t r a t i o n ,  
g/ L

ˆTANq ,  m g T A N  /
m g V S S  h

C o n t r o l  q̂
,  m g T A N / m g 

V S S  h

I n c r e a s e
%

2.5 - 0.023 7 45 - 0.024450 - 2.97 0
5 - 0.025 7 5 2 - 0.01825 2 29.125
10 - 0.0147 15 - 0.013 3 3 1 9.406
15 - 0.042488 - 0.0206 3 8 5 1.426

Figure 2: Comparison through optical microscopy (100X) of zeolite in a SBR with 1 g/L of zeolite: A) At 7 days after its 
inoculation; B) After 40 days of operation.
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Abstract
Volatile fatty acids (VFA) produced during anaerobic metabolism can disrupt 
the normal functioning of reactors and affect methane production. On the 
other hand, some VFAs have high added-value which opens the opportunity 
to recover them from anaerobic effluents. Therefore, this work has evaluat-
ed the adsorption capacity of molecularly printed polymers (MIP) aiming the 
removal of VFA present in effluents of acidogenic reactor. Two distinct MIPs 
were synthesized, tested and compared with three commercial adsorbent 
materials. The results showed the supremacy of MIP in relation to other 
adsorbents regarding to the adsorption capacity as well as their reuse po-
tential.

Keywords
Volatile fatty acids; molecularly imprinted polymers; adsorption; anaerobic 
digestion.

INTRODUCTION
The anaerobic digestion process of a wide range of industrial effluents convert organic mat-
ter to volatile fatty acids (VFA) and other byproducts. However the presence of VFA in the 
anaerobic digestion can cause an imbalance, which can be disrupt the production of methane 
and hence prevent the COD removal from the medium (Aquino and Chernicharo, 2005). Ad-
sorption is a viable process that can be used for VFA recovery; however the complex nature 
of effluents makes common adsorbents, such as activated carbons, less attractive for VFA 
recovery due to their low selectivity and the competition by other contaminants. A high se-
lective and high capacity adsorbent should be used (Yousuf, Bonk, et al., 2016) and a promis-
ing adsorbent is the molecularly imprinted polymers (MIP). MIP is prepared by the growth of 
a polymer chain surrounding a target molecule (template) (Vasapollo, Sole, et al., 2011). The 
template molecules are desorbed from the polymer to form cavities of the same size, shape 
and molecular interactions as the template (Cheong, Yang, et al., 2013). MIPs can then be 
used to selectively recover targeted solutes from complex medium. Therefore, the present 
work has aimed to evaluate the efficiency of MIPs synthesized in the presence of isovaleric 
acid to selectively bind and recover VFA from anaerobic medium.
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MATERIALS & METHODS
The template used was the isovaleric acid, once this VFA is relatively complex in terms of structure and 
chain length, thereby resulting in adsorption sites capable of interact with all other VFAs. The evaluation 
of MIP as an adsorbent was carried out for two different adsorbents named as lot1 (MIP1 and NIP1) and 
lot2 (MIP2 and NIP2), where NIP is the polymer without the impression. To evaluate the applicability of 
the polymers it was also tested a commercial ion exchange resin and two commercial chitosan. In order 
to evaluate the removal capacity of VFA by the MIP and NIP synthesized, it was carried out adsorption 
assays with real samples of an acidogenic anaerobic reactor effluent enriched with the template (isova-
leric acid). Adsorption experiments with recovered MIP and NIP, i.e., after regenerating the adsorbent 
materials by washing them with acid solution (pH=4) after each essay. Three cycles of adsorption-adsor-
bent recovery-adsorbent reuse were tested.

RESULTS AND DISCUSSION
The results of the MIP adsorption capacity are shown in Figure 1. It can be observed that MIP1 and 
MIP2 exhibited the higher adsorption capacity (qe) values for all VFA studied, except for butyric acid. 
The results also evidence that such selective adsorbents (MIP1 and MIP2) are able to remove VFA from 
anaerobic effluents with greater efficiency when compared to the polymers without molecule impress 
(NIP) and with commercial adsorbents (Resin and Chitosan). Regarding the commercial materials, the 
ionic exchange resin stood out as the best one, however almost VFA were best removed by MIP 2. These 
results evidenced adsorption sites with higher affinity and that the impressed polymers were much more 
selective towards VFA. In addition, the use of isovaleric acid as a generic template of the VFA present in 
anaerobic effluents proved to be effective, since other small and less branched VFA were also success-
fully adsorbed.

* HFr: formic ac; Hac: acetic ac; HPr:  propionic ac; Hbu:  butyric ac ; i-HBu: isobutiric ac; i-Hva: isovaleric ac; 5-HFM: 5-hydroxymethylfur-
fural. FF: furfuraldehyde.

Figure 1. Adsorption capacity of MIPs, NIPs, ionic exchange resin and chitosans.

Data on the successive use of these adsorbents has shown the polymers with molecular impression ex-
hibited a higher capacity for reuse, once the adsorption capacity of such materials reduced by only 5 to 
0% at the end of third cycle of adsorption/desorption. In contrast, the materials without template (NIP) 
exhibited at the end of the third cycle a loss of ~30% in the adsorption capacity. The chitosans present-
ed the worst values of regeneration, since from the second cycle losses of up to 80% in the adsorption 
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capacity were observed. Therefor the two MIPs tested presented the best results in terms of adsorption 
capacity and reuse cycles, and stands out as an adsorbent with potential application for recovering VFAs 
from anaerobic effluents.
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Abstract
The aerobic granular sludge systems are a promising technology in wastewa-
ter facilities, but most part of them are configured as discontinuous reactors, 
being their application in a continuous flow a challenge. In the present re-
search work a continuous flow system composed by two completely mixed 
aerobic tanks (in series) and a settler was used to promote the formation of 
aerobic granular sludge, in order to be considered as an option to post-treat 
industrial effluents from anaerobic digesters. The key operating conditions 
to achieve granular biomass under continuous flow conditions were: the 
tank 1/tank 2 volume ratio, the biomass recirculation rate and the settler 
upflow liquid velocity. Making similarities of this system with a discontin-
uous system, the value of the tank 1/tank 2 volume ratio and the biomass 
recirculation rate would determine the feast/famine length ratio and the 
length of the operational cycle, respectively, while the settler upflow liquid 
velocity imposed would be related to the settling time. Granular biomass 
was obtained when the tank 1/tank 2 volume ratio was of 0.22, the sludge 
recycling ratio of 0.25 and the settler upflow velocity of 2.5 m/h. These ag-
gregates had settling velocities between 29-113 m/h, sludge volume index 
around 70 mL/g TSS and diameters between 1.0-5.0 mm.

Keywords
Continuous flow; feast/famine length ratio; two tanks system.

INTRODUCTION
Most of the times effluents from industrial anaerobic reactors need a post-treatment in order 
to fulfil disposal requirements. In this sense, aerobic systems allow achieving good quality 
effluents but they operating costs due to air supply are sometimes quite high. A compromise 
between effluent quality and operating costs could be achieved by using aerobic systems like 
the high-rate activated sludge systems. However, this technology is still hampered by floccu-
lation limitations (Rahman et al., 2015). Another alternative could be the use of aerobic gran-
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ular sludge systems but this kind of systems operate under flow discontinuous conditions 
which sometimes limits their implementation due to the large pumping capacity required to 
feed the systems in a short period of time (Morales et al., 2012). For this reason, the aim of 
the present work is to define the operating conditions that successfully promote granulation 
using a continuous flow system.

MATERIALS AND METHODS
A continuous flow system composed of two completely stirred tanks was used. The tank 1/
tank 2 volume ratio was changed during the experiment to achieve a suitable feast/famine 
length ratio (Table 1). A settler operated at an upflow rate higher than 1 m/h was used to 
carry out the wash-out of biomass that did not have suitable sedimentation properties and 
the settled biomass was recirculated to the first tank. At the beginning of each operational 
stage, the system was inoculated with flocculent biomass taken from the STP of Curacaví 
(Chile).

Table 1. Operational conditions and configurations of the system during the different stages of the 
experiment.

Stage I Stage II Stage III
Operational period (d) 60 40 30
Tank 1/tank 2 volume ratio (-) 0.15 0.15 0.28
HRT of the whole system (h) 6 6 3
OLR of the whole system (g COD/(L∙d)) 2 2 4
Tank 1 An-

oxic
Aerobic Aerobic

Upflow velocity in the settler (m/h) 1.4 1.4 2.5
RESULTS
During Stage I, filamentous biomass was predominant and, on day 56, some granule-like par-
ticles appeared (Figure 1.a). As the first tank operated under anoxic conditions the organic 
matter removal efficiency was low (around 36%). During Stage II this tank 1 was operated 
under aerobic conditions. In this way, its organic matter removal efficiency increased up to 
70%. On day 10 of Stage II, the formation of granule-like particles was observed but, in few 
days, these particles were covered by filamentous biomass that would indicate substrate 
limitation conditions (Figure 1.b). For this reason, in Stage III, the volume of the second tank 
was reduced to decrease the period where biomass was exposed to a very low substrate 
concentration. Under these operating conditions, the formation of aggregates with settling 
velocities between 29-113 m/h and diameters between 1.0-5.0 mm was observed (Figure 
1.c). In terms of COD removal, the system performed better in Stage III when the treated 
organic loading rate (OLR) was up to 4 g COD/(L·d) with an efficiency of 95%.

2 mm a) 2 mm b) 2 mm c)

Figure 1. Aspect of biomass generated during: a) Stage I (day 56); b) stage II (day 11); c) 
stage III (day 7).
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The operation of the proposed configuration could be related to that of discontinuous 
systems. One hand, the tank 1/tank 2 volume ratio would be equivalent to the feast/famine 
length ratio. And, on the other hand, the recirculation rate of biomass would serve to control 
the time it takes for the total biomass to suffer an alternation between feast and famine con-
ditions, that is, which would be equivalent to the duration of a cycle of operation in a discon-
tinuous system. Taking into account the operating conditions imposed during Stage III, the 
formation of granular biomass was achieved at a feast/famine length ratio and operational 
cycle equivalent of 0.22 and 3 h, respectively. 
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Abstract 
This study evaluated the hydrogen production via integrated biosystems, fermentation followed by 
photofermentation, during the bioconversion of crude glycerol, from the biodiesel production from 
waste cooking oil. As the first step, in fermentative batch reactor (assay 1), the crude glycerol was 
consumed by anaerobic bacteria consortium from a granular sludge from the thermophilic UASB 
reactor  used  in  the  treatment  of  sugarcane  vinasse.  The  effluent  generated  by  assay  1  (organic 
acids and alcohols), was used by photofermentative bacteria consortium (assay 2), from activated 
sludge system used in the biological treatment of sanitary sewage, maintained under light intensity of 
5000 to 6000 lux. Thus, integrated biosystems, fermentation followed by photofermentation, a 
maximum  H2    generation  achieved  was  18.2  mmol  H2    L-1.  In  addition,  organic  matter  and 
contaminants present in the crude glycerol (methanol) were removed by the phototrophic bacteria 
consortium. 

 
Keywords 
Biodiesel; biohydrogen; fermentation; methanol; photofermentation; waste cooking oil. 

 
 
INTRODUCTION 
The waste cooking oil (WCO) can be used for biodiesel production, being estimated, for each liter 
of  WCO,  980  milliliters  of  biodiesel  generated.  A  large  amount  of  crude  glycerol  (CG),  a  co- 
product of biodiesel industry, is generated, being 10 kg for each 100 kg of biodiesel produced. So, CG 
has been used in fermentative processes to generate H2  and metabolites, such as volatile fatty acids 
and alcohols (Rodrigues et al., 2016) that they can be used by phototrophic microorganisms. In  these  
sense,  the  main  goal  of  this  study  consisted  in  the  use  of  CG  from  WCO  in  integrated 
biosystems,  fermentation  followed  by  photofermentation,  in  order  to  improve  the  H2   generation 
with the consumption of organic matter from this waste. 

 
 
MATERIAL AND METHODS 
CG was from a Pilot Plant of Biodiesel Production through transesterification of WCO and it was 
pretreated  previously  by  addition  of  HCl  (1M)  (Rodrigues  et  al.,  2016).  The  anaerobic  bacteria 
consortium, used in fermentative system, came from the granular sludge of the thermophilic UASB 
reactor treating sugarcane vinasse being pretreated in order to inactivate the hydrogen-consuming 
microorganisms  (Rodrigues  et  al.,  2016).  The  fermentative  system  (assay  1)  was  assembled  in 
duplicate of anaerobic batch reactors with 20 g COD L-1  of CG pretreated, initial pH 5.5, headspace 
with  N2   (99.99  %),  20%  (v/v)  of  inoculum  at  37°C.  The  phototrophic  bacteria  consortium  was 
obtained from the activated sludge system used in the biological treatment of sanitary sewage and 
they were  enriched  in  Rhodospirillaceae  culture  medium  (20% v/v)  under  light  incidence  (5000- 
6000 lux) for 72  hours.  In  the photofermentative  system  (assay 2),  duplicates of  anaerobic batch
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reactors were operated with phototrophic bacteria consortium 20% (v/v) and they were filled with 
effluent from the assay 1 (1  g COD  L-1),  at pH  7.0, under light intensity of  5000 to 6000 lux  at 
37°C. The chromatographic analysis were used to measure H2  (Dhole et al., 2012), the volatile fatty 
acids  and  alcohols  (Adorno  et  al.,  2014).  The  CG  consumption  was  made  by spectrophotometric 
method (Bondiolli & Bella, 2005) and COD by APHA (2005). The identification of both inocula were 
made by Illumina platform. 

 
 
RESULTS AND DISCUSSION 
The  anaerobic  bacteria  consortium  (assay  1)  was  from  Firmicutes  phylum  distributed  in  the 
Clostridiales  order,  recognized  as  hydrogen  producers.  The  consumption  of  CG  was  56.2%  of 
initial concentration with H2  generation of 15.2 mmol H2  L-1  (Fig. 1a). The presence of impurities 
from  CG,  such  as  soap  and  methanol  probably  caused  inhibition  in  its  degradation  by  fermenter 
microorganisms. The COD was maintained (initial 49.8 g L-1  and final 47.9 g L-1  COD) suggesting 
oxidative  metabolism  of  CG  into  ethanol  (1,845.0 mg L−1),  acetate  (583.0 mg L−1)  and  propionic 
acid  (76.0 mg L−1)  (Rodrigues  et  al.,  2016).  The  phototrophic  bacteria  consortium  (assay  2) 
consumed the effluent of the assay 1 (82% of methanol, 80% of ethanol, 100% propionic acid and 
71.7%  of  acetic  acid)  (Fig.  1b)  with  H2   generation.  It  was  identified  from  Proteobacteria  and 
Firmicutes  Phyla  distributed,  respectively  in  Clostridiales  and  Rhizobiales  order,  that  they  were 
able to H2  generation and to metabolise volatile fatty acids and alcohols mainly methanol from CG. 
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Figure 1. (a) H2 generation in the integrated biosystems; (b) consumption of organic metabolites in assay 2. 
 
 
CONCLUSION 
Integrated biosystem can be applied on CG with an increase on H2  generation and the removal rate 
of organic matter including methanol, the main impurity present in biodiesel production with WCO. 
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Abstract 
The feasibility of the application of the partial nitritation-anammox processes for the treatment of 
wastewater of industrial origin needs to be evaluated in each case. These effluents present different 
compositions depending on their origin and treatment applied for organic matter removal. In the 
present study, the combined effect of salt concentration (0 - 15 g NaCl/L) and temperature (15 - 30 
ºC)  on the specific anammox  activity (SAA)  has been evaluated  by batch  tests. Results  showed 
that, in general, the lowest the temperature the highest the anammox bacteria sensitivity to saline 
conditions which is corroborated by the determined IC50  values. Assays at 15 ºC did not provide 
significant results as the measured SAA was so low that accuracy was not sufficient to detect the 
effect of the different salt concentrations. However, even at the most unfavourable conditions (15 g 
NaCl/L and 15 ºC) a slight anammox activity was detected, which indicates the suitability of the SAA 
batch tests design. The results indicate that saline wastewater might be treated by anammox based 
processes even at low temperature. Although, further research is required to evaluate long- term 
effects of both, salt concentration and temperature. 

 
Keywords 
Anammox; inhibition; industrial wastewater; nitrogen; temperature; salt 

 
 
INTRODUCTION 
The  combined  partial  nitritation  and  anammox  processes  (PN-AMX)  have  been  successfully 
applied at mesophilic conditions to treat the supernatant from the anaerobic sludge digesters which 
are  nitrogen  rich  streams  (Cao  et  al.  2017).  However,  the  application  of  the  PN-AMX  for  the 
treatment  of  industrial  wastewater  needs  to  be  studied  for  each  kind  of  effluent  to  evaluate  
and overcome  the  possible  effects  of  toxic  compounds.  Moreover,  at  psychrophilic  conditions  
the undesirable development of nitrite oxidizing bacteria (NOB) is another issue which might affect 
the long-term  stability of  the  PN/AMX  (Cao  et  al.  2017).  The  application  of  the  PN/AMX  to  
saline effluents at mesophilic temperatures is feasible considering that NOB are completely inhibited 
at 4 - 
6  g  NaCl/L whereas  the  anammox  bacteria  remain  partially active  (Giustinianovich  et  al.  2018). 
Although the separated effects on anammox activity of salts and psychrophilic conditions have been 
previously researched, no information is available about their combined effects. 

 

The main objective of this study is to compare the individual and combined inhibitory short-term 
effects of sodium chloride and temperature on the specific anammox bacteria activity. 

 
 
MATERIALS AND METHODS 
Anammox  enriched  biomass  collected  from  a  lab-scale  reactor  operated  at  30  ºC  and  treating  
a nitrogen loading rate of 1 g N/(L·d) was used during the batch experiments (1.9 ± 0.2 g VSS/L in 
each vial). The specific anammox activity (SAA), expressed as g N/(g VSS·d), was determined in 
triplicate measurements performed in batch tests, in vials of 25 mL, according to Dapena-Mora et al.  
(2007).  Four  different  temperatures  (15,  20,  25  and  30  ºC)  and  7  different  concentrations  of
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NaCl were tested in the range from 0 to 15 g/L. The gas phase in the vials was analyzed by gas 
chromatography to check that the produced gas was nitrogen. The IC50  was determined as the salt 
concentration  which  led  to  a  percentage  of  SAA  of  50%  compared  to  that  obtained  without  
the presence of salt, at each temperature. 

 
 
RESULTS AND DISCUSSION 
Obtained results showed that the inhibitory effect exerted by salt on the anammox activity is highly 
dependent on the operational temperature (Figure 1A). The highest the temperature (from 20 ºC) the 
lowest the inhibitory effect of the salt on the SAA with respect to the value without salt. Even at 30 
ºC, temperature of operation of the reactor source of the biomass samples and at a concentration of 
2.5 g NaCl/L, the SAA  increased. Dapena-Mora et al. (2007) have previously observed a similar 
increase. Only for the tests performed at 15 ºC the activity was so low that almost no significant effect 
can be attributed to the salt (40% inhibition at 15 g NaCl/L). This was probably due to the higher  
uncertainty  (up  to  25%)  in  the  SAA  values  when  they  are  lowest  than  0.04  g  N2-N/(g VSS·d). 
Determined IC50  values were higher at lower NaCl concentrations (Figure 1B) indicating a better 
resistance of the anammox bacteria at higher temperature. 

 

Summarizing, even in the most adverse conditions (15 ºC and 15 g NaCl/L) anammox activity was 
detected (0.03 g N2-N/(g VSS·d)) indicating that anammox bacteria might cope with this conditions 
if sufficient biomass is retained in the system to deal with the applied load.
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Figure 1. A) Evolution of the SAA with the salt concentration at different temperatures: 30 ºC (●), 25 ºC (●), 
20 ºC (●) and 15 ºC (●). B) Influence of temperature on the IC50  due to salt inhibition. 
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Abstract 
The present paper is aimed to recover potassium and ammonium using zeolite bed columns by ionic Exchange. 
Clinoptilolite type of zeolite was used to treat biodigested vinasse. The results demonstrate that the average 
operational capacity (CO) when recovering potassium and ammonium is 52,1 mgK g-1Z and 0,57 mgNT g-1Z 
respectively.  
 
Keywords 
Biodigested vinasse, Ionic Exchange, natural zeolite, packed columns, potassium and ammonium recovery. 
 
INTRODUCTION 

The ferti-irrigation with vinasse or biodigested vinasse (EBV) is an alternative to its final 
disposal. However, the impact and the effect of the high potassium concentrations in both water 
and soil bodies provoke the rising of nutrient content availability, over ferti-irrigation and salt 
leaching (Selvamurugan et al., 2013). On the other hand, zeolites have been demonstrating its 
effectiveness as soil amended and act as low-releasing fertilizers. The objective of the present 
paper was to evaluate the potassium and the ammonium recovery from biodigested vinasse by ion 
exchange in columns packed with clinoptilolite zeolite.  

MATERIAL AND METHODS 
Clinoptilolite zeolite was sieved, washed and dried. KCl model solutions were used (SM1 and 

SM2) to evaluate the effect of pH (4, 7 and 9) as well as the co-existence of several ions in the 
ionic Exchange process. EVB were obtained from the anaerobic process according to Cabrera et 
al., (2017). The packed bed trials were developed using EVB. The increment of the length of the 
bed over the recovery of both potassium and ammonium was assessed in 0.36; 0.54 and 0.71 m, 
at a constant column diameter (0.025 m) using an up-flow of 10 mL min-1. Experimental data was 
fitted by non-linear regression using the Statgraphics Centurion XVI. The assays were developed 
according to the Standard methods of water and wastewaters (APHA, 2005).  

 
RESULTS AND DISCUSSION 

The effect of pH was assessed using SM1. The results were adjusted to Langmuir isotherm 
demonstrating that pH exerts no influence in the ionic exchange process with adsorption capacity 
ranged between 57.65 and 59.59 mgK+ gZ-1, with no statistical significance (p ˃ 0,05). In order to 
evaluate the co-existence of other ions, a SM model solution and the EBV were used. The 
maximum adsorption capacity reached 43.90 mgK+ gZ-1 for SM2. The main differences with 
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respect to SM1are related to the co-existence of other ions like Ca2+, Mg2+, Na+ and NH4
+, as 

previously reported by Inglezakis et al., (2005). Equilibrium assays with EBV resulted in a 
diminishing of the maximum adsorption capacity (39.14 mgK+ gZ-1) due to sodium carbonate 
addition during the pH buffering of the anaerobic process as well as the suspended solids presented 
in the EVB. 

Effect of the length of the packed bed over potassium recovery  
Both the breakthrough and the saturation points were fixed when the output effluent 

concentration attained 10% and 90% of the initial concentration (C0) respectively. 
 

 

 

Bed 
length 

(m) 

qo exp. 
(mg g-1) 

Linear driving force model 
(FDL) 

qo  
(mg g-1) kq (h-1) ɳK+ (%) 

0.36 54.52 54.84 0.4111 50 
0.54 51.11 51.45 0.4685 62 
0.71 50.60 50.98 0.5468 65 

Potassium initial concentration:3117 ± 243 mg L-1(EVB) 

Figure 1. Potassium breakthrough curves and experimental and FDL model data operating at Q (10 mL 
min-1), Lc (0.36; 0.54 and 0.71 m), EVB. 

Experimental parameters in both potassium and ammonium recovery process allowed to 
determine the average CO of the packed columns (52.1 mgK g-1Z and 0.57 mgNT g-1Z 
respectively) and the effective intraparticular coefficient for K+ with average values of 2.93 · 10-8 
cm2 s-1. More than 50% of the potassium and the ammonium were recovered from the EBV for 
each assessed column. 

CONCLUSIONS 
It is reported for the first time, the potassium and ammonium recovery presented in biodigested vinasse (EBV) using 
Cuban zeolite, attaining more than 50% of efficiency. The effective diffusivity coefficient for potassium recovery was 
also determined with an average value of 2.93 · 10-8 cm2 s-1. The results demonstrate that it is possible to obtain an 
organic-zeolite based fertilizer which reduces loses of both components by leaching, volatilization and nitrification. 
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Abstract
Nitrogen is a key element for industry and agriculture worldwide. It is 
mainly obtained as NH3 through an energy-consuming process called 
Haber-Bosch. Large amounts of NH3 reach water bodies via the use of 
excessive amounts of fertilizers in agriculture and the discharge of un-
treated wastewaters. This causes eutrophication, which can have severe 
consequences to water supply, the environment and public health. Or-
ganic wastes, such as food waste, contain large amounts of nitrogen, 
mainly as organic nitrogen. The recovery of nitrogen from wastewater and 
food wastes could minimize the carbon footprint of agriculture and make 
the treatment of wastes more sustainable. Physico-chemical processes 
can be a good alternative for the recovery of nitrogen from food wastes 
and domestic wastewaters. Especially stripping, due to its high removal 
rates and operational robustness. Ammonia can be stripped at alkaline pH 
through the application of airflow in the liquid phase. The main variables 
that influence process efficiency are pH, Gas to Liquid (vol/vol) ratio and 
temperature. The main objective of the current study was to evaluate the 
feasibility of using ammonia stripping from food waste digestate. Diges-
tate was taken from a biogas-generating plant that treats approximately 
500Kg of food waste per day. The food waste comes from the University 
canteens. Preliminary results showed that 90% of the ammonia could be 
removed in 72 hours at pH much lower than those reported in the litera-
ture for similar wastewaters (e.g. landfill leachate, pig slurry and manure). 
NH3 was recovered by absorption in an acid solution that can be directly 
used as fertilizer. 

Keywords
Ammonia stripping; nitrogen recovery; food waste; digestate; biogas

INTRODUCTION:
Nitrogen is a key element for our society, which is used by industry and agriculture. Following 
its conversion from nitrogen gas into fixed ammonia (NH3-N) through the Haber-Bosch pro-
cess, it is incorporated in many industrialized and agricultural products, large amounts of ni-
trogen are released in water bodies and the atmosphere, causing several environmental and 
public health impacts, such as eutrophication and greenhouse gas emissions (Vaneeckhaute 
et al., 2017). Recently, there has been increased interest in the recovery of nutrient from or-
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ganic wastes. The liquid phase from anaerobic digesters treati ng food waste has high levels 
of ammonia (>900 mg NH3-N), which can be recovered as ferti lizer. The aim of this work was 
to evaluate nitrogen recovery from food waste, using stripping.

MATERIALS & METHODS:
Digestate was taken from a biogas plant, which receives 500Kg per day of food wastes from 
the University’s canteen. Firstly, pH was adjusted to 8.8±0.1 with the additi on of 1.3g.L-1 of 
hydrated lime. Aft er a reacti on and sett ling ti me of 1.5 and 12 hours respecti vely, the super-
natant was pumped with a fl ow rate of 0.3L.min-1 to the top of a stripping column (H=1,20m; 
Diam.=150mm). The treated wastewater was collected in the bott om and recirculated to 
the top of the column. The air entered the column through the bott om, at a fl ow rate of 229 
L.min-1 and was trapped from the top of the column on fl ask containing a 0.1M of sulfuric 
acid soluti on for the recovery of NH3 by absorpti on. Phenolphthalein was used as indicator 
to show when to take a sample and change the acid soluti on. Samples were taken periodi-
cally to analyze pH, COD, ammonia and total-phosphorus. The experiment was carried out 
in duplicates and the analyses were done in triplicate, accordingly to the Standard Methods.

RESULTS AND DISCUSSION:
Figure 1 shows the concentrati ons and removal rates of NH3-N.3

Figure 1.  Ammonia concentrati ons and removal rates by stripping (initi al pH=8.9; Gas/Liquid fl ow 
rati o = 760; temperature=25 ºC).

The mean infl uent ammonia concentrati on was 1017±85 mg.L-1. Aft er 72hrs from the be-
ginning of the experiment, mean effl  uent ammonia concentrati ons were 111.3±15 mg.L-1, 
representi ng a 90% removal. Aft er 24hrs from the start of the experiment, 50% of the am-
monia was removed. The removed ammonia was bubbled in 0.1 M sulfuric acid soluti on for 
recovery as ammonium sulfate (to be confi rmed). These results are promising, since it was 
possible to achieve signifi cant ammonia recovery in a shorter retenti on ti me and at lower pH, 
compared to values reported in the literature (Jiang et al., 2014), which makes the process 
less expensive and more sustainable.
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CONCLUSIONS:
Controlled stripping could remove up to 90% of the ammonia present in food waste diges-
tate in 72 hours. Furthermore, pH values used in these experiments were lower than others 
reported in the literature using similar wastewater. These results show the potential of air 
stripping as a method to recover nitrogen from food waste digestate. More experiments will 
be carried out to evaluate: i) ammonia stripping under different pH and G/L ratios; ii) ammo-
nia recovery – acid solution with different concentrations.
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Abstract 
The hydrothermal liquefaction can convert wet feedstocks into bio-crude oil. Along with the main 
product, bio crude oil, wastewater (PHWW) is produced with high organic content, nutrients and 
toxic compounds. To cope with its toxic characteristics, a photocatalytic post-treatment of PHWW 
was investigated after anaerobic digestion. A factorial design approach was used to study the effect 
of  each  parameter  (inclusion  ratio,  initial  pH,  and  the  addition  of  H2O2)  on  the  photocatalytic 
efficiency  assessed  by  the  chemical  oxygen  demand  and  color  removal.  Results  indicated  that 
inclusion ratio and initial pH were the most significant factors affecting the photocatalytic efficiency. 
Both  removal  efficiencies were  negatively affected by the  inclusion  ratio,  whereas  alkaline pHs 
favored the removal efficiencies. 

 
Keywords 
Photocatalysis; hydrothermal liquefaction; anaerobic digestion; post-treatment. 

 
 
INTRODUCTION 
Hydrothermal liquefaction (HTL) is a thermochemical process that can convert various wet bio-solids 
into biocrude oil. During the HTL process, an aqueous phase (PHWW) rich in organic matter content 
and nutrients is generated. Tommaso et al. (2015) tested anaerobic digestion obtaining 44% - 61% of 
COD removal, which indicated that the remaining COD was no biodegradable or even inhibitory to 
anaerobes (phenols and cyclic amines). In this sense, photocatalytic treatment has been used as an 
alternative post-treatment for color and recalcitrant compounds removal. Therefore, the objective of 
this  work  was  to  study  the  photocatalytic  degradation  of  anaerobically  treated  PHWW  from 
cyanobacteria conversion. A factorial design was applied to evaluate the significance of parameters 
like inclusion ratio, pH and H2O2  addition on the COD and color removal. 
 
 
MATERIALS AND METHODS 
Anaerobic batch tests were conducted according to Angelidaki et al. (2009) at 37 °C in 120 mL flasks, 
using three inclusion ratios of PHWW of the total working volume: 5% (pH 7.45; COD 4.41 g/L), 7.5 
% (pH 7.55; COD 7.82 g/L), and 10 % (pH 7.20; COD 11.67 g/L). The inoculum was obtained from a 
poultry slaughterhouse wastewater presenting total volatile solids of 66.4 g/L. 
Photocatalytic experiments were conducted adding 10 mL of anaerobically treated PHWW and 2 g/L 
of  photocatalyst  to  glass  beakers.  The  catalyst  used  (TiO2   anatase,  particle  size  <25  nm)  was 
purchased  from  Sigma  Aldrich  (USA).  The  pH  values  of  the  samples  were  adjusted  before  
the treatment using H2SO4 0.402 N and NaOH 0.1953 N when necessary. H2O2 35% (w/w) from 
Labsynth (Brazil) was used as an external oxidant. The suspensions were placed on an incubator 
shaker for 30 
min at 100 rpm in the dark to assess the adsorption/desorption equilibrium of organic compounds on 
the catalytic surface (Chatzisymeon et al., 2009). After this period, the UV light (Osram, 126 HNS, 
G13, 15W) located 20 cm above the beakers was switched on for 4 h. Experiments were carried out 
at 100 rpm and 40 ± 2 °C. The samples were centrifuged and filtered (0.2 µm glass fiber filters) to 
remove catalyst particles before analysis. 
A 23 factorial experiment design was used to infer the effect of the independent variables (inclusion 
rate [𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥1], initial pH [𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥2] and H2O2 concentration [𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥3]) on the photocatalytic efficiency (COD 
removal
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[𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦1]   and color removal [𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦2]). The design matrix of the experiment (Table 1) and their statistical 
analysis (95% confidence interval) were made by means of the software STATISTICA (Stat Soft, 
USA). For this design, the following model was used (Eq. 1): 

𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 = 𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽0  + 𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽1𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥1  + 𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽2𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥2  + 𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽3𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥3  + 𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽12𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥2  + 𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽13𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥3  + 𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽23𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥2𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥3  + 
𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽123𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥2𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥3                           (1) pH value was measured with a calibrated potentiometer. COD was 
performed according to APHA (1998).  The  samples  absorbance  was  measured  in  the  in  the  
range  200  –  800  nm  on  a  UV-vis spectrophotometer.  The extent of color  removal  was  assessed  
monitoring  changes in  the  samples absorbance at λ = 340 nm. 

 
RESULTS AND DISCUSSION 
Table 1 shows the removal efficiencies of COD and color. Inclusion rate and initial pH were identified 
as the most significant variables, on the contrary the effect of H2O2 concentration was only observed 
in the interactions with other variables. Based on the variables which are statistically significant, the 
models for COD and color removal are given in Eq. (2) and Eq. (3). The maximum efficiencies were 
achieved in run 3 for COD removal and run 4 for color removal. The predicted values for these runs 
were 43.42 % and 80.65 %, respectively. 

 
 
CONCLUSIONS 
A  factorial  experimental   design  was   conducted   to  optimize   the   photocatalytic   treatment   of 
anaerobically treated PHWW. Both COD and color removal were highly dependent of the inclusion 
ratio and the initial pH. The removal efficiencies decreased with increasing inclusion ratio and a direct 
relation between the removal efficiencies and the alkaline pH was observed. By using photocatalytic 
treatment after anaerobic digestion as a post-treatment is possible to polish the final effluent quality 
in terms of color and remaining COD. 
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Abstract
Anaerobic digestion is a technology that converts organic matter from 
wastewater into energy. However, the resulting digestate is rich in nitrogen, 
solids and undigested carbon, which can limit its direct application to the 
soil. Solid-liquid separation (SLS) can be used as a pre-treatment prior to a 
treatment for nitrogen removal. Therefore, the objective of this work was 
to compare the use of centrifugation, chemical flocculation and natural set-
tling effects for subsequent digestate treatment by deammonification. The 
performance of different SLS techniques was evaluated by the variation of 
the following parameters: C, P, TKN, TAN, TS, VS, FS. The reduction of total 
solids concentration in digestate obtained by settling, chemical flocculation 
and centrifugation was 46, 61 and 83%, respectively, which represents 1.86, 
2.55 and 5.98 times less solids than the initial concentration in digestate. 
The study showed possibility of applying SLS techniques as pre-treatment 
of digestate for subsequent deammonification process.

Keywords: Anaerobic digestion; Centrifugation; Chemical Flocculation; 
Pre-treatment; Settling; Solids removal.

INTRODUCTION
Anaerobic digestion (AD) is a promising technology for wastewater treatment that converts 
organic matter into energy. However, the resulting digestate still present high concentration 
of nitrogen, solids and undigested carbon, which can limit its direct application into the soil 
(AMARAL et al., 2016). Nitrogen could be removed using the biological deammonification 
process, which consists of the combination of anammox and nitrifiers microorganisms (CHINI 
et al., 2016). However, the high concentration of carbon and solids in digestate would cause 
the inhibition of the process. Therefore, a pre-treatment of digestate by solid-liquid separa-
tion (SLS) could be an interesting (FENG et al., 2017). There are different SLS techniques, for 
instance, mechanical screen separators, settling, centrifugation, reverse osmosis, chemical 
flocculation(AKHIAR et al., 2017) and flocculation aid (KOOIJMAN et al., 2017) Just few 
studies investigated the best SLS technique for treatment of digestate (AKHIR et al., 2017; 
ILMI et al., 2017) in order to make possible a nitrogen treatment of the liquid fraction. Hence, 
the objective of this study was to compare most usual SLS techniques for pre-treatment of 
digestate from a continuous stirred tank reactor (CSTR), in order to stablish a condition for 
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future treatment by deammonification process for nitrogen removal.

MATERIAL & METHODS
Raw digestate were sampled from an AD plant in continuous stirred tank reactor (CSTR) 
at mesophilic condition (37º C), used for treatment of solid waste from a swine manure 
treatment system. Three common SLS techniques were tested: settling, centrifugation and 
chemical flocculation. Settling test was conducted in a tapering decanter (1L), for a peri-
od of 3 hours (in triplicate) and data were collected in intervals of 30 min. Centrifugation 
was performed during 20 min and gravitational force 3800 g. The chemical flocculation was 
conducted with 75 mL of tannin (10%, v/v) and 15 mL of polyacrylamide (0.01%, w/v). The 
performance of SLS techniques was evaluated through the following parameters: carbon (C), 
phosphorous (P), total kjeldahl nitrogen (TKN), total ammoniacal nitrogen (TAN), total solids 
(TS), volatile solids (VS) and fixed solids (FS). All these parameters were quantified according 
to APHA Standard Method (2012). 

RESULTS AND DISCUSSION
The results obtained using the evaluated SLS techniques are presented in Table 1. 

Table 1. Relation between final concentration obtained in settling, chemical flocculation and 
centrifugation and initial concentration of digestate 

TAN TKN TS FS VS C P

Settling 0.93 0.96 0.53 0.48 0.57 0.55 0.25

Chemical 
floccula-
tion

0.85 0.76 0.39 0.39 0.39 0.38 0.16

Centrifu-
gation

0.74 0.68 0.16 0.26 0.11 0.09 0.05

Where digestate concentrations in g L-1: TAN= 2.0, TKN= 2.6 g L-1, TS= 21.8, FS= 8.3, VS= 13.5, C=6.7, P=1.0.

The digestate used in the present study showed typical characteristics of waste from anaero-
bic digestion process in a CSTR reactor. The TAN and TKN results similar in settling, chemical 
flocculation and centrifugation because most of nitrogen species are soluble and remain in 
liquid fraction.  The efficiency of total solids concentration removal from liquid fractions re-
sulting from settling, centrifugation and chemical flocculation were respectively 46, 83 and 
61%, that represents 1.86, 2.55 and 5.98 times less solids than the initial concentration in 
digestate, which was 21.8 g L-1.  Comparing the results of carbon, centrifugation showed an 
efficiency of 90% of removal from the liquid fraction, while efficiencies obtained by chemical 
flocculation and settling were of 62% and 45%, respectively. The phosphorous concentration 
was also reduced in all treatments and 95% of efficiency of removal was obtained by centrif-
ugation. 
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CONCLUSION
The present research reveals the possibility of applying different SLS techniques for digestate 
pre-treatment to enable the reduction of the pollutant potential of phosphorous and solids. 
By these techniques, it was possible to verify that centrifugation is the most appropriate 
technique to be used and this technique could be suggested as pre-treatment of digestate 
for post nitrogen removal from the liquid fraction using deammonification. 
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Abstract 
The formation of struvite (MgNH4PO4·6H2O) for nutrient recovery in wastewater treatment plants 
has been widely investigated; however, little attention has been paid to the effect of stirring speeds 
on the resulting particle size, which could affect its agronomic value as a slow-release fertilizer. In 
this study, the struvite formation from the centrate was performed under six stirring speeds (0, 100, 
200, 300, 400, 500 rpm).  The resulting struvite crystals were characterised using X-ray diffraction 
and scanning electron microscopy with energy dispersive X-ray spectroscopy. The average particle 
size of struvite crystals increased from 55 µm at 0 rpm to 127 µm at 100 rpm and 128 at 200 rpm.  
Further increments in stirring speeds resulted in smaller crystal sizes. These results indicated that 
the largest particle size can be obtained at stirring speeds ranging 100-200 rpm, equivalent to a 
velocity gradient between 79 and 188 s-1, as there was no statistically significant difference 
between mean values (t-test, p<0.005). The optimum stirring speed range reported herein can be 
used to set operational conditions for struvite crystallisation with the benefit of producing large 
crystals and reducing energy consumption in stirring tanks. 
Keywords 
Struvite crystallisation, phosphorus recovery, centrate, digested sludge, velocity gradient (G). 

 
Introduction 
Struvite precipitation represents an opportunity to valorise the effluents of anaerobic digesters by 
producing an effective slow-release fertiliser. In order to increase the absorption of nutrients from plants 
and crops, the particle size of struvite crystals should be large enough to have a longer effect on soils 
(Tarragó et al. 2016). A wide range of reactor designs have been investigated to optimise struvite 
precipitation from wastewaters (Rahman et al., 2013), but little attention has been paid to optimising 
mixing conditions, perhaps some of the simplest and most effective operational conditions controlling 
struvite crystallisation (Pastor, 2006). Among others parameters, the stirring speed kept during 
crystallisation has a significant influence on mass transfer rates of solutes controlling crystal formation 
(Kim et al. 2009). Therefore, the aim of this work was to find out the influence of stirring speeds on the 
size of struvite crystals for phosphorus recovery from centrates obtained at the anaerobic digestion stage 
of sewage sludge in wastewater treatment works. 

Materials and Methods 
Centrate samples were collected in a municipal wastewater municipal treatment plant (La Llagosta, 
Spain) – i.e., centrate is the clarified stream produced after sewage digestate dewatering – and were 
processed for pH (8.3), reactive phosphorus (1 mgP-PO4

3- L-1), ammonium (825 mgN-NH4
+ L-1), 

calcium (261 mgCa+2 L-1), total suspended solids (116 mg TSS L-1) and total alkalinity (3.1 gCaCO3 L-

1). Struvite precipitation was conducted in batch reactors at ambient temperature (25ºC) and pH 9 
(NaOH addition): 3 hours of reaction time using six stirring speeds (0, 100, 200, 300, 400 and 500 rpm), 
followed by 16 hours without stirring. Due to the characteristics of the centrate, MgCl2·6H2O and 
NaH2PO4 were added to balance the P:N:Mg molar ratio to 1:6:1.7 (P = 300 mgP-PO4

3-/ L). Precipitates 
were air-dried before characterization by X-ray diffraction (XRD) and scanning electron microscopy 
with energy dispersive X-ray spectroscopy (SEM-EDX). Crystal sizes were measured using ImageJ 
software (https://imagej.net/Welcome). The velocity gradient (G) was calculated as Bhole (1970).  
Results and Discussion 
Struvite was obtained even under no stirring conditions, but the total amount recovered increased under 
stirring conditions. The composition of the precipitate was confirmed in the XRD diffractograms, with a 
similarity between 82-97% for struvite (Table 1). The SEM-EDX analyses confirmed the presence of 
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Mg and P in the precipitate, with a minimum presence of Ca. The removal of Ca from the soluble phase 
may be due to the formation of Ca3(PO4)2. Higher removal of NH4

+ was found (Table 1) as a result of 
increasing stirring speeds, which could be due to NH3 volatilisation.  That did not affect struvite 
formation since the recovered precipitate was 72 to 105% of the theoretical amount expected of struvite 
calculated from the composition of centrate samples. In contrast, Mg removal and mean particle size 
decreased with increments of stirring speeds (Fig.1B). In this case, high Mg removals at low speed may 
be due to the precipitation of other Mg precipitates as Mg(OH)2 (Tansel et al., 2018). The strong 
influence of stirring speeds on particle size was confirmed, finding the largest particle size at 100 rpm 
(127 µm; see Fig.1A) and the smallest size at 0 rpm (55 µm). Although the mixing effect enhance mass 
transfer rates (Kim et al., 2009), stirring speeds higher than 200 rpm were detrimental to the struvite 
crystallisation process.  

Table 1. Removal efficiency (%), struvite similarity score XRD (%) and SEM-EDX results. 
S. Speed Velocity gradient  Removal Efficiency (%)* DRX SEM-EDX (%) ** 

(rpm) (s-1) Mg Ca N Score (%) Mg P Ca 
0 0 81.8 69.7 16.8 97 14.9 18.5 0.6 

100 79 85.1 56.7 19.0 88 14.6 17.6 0.6 
200 188 81.8 69.7 23.9 90 13.8 16.4 1.6 
300 312 73.5 45.2 24.5 97 14.9 17.2 1.4 
400 447 67.6 63.6 28.5 87 14.3 15.4 1.8 
500 591 68.1 57.9 28.7 82 14.5 31.0 1.4 

*regarding the initial content in the soluble phase; ** percentage of total atoms 
 

 
 
 

 

Figure 1. A. SEM image of struvite crystals at 100 rpm. B. Distribution of particle size at different stirring speeds.  

Conclusions 
Struvite formation is affected by the stirring speed. The largest particle size was obtained at 100 rpm 
(G= 80 s-1) (mean particle size 127 µm), but they decreased in size with higher stirring speeds. Although 
the velocity gradient improves mass transfer rates of ions in the solution to support better crystal growth, 
high G values beyond the optimal can cause a revers effect, reducing the size of crystals formed or 
disfavouring their growth rates. Therefore, a stirring speed range between 100 and 200 rpm (79 s-1 < G 
< 188 s-1) is recommended for struvite crystallisation with the benefit of producing large crystals and 
reducing energy consumption in stirring tanks. 
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Abstract 
Two pilot anaerobic-aerobic systems, one composed of a compartmented reactor and another of two 
in-series  hybrid  reactors,  were  compared  for  the  simultaneous  removal  of  organic  matter  and 
nitrogen in domestic sewage treatment. Different values of recirculation ratio (RR) and hydraulic 
retention   time   (HRT)   were   applied.   The   effluent   recirculation   was   intended   to   promote 
denitrification without addition of electron donor. The best results of the simultaneous removal were 
achieved with a 12-h HRT and RR of 1.5 for the compartmented reactors; and 8-h and RR of 1.25 for 
the hybrid reactor. The COD removal efficiencies were 81 ± 7% and 83 ± 5%, respectively; and the 
TKN-N average removal efficiencies were s 60 ± 12% and 70 ± 22%, respectively. 

 

Keywords 
Compartmented reactor, hybrid reactors, nitrification and denitrification, UASB, anaerobic filter, 
activated sludge, submersed aerated filter. 

 
 
INTRODUCTION 

 

Combined anaerobic-aerobic systems are promising on simultaneous removal of organic matter and 
nitrogen  (Lacalle,  2001;  Garbossa  et  al.,  2005  and  Chernicharo,  2006).  Nitrification  is  facilitated 
when  organic  matter  is  oxidized  in  an  anaerobic  step  because  of  the  reduction  in  the  oxygen 
consumption  (Oliveira  Netto  and  Zaiat,  2012).  The  objective  in  this  article  was  to  compare  
the performance results obtained in simultaneous removal of organic matter and nitrogen in pilot 
systems composed of compartmented and hybrid reactors treating domestic sewage. 

 
MATERIAL AND METHODS 
The   first   pilot   system   consisted   of   a   two-compartment   reactor.   The   first   anaerobic/anoxic 
compartment had height and volume of 0.7 m 90 L, respectively, and the aiming was the organic 
matter  removal  and  denitrification.  The  second,  aerobic  compartment,  with  2.20  m  and  300  L, 
respectively, was aimed to promote the nitrification and removal of the remaining organic matter. This  
compartment  was  filled  with  commercial  carriers  (specific  surface  area  of  500  m2.m-3) and 
worked as an MBBR reactor. The second pilot system was composed of two in-series hybrid reactors. 
The first was an UASB reactor (4.24-m height and 300-L volume) followed by an anaerobic filter 
(1.24-m height and 156-L volume), for removal of organic matter. The second was an activated sludge 
reactor (4.24-m height and 300-L volume) followed by an aerated biofilter with 1.24 m of height and 
volume  of  154  L  to  promote  nitrification.  The  anaerobic  filter  and  the  aerated  biofilter  were 
completely filled with corrugated conduits rings of 25 x 25 mm and a surface area of 91 cm-2.cm-3. In 
both systems, the nitrified effluent was recirculated to the anaerobic reactor in order to promote the 
denitrification, without the addition of external extra electron donor. The operational characteristics 
of each pilot system are presented in Table 1. 
Table 1: Hydraulic retention time (HRT), recycle ratio (RR) and operational period for each pilot system
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Compartmented reactor                                               Hybrid reactors 
Phase 1        Phase 2          Phase 3           Phase 4           Phase 1           Phase 2           Phase 3 

HRT (h)                              12                12                   10                    8                     8                     8                     8 
RR                                        0                1.5                  1.5                  1.5                    0                   1.25                 1.5 
Operational time (d)          160              162                 113                 130                 135                  33                    42 

 
RESULTS AND DISCUSSION 
Good performance results were obtained for the simultaneous carbon and nitrogen removal (Figure 
1). The highest removal values were achieved in Phase 2 with a 12-h HRT and RR of 1.5 for the 
compartmented reactor and 8-h HRT and RR of 1.25 for the hybrid reactors; the CODtot/fil  removal 
efficiencies were 81 ± 7% and 83 ± 5% in compartmented reactor and hybrid reactor, respectively, 
with effluent CODtot  and CODfil concentrations of 119 ± 47 and 50 ± 23 mg.L-1, and 42 ± 8 and 38 ± 
6 mg.L-1  for the compartmented reactor and the hybrid reactor, respectively. The TKN-N removal 
efficiencies were 60 ± 12% and 70 ± 22%, with effluent concentrations of 15 ± 5 and 11 ± 9 mg.L-1, 
respectively. 
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Figure 1. Simultaneous removal of organic matter and nitrogen during the 3 operational phases; 

(a) compartmented reactor; (b) hybrid reactors. 
 
The applied recirculation in Phases 2 and 3 resulted in suspended solid concentrations of less than 20 
mg.L-1 in the effluent of the anaerobic filter and the aerated biofilter, showing that the used corrugated 
conduits rings were efficient in solid retention. However, in the case of the compartmented reactor, 
the recycle rate associated with HRT of 10 and 8 hours resulted in biomass detachment from the 
carriers in the compartmented reactor, increasing the COD and VSS final concentrations. 

 
CONCLUSIONS 
The  two  different  pilot  systems  composed  of  anaerobic/anoxic-aerobic  compartments  or  reactors 
presented  good simultaneous removal of organic  matter and nitrogen,  both with average  removal 
efficiencies  above  80  and  70%,  respectively.  Effluent  recirculation  promoted  the  denitrification 
without the addition of electron donor. The best simultaneous removal results were achieved with 
HRT and RR of 12 hours and of 1.5 for the compartmented reactor, respectively, and 8 hours and 
1.25 for the hybrid reactor, respectively. 
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Abstract 
Sludge  thermal  hydrolysis  is  one  of  the  most  used  pre-treatments  for  sewage  sludge.  After  
the reactor, the treated sludge is centrifuged and the supernatant is returned to the activated sludge 
step with a high COD concentration, which can be recalcitrant, inhibitor or biodegradable. An Up-
flow Anaerobic Sludge Blanket (UASB) reactor was evaluated to treat this excess of COD. So far, 
the system is being adapted to treat the substrate which was obtained from a real wastewater plant 
which has been pre-treated with thermal hydrolysis, then digested and centrifuged. Removal rates of 
68% on the COD have been achieved, but it is expected that it will reach over 80% of removal. 
Keywords 
UASB; sludge thermal hydrolysis. 

 
 
INTRODUCTION. 

 

Most of sewage water treatment plants in Chile use activated sludge technology (SISS, 2016). They 
can provide high removal levels of organic matter, around 90-95% (Pantea, E. et al 2014). However, 
they  generate  considerable  amounts  of  sludge  (Henriquez,  2011),  which  is  normally treated  
with anaerobic digestion. There are different kinds of pre-treatments for sludge, one of the most 
common is thermal hydrolysis. The Trebal-Mapocho treatment plant in Chile treats 6.6 [m3/s] of 
sewage, and has a sludge thermal pre-treatment followed by an anaerobic digester. After digestate 
centrifugation, the  supernatant  is  returned  to  the  secondary  treatment,  which  results  in  an  
increase  in  aeration requirements, due to the high COD. This research studied the feasibility of 
treating this supernatant, using a dedicated UASB system. 

 

MATERIALS AND METHODS. 
 

A UASB reactor of 1 [L] was used. The reactor was fed with the digested sludge supernatant pre- 
treated with a thermal hydrolysis process. Fed was diluted to 2000, 4000 and 5000 mg/L. Lower 
concentrations were applied initially, to prevent system inhibition. Operation temperature was 37 °C. 
System was operated at increasing organic loading rates, starting from a value of 2 [kg COD/m3d]. 
Feed was diluted to 2, 4 and 5 [gCOD/L]. Soluble and total COD were daily monitored, as well as the 
alkalinity ratio (VFA / total alkalinity) and the volume of methane generated. Substrate toxicity tests 
were also performed, to evaluate the effect of this supernatant on the granular sludge activity. 

 

RESULTS AND DISCUSSIONS. 
 

Figure 1 presents COD removal during UASB operation. Fed concertation was increased from 2000 
to  5000  mg/L.  The  system  was  operated  up  to  a  loading  rate  of  4  [kg  COD/m3d].  Due  to  
low performance  at  5000  mg/L,  concentration  was  decreased  to  4000  mg/L  by  the  end  of  
reported operation. Maximum removal of 68% was achieved, at 2000 mg/L. Previous anaerobic and 
aerobic analyses  (BOD,  BMP  and  SMA)  show  that  an  important  part  of  the  COD  present  in  
the  feed corresponds  to  recalcitrant  and/or  inhibitor  compounds.  Alkalinity  ratio  (alpha  
parameter)  never exceeded  a  value  of  0.3,  which  is  indicative  of  no  VFA  accumulation  (Perez  
&  Torres,  2008). Analysis of ammonium did not showed removal or release of this compound during 
the operation.
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Figure 1.  COD removal during UASB operation. 
 

Table 1 presents average data for each of the tested feed concentrations It can also be highlighted that 
when trying to go from 4000 [mg/l] to 5000 [mg/l], the disturbances on the system  has a direct effect 
on  the  removal  efficiency,  while  the  parameters  such  as  alpha  ratio,  alkalinity  and  ammonium 
concentrations remain the same, therefore, it is necessary to return a lower concentration to increase 
it at a lower rate (It can be seen in Table 1.) 

 
Table 1. Summary table of the main parameters calculated.

 

Feedstock 
Concentration 
(mgCOD/L) 

 

Organic Load Rate 
(kgCOD/m3d) 

 

Methane Yield 
(mL CH4/g 

COD) 

 

Maximum efficiency 
removal (%)

 
 

2000                           2                             238                            68% 
 

4000                           4                             203                            58% 
 

5000                           5                             105                            30% 
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Abstract 
Milk production in small farms is an important activity in food production, however, it can cause 
environmental impacts due to the generation of waste that needs to be treated before being disposed 
of in the environment. The contamination of hydrous bodies by these residues can cause the increase 
of       nutrients       and       favor       the       proliferation       of       algae       and       macrophytes. 
The treatment of the residues of the agricultural activity can be carried out by means of the anaerobic 
digestion,         whose         final         products         are         biogas         and         the         digestate. 
In this work, the objective was to calculate the lower calorific value (LCV) of the biogas produced 
during  the  biochemical  methanogenic  potential  (BMP)  of  animal  biomass:  bovine  effluent,  and 
plant:         Salvinia         macrophyte         and         codigues         among         these         biomasses. 
The results of the LCP indicated that the biogas of this co-digestion presented better result in relation 
to the bovine effluent sample. 

 
Keywords 
Biogas, macrophyte, calorific value. 

 
 
INTRODUCTION 
The demand for food is increasing, and consequently, there is an increase in the demand for energy, 
water and also the growth in the generation of waste, whether solid, liquid or gaseous. An example is 
the production of bovine milk, where residues generated by dairy cattle activity (animal biomass) have 
a great environmental impact if not treated properly. One way of treating these residues, with use  of  
the  energy potential,  is  by the  process  of  anaerobic  digestion.  In  addition  to  reducing  the 
organic load of biomass, there is the production of biogas. The biogas consists mainly of methane 
(CH4) and carbon  dioxide (CO2), as  well  as traces of oxygen  (O2), hydrogen  sulphide (H2S) and 
hydrogen (H2), has a high calorific value, which can be used for generation of electric, thermal or 
vehicular energy. However, when these residues are disposed in hydrous bodies without adequate 
treatment,  the  phenomenon  called  eutrophication,  which  is  the  growth  of  aquatic  plants  or 
macrophytes (plant biomass), can occur due to the high concentration of nutrients. However, with the 
use  of  anaerobic  digestion,  it  is  possible  to  handle,  in  the  form  of  co-digestion,  bovine  effluent 
samples together with macrophytes, to treat and destine two biomasses. Therefore, the biochemical 
methanogenic potential - BMP test was carried out in the laboratory, which, in addition to presenting 
the  maximum  production  of  biogas  and  methane  under  controlled  conditions  of  temperature  
and pressure, allowed to calculate the lower calorific value of the biogas generated. The samples tested 
were: bovine effluent, a macrophyte species (common in the interior of the state of Paraná), which 
was previously dehydrated and four different samples of codigestion of these two biomasses, with 6, 
7, 8 and 9 (%) of total solid – TS. 

 
METHODOLOGY 
The  samples  were  collected  in  a  rural  property  located  in  the  municipality of  Marechal  Cândido 
Rondon - PR, whose main activity is dairy cattle, and for environmental reasons, the effluent was 
released   in   a   stabilization   pond,   where   there   was   a   massive   production   of   macrophytes.
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The BMP assay was performed based on the guide VDI 4630 (2006). During the period in which the 
sample  produced  the  biogas,  two  gas  analyzes  were  carried  out  with  a  gas  analyzer.  With  this 
equipment it was possible to identify the concentration of the main gases that constitute the biogas of 
the  sample.  The  biogas  LCV  was  determined  by  Dulong's  formula  (SILVA,  CORREIA  and 
HERMETO, 1985), which is: 

 
 
 
 
 
At where: 

𝑁𝑁𝑁𝑁 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = ∑ 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  ⋅ %𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 
𝑚𝑚𝑚𝑚=1

 

LCV = Lower Calorific value (kcal.kg-1) 
 

LCVgas = Lower calorific value of the analyzed gas (kcal.kg-1) 
 

%mi = mass fraction 
 
 
RESULTS AND DISCUSSION 

 

Based on the average composition of the biogas analyzed during the test, which lasted 30 days, the 
calculations were performed to obtain the LCV. For the animal biomass the LCV was equal to 4,372, 
for the Macrophyte = 3,540, Co-digestion 1 - 6% = 5,212, Co-digestion 2 - 7% = 5,055, Co-digestion 
3 - 5,237 and Co-digestion 4 - 8% = 5,146, (kcal.m-3). 

 

It is possible to observe that the LCV of the animal biomass was higher than that of the macrophyte, 
in approximately 19.0%, however, correlating it with the lowest value obtained from the codigencias 
the PCI was 15.6% below, that is, the co-digestion was favorable to increase the calorific value of 
biogas. 

 
As the LCV is proportional to the concentration of CH4, it means that its concentration was higher 

for the co-digestion samples. 
 
CONCLUSION 
Considering the results obtained, it was concluded that there was a significant increase in LCV in the 
samples with the use of co-digestion of bovine and macrophyte residues, which shows the feasibility 
of the use of co-digestion of animal biomass with plant biomass. 
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Abstract
Four trials on pilot-scale sand filters were carried out to evaluate the head-
loss development along the post-treatment of UASB effluent considering 
changes on the hydraulic loading rate (60, 90, 120 and 160 m³.m-2.d-1). The 
head-loss was quite similar between all filters within 20 hours of filtration 
while the hydraulic load limit (1300 mm) was reached at time intervals in-
versely proportional to the filtration rate for longer times. The retention of 
impurities occurred on the top in SF3 and SF4 while SF1 and SF2 performed 
a better use of the entire sand bed, so these filters produced larger volume 
of treated water.

Keywords
Head-loss; sand filter; turbidity; UASB effluent; filtration rate.

INTRODUCTION
The residual concentration of organic (BOD and COD) and microbiological (fecal coliforms) 
pollutants in the anaerobic reactor effluent usually exceeds the maximum permissible level 
prescribed by the effluent discharge standards of most developing countries (Van Lier, 2008). 
Sand filtration has been used as one of the most promising post-treatment options for UASB 
effluent due to the effluent quality, cost efficacy and operational simplicity. The effective-
ness of sand filters for tertiary treatment of wastewater is strongly affected by some opera-
tional variables such as the head-loss. In these regards, four trials on pilot-scale sand filters 
were performed to evaluate the head-loss development along the post-treatment of UASB 
effluent at different hydraulic loading rate.

METHODS
The filtration system was comprised by a rock filter (RF), two sand filters (SF) and two acti-
vated carbon filters. The SF head-loss was measured using seven piezometers spaced at 200 
mm vertical distance to each other, where P1 was connected to the tailwater basin and P7 to 
the headwater above the sand bed (Mauclaire et al., 2004). All filters were connected in se-
ries, where the influent load to RF and SF was controlled to design four experimental systems 
(ES, Table 1). The head-loss measured in each SF considered data taken from one career of 
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filtration (CF), limited to 1300 mm. The influence of filtration rate on the head-loss velocity 
coefficient (KL) was also checked.

Table 1 Hydraulic load rates applied to each SF trial.

Experimental system (ES) Filtration rates (m³.m-².day-1)
Rock filter (RF) Sand Filter (SF)

ES1 100 60
ES2 100 90
ES3 300 120
ES4 350 160

RESULTS AND DISCUSSION
The head-loss was similar between all filters within 20 hours of filtration. For longer times, 
the hydraulic load limit (1300 mm) was reached at time intervals inversely proportional to 
the filtration rate, such as: 45h to SF1 (60 m³.m-².d-1, Figure 2-A), 30h to SF3 (120 m³.m-².d-1, 
Figure 2-C) and 24.5h to SF4 (150 m³.m-².d-1, Figure 2-D). In fact, the total head-loss in SF1 
was 3 times lower than in SF3 when this filter reached the limit value (30h, Figure 6-D). At 
24.5 hours, such difference was 1.8 times between SF4 and SF3. Thus, the expected increase 
of deeper solids deposition into the sand bed as the hydraulic load rate increases (Ncube et 
al., 2018) was quite neglected, probably because the filter media consisted of a single sand 
layer with constant porosity (effective diameter 0.80 mm), so there was a little solids trans-
port along the sand bed driven by the influent flow.
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Figure 1 Relative head-loss in depth in SF1 (A), SF2 (B), SF3 (C) and SF3 (D).

Since the solids retention occurred on the top in SF3 and SF4, the filters SF1 and SF2 per-
formed a better use of their sand bed. The broader solids distribution in the sand bed in-
creased the CF because the head-loss limit was reached later (Ncube et al., 2018), so a great-
er volume of treated water was produced. In fact, the higher the filtration rate, the higher the 
KL (mm.h-1) within 10h of filtration. For instance, the KL for SF4 was 10 times higher than that 
recorded for SF1 (Table 2).
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Table 2 Initial head-loss and first-order model to the upper sand layer (P6-P7).

Fil-
ter

Initial head-
loss

Simple linear regres-
sion

R²

SF1 67 y = 3.80x + 61 0.77
SF2 108 y = 3.97x + 104.92 0.84
SF3 124 y = 13x + 121.33 0.99
SF4 185 y = 36.4x + 167.33 0.97

CONCLUSION
The solids retention took place mostly on the tailwater basin specially in the experiments 
with greater hydraulic load rates (SF3 and SF4) and the head-loss limit (1300 mm) was 
reached invertially proportional to the filtration rate. The sand bed was used better in SF1 
and SF2 ascribing lower KL values, with broader solids distribution in the filters. This outcome 
addresses a better treated water productivity well-fitted to post-treat the effluent of small 
UASB reactors.
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Abstract 
Pretreatments  must  be  applied  in  inocula  source  aiming  the  inactivation  of  H2-consuming 
microorganisms  such  as  methanogenic  archaea  that  cannot  survive  in  extreme  environmental 
conditions  mainly  high  variations  of  pH,  temperature,  growth,  among  others.  In  this  sense, 
pretreatments were performed in a subtropical granular sludge: (I) Heat, (II) Serial Dilutions, (III) 
Drying,  (IV)  Acid,  (V)  Basic  and  (VI)  Freezing  and  thawing.  After  that,  the  granular  sludge 
pretreated was added separately in duplicates of anaerobic batch reactors operated for 168 h, at pH 
37  °C.  No  methane  was  detected  in  the  headspace  of  the  reactors  proving  the  efficiency  of  
the pretreatments in the inhibition of H2-consuming bacteria. However, the pretreatments (I), (IV) and 
(V) have shown a great efficiency in selecting H2-producing microorganisms from a subtropical 
sludge with yields of 0.67, 10.83 and 2.90 mmol H2  L-1. Anaerobic bath reactors fed with citrus 
wastewater (2 g COD L-1) and inoculum from pretreatment (IV) have generated 2.53 mmol H2 L-1, 
56%  of  sugar  consumption,  at  the  end  of  operation.  The  subtropical  granular  sludge  pretreated 
showed a great potential on H2  production with citric wastewater. 

 
Keywords 
H2  producer bacteria; methanogenic archaea, Gram + rods, fructose, agroindustrial wastewater. 

 
 
INTRODUCTION 

 
 

Various sources of inocula have been used for hydrogen production such as pure cultures, soil, 
granular sludges among others. However, just a few studies use subtropical sludges that contain high 
diversity of anaerobic bacteria and they could be applied on biohydrogen production. Brazil is the 
main producer of citrus worldwide, reaching 16.9 million tons in 2014. Thus, the disposition could 
harm the landfills (Torquato et al., 2017). In addition, orange wastes contain soluble sugars which can 
be fructose, glucose and sucrose in suitable quantities for hydrogen producing bacteria. In this way, 
six pretreatments were applied on a subtropical granulated sludge to obtain hydrogen producing 
bacteria and to test it on H2  generation in anaerobic batch reactors filled with citric wastewater. 

 
 
MATERIALS AND METHODS 

Inoculum Source 

A subtropical anaerobic granular sludge from a UASB reactor (Upflow Anaerobic Sludge Blanket) 
treating poultry wastes (Avicola Dacar – Tietê – SP) was used. 

 

Reactivation, Pretreatment Process and H2-producing batch reactor
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The inoculum (20% m/v) was reactivated in duplicate of anaerobic batch reactors filled with a PYG  
medium  (1000  mL)  (g  L-1:  10-glucose,  5-yeast  extract,  5-peptone  and  5-meat  extract),  the 
headspace (50 mL) with N2 (99.99%) at pH 7.0 and 37oC for 168 h. After that, six pretreatments were 
applied on it to inhibit methanogenic microorganisms:  (I) Heat: It was heated to 100°C for 10 minutes 
and then it was cooled in ice batch until 25°C; (II) Serial Dilutions: anaerobic batch reactors were 
carried out with reactivated inoculum (20% m/v)  in a rich medium (PYG) at pH 7.0, 37°C for 24 h. 
Then, after 24 h, 10 mL were transferred to the new reactor. The same procedure was repeated for 5 
more  times,  always  after  24  h  (sufficient  time  for  the  development  of  fermentative  bacteria  
and methanogenesis inhibition); (III) Drying: It was heated to 100°C for 12 hours in oven and then it 
was macerated  and  stored  in  absence  of  light;  (IV)  Acid:  It  was    (20%  m/v)  maintained  in  
reactor containing 1 L of rich medium (PYG), at pH 3.0 (using HCl 4M) for 24.0 h at 37°C. Then the 
pH was adjusted to 7.0; (V) Basic: It (20% m/v) was maintained in reactor containing 1 L of rich 
medium (PYG), at pH 10.0 (using NaOH 1M) for 24.0 h at 37°C.; (VI) Freezing: It was frozen at -
10°C for 
24 hours. Then, the inoculum passed through natural thawing process until 25°C.  The biogas content 
in  the  headspace  of  duplicates  of  the  reactors  was  determined  after  168  h  of  operation  by  gas 
chromatography.  The  best  pretreatment  applied  on  H2  generation  were  tested  in  anaerobic  batch 
reactors filled with citrus wastewater (2 g COD L-1), at pH 5.5, 37°C, for 69 h of operation.  Analysis 
of H2 production, sugar consumption, microscopy and cellular growth were made during the operation 
of the reactors. 

 
 
RESULTS AND DISCUSSION 

All pretreatments have shown efficiency in inactivation of methanogenic microorganisms once no 
methane production was observed. Only three conditions have shown H2 production, which were (I), 
(IV)  and  (V)  obtaining  0.67,  10.83  and  2.90  mmol  H2   L-1,  respectively.  Nevertheless,  some 
pretreatments (II, III and VI) showed inactivation of hydrogen producers bacteria. Some parameters 
can  be  pointed  as  crucial  to  microorganisms  selection  such  as  temperature,  exposition  time  
and extreme environmental conditions (Rafieenia, Lavagnolo, & Pivato, 2018). Prolonged periods of 
time under  elevated  temperature  (pretreatment  III)  and/or  lower  temperatures  (pretreatment  VI)  
can inactivate the methanogenic and hydrogen producers, resulting in lower and/or none yields of 
biogas. In the heat treatment (I) the procedure was done in an open beaker, which allied with the brief 
time of exposition could favor some aerobic bacteria,  resulting in low  H2  yield.  Liu  et al. (2009)  
also observed the generation of hydrogen gas and the acid treatment promoted a higher H2 efficiency 
(0.86 mol H2  mol-1  glucose), compared with heat (0.41 mol H2  mol-1  glucose), freezing and thawing 
(0.17 mol H2 mol-1 glucose) and basic (0.11 mol H2 mol-1 glucose). The reactors fed with citrus 
wastewater showed in 2.52 mmol H2  L-1, sugar  consumption of 56% with final pH of 4.70. The 
microscopy analysis during the operation of anaerobic reactors fed with citric wastewater has shown 
Gram + rods predominance which could be anaerobic bacteria involved in H2  generation such as 
observed by Lin et al. (2009). 

The heat, acid and basic pretreatments can be pointed as the ones which have a great efficiency to 
select the hydrogen producing bacteria from subtropical anaerobic granular sludges and they can be 
applied in future tests on biohydrogen production from citric wastewaters. 
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Abstract 
This study evaluates the performance of an integrated anaerobic/aerobic (IAAB) system used for the 
biological treatment of sulfate-rich effluents, through the reduction of sulfate and the oxidation of 
sulfide to elemental sulfur. Separately, an anaerobic and aerobic sludge were adapted to sulfate-
reducing and sulfide-oxidizing conditions. Once the sludge activation phase concluded, the 
anaerobic/aerobic reactor was integrated, and operated in three phases with a sulfate-rich synthetic 
solution, with different organic loading rates (OLR), varying COD/SO4

2- ratio, between 1 and 0.67, 
and HRTG, from 48 to 24 h, pH of 7 – 8, and 37 °C. All three phases obtained similar organic matter 
removal rates, but Phase I reached the highest sulfate removal rate with 75.17%. Electron flow (% 
CODin = 38.10 %) in Phase III (0.67 g COD/ g SO4

2- and HRT of 24 h) was mostly directed to 
sulfate-reducing activity. The decrease in HRTG from 48 to 24 h didn’t cause changes in sulfate 
removal in comparison to Phase II. The IAAB proved to be an alternative over conventional 
treatments for sulfate removal, but sulfide removal should be studied in detail. 
 
Keywords 
Anaerobic; aerobic; integrated system; sulfate reduction; sulfate-rich waters 

INTRODUCTION 
Anaerobic/aerobic systems have been employed for industrial and urban wastewater treatment. These 
systems can work with high organic loads, have a higher overall treatment efficiency, low energy 
consumption, and meet constraints of space, odor, and biosolids production (Chan et al., 2009). In 
this study, a two-step biological anaerobic/aerobic reactor was designed to evaluate sulfate, sulfide, 
and organic matter removal from a synthetic influent with different organic loads, varying both 
hydraulic retention time (HRT) and sulfate concentration, at a steady pH and temperature.  

MATERIAL & METHODS 
First, the anaerobic and aerobic sludge was collected. Three samples of anaerobic sludge were 
characterized based on biological and physicochemical parameters, such as total suspended solids 
(TSS), volatile suspended solids (VSS), specific methanogenic activity, and specific sulfate-reducing 
activity (Andrade and Ochoa-Herrera, 2013; Rice et al., 2012). Biomass was adapted in an up-flow 
anaerobic sludge bed reactor (UASB) to sulfate-reducing conditions in three periods, with COD/SO4

2- 
ratios of 5 (Period I), 2.5 (Period II), and 1 (Period III), maintaining a HRT of 24 h, pH of 7 – 8 and 
37 °C. The aerobic sludge was activated in a fluidized bed reactor (FBR). Finally, the aerobic reactor 
was integrated to the sulfate-reducing anaerobic reactor (ASRr), forming the integrated 
anaerobic/aerobic biological system (IAAB), which operated in three phases, varying the organic 
loading rates (OLR), 1 COD/SO4

2- and HRTG of 48 h (Phase I), 0.67 COD/SO4
2- and HRTG of 48 h 

(Phase II), and 0.67 COD/SO4
2- and HRTG of 24 h (Phase III), pH of 7 – 8, and 37 °C.  
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RESULTS & DISCUSSION  
The aerobic sludge presented a VSS/TSS ratio of 44.62 %. The anaerobic sludge without treatment 
presented the lowest VSS/TSS ratio (56.50 %), while the activated and methanogenic sludge 
presented ratios close to 60 %. The inoculum without treatment presented the lowest specific 
methanogenic activity and the highest sulfate-reducing activity. The percentage of electron 
equivalents proved that sulfate-reducing activity (65.85 %) predominated over methanogenic activity 
(5.82 %). 

 The adaptation period of the ASRr indicates that electron flow inclines towards methanogenic 
activity at higher COD/SO4

2-ratios. Period III (1 COD/SO4
2-) reached the highest sulfate removal rate. 

During aerobic sludge activation 94.13 % of organic matter was removed. 
 Figure 1 shows sulfur species behavior during the operation of the IAAB system. All three phases 
obtained similar organic matter removal rates (82.41, 90.09, and 95.61 %). In Phase I, sulfate removal 
efficiency reached 75.17 %, but decreased once the COD/SO4

2- ratio lowered to 0.67, probably caused 
by a substrate or product inhibition. No significant impact on sulfate removal and sulfide production 
was observed with OLR increase (Phase II and III). The percentage of electron equivalents in the 
anaerobic region of the IAAB during Phase III was mainly towards sulfidogenic activity (% H2S-
COD = 90.92 %). Electron flow towards methanogenic or sulfidogenic activity not only depends on 
the COD/SO4

2- ratio but also of operational parameters, like HRT or the substrate used (Lu et al., 
2016). The aerobic region removed the remaining organic matter from the ASRr. Sulfate 
concentration in the effluent of the aerobic zone did not vary in comparison to the ASRr effluent, 
indicating that volatilization occurred instead of sulfide oxidation.   

 
Figure 1. Concentrations of sulfate (A) and sulfide (B) (anaerobic influent, ∇; anaerobic effluent, ∘;  aerobic effluent, 

▲) in the IAAB as a function of time, 1 – 0.67 COD/SO4
2- ratios, HRTG of 48 – 24 h, 37°C, and pH of 7 – 8. 

CONCLUSIONS  
This study demonstrated that a two-step anaerobic/aerobic biological system operating at high OLR 
could be used for sulfate and organic matter removal from sulfate-rich wastewater as an alternative 
over conventional methods. Removal of sulfide, resulting from sulfate reduction, should be studied 
in further detail.  
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Abstract
The aerobic granular sludge (AGS) process was evaluated in an acetate-con-
taining effluent, simulating a concentration found in a UASB reactor effluent 
treating high organic load industrial wastewaters. The removal of organic 
matter, nitrogen and phosphorus were assessed, as well as the operational 
parameters, such as granule size and sludge volume index (SVI). The AGS 
was developed using a sequencing batch reactor (SBR), operated with a total 
cycle of 6 h. The system produced granular sludge with sizes > 0.6 mm and 
with sludge volume index - SVI30 of less than 60 mL/g, since day 15 of oper-
ation. Removal efficiencies of 91.6%, 73.7% and 74.5% were found for COD, 
TN and TP, respectively. The aerobic granulation process was possible to be 
obtained with acetate as substrate, in a very fast time, and the effluent had 
a very low concentration of suspended solids. Additionally, high removals 
of organic matter, N and P were found. Therefore, the AGS technology may 
represent an interesting post-treatment option for UASB reactors.

Keywords
Industrial wastewaters, UASB, post-treatment, aerobic granular sludge.

INTRODUCTION
Industrial effluents, especially those with high organic load and high nutrient concentrations, 
are reported to be treated in UASB reactors. However, a post treatment is always required to 
remove residual COD (usually acetate) and nutrients. Different aerobic post-treatments have 
been used in real-scale applications, such as submerged aerated filter or activated sludge 
(Chernicharo, 2006). The aerobic granular sludge (AGS) technology have drawn attention in 
the last years due to the possibility to remove carbon, nitrogen, phosphorus and other pollut-
ants (Nancharaiah, 2018). AGS have been tested under different conditions and with several 
substrates, especially to understand the fundamentals of the granulation process, i.e. forma-
tion and maintenance of granules with high biological activity. However, a few researches 
assessed the granulation process as a post-treatment option for acetate-containing effluent 
from UASB reactors, objective of the present investigation.

MATERIALS AND METHODS
The AGS was developed using a sequencing batch reactor (SBR), operated with a total cycle 
of 6 h: 15 min feeding, 54 min anaerobic, 266 min aerobic, 20 min settling time and 5 min for 
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effluent discharge. The reactor had an internal diameter of 100 mm, a ratio of height to diam-
eter (H/D) of 10:1 and an effective volume of 7.8 L. A volumetric exchange ratio of 50% was 
applied by using peristaltic pumps. Air was introduced by a fine-bubble porous aerator with 
the superficial air velocity of 2.0 cm/s. The room temperature was around 27 ± 2 °C. The 
synthetic influent consisted of: CH3COONa (~520 mg COD/L), NH4Cl (~120 mg NH4

+-N/L) 
and K2HPO4 (~12 mg PO4

3--P/L), simulating a typical industrial effluent after UASB treat-
ment, with acetate as carbon source.

RESULTS AND DISCUSSIONS
The concentrations and average removals of COD, TN and TP are shown in Table 1. Efficien-
cy removals of 91.6%, 73.7% and 74.5% were found for COD, TN and TP, respectively. Sim-
ilar results were obtained by Wu (2018) and Wei (2014), with removals of 90-99% of COD, 
75-85% of TN and 75-90% of TP.

Table 1 –Concentrations and average removals of COD, TN and TP.

R COD NH4
+-N NO2

--N NO3
--N TN TP

Influent (mg/L) 523.1 
(±78.1)

119.5 
(±10.1)

- - 93.2
(±10.05)

12.3 (±4.5)

Effluent (mg/L) 43.8 
(±22.9)

12.4
(±5.9)

23.1 (±6.5) 34.8
(±12.3)

24.5
(±7.1)

3.1 (±2.3)

% Removal 91.6% - - - 73.7% 74.5%
The system produced granular sludge (dense and spherical) with sizes > 0.6 mm and sludge 
volume index - SVI30 of less than 60 mL/g, since day 15 of operation. The results are similar 
to those reported in studies with domestic effluents (Liu et al., 2010, Wei et al., 2012).

Figure 1 – Relation between mean diameter and SVI.
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CONCLUSIONS
The aerobic granulation process was possible to be obtained with acetate as substrate, in a 
very fast time, and the effluent had a very low concentration of suspended solids. Additional-
ly, high removals of organic matter, N and P were found. Therefore, the AGS technology may 
represent an interesting post-treatment option for UASB reactors.
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Summary 
In the coastal zone, large concentrations of organic matter (COD) from the wastewater are discharged. An 
alternative to evaluate in this study to reduce COD is the use of anaerobic digestion using sulfate reducing  
bacteria  (BSR),  using  seawater  containing  high  concentrations  of  sulfate  (SO4-2).  For  this proposal, 
batch tests were carried out evaluating the elimination of organic matter contained in urban wastewater, 
evaluating the follow-up of the sulfate and the oxidation of H2S. In the influent a ratio of 
0.6 COD/SO4

-2  was maintained. The result obtained due to the decrease of the organic matter in the 
effluent was the oxidation of the H2S generating S°, which remained constant after 48 hours with a rate 
of 1.08 g/L h. To assess the economic and environmental feasibility of the proposal, balances of matter 
and energy were applied along with estimating CO2  emissions. The results obtained for this proposal 
reduce by 38% the operating costs, and almost 50% the investment costs, reducing by 57,580 kgCO2/d 
the CO2  emissions compared to an activated sludge treatment plant. 

 
Keywords 
Anaerobic digestion, sulfate, sulfate-reducing bacteria, urban wastewater. 

 
 
INTRODUCTION 
In the coastal zone, large concentrations of organic matter (COD) from the wastewater are discharged. A 
viable and innovative alternative for the treatment of wastewater in this areas is the use of anaerobic 
digestion  using  sulfate  reducing  bacteria  (BSR).  The  reason  why  this  technology  is  applied  to  the 
coastal sector is due to its proximity to the sea, because the sea contains high concentrations of sulphate 
(SO4-2)  and  can  be  used  as  a  source  of  sulphur  to  feed  the  BSR.  The  objective  of  this  study  is  
to evaluate the removal of COD contained wastewater through a process of reduction with  SO4-2  using 
seawater. 

 
 
METHODOLOGY 
Two batch tests with synthetic wastewater were performed. The first assessed the removal of COD in 
anaerobic conditions, depositing 150 ml of anaerobic sludge, 300 ml of PBS, 300 ml of distilled water, 
600 mg C2H3NaO2, 500 mg of NaSO4, in a jar maintaining agitation. The second test was evaluated the 
oxidation of H2S produced by the action of BSR by reducing COD, using 100 ml of biomass aerobic, 
700 ml PBS, 400 ml of distilled water, connected to an air pump that ensures the entry of O2 (Barba et 
al., 2016; Munz  et al., 2009).  To assess the  economic and environmental  feasibility of the proposal, 
balances  of  matter  and  energy  were  applied  along  with  estimating  CO2  emissions,  and  comparative
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calculations were performed with activated sludge model plant based on the plant treatment Mapocho the 
Trebal (input flow: 255.600 m3/d) (SISS, 2009). 

 
 
RESULTS 
The test results sulfate reduction and oxidation of the H2S carried out in this investigation are shows in 
Figure 1 and Figure 2 respectively, while the evaluation of the economic and environmental feasibility is 
show in Table 1. 

 

 
 

Figure 1. Results of the Sulphate-reduction.                    Figure 2. Results of the oxidation H2S. 
 
 

Table 1. Comparison of economic and environmental feasibility of treatments
 

Treatment                           Investment costs 
(US$/d) 

 

Operating costs 
 

(US$/d) 

 

CO2  emissions 
 

(kgCO2/d)
 

This study                                                    18.297.393                          9.113                                78.769 
 

Activated sludge plant model                      41.938.523                          5.610                                21.189 
 
 
CONCLUSION 
This study determined that the removal of COD contained in wastewater through the action of BSR in 
anaerobic  conditions,  it  is  possible  to  perform  with  a  concentration  of  0.6  COD/SO4

-2.  The  result 
obtained due to the decrease of the COD in the effluent was the oxidation of the H2S generating S°, which 
remained constant after 48 hours with a rate of 1.08 g/L h. This proposal reduces by 38% the operating 
costs, and 56% the investment costs, reducing by 73% the CO2  emissions compared to an activated sludge 
treatment plant. 
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Abstract 
This study proposed two different systems (sequential and coupled reactors) to mitigate greenhouse 
gases emissions (CH4 and CO2) from municipal anaerobic wastewater systems. First, the sequential 
system consisted in two stirred reactors with methanotrophic and microalgae cultures, respectively. 
The second system was a coupled co-culture (methanotrophic and microalgae) bubble column 
reactor. Results showed the bubble column as the best option for CH4 removal (> 90%), reaching 9 
gm-3h-1 of elimination capacity. 
 
Keywords 
Bubble column; carbon dioxide; co-culture; methane. 

INTRODUCTION 
In recent years, the concern about treating gaseous effluents from municipal anaerobic reactors has 
increased due to the high discharges of dissolved methane (Souza et al., 2011) and of the biogas 
produced. Methane (CH4) is the main product from anaerobic digestion, with a warming potential 34 
times higher than carbon dioxide (CO2), and its mitigation has been extensively studied by biological 
treatment (generally biofiltration) when it cannot be utilized (CH4 < 20% v v-1). In those systems CH4 
is transformed to CO2 and biomass using aerobic microorganisms. However, mitigation is not 
complete as CO2 is still produced. Recently, the use of integral systems with co-cultures that allow 
the growth of microorganisms able to take advantage of both compounds has been proposed (Hill et 
al., 2017), as well as giving an added value to the product, in this case, biomass, which can be used 
in different ways. The aim of this study was to evaluate the removal of CH4 and CO2 by 
methanotrophic and microalgal cultures in a sequential system (stirred tanks) and a coupled system 
(bubble column). 

METHODOLOGY 
Two systems were used to evaluate the removal of CH4 and CO2, in a sequential system and a coupled 
system, which are described below. The Sequential system had two 1 L mechanically agitated reactors 
at 25 °C. Each reactor contained 0.7 L of mineral medium and a methanotrophic (first reactor, R1) 
and microalgae cultures (second reactor, R2). The feed was a simulated CH4 in air stream (< 7% v v-

1) was fed intermittently to (R1) at 1.8 L h -1. The exit gas from R1 was fed to R2.  
A second configuration was a coupled system with a 3 L bubble column having a mixture of 

mineral medium at 30 °C and an inoculum of an initial mixture (2:1 w w-1) of alkaline methanotrophic 
bacteria and a microalgae culture. The system was fed intermittently (avg. 2.1 L h -1) and had a 
constant recirculation system from the headspace to the liquid. To evaluate the capacity of the systems 
to remove both CH4 from the inlet and the CO2 produced, the load (ML), the elimination capacity 
(EC) and the removal efficiency (%RE) were calculated. 
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Where Qgin is the gas flow rate, Vr represents the volume reactor and Cgin and Cgout are the pollutant 
(CH4 or CO2) concentration at the inlet and outlet of the system. 



504

RESULTS 
Results from CH4 and CO2 removal from each reactor (Avg. biomass concentration R1, 0.4 gdw L-1; 
and R2, 1.2 gdw L-1) in the sequential system are shown in figure 1. 

  
Figure 1. Mass load and EC for CH4 (a) and CO2 (b) in R1 and R2 of the sequential system. 

Results from the coupled system (Avg. 3 gdw L-1) are in figure 2. Outlet CO2 concentration ranged 
from 0-2% v v-1, depending on the pH. The latter is important because, it was observed that the 
efficient elimination of CH4 (˃ 90%) caused a decrease in pH due to the CO2 production, which means 
a pH control is essential to maintain the activity of both consortia close to its optimum pH (≈ 9). 

 
Figure 2. Mass load and EC for CH4 in the coupled system. CO2: pH > 8.75;  pH < 8.75. 

Previous figure shows a CH4 degradation efficiency of >90% for the coupled system and zero 
carbon emissions on few days indicating that this system could be a better option than a sequential 
system. Some of the advantages of this system was the recirculation of CH4 allows to improve the 
transfer rate by increasing residence time of the pollutant in the liquid phase, also, from the CH4 
consumed, the CO2 produced is dissolved in the medium allowing its uptake by the microalgae 
consortium.  

CONCLUSIONS 
This work shows that coupled microbial- algae can be effective integrated systems to remove GHG 
and produce biomass in both sequential and integrated systems. Further optimization is being carried 
to minimize emissions maximizing biomass production.  
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Abstract
The objective of this study was to evaluate the efficiency of an immobilized 
algae reactor used in the treatment of post-secondary effluents in the re-
moval of nutrients and pathogens. For the research, an immobilized algae 
reactor (IAR) was installed using polyurethane as a support medium. IAR 
was able to remove a form of satisfactory nutrients such as nitrogen (84%), 
phosphorus (80%) and fecal coliforms (99.99%).

Keywords
Domestic wastewater; immobilized algae; nitrogen and phosphorus.

INTRODUCTION

The main practical limitations for the treatment of wastewater using algae based techno-
logy are the separation and collection of algal biomass in the treated effluent. With in this 
context, the algae immobilization technique allows higher flexibility in the design and cons-
truction of bioreactors when compared to conventional systems using suspended algae. The 
support medium used in the immobilization provides a larger surface area in which the algae 
biomass grows, favoring the metabolic processes in a reduced space when compared to the 
conventional stabilization ponds. Also, suspended solids content is lower than in regular sta-
bilisation ponds. The objective of this study was to evaluate the efficiency of an immobilized 
algae reactor used in the treatment of post-secondary effluents in the removal of nutrients 
and pathogens.

MATERIAL AND METHODS

The experimental investigation consisted of a Hybrid Anaerobic Reactor (HAR) fed with do-
mestic wastewater followed by a Immobilized Algae Reactor (IAR) for post-treatment. The 
IAR had a volume of 6 liters, with 6 days of hydraulic retention time and operated with cha-
racteritics of a moving bed biofilm. The support medium consisted of a polyurethane foam 
cut into cubes (side of 0.5 cm). This algae based reactor operated under the following condi-
tions: average temperature of 30º C, dissolved oxygen average of 11 ± 1,63 mg l- 1. 

The following parameters were analysed weekly: total Kjeldahl nitrogen (TKN), total ammo-
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nia nitrogen (TAN), nitrite (NO2
-), nitrate (NO3

-), total phosphorus (TP), soluble orthophos-
phate (SOP), pH, total alkalinity (TALK) and thermotolerant coliforms (TTC). Analyses were 
performed in the influent (HAR effluent) and in the effluent of IAR. Procedures followed 
recommendations of APHA (2012).
 

RESULTS AND DISCUSSION

Table 2 presents the average values   and their standard deviation for the Hybrid Anaerobic Reactor 
effluent and effluent from Immobilized Algae Reactor as well as the values   of removal efficiency.

Table 2: Mean values   and removal efficiencies of nutrients and thermotolerant coliform

Parameters Hybrid Anaerobic 
Reactor effluent

Reactor Immobilized 
Algae effluent

Removal 
(%)

TAN (mg N.L-1) 44,76 ± 7,14 3,48 ± 3,28 84,04
TKN (mg N.L-1) 47,86 ± 7,16 16,37 ± 9,06 65,80
Nitrate (N-NO3

-   mg.L-1) - 4,94 ± 2,53 -
Nitrite (N-NO2

-    mg.L-1) - 0,51 ± 0,33 -
Total Phosphorus 
(mgP.L-1) 5,83 ± 1,13 5,83 ± 1,13 80,54

SOP (mg P-PO4
3-.L-1) 4,88 ± 0,95 4,88 ± 0,95 80,56

Total Alkalinity (mg 
CaCO3.L

-1) 375,47 ± 56,69 157,41 ±  88,45 58,07

TTC (CFU/100mL) 2,13E+06 ± 1,07E+06 1,04E+03 ± 1,0E+03 99,99

The behavior of nitrogen in IAR is similar to that expected by a high-rate lagoon. The results 
point out for nitrogen removal both ammonia volatilization and nitrification occurred. Regar-
ding to this last mechansim the support medium and the high concentracions of dissolved 
oxygen favor bacterial growth (Filali et al., 2012). The removal of phosphorus and orthophos-
phate was about 80% for each one. This removal can occur when phosphorus is incorporated 
into organisms such as algae and bacteria and also by chemical precipitation due to high pH 
characterizing the formation of calcium and magnesium salts such as hydroxyapatite and 
struvite (Booker et al. 1999). The final concentration of thermotolerant coliforms represen-
ted a removal of 4.0l og units (percentage of about 99.99%. This decay is mainly due to the 
high pH values(r = -0,667, α = 0,05). This value of efficiency is similar to that found in po-
lishing ponds (METCALF & EDDY, 2016).

CONCLUSIONS

The polyurethane proved to be a good support environment for algae immobilization, being 
possible to efficiently remove nutrients and thermotolerant coliforms. Nitrogen removal in 
the IAR occurred mainly by ammonia volatilization, considering the low concentrations of 
nitrite and nitrate. The process of phosphorus removal has achieved an efficiency of 80% and 
coliform removal reached 99.99%.
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Abstract 
Swine wastewater is characterized with a high biodegradability rate DBO/DQO (0.4-0.6), suspended solids (2500-3000  mg/l),  ammonia  (3000-5000 

mg/l))  and  phosphorous  (1000-3000  mg/l)  concentrations.  According  to  his,  anaerobic  digestion  is  an  attractive  way  of  treatment  for  its  methane 

production, removal solids and reduction of odour. In the present work was developed the BMP assays as a tool to find the better S/I using an automatic 

system that controlled mixing, temperature and registered the volume of gas generated. After 30 days of experimentation, it was found a value of S/I (1:1) 

at a 35°C and pH: 7.15, 65-70% sBOD removal efficiency and 0.20 L CH4/gVS of methane production. However, the effluent from the anaerobic digestion 

needs an aerobic post treatment, which was developed as an activated sludge batch system reaching an (92-96%) sBOD efficiency removal at 20-24 h 

respectively (25°C) and 70-80% of ammonia removal. 

 
Keywords 
Swine wastewater, anaerobic digestion, aerobic treatment, activated sludge batch reactor. 

 
 
INTRODUCTION 
Swine production represents nearly 40% of the 
world’s meat production, and waste generated 
from    swine    production    is    a    growing 
international  concern    (Amini  et  al.,  2017). 
Typical  swine  manure  is  characterized  by  a 
high    content    of    suspended    solids,    high 
biochemical      oxygen      demand      (BOD), 
phosphorus and nitrogen  contents, as well as 
high levels of microbial population, resulting in    
water    contamination,    human    health 
deterioration   and   odours   caused   by   gases 
produced  by  decomposing  manure  (Chelme- 
Ayala,   El-Din,   Smith,   Code,   &   Leonard, 
2011). 

 
Generally,  swine  wastewater  can  be  treat  by 
anaerobic   treatment   that   is   an   attractive 
treatment  strategy  because  of  production  of 
methane,    conservation    of    nutrients    and 
reduction of odour. However, posttreatment of 
anaerobic effluent may be necessary in order to 
reach low nutrient levels for land application or 
discharge to water bodies. (Angenent, Sung, 
& Raskin, 2002). As a consequent, sequencing 
batch reactor (SBR) have been widely used to 
treat    swine    wastewater    achieving    good 
removal  efficiencies  including  about  95%  of 
COD and TN removal rate, and about 90% of 
TP   removal   rate   (Deng,   Zheng,   Chen,   & 
Mahmood, 2008). According to the above, the 

purpose of this work is to determine the sBOD 
and   nutrient   removal   efficiency   of   swine 
wastewater  anaerobic  digestion  follow  of  an 
aerobic   treatment   (SBR)   using   lab   scale 
equipment. 
 

2. MATERIAL AND METHOD 
 

2.1. Materials 
 

For   the   experiments   was   used   raw   swine 
wastewater  from  a  piggery  farm  in  Huaral, 
Peru named Agropecuaria S.A.C.  (BOD: 3000 
mg/l, DQO: 5000 mg/l, SST: 2500 mg/l, A&G: 
14 mg/l). 
 

2.2. Experimental Design 
 

2.1.1. BMP Test 
 

The relevance of the BMP tests is that they are 
an useful tool to improve the knowledge on the 
anaerobic       digestion       such       us       the 
biodegradability  of  the  substrate  investigated 
and    the    relative    specific    rate    of    bio- 
methanation    (Luna-delRisco,    Normak,    & 
Orupõld, 2011). 
 

These tests were conducted in batch conditions 
for 30 days measuring the maximum amount of  
biogas  contained  in  substrates  by  liquid 
displacement  using  an  automatic  ARDUINO 
mega    system,    including    a    control    of 
temperature   (up   to   35°C)   and   intermittent
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mixing as it seems in figure 1. 
 

It   was   evaluated   three   different   S/I  ratios 
(0.5:1, 2:1 and 1:1) considering three replicates 
and one blank in each case. The inoculum was 
a sewage sludge pre incubated at 30°C from a 
UASB    reactor    with    a    0.5%    of    solids 
concentration. 

 

As there no standard protocol for BMP test, the 
most common conditions used in the literature 
were applied, including the flushing of every 
sample   with   gas   N2/CO2    (80/20)   for   five 
minutes  (Esposito,  Frunzo,  Liotta,  Panico,  & 
Pirozzi, 2012). 

 
2.1.2. Aerobic System 

 

The aerobic system is an activated sludge batch 
system design to wok with 3500 mg/l MLVSS, 
F/M: 0.10, pH: 6-7 and T: 25°C. Consists in a 
reactor of 50 litters with an air blower and plate 
diffusers. The system was operated at different 
retention times in order to evaluate the constant 
kinetics of biological removal of sBOD using 
as substrate raw swine wastewater dilute at a 
concentration    of    BOD:    500    mg/l.    The 
inoculum used was an aerobic sludge from a 
SBR plant from Iron Mountain enterprise with 
a 0.8% of solids concentration. 

 

 
 

Figure 1. BMP equipment                     Figure 2. Aerobic System 
 

2.3. Statistical Method 
 

For  the  analysis  of  experimentation  results 
ANOVA   test   was   applied   to   evaluate   the 
significance at 95% confidence. 

 

3. RESULTS AND DISCUSSION 
 

From BMP test it was obtained a 65-70% of 
sBOD removal efficiency at a 35°C, having a 
best  performance  with  an  S/I  (1:1)  5-10% 
higher  than  the  S/I  (0.5:1)  and  reached  a 
methane   production   of   0.2   L   CH4/gVS. 
Usually  is  recommend  to  use  for  industrial 
wastewater  a  S/I ratio  higher  than  1:1  but  
in this case the concentration of organic solids 
in 

the substrate generates rapidly a acidification of  
the  medium  that  inhibits  the  biological 
process although the alkalinity present in the 
raw   wastewater   (Córdoba,   Fernández,   & 
Santalla, 2016) . 
 

For an improvement of the removal efficiency 
is  necessary to  separate  the  hydrolysis  phase 
from  the  methanogenesis,  having  a  HUSB- 
UASB system that can achieve 90% of sBOD 
removal (Lettinga, Field, Van Lier, Zeeman, & 
Hulshoff Pol, 1997). 
 

In other hand, the activated sludge system was 
operated  at  different  retention  times,  having 
better results at 20 hours of operation (92% +/- 
5%)   and   24   hours   (96%   +/-   5%   sBOD 
removal).   Finally,   it   was   reached   70-80% 
efficiency of ammonia removal. 
 

4. CONCLUSION 
 

Swine  wastewater  can  be  treat  anaerobically 
reaching  65-70%  sBOD  at  35°C  with  an  S/I 
(1:1)    and    0.2    l    CH4/gVS    of    methane 
production.  Is recommend to separate in two 
phases  the  anaerobic  treatment  in  order  to 
maintain  the  stability  of  the  process.  As  the 
same   way,   is   necessary   an   aerobic   post 
treatment to remove the high concentration of 
ammonia  and  sBOD  present  in  the  effluent. 
According  to  this,  an  activated  sludge  batch 
system  can  remove  70-80%  of  ammonia  and 
92-96%     of     sBOD     with     20-24     HRT 
respectively. 
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Abstract
Slaughterhouse wastewater has potential for obtaining biogas. The aim of 
this work was to evaluate at laboratory-scale the biogas potential produc-
tion from raw (R) and pre-treated slaughterhouse wastewater from 4 tubular 
biodigesters in series (T1, T2, T3, T4), under optimum temperature (37 °C) 
conditions. Raw and pre-treated slaughterhouse wastewaters were from the 
Metropolitan Slaughterhouse of Quito (Ecuador). The experimental model 
consisted of 5 batch reactors without inoculums and by triplicate at 37 °C. 
The maximum biogas production (MBP) was evaluated by 121 days.  Results, 
showed that batch reactors: R, T1, T2, T3 and T4 reached MBP average val-
ues of 0.23, 0.39, 0.35, 0.29 and 0.32 m3 biogas/kg VSadded, respectively.

Palabras claves
Biodigesters, MBP, slaughterhouse wastewater.

INTRODUCCIÓN
Slaughterhouse wastewaters are organic matter from proteins, which makes them suscepti-
ble to biological treatment. The organic matter content from slaughterhouse wastewater is 
above 500 mg COD/L, which is also highly biodegradability (BOD5/COD > 0, 4) and favors 
the anaerobic treatment (Bustillo y Mehrvar, 2015). The anaerobic process applied to slaugh-
terhouse wastewater has been applied successfully under optimum temperature conditions 
(37 °C), obtaining organic matter removal up to 48% as VS and maximum biogas production 
(MBP) of 0.7 m3 biogas/kg VSadded (Castro et al., 2016). Biodigesters are operated under envi-
ronmental technologies (< 25 °C), and this causes that their VS efficiencies removal and MBP 
does exceed 90% and 0.3 m3 biogas/kg VSadded, respectively (Flores, 2014). Therefore, the 
aim of this study was to evaluate the biogas potential production from raw and pre-treated 
slaughterhouse wastewater from tubular biodigesters under optimum temperature condi-
tions.
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MATERIALS AND METHODS
Wastewater sampling: Raw slaughterhouse wastewater from Metropolitan Slauhterhouse 
of Quito was obtained during the composite hourly sampling of the days of greatest slaugh-
tering. Pre-treated slaughterhouse wastewater was obtained of the 4 tubular biodigesters in 
serie of 100 m3 each one operated during 4 months.
Experimental model: MBP assays were implemented according to established protocol by 
Angelidaki et al. (2009).  Assays in triplicate were established for studied each condition 
(raw: R, pre-trated: T1, T2, T3 and T4). Bottles (batch reactors) of 500 mL (350 mL useful 
volume) were sealed with a nitrile cap and connected to a hypodermic needle. Biogas mea-
surements were made with volumetric measurements by volume displacement of a barrier 
solution (75% saturated with NaCl, pH 4) (Angelidaki et al., 2009; Walker et al., 2009). Pre-
test each bottle was gassed with N2 by 2 minutes. MBP measurements were evaluated each 
7 days by 114 days.
Analytical Analysis: Before and after the test wastewater were characterized by Total Solids 
(TS), Volatile Solids (VS), Chemical oxygen demand (COD), volatile fatty acids (VFA), total 
alkalinity and pH. Methodology was based according to described by APHA-AWWA-WEF 
(2012). 

RESULTS
Figure 1 details the accumulated MBP obtained under 37 °C for raw and pre-treated slaugh-
terhouse wastewater. The MBP from slaughterhouse wastewater varied from 0.39 to 0.23 
m3 biogas/kg VSadded. The average MBP from highest to lowest varied thus T1>T2>T4>T4>R. 
The organic matter content measured as VS varied between 1.2 and 0.9 % (R>T1>T2>T3>T4). 
Furthermore, VFA reached values from 540 to 664 mg/L (T1>T4>T3>T2>R). Meanwhile, 
total alkalinity ranged from 1,240 to 1,546 mg CaCO3/L (T1>T2>T3>T4>R). Therefore, an 
adequate content of hydrolyzed organic matter together with a high alkalinity favored the 
biogas production. Finally, it is possible to observe that native inoculum from slaughterhouse 
wastewater allows the biogas generation without or with pre-treatment. 
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Figura 1. Accumulated MBP (m3 biogas/kg VSadded) for Raw (■) R and Pre-treated (○) T1, (Δ) T2, (▼) 
T3, (◊) T4 slaughterhouse wastewater.



512

REFERENCES
American Public Health Association (APHA), American Water Works Association (AWWA), 

Water Environment Federation (WEF) (2012). Standard methods for examination of 
water and wastewater. 22nd ed. Washington.

Angelidaki, I., Alves, M., Bolzonella, D., Borzacconi, L., Campos, J. L., Guwy, A. J., ... & Van Lier, 
J. B. (2009). Defining the biomethane potential (BMP) of solid organic wastes and 
energy crops: a proposed protocol for batch assays. Water Science and Technology, 
59(5), 927-934.

Bustillo, C., Mehrvar, M. (2015). Slaughterhouse wastewater characteristics, treatment, and 
management in the meat processing industry: A review on trends and advances. Jour-
nal of Environmental Management, 161, 287-302.

Flores, T. 2014 Evaluación del comportamiento del proceso de digestión anaerobia, de las aguas residuales 
del matadero municipal de Cochabamba Rada & Asociados S.A. Tesis de pregrado. Facultad de Tecnología. 
Ingeniería de petróleos, gas y energías. Universidad del Valle. Bolivia, 163pp.

Castro, L., Escalante, H., Gómez, O., Jiménez, D. (2016). Analysis of methanogenic and en-
ergetic potential from slaughterhouse wastewater using anaerobic digestion. Dyna, 
83(199), 41-49.

Walker, M., Zhang, Y., Heaven, S., y Banks, C. (2009). Potential errors in the quantitative eval-
uation of biogas production in anaerobic digestion processes. Bioresource Technology, 
100(24), 6339-6346.



513

 
 

Optimisation of anaerobic ponds in the municipality of La Ceja, 
Antioquia, Colombia: extraction and sludge treatment. 

 
 

L. Arbelaéz*, and F. Molina** 
 
 

*Servicios energéticos y ambientales CALD, Bogotá. 
(E-mail: leonardoarbelaez@cald.co) 
**Grupo GAIA, Escuela Ambiental, Facultad de Ingeniería, Universidad de Antioquia UdeA, Calle 70 N° 52-21, 
Medellín, Colombia. (E-mail: francisco.molina@udea.edu.co) 

 
Abstract 
In this work we present the case study of a system of anaerobic lagoons that operated for 16 years 
without performing the extraction of sludge, accumulating about 24,000 m3 of sludge. Resulting a per  
capita  sludge  production  of  0,031  m3/inhabitant-year,  similar  value  to  that  reported  by  the 
literature for tropical countries. Extraction of sludge was done using a boat with baffles of feeding, 
submersible electrical pump of impel open; next a vibrating screen avoid materials with particle 
diameter greater than 10 mm; finally the sludge dehydration done due to chemical destabilization and 
centrifugation The sludge entered the dehydration process with an average of 6% solids (V/V). 
Average dehydration efficiencies of 85% were achieved. The moisture content in dehydrated solids 
did not exceed 75%. The dehydration of sludge by centrifugation in anaerobic ponds is efficient and 
economically viable, for those projects where the generation of sludge is greater than the potential 
drying bed area that can be had in the plant, and it require high dehydration of the sludge in order to 
transport and use the biosolids. 

 
Keywords 
Anaerobic ponds, sludge extraction, sludge dehydration 

 
 
INTRODUCTION 
The efficiency in the transformation of organic matter within the anaerobic ponds depends on their 
volumetric organic loading rate, geometry (depth, length/breadth ratio) and characteristics such as the 
hydraulic retention time and flow patterns (Von Sperling and Chernicharo, 2005). One of the most 
important activities related O&M is the periodical extraction and dehydration of sludge due that the 
anaerobic pond operates as a primary clarifier. This work presents the case study of a system of two 
anaerobic  pond  and  one  facultative  pond,  which  operated  for  16  years  without  performing  the 
extraction of sludge, accumulating about 24,000 m3 of sludge. This is a good opportunity to makes 
estimates  on  sludge  generation  and  to  present  the  strategies  developed  in  order  to  extract  and 
dehydrate in a short time this quantity of sludge. 

 
MATERIALS AND METHODS 
Location and description of the WWTP 
The WWTP is located in La Ceja del Tambo, municipality located to the southeast of Antioquia, 
Colombia at 2,143 m.a.s.l.  La Ceja has a  combined sewage system. The WWTP has  preliminary 
treatment (screening and grit removal), two anaerobic ponds for primary treatment with volume of 
12,800 m3 each pond, finally, the secondary treatment is composed for a facultative pond with 
volume of 15,500 m3. 

 

Sludge extraction and treatment system 
Extraction of sludge was done using a boat with baffles of feeding, submersible electrical pump of 
impel  open,  automatic  traction  with  speed  variator.  Next  a  vibrating  screen  avoid  materials  
with particle  diameter  greater  than  10  mm.  Finally  the  sludge  dehydration  done  due  to  
chemical
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destabilization and centrifugation of poliestructured suspensions (high gravity solids, low gravity, 
miscellar and colloidal solids). The process of destabilization of the suspension begins by applying a 
primary inorganic coagulant (ferric chloride), a cationic polymer (polyacrylamide) and a non-ionic 
polymer which are placed to react in a static mixer to be sent to the decanter centrifuges where liquid 
-solid separation occurs. The centrifuges used are Solid Bowl Decanter and operate with a Bowl speed 
between 1,200 and 1,700 rpm, obtaining a G Force close to 900 G. Additionally, they have a special 
configuration: they all operate with a Back Drive to slow down the screw in ratios (n) greater than 
180: 1 (Bowl Speed: Screw Speed). 

 

RESULTS AND DISCUSSION 
 

Sludge extraction and treatment system 
During  the  execution  of  the  works  it  was  evidenced  that  the  extracted  and  dehydrated  sludge  
is approximately 24,000 m3. The average population during the period from 2001 to 2017 was 48,000 
inhabitant. Resulting a per capita sludge production of 0,031 m3/inhabitant-year, similar value to that 
reported by the literature for tropical countries: 0.03 to 0.10 m3  / inhabitant-year (Von Sperling and 
Chernicharo, 2005), 0.03 to 0.04 m3 / inhabitant-year (Mara, 1976; Gloyna, 1971). The sludge entered 
the dehydration process with an average of 6% solids (V/V). Average dehydration efficiencies of 85% 
were achieved. The moisture content in dehydrated solids did not exceed 75%. The average yield of 
dehydration was 250 m3  / day, obtaining 35 m3  of solids and 215 m3  of water. In summary, for each 
1,000 m3 of sludge, 840 m3  of water were returned to the lagoon system and 160 m3  of bio-solid was 
disposed in the sanitary landfill as a contribution material to the final cell cover. 

 

Sludge characteristics 
The stabilized sludge from the anaerobic lagoons of this project was characterized by containing a 
variety of solids in its matrix: high gravity solids, low gravity solids, micellar solids and colloidal 
solids.  Additionally,  due  to  the  Active  Substances  to  the  Methylene  Blue,  presence  of  air-
water dispersions (foams)  was  evidenced. As  expected, the concentration of solids in the  sludge 
varied according to the depth. The greater depth, the greater the amount of solids in side de sludge. 
The pH in the sludge remained between 6 and 7.5 units. The maximum concentration of solids was 
8% by volume and the lowest concentration was of the order of 3%. On average, the solids content in 
the affluent sludge did not exceed 6% by volume. The dehydrated solid satisfactorily complies with 
the classification for biosolids Type B of the Colombian regulations (Decreto 1076/2015). 

 
 
CONCLUSIONS 
As a general conclusion of the project of treatment of sludge by dehydration of the Anaerobic Lagoons 
of the Municipality of La Ceja, it can be inferred that the technology of extraction, pumping and 
removal of solid greater than 10 mm is applicable to any subsequent dehydration technology as the 
centrifugation technology. The dehydration of sludge by centrifugation in anaerobic ponds is efficient 
and economically viable, for those projects where the generation of sludge is greater than the potential 
drying bed area that can be had in the plant, and it require high dehydration of the sludge in order to 
transport and use the biosolids. The per capita sludge production of 0.031 m3/inhabitant-year, found 
in this work, is similar value to that reported by the literature for tropical countries. 
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Abstract
The SIAM technology (From the Spanish: methanogenic Anaerobic reactor 
and Membrane biorreactor Integrated System) has been developed to over-
come the main drawbacks of anaerobic sewage treatment at ambient tem-
perature, high greenhouse gases emissions, and low N removal. In this pro-
cess, dissolved methane present in the anaerobically treated effluent of the 
first UASB stage is used as an inexpensive carbon source for denitrification 
in a second pre-anoxic MBR polishing system. A prototype was operated 
with a municipal wastewater containing 730 mg/L COD and 84 mg/L TN. 
55% and 96% COD removal was obtained in the UASB and MBR stages, re-
spectively. 70% of TN was removed, by using the residual COD, sulfide and 
dissolved methane contained in the UASB effluent as electron donors for 
denitrification. The use of an MBR polishing stage, guarantees a high-quality 
effluent, making it suitable for reuse.

Keywords
Anaerobic treatment, dissolved methane, membrane bioreactor, ambient 
temperature, reclamation

INTRODUCTION
Anaerobic wastewater treatment processes have been widely used due to their lower energy 
consumption,  generation of an methane-enriched biogas, and lower sludge production rel-
ative to conventional aerobic treatment systems. Anaerobic technologies are widely used in 
countries with temperate and warm climates for treating municipal wastewaters. Neverthe-
less, anaerobic treatment produces methane, a greenhouse gas (GHG) with a global warming 
potential 28 times higher than CO2. A fraction of the generated methane is present dissolved 
in the treated effluent (Noyola et al., 2006). For low-strength wastewater, dissolved methane 
could account up to 50% of the total produced methane by anaerobic treatment, and can be 
easily desorbed. Thus, the use of dissolved methane as a carbon source for biological denitri-
fication has been proposed for reducing both GHG emissions and nitrogen concentrations 
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in the treated wastewaters. Dissolved methane can be used as electron donor for denitrifi cati on, using 
either aerobic or anaerobic methanotrophic microorganisms (Sánchez et al. 2016).

This study presents a novel system, SIAM process, developed at the University of Santi ago de Composte-
la (patent UE EP2952483A1), which involves the treatment of wastewater combining a fi rst UASB meth-
anogenic biological process and a post-treatment by means of a membrane bioreactor (MBR) (Sánchez 
et al., 2016). The MBR system is composed of three compartments: A fi rst anoxic, a second aerobic and 
a third aerobic membrane fi ltrati on compartments. The SIAM process is suited, not only for diminishing 
GHG and TN emissions (Sánchez et al. 2016; Silva-Teira et al. 2017), but also for obtaining a high-quality 
effl  uent in terms of COD, suspended solids and microbial indicators.

MATERIALS & METHODS
A prototype of the SIAM process (Figure 1) has been set up in WWTP of Cabezo Beaza (Cartagena, 
Spain) operati ng at ambient temperature (from 15 to 27 ºC). A UASB anaerobic reactor of 3.87 m3 was 
fed with 400 L/h primary treated wastewater; an MBR of 2.06 m3 was fed with 200 L/h of the effl  uent of 
the fi rst UASB stage. The MBR system was composed by a fi rst anoxic compartment (1.37 m3), a second 
aerobic compartment (0.22 m3) and a third membrane fi ltrati on compartment (0.47 m3) using a 10 m2 
ultrafi ltrati on membrane. Most of the analyses of samples of water and sludge were done accordingly 
Standard Methods (COD, TSS, VSS, N-NH4

+, N-NO3
-). Volati le Fatt y Acids and biogas were analyzed using 

GC. Dissolved methane was analyzed following a procedure similar to that proposed by Silva-Teira et al. 
(2017).

Figure 1. Schemati c of SIAM process with the diff erent stages of the process and; Image of the prototype.

RESULTS & CONCLUSIONS
The prototype was operated for 3 years. Raw sewage treated contained an average COD of 855 mg/L, 
TN of 80 mg/L and TP of 12 mg/L. The COD removal effi  ciency of high rate primary clarifi er was around 
10%. Around 55% of the incoming COD was removed in the UASB stage, generati ng a biogas with 
around 75% CH4. The effl  uent of the UASB was fed to the MBR post-treatment system. This effl  uent 
contained a COD between 200 and 400 mg/L and all the TN and TP fed. Moreover, the effl  uent of the 
UASB contained around 20-30 mg/L of dissolved methane. The second stage of the SIAM process, an 
MBR system, removed almost all COD fed. COD in the permeate was between 20 and 50 mg/L. Around 
50-60 mg/L of TN were removed. Methane was partly removed in both the anoxic and aerobic compart-
ment of the MBR system. 
The process developed seems to overcome the main drawbacks of conventi onal aerobic treatments 
currently applied in Europe, high energy consumpti on and sludge generati on. Moreover, the process 
could be easily applied for diminishing GHG or TN emissions of those anaerobic UASB systems used for 
treati ng sewage. Water reuse is encouraged due to the high quality of the treated effl  uent.
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Abstract 
It was studied the performance of an aerated biofilter (AB) regarding nitrogen removal 
and nitrous oxide (N2O) formation in the treatment of an effluent of the system formed 
by screening (S) - septic tank (ST) and upflow anaerobic filter (UAF), which was fed 
with swine wastewater (SWW) originated in the stage of fattening a farm. For the AB, 
an organic material was used as packaging (jacaranda pruning). The experiment was 
conducted during 430 days, with a variable surface organic load (SOL) and with a 3.4 
m3 air/m2h constant aeration rate (AR). The best efficiency of removal was obtained 
with a SOL of 0.5 ± 0.6 kg COD/m2d. Under these operation conditions the AB had 
good removal efficiencies up to 76 ± 19% of chemical oxygen demand (COD), 75 ± 
21% of ammonia nitrogen (NH4

+-N) and 96 to 99% of total Kjeldahl nitrogen (TKN). 
In the aerated biofilter gaseous effluent, nitrous oxide was not detected. 
 
Keywords  
Swine wastewater, nitrous oxide, surface organic load, aerated biofilter 

INTRODUCTION 
High concentration of organic matter and nitrogen are found in swine wastewater (SWW). 
These SWW treated in anaerobic processes have reached chemical oxygen demand 
(COD) removals up to 93% (Victorica et al., 2008) and 87% (Hernández et al., 2011), 
and treated in aerated biofilters nitrogen removal reported is 84% N (Gilbert et al., 2008) 
and 99.7% NH4

+-N (Garzón-Zúñiga et al., 2007). Additionally, wastewater treatment 
plants have been reported as important sources of greenhouse gas emissions (Noyola et 
al., 2016) like CH4, CO2, N2O. In this paper it is presented the nitrogen removal and the 
production of N2O in the performance of an aerated biofilter (AB) in the treatment of the 
effluent of an anaerobic process, by varying the superficial organic load (SOL). 

METHODOLOGY 
The AB operated at room temperature, was fed with the effluent of a previous treatment 
(S-ST-UAF). The AB operation was divided in 4 stages: stabilization, one, two and three. 
In each stage it was applied a different SOL: 1.6 ± 0.9, 0.5 ± 0.4, 0.5 ± 0.6 and 1.4 ± 0.6 
kg COD/m2d, respectively. The following parameters where monitored: pH, 
Temperature, total dissolved solids (TDS), alkalinity, COD, total suspended solids (TSS), 
volatile suspended solids (VSS), ammonia nitrogen (NH4

+-N) in the influent and liquid 
effluent and nitrous oxide in the gaseous effluent from the AB. 

RESULTS  
The influent presented concentrations of 3499 ± 1719 mg COD/L, 760 ± 215 mg NH4

+-
N/L, 818 ± 602 mg VSS/L, 1177 ± 768 mg TSS/L; a basic pH (8.1 ± 0.2) and an alkalinity 
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of 2.945 ± 0.696 g CaCO3/L. The alkalinity was enough to buffer the CO2 generated in 
the process; therefore, the AB effluent presented a reduction of pH (6.2 ± 1.0) and 
alkalinity (0.11 ± 0.16 g CaCO3/L). The TDS (3.8 ± 1.0 g/L) were reduced (2.0 ± 0.5 g/L) 
in the effluent, this can be attributed to the reduction of compounds such as NH4

+-N 
(Moral et al., 2005; Villamar et al., 2012). 
It was observed an inverse behavior between the SOL applied to the AB and the efficiency 
of removal; being higher for COD (76 ± 19%), TKN (96 to 99%), at a SOL of 0.5 ± 0.6 
kg COD/m2d; for TSS (87 ± 10%) and VSS (88 ± 10%) at a SOL of 0.5 ± 0.4 kg 
COD/m2d. However, for NH4

+-N, the higher removal (91 ± 5%) was obtained at a SOL 
of 1.4 ± 0.6 kg COD/m2. An AB operated with less load (SOL of 0.104 kg COD/m2d) and 
higher AR (9.4 m3 air/m2h) obtained a 90% removal of COD and 98% of NH4

+-N 
(Hernández et al., (2011), this can indicate that by increasing the SOL the COD removal 
is reduced at an AB. As a result, the suitable conditions to operate the AB were SOL of 
0.5 ± 0.6. kg COD/m2d, an AR of 3.4 m3 air/m2h and a 25 ± 2°C room temperature.  Also, 
with these conditions it was not detected nitrous oxide in the gaseous effluent of the AB. 

CONCLUSIONS 
The aerated biofilter had a good performance by reaching efficiencies up to 76 ± 19% of 
COD, 91 ± 5% NH4

+-N, 87 ± 10% TSS, 88 ± 10% VSS and 96% TKN, in the treatment 
of a pretreated wastewater originating from the fattening stage of a pig farm. At a SOL of 
0.5 ± 0.6, 0.5 ± 0.4 and 1.4 ± 0.6 kg COD/m2d, and an aeration rate of 3.4 m3 air/m2h, it 
was not detected nitrous oxide in the aerated biofilter effluent gas samples. The 
relationship between the removal of organic matter (COD) in the aerated biofilter and the 
variation in SOL took the form of a lineal (R² = 0.77). Showing that bigger the SOL 
applied, lower the COD removal. 
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Abstract
Secondary sludge pre-treatment with free nitrous acid (FNA), the proton-
ated species of nitrite, has been proven to enhance methane production 
during anaerobic digestion. However, a recent study suggests that nitrite 
rather than FNA could be the responsible compound for this enhancement. 
Also, most of the studies have been done using biochemical methane poten-
tial tests (BMPs), which limits the extrapolation of their results to real con-
ditions. The main objective of this study was to investigate the influence of 
FNA and nitrite pre-treatments in lab-scale continuous anaerobic digesters. 
Results show the positive effect of both pre-treatments on methane produc-
tion, enhancing solids destruction and sludge dewaterability. An economical 
assessment was also conducted, considering FNA (which requires addition 
of nitrite and acid) and only nitrite pre-treatment (without acidification). 
This assessment shows that, nitrite pretreatment presents the highest ben-
efits but those could be seen as limited to engage full-scale implementation 
when methane is used for electricity generation.

Keywords
Sludge pre-treatment; biogas production; anaerobic digestion, free nitrous 
acid; nitrite

INTRODUCTION
Waste activate sludge (WAS) pre-treatment with FNA has shown great potential, resulting 
in a 10-25% increase in specific methane production (Zahedi et al., 2018), enhancing VS 
destruction and final sludge dewaterability (Wei et al., 2018). However, WAS pre-treatment 
with FNA requires the dose of chemicals, which determines its economic feasibility. Zahedi 
et al. (2018) suggested that acidified pH was not needed to enhance methane production 
but a minimum level of nitrite (174 mg N-NO2

-/L used in their study) was necessary to assure 
the effectivity of the pre-treatment. In this sense, it is still not clear if nitrite or FNA is the key 
compound for this pre-treatment. 

The main objective of this study was to investigate the influence of nitrite and FNA pre-treat-
ments in two continuous anaerobic digester reactors. Three lab-scale anaerobic digesters 
(R1: control; R2: nitrite and R3: FNA) were operated with sludge exposed to different nitrite 
and FNA concentrations. Results obtained for methane yield, solids reduction and sludge 
dewaterability were used to assess the economic feasibility of a full-scale implementation of 
this technology. Moreover, BMP assays were conducted to study the effect of nitrite and VS 
ratio on biogas production.
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MATERIALS AND METHODS
3 semi-conti nuous anaerobic digesti on reactors with a working volume of 2L were operated 
at 37ºC receiving waste acti vated sludge without pre-treatment (R1:control reactor), with 
nitrite pre-treatment (R2) and with FNA pre-treatment (R3). The reactors were purged and 
fed once a day with the WAS sludge. Biogas was daily measured by on-line biogas measuring 
device (Ritt er MGC-1) and the methane content was analyzed by a portable gas analyzer 
(Combimass GA-m). For the nitrite pre-treatment, WAS was exposed to 174 mg N-NO2

-/L for 
5 h. For the FNA pretreatment, WAS was exposed to 250 mg N-NO2

-/L at pH 5.5 during 24h 
(resulti ng in an FNA concentrati on of 1.8 ppm, similar to the one reported in other studies).  
The hydraulic retenti on ti me (HRT) of the three reactors was fi xed at 25 days and the organic 
loading rate (OLR) was stablished at 2.0-2.6 kgVS·m-3d-1. 

RESULTS AND CONCLUSIONS
Figure 1a shows the methane increase (%) obtained with the nitrite and FNA pre-treatments 
of WAS as compared with the control reactor. During the fi rst 40 days R2 and R3 operated 
with sludge without treatment. When sludge pre-treatment started, methane yield increased 
in a range from 0 to 40% as compared to the control, being most of the results around the 
20% mark. Also, both pre-treatments exhibited similar improvements in methane produc-
ti on. This is important from an operati onal point of view since nitrite is preferred as it avoids 
the acidifi cati on of the sludge, therefore reducing the costs of the treatment. 

Although nitrite and FNA doses were very stable in ti me, it was observed that rati o nitrite 
– volati le solids (VS) plays an important role in the pre-treatment yield. Results show that ni-
trite pre-treatment at 6.0-8.5 mgN-NO2

-·gVS-1 presents a maximum methane yield of 0.290 
– 0.331 NLCH4·gVS-1 and volati le solid reducti on of 36-41%, while control reactor presents 
a methane yield of 0.238 – 0.247 NLCH4·gVS-1 and volati le solid reducti on of 36-37%. On 
the other hand, the FNA reactor presents a methane yield of 0.272 – 0.209 NLCH4·gVS-1 and 
volati le solid reducti on of 35-41%. BMP assays were conducted at diff erent nitrite – VS rati o 
with the aim of confi rming this data. Results are showed in Figure 1b, confi rming that nitrite 
pre-treatment at 6.0-9.0 mgN-NO2

-·gVS-1 results in the maximum methane yield.

         
  a)

b)

Figure 1. Increase in methane producti on for nitrite (R2) and FNA (R3) reactors in relati on 
with control reactor (a) and methane increase at diff erent nitrite/ VS rati o used in the 
BMP tests (b)   

Finally, an economic assessment was conducted by a desktop scaling-up study for a full-scale 
WWTP of 140000 populati on equivalent considering the costs associated to both pretreat-
ments (nitrite and FNA).  The economic analysis shows that the pre-treatment with nitrite 
presents a profi t range of 1400 – 6100 €/year considering an increase in methane produc-
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tion in the range of 7-25%, while the FNA pre-treatment presents a profit range of 500-2100 
€/year. This is taking into account that methane is used for electricity generation in the same 
plant. If the end use of the produced methane is changed this benefit could be higher. 
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Abstract 
UASB reactor has been widely used for sewage treatment in warm climate countries. However, 
applied hydraulic detention time (HDT) is limited due the presence of suspended solids. 
Consequently, the organic loading rates (OLR) applied are low thus resulting in low biogas 
production and small exploitation of its potential to generate methane. Glycerol addition to sewage 
intended to evaluate its effect on methane production of a UASB reactor.  OLR was progressively 
increased from 1.74 to 6.92 kg COD. m-3.d-1 along about 280 days of operation. Reactor stable 
performance was observed without alkali addition. Increasing biogas production was achieved up 
to the best condition occurred at OLR of 5.7 kg COD. m-3.d-1 attaining 95% of methane in the 
biogas. At that OLR, methane production was about three times higher than the operation 
condition  without glycerol addition. 
 
Keywords 
Co-digestion,  methane, organic loading rate, anaerobic sewage treatment, glycerol 

INTRODUCTION 
The addition of glycerol as a co-substrate of sewage in UASB reactor aimed to promote the increase 
of methane production for exploring the potential of treatment units of existing anaerobic plants. In 
most small treatment plants, methane is burned in flares (Pantoja Filho et al., 2015) due to the low 
production and the associated costs evolved in its recovery. On the other hand, large amounts of 
glycerol at very high chemical oxygen demand (COD) with low market value are generated from 
biodiesel production.  
Glycerol from biodiesel production was used as co-substrate to enhance biogas production of 
sewage sludge (Fountoulakis et al. 2010).  However, no data on the addition of glycerol to boost 
methane production of UASB reactors treating domestic sewage is available so far. 
The study was conducted in a 10 L bench-scale UASB reactor operated at a HDT of 8 hours at 
controlled temperature (25 ±1o C) fed with sewage from the area where the research lab is located. 
The raw sewage was medium strength (COD of 500 ± 150 mg.L-1). The glycerol (COD ~ 1,200 g/L-

1) was generated in the industry Biobrotas Oleoquímica, which produces biodiesel from biomass.   
Diluted glycerol was added to a sewage storage tank to obtain the desired COD concentration (and 
OLR) along the experimental phases. Biogas production was determined with a MilligasCounter   
equipment from Ritter®. Biogas composition was determined by gas chromatography (Shimadzu® 
GC-2010). 

RESULTS 
As expected, it was observed a progressive increase of the OLR and influent COD with time (Fig. 
1) and COD removal efficiencies were high. Table 1 shows the biogas production associated with 
the OLR applied and the methane content in the biogas. For the OLR of 6.9 kg COD.m-3.d-1, the 
efficiency dropped and the biogas production decreased, probably due to the high production of 
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organic acids (data not shown). As no additional alkali was added, the pH dropped as well at the 
higher OLR. 

 

 
Figure 1.  Influent and effluent COD during experimental conditions (1-6).  OLR (kgCOD m-³d-1). 

 

Table 1. Biogas production 

Condition 
Mean OLR  Biogas production 

%CH4 (kgCOD m-³d-1) (mL ) 

1 1.74 - 74.8% 

2 2.43 1246.57 ± 433.77 96.4% 

3 4.03 1276.51 ± 591.18 94.1% 

4 5.24 1452.68 ± 427.78 96.5% 

5 5.68 2790.76 ± 542.55 95.2% 

6 6.92 1430.23 ± 606.42 95.1% 

 

CONCLUSIONS 
The UASB reactor has the methane production improved significantly due to the addition 
of glycerol as co-substrate to sewage. At the OLR of 5.7 kg COD. m-3.d-1 it attained a 
production about three times higher than the operation condition without glycerol at 95% 
of methane in the biogas. The installed UASB reactors treating domestic sewage can 
improve their methane production by adding glycerol as co-substrate. 
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Abstract 
This study investigated the effects of the nanoparticles of uncoated Fe3O4  and citrate-coated Fe3O4 

in  the  digestion  of  glycerol,  the  main  by-product  of  the  biodiesel  industry.  Fe3O4  nanoparticles 
were synthesized via the chemical co-precipitation method and sodium citrate was used to coat the 
nanoparicles. The addition of uncoated Fe3O4  nanoparticles and citrate-coated Fe3O4  nanoparticles 
increased the methane production respectively by 35% and 105% compared with the controls at the 
end of operation. These results indicate the great potential of future uses of Fe3O4  nanoparticles in 
the anaerobic digestion of crude glycerol 

 
Keywords 
Biodiesel, magnetite; nano-additives; methanogenic archaea; wastewater. 

 
 
INTRODUCTION 
Develop  technologies  for  biological  production  of  biogas  from  residues  is  a promising  area. 
The biodiesel industry produces glycerol, the main by-product that has high chemical oxygen demand 
(COD) and is rich in impurities, mainly soap and methanol. For this reason, crude glycerol has been 
used  by  many  researchers  as  a  source  of  substrate  for  methane  production  (Viana  et  al.,  
2012). Additionally, the use of nano-additives in the anaerobic bioprocess can be positive effects on 
biogas production. Among several nanomaterials already synthesized, magnetite nanoparticles (Fe3O4  

NPs) have been proven promising in the bioenergetic field. Magnetite nanoparticles can gradually 
supply the  iron  necessary  for  microorganisms  (Casals  et  al.,  2014)  and  promote  direct  electron  
transfer from fermentative bacteria to methanogenic archaea for carbon dioxide reduction to methane 
(Viggi et al., 2014). In this way, uncoated and citrate-coated Fe3O4 nanoparticles were syntetized and 
they were  applied  in  anaerobic  batch  reactors  filled  with  5  g/L  of  glycerol  to  test  it  on  
methane generation. 

 

MATERIALS & METHODS 
 

Fe3O4   nanoparticles.  Magnetite  nanoparticles  were  synthesized  based  on  chemical  precipitation 
from  partially  reduced  ferric  chloride  aqueous  solution  (Qu  et  al.,  1999).  Briefly,  the  method 
consists in mixing ferric chloride (FeCl3∙6H20) and sodium sulfite (Na2SO3) in aqueous solution and 
subsequent  precipitation  by  the  addition  of  alkaline  solution.  For  the  coating  of  the  magnetite 
nanoparticles sodium citrate was added to a known volume of the magnetite suspension and allowed 
to react for 1 h (Soares et al., 2014). 

 
 
Anaerobic  Batch  reactors.  Three  assays  were  performed  in  duplicate  of  anaerobic  reactors  at 
mesophilic  condition  (36-38°C).  Each  reactor  (500mL)  contained  50  mL  of  anaerobic  granular 
sludge from a UASB reactor (Upflow Anaerobic Sludge Blanket) treating poultry wastes (Avicola 
Dacar, Tietê-SP); 1.25 g of glycerol; uncoated Fe3O4  NPs suspension (assay 1) and citrate-coated 
Fe3O4   NPs suspension (assay 2), both corresponding to a final concentration of 100 mg/L Fe3O4; 
deionized  water  up  to  250  mL.  Control  reactors  (assay  3)  were  run  without  any  Fe3O4  NPs. 
The headspace  of  the  reactors  (250mL)  was  filled  with  N2    (100%).  Methane  production  (liquid 
displacement method) was measured during the operation of reactors.
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RESULTS AND DISCUSSION 
 
Both  additives,  uncoated  Fe3O4   NPs  and  citrate-coated  Fe3O4   NPs,  increased  significantly  the 
methane production. However, uncoated Fe3O4 and citrate-coated Fe3O4 NPs increased the methane 
production, respectively by 35% and 105% compared with the control (Figure 1). 

 
 

 
 
 
 

Figure 1. Cumulative methane production in anaerobic batch reactors. 
 
Particle size must be the reason why citrate-coated Fe3O4 NPs produced best results than uncoated 
Fe3O4  NPs. Iron oxide nanoparticles without surfactant coating tend to be instable in solution and to 
aggregate rapidly (Soares et al., 2014). Besides that, smaller Fe3O4 NPs can dissolves more easily in 
the medium providing Fe2+  ions to the anaerobic reactor and boosting the biogas production. 

 
Finally,  the  increase  in  methane  production  from  anaerobic  digestion  of  glycerol  in  Fe3O4- 
supplemented reactors was expected according to literature. Casals et al. (2014) added 100 mg/L of 
tetramethylammonium-coated Fe3O4  NPs to anaerobic reactors fed with cellulose and reached 234% 
increase  in  methane  production.  Viggi  et  al.  also  showed  that  supplementation  of  480  mg/L  
of uncoated  Fe3O4    micrometer-size  particles  to  a  methanogenic  sludge  enhanced  up  to  33%  
the methane  production  rate  from  propionate. Therefore,  the  present  study indicates  that  joint  
use  of Fe3O4   nanoparticles  with  crude  glycerol  has  great  potential  for  biogas  production  and  
energy generation. 
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Abstract
Cassava (Manihot esculenta Crantz) is a plant native from South America considered a crop 
efficiency in terms of carbohydrate production due to its tuberous and starchy roots. How-
ever, the process of producing cassava starch is responsible for generating a high amount 
of wastewater, called manipueira that is highly polluting and toxic, contributing to the pol-
lution of water resources due to its high concentration of organic matter (100 g COD L1). 
In this sense, the manipueira was used as a fermentation medium for volatile organic acids 
from a thermally treated mixed microbial culture. The effect of different glucose concen-
trations (10, 15.8, 30, 44.2 and 50 g L-1) and different pH ranges (4.5, 5.0, 5.7, 6.5 and 7, 0) 
were investigated for better understanding of the process for the production aiming volatile 
organic acids production using a Central Composite Rotatable Design (CCRD) (22) config-
uration. The analysis by CCRD showed a high concentration of lactic acid (40 g L-1), acetic 
acid (3 g L-1) and propionic acid (5 g L-1). The results suggest the use of manipueira suitable 
for the production of volatile organic acids, mainly lactic acid. 

Keywords
Cassava wastewater, volatile organic acids, central composite rotatable design.

INTRODUCTION 

The VOA are compounds having in their molecular structure until six carbon atoms (BHATIA 
and YANG, 2017) including carboxylic acids (C2: acetic acid, C3: lactic acid, propionic, C4: 
butyric acid, C5: valeric acid and C6: caproic acid) (SARKAR et al. 2016). The production of 
volatile organic acids (VOA) from renewable sources has become a valuable and economical 
alternative in several industrial processes (QUINTERO et al. 2012). Industrial applications 
of this compounds include food industry, cosmetics, textiles, bioenergy, pharmaceuticals, 
synthesis of biosurfactants and bioflocculants, and biofuels production (WANG et al. 2014; 
HASAN et al. 2015; BHATIA and YANG, 2017). The VOA can be produced through microbi-
al fermentation, making the process even more ecological (BHATIA and YANG, 2017). The 
use of agriculture wastes reduces raw material costs being an effective alternative for VOA 
producing, since they are inexpensive, abundant and renewable sources (WANG et al. 2010). 
Among the main residues are those generated from processing of cassava. Cassava (Mani-
hot esculenta Crantz) is a plant native to South America, being an efficient crop in terms of 
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carbohydrate production due to its tuberous and starchy roots, growing well in different 
tropical and subtropical regions. However, it processing generates large amounts of toxic and 
pollutant wastewater named “manipueira”. Manipueira is a residue with high concentrations 
of organic matter 100 g COD L1 sugar and cyanide. Based on this information, the aim is to 
evaluate the use of manipueira as a carbon source for the production of intermediate prod-
ucts of value added, as VOAs.

MATERIAL & METHODS 

Experimental Planning

A Central Composite Rotatable Design – CCRD (22) was performed to evaluate and better 
understand the relations between process parameters to volatile organics acids production. 
Eleven experiments were necessary in this experimental planning, considering four axial 
points and four central points. 

Cassava wastewater processing 

The cassava processing wastewater was produced under laboratorial procedure. The cassava 
was milled and 1 liter of water was added per kg of root. The milled cassava was filtered and 
stored for 24 hours under refrigeration. The supernatant was homogenized and stored in a 
freezer at -20ºC.

Pre-treatment of the inoculum 

Sludge from anaerobic baffled reactor treating cattle manure was preheated in order to selec-
tively enrich and facilitating the growth of spore forming bacteria and inhibiting the growth 
of methanogenic bacteria. Prior to their use, the sludge was sieved using a nylon sieve to re-
move coarse solids. Subsequently, 300 mL of sludge was pre-treated with shock until boiled 
for 30 minutes. After boiling, it was cooled in an ice bath and stored in a refrigerator at 4ºC 
for 24 hours (BAGHACHESARAEE et al. 2008; WANG et al. 2011, MOHAMMADI et al. 
2011). After 24 hours, 10% (20 mL v/v) of inoculum was added in 180 ml of culture medium 
for clostridial growth, autoclaved 121ºC for 15 min with pH adjusted to 6.8 with NaOH 10 
M.  The flask was incubated at 35ºC for 24 hours. In order to select the and enrich bacterial 
population, 10% (v/v) of inoculum treated was again reinoculated in 180 ml of fresh medium 
following the same procedure, and was repeated three times, resulting in three generations 
(GI, GII and GIII) (BAGHACHESARAEE et al. 2008). 

Fermentation Test

In order to investigate the effect of different pH ranges and initial glucose concentrations on 
acid production, different tests were conducted changing pH of 4.5 – 7.0 and glucose con-
centration of 10-50 g L-1. All tests were completed within 48 hours. The anaerobic fermenta-
tion of cassava wastewater was conducted in 500 ml flasks containing an effective reaction 
volume of 300 ml with initial variables concentration of manipueira and inoculum pretreated 
(20% v/v). The initial concentration of glucose (28,19 g L-1) present in the manipueira was 
determined by the method of Dubois (1956). Five glucose concentrations were defined in 
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CCRD method, 10, 15.8, 30, 44.2 and 50 g L-1. For obtain two first concentrations manipueira 
was diluted with water and others glucose was add. 

RESULTS & DISCUSSION

The results for acids concentration after fermentation are presented in Table 1. During fer-
mentation, the pH values remained practically constant in the range of 4-4.5. In the pH rang-
es and glucose concentrations studied, it was possible to quantify especially lactic, acetic 
and propionic acids. Therefore, the fermentation with manipueira as carbon source resulted 
mainly in lactic acid. The maximum concentration of lactic acid detected was (40 g L-1) and 
the concentrations of acetic acid (3.3 g L-1) and propionic acid (5.0 g L-1) remained low. The 
maximum concentration of lactic acid can be explained by the enzymatic conversion of the 
starch by glucoamylase, allowing the competitive inhibition of glucose, where 1 g of starch 
produces 1,11 g of lactic acid when the hydrolysis is completed. Lactic acid can be produced 
from free sugar or sugar-containing hydrolyzed material by lactic acid-producing microor-
ganisms (JOHN et al. 2007). In addition, the use of mixed cultures in the fermentation can 
provide necessary combinations of the metabolic pathways for the use of complex residues 
and consequently the improvement of the production of volatile organic acids (ABDEK-RAH-
MAN et al. 2013).

Table 1. Experimental design and results of central composite design for optimization of 
two variable for the production of volatile organic acids by mixed culture. 

Coded levels
Concentration 

(g L-1)
Production

 (g L-1)
Final Glucose 
Concentration 

(g L-1)Tests X1 X2 pH Glucose
Latic 
Acid

Acetic Acid
Propionic 

Acid
1 -1 -1 5.0 15.8 34 3.0 5.0 5.35
2 +1 -1 6.5 15.8 15 1.6 5.0 2.55
3 -1 +1 5.0 44.2 20 1.6 2.0 10.85
4 +1 +1 6.5 44.2 32 3.0 4.5 12.10
5 -1.41 0 4.5 30 34 3.0 4.0 5.84
6 +1.41 0 7.0 30 17 1.5 2.0 6.31
7 0 -1.41 5.7 10 13 1.4 3.0 4.20
8 0 +1.41 5.7 50 40 3.3 3.5 19.55
9 0 0 5.7 30 24 3.0 3.3 7.04
10 0 0 5.7 30 30 3.0 3.5 5.96
11 0 0 5.7 30 15 1.2 1.5 4.80

X1 – pH range, X2 – Glucose concentration

However, it is clearly observed that acid production is strongly influenced by the pH of the 
medium (MONOT et al. 1984), noting that there were no significant differences in acid pro-
duction in the evaluated ranges. The effect of pH on acid production may be related to the 
effects of inhibition caused by the permeability of undissociated acids through the cell mem-
brane (INFANTES, 2011).
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In some conditions, Clostridium bacteria can convert pyruvate to lactate by the action of 
lactate dehydrogenase (LDH) NAD+ by some species of Lactobacilli (DA CUNHA and FOS-
TER, 1992; GHESHLAGHI et al. 2009). The pathway for lactic acid formation functions as a 
less efficient alternative to allow energy generation and NADH oxidation to remain active 
when the mechanisms for eliminating protons and electrons to generate molecular hydrogen 
are blocked. (JONES and WOODS, 1986).
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Abstract 
Nitrogen is naturally present in the environment, in all of its forms. However, in domestic sewage 
and, specially, in industrial  wastewaters, it is highly concentrated,  and  its inappropriate disposal 
could  lead  to  surface  and  groundwater  contamination.  Aerobic  wastewater  treatments  generate 
nitrate ions, which can cause numerous problems to the environment, as well as to human health. The 
denitrification process, which occurs under anaerobic conditions, could be a solution to this problem, 
removing nitrate  through its transformation into gaseous nitrogen, which is released in the  
atmosphere.  This  project  compared  the  nitrate  removal  efficiency  in  two  anaerobic  reactors 
that are the most commonly employed in wastewater treatment in the city of Campinas (SP) and in 
Brazil: an UASB and a packed-bed reactor. Both were laboratory scale, operated under 12 hours 
hydraulic retention time (HRT) and fed with synthetic effluent with Chemical Oxygen Demand of 
400   mgL-1   and   nitrate   concentration   of   50mgL-1.   The   results   showed   that   both   reactors 
accomplished 100% denitrification and, regarding COD removal, the packed bed reactor presented a 
significantly higher removal efficiency. 

 
Keywords 
Anaerobic   reactors;   nitrogen   removal;   denitrification;   packed-bed   reactor;   UASB;   synthetic 
effluent 

 
 
INTRODUCTION 
Wastewater treatment through aerobic technologies leads to nitrification, increasing concentrations of 
nitrogen as nitrate (N-NO3

-) in the final effluent. Consumption of nitrate contaminated water can cause  
methemoglobinemia,  stomach  problems  and  cancer.  Furthermore,  nitrogen  in  water  bodies can 
lead to eutrophication. 

 

Denitrification  remains  an  alternative  for  removing  this  compound.  Therefore,  this  study 
evaluated  the  denitrification  process  in  PB  and  UASB  reactors,  simulating  nitrified  effluent 
recirculation to an anaerobic compartment, to compare the efficiency of the process for each reactor 
operating simultaneously and under same conditions. 

 
 
MATERIALS AND METHODS 
The PB and  UASB reactors were constructed using PVC pipes  with  a diameter of 50 mm  and  a 
length of 800 mm. Because PB was filled with plastic support media (Kaldnes K1), the reactors had 
different working volumes: 1150 mL for PB and 1400 mL for UASB. 

 

Synthetic effluent (Torres, 1992), containing 50 mgN-NO3-L-1, was pumped into reactor bottoms 
by  a  peristaltic  pump,  flowing  upwards.  Reactors  were  operated  simultaneously  under  same 
hydraulic retention time (HRT) of 12h and were kept in the same room, where the temperature was 
maintained  at  30°C  through  a  heater  containing  a  thermostat.  Samples  were  taken  from  the 
wastewater tank (inlet) and from taps at reactors outlets. 

 

Reactors were inoculated 3 months before the analyses and fed synthetic effluent 3 times a week. 
Nitrate and COD analyses were always performed 24 hours after the effluent was produced. 

 
 
RESULTS AND CONCLUSIONS
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PB                       UASB PB                       UASB

Both reactors accomplished total denitrification, so none could be considered the best for N-NO3- 
removal.  This  demonstrates  the  ratio  COD/N-NO3-  equal  to  8  was  enough  to  ensure  complete 
denitrification, which is in accordance with stoichiometric calculations and examples found in the 
literature (CARRERA et al., 2004, MAGALHAES, 2017). 

 

Silva et al. (2015) studied denitrification in an up flow PB filled with coconut shells and fed with 
various combinations of raw sewage and nitrified effluents, operating under 16 hours HRT. A 98% 
nitrate removal efficiency occurred for an inflow of 46.9 mg N-NO3-L-1. 

 

COD removal was statistically higher for the packed bed reactor than for the UASB: an average of  
68.1%  for  the  PB  and  55.4%  for  UASB  (statistical  analysis  performed  using  R  software  and 
Student’s t-test with p ≤ 0.05) (Figures 1 and 2). 

 

Some  results  in  literature  show  higher  COD  removal  efficiency for  PB  (Sanchez  et  al.,  
1995), comparable efficiency for both reactors (Parawira et al., 2006) or even higher efficiency for 
UASB (Ruiz et al., 1997). This variation may be related to different operating conditions and 
wastewater physicochemical characteristics.
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Figure 1 COD removal (%) in PB and UASB. 

 

 
 
Figure 2 COD in Inlet and outlet of PB and UASB.

The better COD removal presented by PB may occur due to greater contact between biomass and 
effluent and to increased sludge age in this reactor. 
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Abstract 
The industrial wastewater (IWW) treatment is a complicated task, especially in low climate regions. 
For example, in Toluca Valley located in central Mexico, mesophilic conditions cannot be achieve 
without an external energy input for heating. In this work, a 244 L pilot-scale UASB reactor was 
operated treating food industry wastewater at low temperature (18 °C). The COD removal efficiency 
was an average of 74% and from 360 to 1,200 L/d of biogas were produced. The biogas was used in-
situ to heat up the reactor’s influent. The combustion of biogas allowed to increase the influent’s 
temperature in an average of 3.6 °C. The daily produced energy (DPE) was an estimated of 2.0 kW- 
h/d. 
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INTRODUCTION 
Operating  temperature  has  a  great  impact  in  the  removal  efficiency  of  UASB  reactors  treating 
wastewater  (WW).  The  metabolism  of  anaerobic  biomass  depends  directly  on  the  operating 
temperature and a mesophilic environment (35-37°C) is the proper option. However, psycrophilic 
anaerobic WW treatment can be a suitable option for WW discharged at low ambient temperature 
(Lettinga et al. 2001) without an external energy input for heating. The generated biogas could be used 
to heat up the reactor increasing its temperature and, therefore, improving its efficiency. 

 
 
MATERIAL AND METHODS 
A 244 L pilot-scale UASB reactor was operated  at low temperature (18 °C) treating industrial WW 
with high soluble COD (1,200 to 3,200 mg/L) at short hydraulic retention time (6 h) and high organic 
loading rate (up to 8 kg-COD/m3/d). The generated biogas was used in-situ through a combustion 
chamber in order to heat up the reactor’s influent. The combustion chamber worked as a boiler does, 
using a helical cupper coil (inside a steel bucket) in which the reactor’s influent was circulated. The 
steel bucket was filled with tap water. Biogas was burned inside the chamber heating the water in the 
bucket. 

 
 
RESULTS AND DISCUSSION 
The  influent,  effluent  and  removal  efficiency of  COD  is  shown  in  Figure  1.a.  The  soluble  
COD 
removal efficiency varied from 64 to 84%, similar as that obtained in the same system during other 
investigations (Esparza-Soto et al., 2013). Bandara et al., (2011) obtained removal efficiencies up to 
80% of soluble COD at 15 °C; however their OLR applied was low (3.4 kgCOD/m3/d). Akila and 
Chandra (2006) achieved removal efficiencies of 86–94% at 15 °C, but using synthetic wastewater 
based on glucose.
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Figure 1. a) Influent and effluent COD and COD removal efficiency; b) Biogas production of UASB reactor 
and DT of the reactor’s influent before and after the combustion chamber 

 
 
The  generated  biogas  ranged  from  360-1,200  L/d  (Figure  1.b)  and  it  was  used  in-situ  through  
a combustion chamber in order to heat up the reactor’s influent. The differential of temperatures (DT) 
of the influent before and after the combustion chamber is also shown in Figure 1.b. The DPE was 
calculated using equation: DPE = CW  × DT × F; where CW  is the heat capacity for wastewater (4.2 
kJ/L•°C) (Crites et al. 2014); DT is the average differential of temperatures (3.6 °C) and F is the 
average working flow of WW in the reactor (950 L/d). The calculated D.P.E. was estimated in a total 
of 14,364 kJ. Considering a 50% of biogas-to-electricity conversion efficiency, DPE equals 2.0 kW- 
h/d, which is enough energy to maintain twenty 100 W lightbulbs, working 24 h a day, uninterrupted. 

 
 
CONCLUSIONS 
The combustion energy of biogas, allowed increasing the reactor influent temperature an average of 
3.6 ºC and a maximum up to 7 °C. The produced energy from biogas could lead to major savings in 
electrical energy resources, especially for low climate regions such as Toluca Valley. 
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Abstract
This research aimed to characterize and evaluate the performance of a de-
centralized municipal sewage treatment system. The WWTP Vila da Barca 
consisted in a combined system, with UASB followed to submerged aerat-
ed biofilter. The multivariate statistic results showed an expressiveness of 
variables in raw and treated sewage. The removal efficiency was different 
among all the studied variables and showed an increment of solids, ammoni-
acal nitrogen and total phosphorus in the system, caused by sludge manage-
ment. Even so, high removal of COD and Bod were observed.

Keywords
Municipal Sewage; Decentralized System; Characterization; UASB; Perfor-
mance

INTRODUCTION
In Brazil, there is a great disparity in sanitation conditions: in Pará (North), 5.35% of the sew-
age generated is collected, of which 2.03% is treated, while in São Paulo (Southeast), 88.05% 
of the sewage generated is collected, and of this, 56.24% is treated (BRAZIL, 2016). Decen-
tralized systems of sewage treatment have received attention about their applicability in de-
veloping countries, in order to achieve the universalization of sewage treatment. According 
to Oliveira (2013), the use of anaerobic treatment is promising in decentralized systems, for 
sustainability, low costs, and potential use of products generated. According to Chernicharo 
(2007), although anaerobic reactors are very advantageous, they are not sufficient to pro-
duce an effluent with suitable quality, like that one demanded by environmental laws. Thus, 
the use of a complementary post-treatment is necessary to anaerobic systems. The objective 
of this research was analyze performance of a decentralized system.

METHODS
The object of this study was WWTP Vila da Barca, located in Belém (PA). This WWTP has a 
UASB system followed by a submerged aerated biofilter. The raw and treated sewage were 
collected by composite sampling, and it was analyzed for 15 months (2013 to 2014). The 
analyzes included temperature, pH, total and to volatile acids alkalinity (TA and VAA), volatile 
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fatty acids (VFA), COD, dissolved COD (CODd), BOD, solids group (total, suspended, dissolved, and vol-
atile and fixed fractions), ammoniacal nitrogen, total phosphorus (TP), chloride and sulfate. The raw and 
treated sewage data were analyzed by principal component analysis and factorial analysis with varimax 
matrix rotation algorithm. The removal efficiencies were analyzed using Kruskal-Wallis test.

RESULTS AND DISCUSSION
The multivariate statistic showed the extraction of 6 main components, with eigenvalues greater than 
1, which together explained 84.8% of the total variance of the raw sewage data, and 83.3% of the total 
variance of the treated effluent data. The factorial analysis showed that for the raw sewage, the first 
factor, which explains 25.7% of the variance, explains the parameters TFS, TSS, FSS, TP and chloride. 
The first factor applied to treated effluent data, which explains 27.2% of the total variance, shows the 
expressiveness of pH, VAA, VFA and TS. Table 1 shows the descriptive statistics of raw and treated sew-
age data from WWTP Vila da Barca.

Table 1. Descriptive statistic (with data numbers, maximum, minimum, arithmetic mean and median) of all stud-
ied variables in raw and treated sewage of WWTP Vila da Barca.

Studied vari-
ables

Raw sewage Treated effluent
N Max Min Mean Med N Max Min Mean Med

Temp (°C) 54 30.0 26.0 27.8 28.0 54 30.0 26.0 27.4 27.2
pH 54 8.1 5.3 7.2 7.4 54 8.2 5.7 7.5 7.6

TA* 45 249.0 90.0 190.2 200.0 45 420.0 140.0 226.6 215.0
VAA** 45 196.6 48.6 105.5 96.6 45 251.8 40.0 100.3 97.0
VFA ** 45 112.1 27.7 58.5 53.5 45 143.5 22.8 57.2 55.3
COD** 50 1682.0 149.0 484.3 415.5 50 317.0 15.0 87.5 62.5

CODd** 42 424.0 30.3 133.7 101.3 42 138.0 6.5 31.9 25.8
BOD** 44 890.0 29.0 190.8 148.9 44 187.3 4.3 33.4 23.3
TS** 46 1503.0 240.0 542.0 497.0 46 597.0 17.0 250.2 277.9

TVS** 46 591.0 75.0 256.0 237.7 46 341.0 33.0 207.4 200.0
TFS** 46 1186.0 68.0 286.0 234.0 46 256.0 0.0 130.4 124.0
TSS** 42 618.2 26.7 170.4 157.5 42 182.3 1.0 19.2 11.7
VSS** 42 69.1 0.0 24.7 24.4 42 37.3 0.0 3.2 1.3
FSS** 42 618.2 16.7 150.2 116.6 42 145.0 0.5 16.0 10.5
TDS** 42 698.7 6.7 321.6 312.7 42 534.0 5.3 231.0 265.7
VDS** 42 322.0 32.5 208.0 203.1 42 322.0 32.5 208.0 203.1
FDS** 37 253.0 16.0 113.4 113.2 37 243.5 49.0 126.3 115.3
N-am** 36 108.0 18.0 60.8 59.4 36 110.8 8.4 55.4 57.0

TP** 44 26.8 7.0 13.5 12.7 44 22.3 6.9 12.0 12.3
Chloride** 46 151.5 12.0 74.6 79.3 42 62.5 1.0 41.7 44.4
Sulfate** 46 80.0 20.0 51.5 50.0 46 68.4 3.2 12.4 7.8

* mgCaCO3/L; ** mg/L
The Kruskal-Wallis test showed a significant difference among the removal efficiencies of the analyzed 
compounds. The median removal efficiency of N-am was 4.8%, whereas for CODd, the median was 
75.1%. Negative removal efficiencies were observed for the whole series of solids and for ammoniacal 
nitrogen and total phosphorus, which may have been caused by inadequate discharge of sludge from 
the system, both in volume and frequency (90 days). Even so, the median efficiency of removal of COD, 
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BOD and TSS was of 83%, 83.9% and 90.8%, respectively. It is expected that, by adopting an appropriate 
disposal of the sludge from the system, it will perform even better.
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Abstract 
The influence of pH and the C/N ratio on biochemical methane potential (BMP) of low-strength 
wastewater was assessed. Three values of pH (6.9, 7.5 and 9.0 units) and C/N ratio (4.9, 8.2 and 
14.2) were evaluated. According with the results, the maximum BMP was 318mL CH4/gVSS for pH 
7.5 and C/N ratio 8.2±0.18. However, the methane production and COD remotion were higher when 
the pH and the C/N ratio were 7.5 and 14.2±0.12, respectively. The results obtained confirmed the 
maxim methane production for pH of 7.5 units and pointed out that anaerobic digestion improved 
when the C/N ratio increased. 

 
Keywords 
BMP, anaerobic digestion, wastewater treatment 

 
 
 
INTRODUCTION 
In  tropical  climates,  anaerobic  reactors  have  been  used  for  low-strength  wastewater  treatment 
reaching COD removal above 60%. Pontificia Bolivariana University have an anaerobic reactor for 
wastewater treatment. However, the COD removal are low due to the wastewater are rich in nitrogen 
and their content of organic matter is low. In addition, the pH values are higher than 8.0 units. The 
C/N ratio and the pH play an important role in the anaerobic digestion process. The optimal C/N ratio 
depends on the substrate used and the pH influences the chemical equilibria of NH3, H2S and Volatile 
Fatty Acids (VFA's), which could inhibit the activity of the microorganisms. The aim of this study 
was to evaluate the influence of pH and the C/N ratio on the biochemical methane potential of low- 
strength wastewater. 

 
MATERIAL AND METHODS 
To evaluate the influence of the pH and C/N ratio on the biochemical methane potential a 32-factorial 
design was used. C/N ratio used were 4.9 (CN1), 8.2 (CN2) and 14.2 (CN3) and pH values were 9.0 
(pH1), 7.5 (pH2) and 6.9 (pH3) units. 

 
The  tests  were  performed  using  the  Oxitop®  system  (WTW  Germany).  Bottles  were  filled  
with inoculum (1.5 gSSV·L-1), substrate and co-substrate, macronutrients and micronutrients. 
Anaerobic sludge  from  wastewater  treatment  plant  of  soft  drinks  was  used  as  inoculum.  
Wastewater  from Pontificia Bolivariana University and aerobic sludge from secondary treatment were 
used as substrate and  co-substrate,  respectively.  Inoculum,  substrate  and  co-substrate  were  
characterized  according with the standard methods  (APHA et al., 2012). In addition, the following 
activities were performed to the inoculum: acidogenic (AA), hydrolytic (HA) and specific 
methanogenic activity (SMA). The bottles were incubated at 37°C and manual stirring was used. 
Biogas production was measured as pressure  increase.  Control  tests  without  substrate  was  used  
to  measure  the  amount  of  methane produced  by inoculum.  The  BMP  of  the  operating  conditions  
were  calculated  by subtracting  the control results to each trial. The influence of the operating 
conditions on methane production was evaluated applying the modified Gompertz model. 

 
RESULTS AND DISCUSSION 
The  HA  and  AA  values  obtained  were  2.79  and  2.80  gCOD·gVSS-1d-1   showing  the  ability  of
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inoculum for degrade the substrate used. In addition, hydrolytic and acidogenic activities were higher 
than the specific methanogenic activity. The SMA obtained was 0,14 gCODCH4·gVSS-1d-1, indicating 
good capacity as inoculum (Díaz-Báez et al., 2002). 

 
Figure 1 shows the methane production for the operating conditions and the BMP values obtained. 
According with the results, the highest values of methane production were reached with pH 7.5: 27.3, 
49.0 y 61.0 mL CH4  for CN1, CN2  and CN3, respectively and the COD removal were higher for CN3 
condition (84.21% and 85.23% for pH3  and pH2, respectively). The results suggest that the optimum 
conditions for maximum methane production were with pH 7.5 and C/N ratio 14.2. In this condition, 
the highest methane production reached was 61 mL CH4. 
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Figure 1. Methane production (mL CH4) and BMP: (A) C/N 4.8; (B) C/N 8.2; (C) C/N 14.2; (D) BMP 
 
Although the maximum methane production was presented for the CN3pH2  condition, the figure 1 (D) 
shows that the BMP in this condition was lower than the other C/N ratios. This behaviour is due to 
the increase in the solids concentration as a result of using sludge as co-substrate to rise the C/N ratio. 
As conclusion, to increase the methane production and the COD remotion en the wastewater treatment 
plant from Pontificia Bolivariana University, th pH value must be lowered to 7.5 and the C/N ratio 
increased to 14.2 with sludge recirculation from secondary treatment. 
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Abstract
The aim of this work was to study, with the help of different cycles, the 
biomass adaptation process to total polyphenols (TPP) concentrations in an 
Anaerobic Sequencing Batch Reactor (AnSBR) and to evaluate the degra-
dation of TPP and COD in winery wastewater (WWW). A lab-scale AnSBR 
was operated at 30º C with intermittent stirring and fed with WWW with 
a COD of 182.25 g/l and a TPP concentration of 489 mg/l. The AnSBR was 
operated in six cycles, after the first cycle the biomass adaptation was taken 
for granted since reductions in the TPP went from 56% in the first cycle to 
around 95% in the consecutive cycles in shorter cycle time. COD reductions 
were above 95% in all six cycles.

Keywords
Anaerobic digestion; AnSBR; polyphenols; winery wastewater.

INTRODUCTION
Winery wastewater (WWW), is a major source of environmental pollution due to its high 
organic load and to the significant presence of total polyphenols (TPP). Phytotoxic effects 
and antibacterial activity of the WWW have been associated with its monocyclic phenolic 
component while the typical color of such wastewaters is due to the more recalcitrant poly-
meric phenols. Anaerobic digestion (AD) is a well-established technology, which can achieve 
WWW decontamination and valorization of the organic fraction by means of biogas produc-
tion [2]. The anaerobic sequencing batch reactor (AnSBR) is known for its flexibility for allow-
ing the solids retention time (SRT) to be independent from the hydraulic retention time (HRT) 
thereby contributing to an efficient nutrient removal and to an improvement in the effluent 
quality. This also makes possible to regulate the concentrations of inhibitory compounds for 
the anaerobic bacteria to allow for the acclimatization of the biomass [3]. Nevertheless, stud-
ies by Donoso-Bravo et al. (2009) [4] demonstrate a very low biomass adaptation to phenol 
concentrations (500 mg COD/l) after 55 days, achieving a maximum removal of 30%.    

 The aim of this work was to study along of different cycles the biomass adaptation 
process to TPP in an AnSBR starting from an inoculum which has been found to be adapted 
for the treatment of sewage sludge from winemaking waters [5] and to evaluate the degra-
dation of TPP and COD in the WWW.  

MATERIALS AND METHODS
For the AnSBR operation, a glass reactor with a total volume of 2.5l and effective volume of 
2.25 l was used. The AnSBR was operated at 30 ± 1º C in a controlled-temperature room 
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together with a heating plate. A magnetic stirrer was used together with a timer to control 
the intermittent stirring in the AnSBR for 15 min per hour. To feed substrate and withdraw 
effluent, two peristaltic pumps were used. The reactor was fed with wine wastewater col-
lected after the red vinification from the experimental winery Mas Friars, centre linked to 
the Universitat Rovira i Virgilli at Tarragona, Spain, together with macro and micro nutrients 
solutions and NaCO3 to maintain a stable pH. The inoculum was collected from an anaero-
bic co-digestion plant at Vilasana (Lleida, Spain) which treated, among other co-substrates, 
sludge from a winery wastewater treatment plant [5].
 Total solids (TS), volatile solids (VS), total suspended solids (TSS) and volatile suspend-
ed solids (VSS) were analysed according to Standard Methods for Examination of Water and 
Wastewater. COD was measured with a Hanna Instruments COD kit, EPA methods. The total 
polyphenols (TPP) were determined spectrophotometrically with a UV-Vis spectrophotome-
ter (Perkin Elmer Model-Lambda 35) at 760nm using the Folin test.

RESULTS AND DISCUSSION
Data from six different cycles were obtained. In the first cycle, C1, a TPP reduction of 54% 
(initial concentration of 489 mg/L) was achieved in day 25 but showed no significant reduc-
tion in the consecutive days. The final TPP reduction at the end of the cycle (day 52) was 56%. 
However, at the end of C1, the efficiency in the reduction of COD was found to be better, 
reaching a 99% reduction of COD (initial COD was 182.25 g /l). Consecutive cycles showed 
a better adaptation of the biomass to the concentrations of TPP, resulting in an improvement 
in the degradation of TPP and COD at a shorter cycle time (Figure 1). The TPP degradation in 
C5 and C6 was around the 95% while the COD reduction reached 98%, favoring subsequent 
cycle times to be below 10 days. SRT was maintained above 100 days during all the cycles. 

       
Figure 1. Performance of the AnSBR in the reduction of (a) TPP concentration and(b) COD concen-

tration along different cycles. Cycles 2 and 4 not shown due to low number of samples. 

CONCLUSIONS 
The reduction of the concentration of total polyphenols in an effluent is possible by using 
an AnSBRwhile allowing adequate adaptation of the biomass to the specific substrate and 
maintaining an optimum solids retention time.
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Abstract
The application of combined anaerobic-aerobic systems is an alternative to 
treat effluents with higher concentrations of organic matter and nutrients, 
such as by-products processing of meat industry wastewater. Based on this 
context, a combined system was analyzed so that three organic volumetric 
loads (1.9; 2.1 and 2.6 1 gCOD.L-1.d-1), with 1.1-d (anaerobic reactor) and 
1.5-d (aerobic reactor) hydraulic detention time applied. The highest removal 
efficiencies of organic matter (96%) and nitrogenous compounds (31%) were 
obtained during the application of lowest volumetric organic load. There was 
decrease in the removal efficiencies of organic load, nitrogen contents and 
efficiency of nitrification due to an increase in influent concentration.

Keywords: Combined systems, agroindustrial wastewater, COD removal, ni-
trogen removal. 

INTRODUCTION 
Wastewater of by-products processing of meat industries contains high concentrations of 
organic matter, oil and grease, nitrogen and there are reduced sulphur compounds, caused by 
proteins breakdown (Jeganathan et al., 2006). An effluent rich in nitrogen compounds is re-
sponsible for the excessive growth of algae, turbidity, bad odor, dissolved oxygen depletion 
in the aquatic environment, as well as mortality of fish and other aerobic organisms. Some 
kinds of algae, such as cyanobacteria, can produce toxins, which, in high concentrations, are 
harmful to humans and animals. Moreover, nitrogen in the form of ammonia (NH3) can be 
toxic to fish (Tchobanoglous et al., 2002).  The use of combined systems has provided organic 
matter removal in the anaerobic reactor, and nitrogen compounds removal in aerobic reactor. 
Thus, it is possible to maximize the treatment efficiency, minimize the establishment and 
operation costs, and also to decrease sludge generation and energy demand. In this context, 
this study aimed at evaluating the combined anaerobic-aerobic system performance used 
in by-products treatment from meat industry wastewater in order to remove organic matter 
and nitrogen compounds.

MATERIALS & METHODS 
The treatment of by-products from meat industry wastewater was carried out in a combined 
system made by i) anaerobic structured-bed reactor, filled with polyurethane foam and a 9.4 
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L-working volume; and, ii) moving bed biofilm reactor, filled with polyethylene bio-medias 
and a 3.4-L working volume. The summary of the operational conditions is depicted in Table 
1. 

Table1.Summary of operational conditions
Phases Trial

time (d)
HDT

anaerobic (d)
HDT

aerobic (d)
Flow
(L.d-1)

Influent 
concentration
(g DQO.L-1)

OLR
(gDQO.L-1.d-1)

I 42 1.1 1.5 8.8 2.2 1.9
II 96 1.1 1.5 8.6 2.4 2.1
III 37 1.1 1.5 8.5 2.9 2.6

HTD – Hydraulic detention time; OLR –organic loading rate. 
According to the studied samples from the reactor influent and effluent, total alkalinity 

and volatile acidity (Dilallo & Albertson, 1961), pH, total solids, suspended solids, chemical 
oxygen demand, total Kjedahl nitrogen, ammoniacal nitrogen, nitrite and nitrate, determined 
according to the Standard Methods for the Examination of Water and Wastewater (APHA, 
2005) were monitored. 

RESULTS AND DISCUSSION
Table 2. Combined anaerobic-aerobic system performance.

Phases
pH (u) Total alkalinity 

(mgCaCO3.L
-1)

Volatile acidity (mgCH-
3COOH.L-1) TN efficiency re-

moval (%)
COD efficiency 

removal (%)Ana Ae Ana Ae Ana Ae
I 7.8 7.7 225 129 40 30 31 96
II 7.7 7.9 633 412 72 54 25 87
III 7.7 7.9 1022 633 75 57 24 86

Ana – anaerobic reactor; Ae – aerobic reactor; TN – total nitrogen; COD – chemical oxygen demand. 

The increase in volumetric organic load resulted in an increase of total alkalinity and volatile 
acidity in both reactors. However, pH values showed a slight variation, which suggested that 
system remained stable during the whole operation period. The highest alkalinity concen-
trations also shown the stability and buffering capacity of the system, consequently, they 
restrained organic acids accumulation that could cause a decrease in pH values.

 The highest efficiencies of organic load and nitrogen compounds removals were obtained 
in condition I, whose volumetric organic load data applied were 1.9 gCOD.L-1.d-1, HDT of 1.1 
and 1.5 d for the anaerobic and aerobic reactors, respectively. The increase in organic load 
rate leads to some decrease in COD removal efficiency, due to the drag of particulate matter 
in the influent. In the anaerobic reactor, nitrite concentration was not totally oxidized into 
nitrate in any of the evaluated conditions. In the phases II and III, nitrite and nitrate concen-
trations were the same, so, it was evident the nitrite accumulation in the system. In phases 
I, II and III, the obtained nitrification efficiency answers were 59; 56 and 46%, respectively, 
showing that the increase in volumetric organic load has significant implications on the nitri-
fication process and, consequently, on total nitrogen removal.

CONCLUSION
The highest removal efficiencies of organic matter (96%) and nitrogen compounds (31%) 
were registered in 1.9 gCOD.L-1.d-1 organic load rate. The increase in influent concentration 
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resulted in a decrease in reactor performance, which suggested that, due to the wastewater 
characteristics, the increase in organic load must be followed by an HDT increment. 
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Abstract
Acid mine drainage (AMD) is a serious environmental pollution source 
caused by mining industry operation because of its low pH, high levels of 
sulfate and dissolved metals. The aim of this study was to evaluate the mi-
crobial community on an Anaerobic Sequencing Batch Reactor (ASBR) treat-
ing synthetic AMD under decreasing pH and metals addition using DGGE 
and pyrosequencing analyses. DGGE analyses on bacterial group revealed 
that Fe, Zn and Cu addition altered the community structure more signifi-
cantly than the pH reduction. Syntrophobacter, a sulfate-reducing bacteria 
(SRB) and Methanosaeta, an acetoclastic methanogen, were the most repre-
sentative species on the ASBR reactor. Species capable of metals reduction 
were also found (Geobacter, Anaerolinea and Longilinea).  Besides low pH and 
presence of metals, a diverse microbial group probably coexisting on a syn-
trophic way was noted.

Keywords
Acid mine drainage, microbial community, abundance, pyrosequencing, 
DGGE

INTRODUCTION 
 The hydric pollution caused by acid mine drainage (AMD) is one of the most significant 
impacts caused by mining industries. An alternative to control the environmental problem 
caused by AMD is the biological process based on sulfate reduction. As a way to improve bio-
reactors performance and understanding the function of microorganisms on biological treat-
ment, additional investigation of microbial community and population diversity is important. 
Thus, the main purpose of this study was to evaluate the microbial community composition 
of an ASBR reactor regarding pH decreasing and sequential metals addition using two tech-
niques: DGGE and pyrosequencing analyses.

MATERIALS AND METHODS
 A bench scale Anaerobic Sequencing Batch Reactor (ASBR) operated at 30ºC and 50 rpm 
agitation was feed with synthetic AMD containing ethanol as the only electron donor, and 
sulfate, both on 500 mg/L. The inoculum consisted of granules collected from an metha-
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nogenic up-flow anaerobic sludge bed reactor (UASB) used to treat slaughterhouse waste. 
AMD composition was modified according to reactor operational phase: pH was reduced 
from 5 to 4 (phases I-II) and on phases III-V iron, zinc and cooper were added on 100 mg/L, 
20 mg/L and 5 mg/L, respectively.  Samples of ASBR inoculum (Sample 0) and Phases I-V 
(Sample 1-5) were collected for Bacteria Domain diversity study through PCR-DGGE analy-
ses. Sample 5 was also used for pyrosequencing analyses. 

RESULTS AND DISCUSSION 
 The similarity dendrogram for the domain Bacteria demonstrate that pH reduction and 
metals addition caused modification on the inoculum community structure.  The change was 
more relevant when metals were added, as organisms originally present on the inoculum 
that were already tolerant to metals may have become more competitive, shifting the envi-
ronmental composition. Pyrosequencing analyses showed that Deltaproteobacteria was the 
most numerically represented of Proteobacteria phylum and this class also contains the ma-
jor lineages of sulfate reducers. The predominant genera were represent by Syntrophobacter, 
a sulfate-reducing bacteria (SRB), and Methanosaeta, an acetoclastic methanogenic archaea 
(Figure 1). Syntrophobacter species can gradually adapt to the acidic environment and can 
use organic matter in syntrophy with methanogens (Li et al. 2017). Species capable of metals 
reduction as Geobacter, an iron oxide reducer, Longilinea, an anaerobe that ferment carbohy-
drates and Anaerolinea, a chemolithotroph or organoheterotroph anaerobic (Liu et al. 2017), 
were also found on ASBR reactor. Candidatus Cloacamonas genus were also present and this 
species probably acted as a syntrophic bacterium with methanogenic, sulfate-reducing bac-
teria, and acetogenic bacteria (Pelletier et al. 2008).   

Figure 1 Genus-level abundance of pyrosequences from sample 5. The relative abundance of 
genus is defined as the number of sequences affiliated with that genus divided by the total 
numbers of sequences.

CONCLUSION
The low pH and presence of metals altered microbial community structure on ASBR reactor. 
Otherwise, pyrosequencing analyses showed the presence of a diverse microbial group (SRB, 
acidogenic bacteria, fermentative bacteria, methanogens) probably coexisting on a syntro-
phic way, with predominance of Syntrophobacter, a sulfate-reducing bacteria (SRB) and Meth-
anosaeta, an acetoclastic methanogen. Species related to metals reduction were also found, 
as Geobacter, Anaerolinea and Longilinea.
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Abstract 
This  study  verified  that  the  sequential  increase  of  metals  and  nutrients  in  acid  mine  drainage 
(AMD) was a valuable strategy to stablish  a sulfidogenic process using an anaerobic structured- bed 
reactor (ASTBR). In Stage I, when 10% of the total metals and nutrients concentrations were added, 
the percentage of COD used by the sulfidogenic process was only 36%. However, after 300 days, 
with a total concentration of metals and nutrients in  Stage V, the percentage of the organic matter 
used by the sulfate reducing metabolic pathways reached 69%. Furthermore, the removal of sulfate 
and organic matter was improved and no toxicity was observed by the metals or even  by the  sulfide  
generated  in  the  sulfate reduction, highlighting this  operational  strategy as  a  way to reach a 
successful process to remediate AMD. 

 
Keywords 
Acid mine drainage (AMD); bioremediation; metals; nutrients; sulfidogenic process 

 
 
 
INTRODUCTION 

Acid  mine  drainage  (AMD)  is  an  effluent  from  mining  industry  which  directly  impacts  the 
environment  and  humans’  health  when  it  is  discarded  in  water  bodies  without  treatment,  due  
to presence of heavy metals, sulfate and low pH. Biological reactors have been used for the treatment 
of several wastewater as well as for AMD. In the case of sulfate-rich wastewaters, sulfate-reducing 
bacteria  (SRB)  convert  the  carbon  source  and  sulfate  in  sulfide  and  alkalinity.  In  second  step, 
metals precipitate in metal sulfide. Even so, it is important highlight that some metals are essential to  
anaerobic  digestion  because  they  are  responsible  to  functioning  and  activation  of  enzymes; 
making  necessary  studies  about  concentrations  of  metals  that  do  not  harm wastewater  treatment. 
Thus,  the  aim  of  this  research  was  to  evaluate  the  impact  of  sequential  increase  in  metals  
and nutrients concentration on the efficiency of AMD's bioremediation in an anaerobic structured-bed 
reactor (ASTBR). 

 
MATERIALS AND METHODS 

The bench-scale ASTBR was made in acrylic with a reaction volume of 2.25 L and contained 8 
PVC  rods  surrounded  by  polyurethane  foams.  The  system  was  maintained  at  a  (30±1)°C  in  a 
controlled  temperature  chamber  and  the  inoculum  was  granular  sludge  from  a  UASB  reactor 
treating poultry slaughterhouse wastewater. 

The  synthetic  AMD  was  a  combination  of  composition  proposed  by  Vieira  et  al.  (2016), 
Bekmezci et al. (2011) and Guo and Cutright (2015) made with tap water (twice a week) and the pH 
adjusted to 4 with HCl, when necessary. The final composition, in mg L-1, was: MgSO4. 7H2O (0,35);   
FeSO4.7H2O   (497,49);   ZnCl2    (41,69);   CoCl2.   2H2O   (28,1);   NiCl2.6H2O   (40,5); CuSO4.5H2O 
(19,6); Na2SO4 (1892,7); Al2(SO4)3. 16 H2O (235,0); MnSO4.H2O (8,8); NaH2PO4. H2O (34,1); 
NH4Cl (57,7); KH2PO4  (56,0). This composition was set as 100% and used on Stage
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V. On Stage I to Stage IV, the percentages were 10%, 20%, 40% and 60% of total. Ethanol was the 
only carbon and energy source. 

The synthetic AMD containing ethanol was fed to the system using a peristaltic pump, with a 
hydraulic  retention  time  (HRT)  of  16  hours  and  a  COD/SO4

2-   ratio  of  1.0,  resulted  from  an 
influent sulfate concentration and chemical oxygen demand (COD) of 1500 mg L-1. 

The analysis of influent and effluent were made two or three times a week. COD, sulfate, sulfide, 
partial  alkalinity  (PA)   and   pH   were   performed   as   described   in  Standard   Methods   for   the 
Examination of Water and Wastewater (APHA, 2012). 

 
RESULTS AND DISCUSSION 

Summarizing the results obtained  in the 300 days of operation of the  ASTBR, the effluent  pH 
was always close to 7.1, and the average PA generation was 402 mg L-1. On the first days, in Stage I, 
the value was close to 300 mg L-1  and in the last few days (Stage V) this was close to 700 mg L-1. 

Within the first 44 days, the sulfate removal was close to 40% and also for the amount of COD 
used for the sulfidogenic route (CODSRB), and these values increased at each stage. Comparing the 
results from Stage I to Stage V, the sulfate removal varied from 40 to 83% and CODSRB from 36 to 
69%. 

Regarding COD, from Stage I to Stage IV, the removal was between 68-78%, except for Stage V,  
when  COD  removal  increased  to  90%  as  well  as  the  electron  flow  to  SRB  that  reached  the 
highest value (69%). 

These increasing results stage by stage show that bacteria were adapting to the synthetic medium 
and  SRB  was  selected.  In  addition,  the  increase  in  concentration  of  nutrients,  mainly  nitrogen, 
favored  the  establishment  of the  sulfidogenesis,  because  this  element  is  an  important  nutrient  
to SRB (Dev et al. 2015). 

Lastly, no toxicity was verified, either by sulfide or metals and it is believed that the precipitation 
of the  metal  sulfides  left  less  sulfide  available  in  the  medium.  The  accumulation  of these  
solids inside the reactor did not affect the sulfidogenic process due to two discards made on days 14 
and 
199 in order to improve liquid flow and prevent clogging. 

 
CONCLUSION 
The  increase  of  metals  and  nutrients  concentrations  supported  the  success  of  the  sulfidogenic 
process and no toxicity was observed by metals or sulfide. It was observed a growing improvement in 
the  efficiency of the  reactor throughout  300  days of operation with  sulfate  removal increasing 
from 40% to 83% and  organic matter removal from 68% to 90%. 
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Abstract
A fluidized bed reactor (FBR) was employed to evaluate the removal of lin-
ear alkylbenzene sulfonate (LAS) from laundry wastewater (LW) diluted in 
domestic sewage (DS) varying the addition of co-substrate and the upflow 
velocity (vupf). The reactor was operated in five stages: stage I-LW + DS with 
19.8±10.8 mgLAS L-1 and 1.3 vupf; stage II- LW + DS + ethanol (50mg L-1) with 
23.8±16.8 mgLAS L-1 and 1.3 vupf; stage III- LW + DS + ethanol(200 mg L-1) 
with 23.5±11.6 mgLAS L-1 and 1.3 vupf; stage IV- LW + DS with 21.9±12.4 
mgLAS L-1 and 1.0 vupf; stage V – LW + DS with 23.7±16.8 mgLAS L-1 and 0.7 
vupf. Addition of ethanol in dosages of the present study did not result in im-
provement of LAS and COD removal. Nevertheless, the highest co-substrate 
dosage resulted in acidification of reaction system with prevalence of acetic 
and propionic acid which are linked with low LAS removal. There was ob-
served a decrease in LAS removal when lowest upflow velocity was applied, 
probably as a result of the system acidification.

Keywords
Ethanol; co-substrate; fluidization; sand; recirculation

INTRODUCTION
Linear alkylbenzene sulfonate (LAS) is the anionic surfactant most employed in household/ 
1aundry detergents and it is also the one with highest concentration in sewage treatment 
plants (above 2 mg L-1) (BERGÉ et al., 2017). The co-digestion of domestic sewage (DS) and 
laundry wastewater (LW) emerges as a promising alternative, since domestic sewage is easily 
available in the urban environment and can contribute with alkalinity and other substrates. 
In the FBR, the high upflow velocity improves the contact between liquid/support material 
and the dilution of the influent. However, the high recirculation rate results in expensive 
costs and energy consumption The purpose of this study was to evaluate and optimize the 
performance of a scaling up fluidized bed reactor employed to treat LW diluted with DS by 
varying the dosage of co-substrate and adjusting the upflow velocity.

MATERIALS AND METHODS
Experimental Setup
The Fluidized Bed Reactors (FBRs) were made in PVC and acrylic (19.8 L of volume), oper-
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ated with HRT of 18 hours. The inoculum was provided from an activated sludge reactor 
used to treat domestic wastewater (Volkswagen, São Carlos-SP, Brazil). Operational time 
was separated into 5 stages: stage I-LW + DS with 19.8±10.8 mgLAS.L-1 and 1.3 vupf; stage 
II- LW + DS + ethanol(50mg.L-1) with 23.8±16.8mgLAS.L-1 and 1.3 vupf; stage III- LW + DS + 
ethanol(200mg.L-1) with 23.5±11.6 mgLAS. L-1 and 1.3 vupf; stage IV- LW + DS with 21.9±12.4 
mgLAS.L-1 and 1.0 vupf; stage V – LW + DS + 23.7±16.8 mgLAS.L-1 and 0.7 vupf.

Analytical Assays
Chemical oxygen demand (COD) and pH were determined according to the Standard Meth-
ods of Wastewater Examination (APHA et al., 2005). LAS was determined according to Duar-
te et al., 2006. Volatile fatty acids (VFA) were quantified according to Penteado et al. (2013).

RESULTS
Laundry wastewater and domestic sewage characterization
The LAS concentration varied between 85 mg.L-1 and 236 mg.L-1 in LW and between 0.6 
mg.L-1 and 14 mg.L-1 in DS. COD averaged 821±33 mg.L-1 in the LW and 296±133 in the DS, 
while the pH averaged 8.6±1.6 and 7.0±0.2 to LW and DS, respectively. Acetic, formic and 
propionic acids were detected in both wastewaters characterization. Citric and lactic, acids 
were detected only in LW. VFA averaged 55.5±34.4 mg .L-1 in LW and 70.6±13.4 mg.L-1 in DS.

AFBR performance
Process stability is a key factor in anaerobic biological removal of LAS. In the present study, 
VFA concentration increased in effluent along with time operation (Table 1) as result of eth-
anol increment to 200 mg.L-1 and upward-flow velocity reduction. Acetic and propionic acids 
were related with low LAS removal in the literature (Angelidaki et al. 2004;Okada et al. 2013) 
and they were detected in higher concentration after ethanol increment (stages III, IV and V). 
The reduction in upflow velocity also contributes to increase the level of those acids (Table 
1). LAS removal efficiency was statistically lower in stage V to 200 mg.L-1 of ethanol and 0.7 
vupf. To the same dosage of ethanol (200 mg.L-1) there were no statistical differences between 
LAS and COD removal to 1.0 vupf or 1.3 vupf.

Table 1. LAS influent,  LAS removal efficiency , DQO influent, COD removal efficiency , Acetic acid, 
Propionic acid, VFA in the operational stages

Stage LAS 
influent 
(mg.L-1)

LAS removal 
 (%)

DQO in-
fluent

(mg.L-1)

COD removal 
(%)

Acetic 
acid

(mg.L-1)

Propionic
acid

(mg.L-1)

VFA (mg.L-

1)

 I 19.8±10.8 54.2±15.0 418±167 50±15 19.8 1.2 25.4±38.9
 II 23.8±16.8 57.7±22.7 518±191 54±11 21.2 0.5 38.0±17.2
III 23.5±11.6 44.5±27.0 665±163 49±12 69.6 10.5 89.7±57.4
IV 21.9±12.4 42.8±25.3 737±231 57±15 79.1 15.0 116.3±69.1
V 23.7±16.8 29.9±25.7 949±416 56±13 73.5 20.1 103.8±56.3
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Abstract
The degradation of commercial pesticides MCPA, imidacloprid (Couraze®) 
and dimethoate (Danadim Progress®) in batch experiments and in a contin-
uously fed anaerobic expanded granular sludge bed (EGSB) reactor has been 
studied. Biodegradability of each active compound was analyzed individual-
ly. MCPA removal of 20 % after 45 d was observed. Imidacloprid described 
a two-stage degradation model through the reduction of the nitro group. 
Dimethoate was degraded within the concentration range studied (10–500 
mg/L) following two possible pathways, the attack of the alkoxy group or the 
demethylation of the methylamine moiety. Long-term experiment showed 
removal efficiencies of 85 % of the selected pesticides at concentrations of 
87, 29 and 38 mg/L of MCPA, imidacloprid and dimethoate, respectively, In 
these conditions a COD removal efficiency of 65 % and methane production 
of 0.21 g CH4-COD/g-1 COD consumed were achieved. Microbial analysis 
through DGGE showed the dominance of hydrogenotrophic archaea over 
the methanogenic community along the continuous treatment.

Keywords: Anaerobic digestion, biodegradability, EGSB, inhibition, pesti-
cides wastewater.

INTRODUCTION
Pesticides are widely used for control pests, including insects, rodents, fungi and unwanted 
plants (weeds). Agrochemical products contain active ingredient and a variety of solvents, 
synergists, surfactants, and other inert ingredients to improve the stability, delivery and ef-
fectiveness of the pesticidal ingredient. Industrial wastewater generated in the washing of 
commercial pesticide containers are characterized by a heterogeneous composition in terms 
of variable concentration of chemical oxygen demand (COD) (1660–1960 mg O2 L-1), bio-
logical oxygen demand (BOD5) (1350–1600 mg O2 L-1), ionic concentration and pesticide 
content (Zapata et al., 2010). The aim of this work is to assess the anaerobic treatment of 
synthetic wastewater bearing commercial pesticides (MCPA, imidacloprid and dimethoate) 
by an EGSB reactor to optimize the operation conditions. The acetoclastic and hydrogeno-
trophic inhibition and/or toxicity caused by the target compounds have been also evaluated. 
In addition, a possible degradation pathway of the pesticides studied under anaerobic con-
ditions have been proposed.

METHODS
Synthetic wastewater was prepared by adding the following components (mg L-1): peptone 
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(17.4), yeast extract (52.2), milk powder (116.2), sunflower oil (29), sodium acetate (79.4), 
starch (122) and urea (91.7) giving a chemical oxygen demand (COD) around 1.75 g/L. The 
fed wastewater was supplemented with macro- and micronutrient. Pesticides were spiked 
in the feed as a fraction of COD and gradually increased once the steady state was reached.
Biodegradability tests were performed under methanogenic conditions using non-adapted 
anaerobic sludge as previously reported (Garcia-Mancha et al., 2012). Inhibition over ace-
toclastic and hydrogenotrophic archaea was done by activating the anaerobic sludge with 
sodium acetate (4 g L-1) or sodium formiate (2 g L-1).
Continuous experiments were carried out in a 5.2 L EGSB reactor (Monsalvo et al., 2014) 
inoculated with 100 g VS of granular sludge (specific methanogenic activity of 0.269 g CH4-
COD g-1 VS d-1) and operated for 408 d at an upward flow rate of 2.5 m/h, mesophilic condi-
tion (35 °C) and a hydraulic retention time of 1 d.
Analyses of total and soluble chemical oxygen demand (TCOD, SCOD), total and volatile 
suspended solids (TSS, VSS) were performed according to the APHA Standard Methods 
(APHA, 1992). The quantification of the pesticides active ingredients (MCPA, imidacloprid 
and dimethoate) species was performed by high-performance liquid chromatography (HPLC). 
Intermediates were analyzed by liquid chromatograph-electrospray mass spectrometry (LC–
ESI–MS).

RESULTS AND CONCLUSIONS
Biodegradability test showed that the specific initial MCPA removal rate increased from 
0.094 to 3.76 mg g-1 VS d-1 at increasing concentrations up to 100 mg L-1. Imidacloprid bio-
degradation started with a fast initial degradation phase followed by a very slow degradation 
and a final reactivation phase, describing a two-stage, or biphasic model. Dimethoate was 
removed within the concentration range studied (up to 500 mg L-1). MCPA did not affect the 
acetoclastic archaea. Imidacloprid concentrations higher than 250 mg L-1 led to a decrease 
of the acetoclastic activity, which was not recovered when these compounds were removed 
from the medium. MCPA and imidacloprid and/or the corresponding ingredients of the com-
mercial composition improved the hydrogenotrophic activity. Finally, acetoclastic activity 
increased when low concentrations of dimethoate (< 100 mg/L) were used.

The performance of the EGSB reactor is shown in Figure 1. In the first stage, imidacloprid 
and dimetoathe needed an acclimation period of 25 and 36 d, respectively, to start their deg-
radation and more than 60 d to achieve an efficiency removal of 98 %. Imidacloprid is bio-
degraded through the reduction of the nitro group which is a very common transformation 
reaction in anaerobic environments. Dimethoate could be degraded following two different 
pathways, either by attacking the alkoxy group, or by demethylation of the methylamide moi-
ety of dimethoate. MCPA was not degraded during the first stage, but a removal efficiency of 
83 % was achieved in the second one. This suggests that a long acclimation period is required 
to get an active MCPA biodegrading biomass.
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Figure 1. COD removal efficiency (continuous line), 
methane production (bars), and concentration of 
pesticides: MCPA (squares), imidacloprid (circles) 
and dimethoate (triangles) in the effluent during 
the EGSB reactor operation.

This decrease in COD removal and 
methane production efficiency could be 
due to the reduction of the biodegrad-
able COD available in each stage and 
the generation of toxic intermediates. 
Hydrogenotrophic archaea dominated 
the microbiota during the continuous 
runs, highlighting its greater resistance 
to the presence of pesticides com-
pounds. DGGE analysis showed that 
Methanobacterium genus prevailed in 
the granular biomass during the long-
term experiment. The EGSB reactor is a 
robust technology and can successfully 
be applied to remediate pesticides-con-
taining streams. 
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Abstract 
Sugarcane  vinasse  was  applied  as  electron  donor  for  the  treatment  of  a  synthetic  acid  mine 
drainage in a  down-flow fixed-structured bed reactor. The system was subjected to a gradual pH 
decrease  to  evaluate  the  performance  of  sulfidogenic-methanogenic  associated  processes.  
High efficiencies  of  sulfate-reduction  (94–97%)  corroborated  to  the  choice  of vinasse  as  
carbon  and energy  source  for sulfate  reduction. The  alkali suppression, resulting  in  low  influent  
pH values (varying from 6.30 until 3.50),  impaired  the methanogenesis and, consequently, the 
COD removal. 

 
Keywords 
Acid mine  drainage; Alkali  suppression; Methane; Sulfate-reduction; Vinasse. 

 
 
INTRODUCTION 
Sugarcane  vinasse, a  wastewater  largely generated in the  process  of  ethanol production, presents  
high 
organic content, mainly constituted by volatile acids, sugars, alcohols and phenolic compounds. Due to 
its composition, literature shows that sugarcane vinasse is a suitable effluent for methane generation via 
anaerobic  treatment  (España-Gamboa  et  al.,  2011).  Another  possibility  is  the  vinasse  application  
as electron  donor   for   the  acid  mine  drainage  (AMD)  treatment   via  sulfate-reduction.  The  positive 
association  between  sulfidogenic  and  methanogenic  processes,  which  can  be  promoted  by  applying 

2-COD/SO4 ratio  of  2.0, was  also a  promising strategy for  sulfide  production,  metal precipitation  
and

methane generation along AMD treatment  in a single reactor (Godoi et al., 2017). Given the extremely 
acidic  pH  found  in AMD  (Akcil;  Koldas,  2006), effects  of  the  gradual suppression of  external 
alkali addition  on the down-flow  fixed-structured  bed reactor (DFSBR)  for AMD treatment  were 
studied. 

 
 
MATERIALS  AND METHODS 
A DFSBR reactor (working volume of 1.7 L), previously presented for AMD and metal recovery (Godoi 
et al., 2017), was  operated during 170 days with  HRT  of  21±2 h. The reactor  was fed with sugarcane 
vinasse  diluted in synthetic  AMD  to  provide  COD  and SO4

2-  concentrations  of  4100±450 mg.L-1  

and 
2130±250 mg.L-1, respectively.  The  influent  pH  of  the  medium was  decreased step-by-step from 
6.30 (Phase I) until 3.50 (Phase VII) by suppression of NaOH addition. Iron (Fe2+), as a reference metal 
from AMD, was applied  in concentration  of 260±40  mg.l-1   from Phases II to VII. 

 
 
RESULTS  AND DISCUSSION 
During entire  DFSBR  operation,  mean efficiencies  of  sulfate  reduction close  to 94%  (Phases  I  to 
III) 
and 97% (Phases IV to VII) were achieved, confirming the feasibility of using vinasse as electron donor, 
source  of  carbon and nutrients  for  sulfidogenic  metabolis m.  The  COD  removal,  in turn, was  close  
to 
84%  in Phases I, II and III, operated with influent pH close to 6.30, 6.00 and 5.40, respectively. From 
phase  IV  onwards,  the  influent  pH  decrease  impaired  the  methanogenesis,  given  the  lower  
methane generation presented by the system (Figure  1.a). During Phases IV (pHINFLUENT  = 5.00), V 
(pHINFLUENT  = 
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4.50)  and  VI  (pHINFLUENT   =  4.60)  the  COD  removal  efficiency  was  close  to  75%.  In  the  phase  
VII 
(pHINFLUENT  = 3.50), COD removal dropped to 67%. The electron flow estimated according to Godoi et 
al.  (2017)  showed  that  the  methanogenesis, as  a  complementary  via  for  organic  matter  removal, 
was directly  affected  by  the  pH  decrease  in  the  DFSBR  (Figure  1.b).  The  increase  of  effluent  
volatile suspended  solids  (VSS)   concentrations  (Figure  1.b),  indicating   the   detachment   of   
biomass,  was

attributed  to  the  adverse  conditions  for  the   methanogenic  microorganisms.   Despite  the  markedly 
decrease in the  influent  pH, the bicarbonate  production by sulfate-reduction was enough to elevate the 
pH within the DFSBR up to 7.20 (Phases I to III), 7.00 (Phases IV to VI) and 6.50 (Phase VII). During 
Phase  I, total  dissolved sulfide  (TDS)  and  dissolved  molecular  sulfide  (H2S)  reached 580  mg.L-1  

and 
250 mg.L-1, respectively. After the Fe2+  introduction, TDS decreased until 300 mg.L-1  (phases II to V) 
or lower (phases VI and VIII) due to iron sulfide precipitation (Fe2+  removal ≥ 95%). Since the dissolved 
H2S at the initial step (Phase I) was higher than the H2S concentrations observed during the other phases 
(< 160 mg.L-1), the sulfide toxic effects, as usually reported (Maillacheruvu et al., 1993), cannot be the 
reason for the worse performance linked to methanogenesis. On the other hand, the lower availability of 
alkalinity at the liquid medium led to the increase in the IA/PA ratio (Ripley et al., 1986), confirmed the 
imbalance   of  the  processes  responsible  for  acetic  acid  consumption   in  the  system  (Figure   1.c). 
Nevertheless, in despite  of the  lower  methane  production, the decrease  in pH  influent  did not  lead 
to a complete suppression of  methanogenesis, indicating the acclimatization of  methanogenic  
organisms  in DFSBR even at more acidic  conditions. 

 

 
 
 
 
 

Figure 1. (a) Volumetric  methane production in terms of 
standard temperature and pressure (1 atm, 0ºC);  (b)  
Electron flow distribution; and (c) IA/PA ratio and acetic 
acid concentrations in the effluent from the DFSBR. 

 
 
 
 
 
 
 
CONCLUSIONS 
Despite  the  lower  methane  generation  under  more  acidic  pH  conditions,  the  DFSBR  was  able  
to 
maintain  high  efficiencies  of  sulfate-removal,  sulfide  production  and  iron  removal  by  precipitation, 
confirming  the effective use of vinasse  as an electron donor  for AMD treatment. 
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Abstract 
This  study  evaluated  the  physical,  chemical  and  microbiological  characteristics  of  the  granular 
anaerobic biomass associated  with concentration removals  of 50, 100  and  300  μg/L of  triclosan 
(TCS)  through  three  EGSB  systems  configured  with  two  hydraulic  retention  times  (HRT) 
corresponding  to  8  and  24  h. The  systems  worked  simultaneously,  one  reactor  was  used  as  
the white  of  the  test  and  other  two  reactors  worked  with  HRT  of  8  and  24  h  respectively.  
The experimentation was carried out in 4 stages of operation, in which the load of the contaminant 
was increased.  The  analysis  of  the  granular  biomass  was  carried  out  at  the  end  of  each  stage.  
The inoculum  was  a  granular  anaerobic  sludge  from  a  UASB  system  used  in  the  treatment  of 
wastewater from the processing of meat products. The main results indicated a high elimination of the 
TCS of the aqueous phase, which is attributed to both, the biodegradation and the sorption in the 
sludge. On the other hand, the results of the biomass monitoring and the analysis through the 
molecular techniques did not present a significant effect in the variation of the microbial structure or 
granular conformation due to the contact of the microorganisms with the high concentrations of the 
TCS. 

 
Keywords 
Expanded Granular Sludge Bed (EGSB); Digestion anaerobic; Granular biomass; removal 

 
 
MAJOR HEADINGS 
The  removal  of  the  TCS  from  the  aqueous  phase  through  the  EGSB  systems  presented  high 
elimination percentages  with values of sorption between  20 to 41%, and  biodegradation range of 
58-77%, presenting a better biodegradation behaviour for the highest values of HRT (24 h). 

 

The analysis of the structure of the microbial communities under the different TCS concentrations was  
carried  out  through  the  Denaturing  Gradient  Gel  Electrophoresis  (DGGE)  technique,  by 
evaluating  the   similarity  patterns   represented   in   dendograms   for  bacteria   and   archaea.   The 
behaviour  of  the  analysis  results  did  not  reflect  any tendency of  grouping  in  order  to  look  for  
a significant effect of the microcontaminant presence, its concentration or the HRT during operation, 
likewise,  it  did  not  generate  variations    in  richness  or  diversity  of  bacteria  and  archaea  or  a 
dominant change in the composition and its structures. 

 

Minor headings 
The behaviour and the anaerobic granular biomass variation was evaluated at the end of each stage 
through  the  Volumetric  Sludge  Index,  the  Sedimentation  Rate  (Vsed),  the  total  and  volatile 
suspended solids and the density. The results obtained for these parameters showed a little variation 
in which it was not possible to determine any effect on the granular biomass, related to the presence 
and increase in the TCS concentrations. 

 
On the other hand, the results in the TCS removal showed high elimination of the compound from the  
aqueous  phase  with  a  greater  response  for  the  HRT  of  24  hours.  The  behaviour  of  the  TCS 
removal through the EGSB systems is presented in Figure 1.
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Figure 1. Behaviour of EGSB systems in the TCS removal for different loads. 
 

It  has  been  reported  that  the  main  elimination  mechanisms  of  TCS  by  biological  systems  
are sludge sorption and biodegradation (Svenningsen et al., 2011). Due to the high hydrophobicity, 
the TCS accumulates in the biosolids or sludges (Ying et al., 2007; Zarate et al., 2012). Therefore, it 
is estimated  that  the  sorption  in  the  sludge  is  a  significant  mechanism  for  the  removal  of  this 
compound  in  biological  processes.  Studies  in  which  the  biodegradation  of  the  TCS  has  been 
evaluated  through  different  biological  processes  have  reported  biodegradation  values  for  this 
compound in a range between 55 and 99.8 % (Chen et al., 2011). Therefore, it can be indicated that 
the loss of the analyte, of the liquid phase, is due to the joint action of the biodegradation and the 
sorption of the TCS in the biomass (figure 2). 

 
ACKNOWLEDGEMENTS 

 
The authors would like to thank the GDCON group and the 2017–2018 Sustainability Research Fund of the University of 
Antioquia for funding this project 

 
REFERENCES 

 
Chen, X., Nielsen, J. L., Furgal, K., Liu, Y., Lolas, I. B., & Bester, K. (2011). Biodegradation of triclosan and formation of 

methyl-triclosan in activated sludge under aerobic conditions. Chemosphere, 84(4), 452–456. 
 

Svenningsen, H., Henriksen, T., Priemé, A., & Johnsen a, A. R. (2011). Triclosan affects the microbial community in 
simulated  sewage-drain-field  soil  and  slows  down  xenobiotic  degradation.  Environmental  Pollution  159,  159, 
1599–1605. 

 
Ying, G.-G., Yu, X.-Y., & Kookana, R. S. (2007). Biological degradation of triclocarban and triclosan in a soil under 

aerobic  and  anaerobic  conditions  and  comparison  with  environmental  fate  modelling.  Environmental  Pollution 
(Barking, Essex : 1987), 150(3), 300–5. 

 
Zarate, F. M., Schulwitz, S. E., Stevens, K. J., & Venables, B. J. (2012). Bioconcentration of triclosan, methyl-triclosan, 

and triclocarban in the plants and sediments of a constructed wetland. Chemosphere, 88(3), 323–9. 



565

Anaerobic co-digestion of industrial landfill leachate and 
glycerin: batch tests 

T. M. de Castro*,  J. T. Gotardo**, K. Q. de Carvalho***, S. D. Gomes** 

* Federal University of Technology - Paraná, Rosalina Maria Ferreira Street, 1233, Campo Mourão, PR, Brazil 
(E-mail: thiagocastro@utfpr.edu.br) 
** State University of Western Paraná,  Universitária Street, 2069, Cascavel, PR, Brazil 
(E-mail: jackelinegotardo@gmail.com, simone.gomes@unioeste.br) 
***Federal University of Technology-Paraná, Dep. Heitor Alencar Furtado Avenue, 5000, Curitiba, PR, Brazil 
(E-mail: kaquerne@gmail.com ) 
 
Abstract 
The objective was to evaluate the evaluate of industrial landfill leachate and crude residual glycerin 
in batch reactors, under different proportions of substrates and food/microorganism rates, adopting 
a RCCD experimental design. The addition between 3 and 7% of glycerin to the leachate (v/v)  
resulted in methanogenic potencial above of 0.30 LNCH4 gVS-1 and in higher accumulated CH4 
productions. Finally, the COV removal efficiency, reached values close to 100% when glycerin 
contents were adopted close to 10% associated with an F/M ratio of around 1.7. 
 
Keywords 

 Organic matter removal; food/microorganism ratio; methane production 

INTRODUCTION 
In order to implement an anaerobic treatment with the consequent possibility of residual energy 
recovery of the industrial landfill leachate, crude residual glycerin was used as substrate for anaerobic 
co-digestion. The mixture is of interest since, due to the peculiar characteristics of these residues, 
each can satisfactorily supply the deficiencies of the other during the anaerobic co-digestion. The 
leachate acts as a solvent for glycerin and provides greater stability to the reactor due to the alkalinity, 
macro and micronutrients supply that are essential to the bacterial growth through the process. In 
contrast, glycerin provides easily-degraded organic matter. In this context, the objective was to 
evaluate the anaerobic co-digestion of industrial landfill leachate and crude residual glycerin in batch 
reactors under aspects of different substrates proportions and food/microorganism ratios. 

MATERIALS & METHODS 
The anaerobic co-digestion process occurred in 400 ml volume reactors under mesophilic conditions 
(30 ± 1ºC). During the tests, the Rotational Central Composite Design (RCCD) was adopted, 
composing a factorial of type 22, a total of 11 reactors was used. The factors (independent variables) 
selected were: percentage of glycerin added to the leachate (v/v) and food/microorganism ratios 
(F/M), which refers to the connections between the masses (grams) of COD of the substrate and 
volatile suspended solids of the inoculum, in five levels each (Table 1). The variables responses were 
cumulative methane production, removal of total volatile solids (VS) and removal of organic matter 
in terms of COV, adapting the Biochemical Methane Potential (BMP) test proposed by Owen and 
Stuckey (1979). 

Table 1  Rotational Central Composite Design (RCCD) planning levels 

Independent Variables   Levels   
-1,414 (-α) -1 0 1 1,414 (+α) 

Glycerin percentage 0,0 1,5 5,0 8,5 10,0 
A/M Ratio 0,3 0,5 1,0 1,5 1,7 



566

RESULTS AND DISCUSSION 
Analyzing the results and the variables, answers were generated quadratic models, represented in the 
Equations 1 to 3, basing on factors which had showed a significant effect Analysis of variance 
(ANOVA), to the confidence interval of 95% (p<0,05). In equations 1, 2 and 3 x1 is equivalent to de 
percentage of glycerin and x2 to the F/M ratio. 

Methanogenic potencial (LNCH4 gVS-1) = 0,25 – 0,26(x1)2 –0,12(x2) (1) 
COD removal (%) = 81,90 +7,06 (x1) +5,53 (x1)2 +10,28(x2) +4,93(x2)2 -8,35(x1)*(x2) (2) 

Cumulative production of CH4 (mL) = 65,82 – 54,70(x1)2 + 28,12(x2) (3) 
In the Figure 1 are represented the responses surfaces to the methanogenic potencial, COD removal 
and CH4 acumulated production, according to F/M ratio and glycerin percentage.   

   

Figure 1. Response surface to the methanogenic potential (a), removal of COV (b) and acumulated 
production of CH4 (c), according to the F/M ration and glycerin percentage. 

The methanogenic potential (Figure 1a) obtained values higher than 0.30 LNCH4 gVS-1 in 
combinations with 5% glycerin content and F/M ratio of less than 0.5. The COD removal efficiency 
(Figure 1b) increased as added a higher volume of glycerin in the mixture with the leachate, combined 
with a higher F/M ratio, resulting in values close to 100%. On the other hand, this COD removal 
decreased as the volume of leachate was increased, indicating that the leachate organic matter exhibits 
characteristics of refractory material when digested only with sludge. The accumulated production of 
CH4 (Figure1c) reached the highest values when the glycerin content was close to 5% and the F/M 
ratio was close to 1.7, which refers to the maximum value used in the planning. High F/M ratios are 
associated with greater availability of organic matter to the microbiota, resulting in higher methane 
gas production. It was also observed that the addition of glycerin lower than 3%, probably associated 
with low supply of labile carbon, or higher than 7%, occurring inhibition of the process due to excess 
glycerin, causing possible acidification of the medium, tend to reduce the production of CH4 (Figure 
1c). 

CONCLUSION 
Crude residual glycerin is a potential substrate for anaerobic co-digestion with industrial landfill 
leachate. The addition of 3 to 7% glycerin to the leachate (v/v) resulted in methanogenic potential 
above 0.30 LNCH4 gVS-1 and in higher accumulated yields of CH4. Finally, COD removal efficiency 
reached values close to 100% when glycerin contents were adopted close to 10% and associated with 
F/M ratio close to 1.7. 
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Abstract 
A  down-flow  fixed-structured  bed  reactor  (DFSBR)  was  used  for  sulfate  reduction  and  metals 
removal (Co, Cu, Fe, Mn, Ni and Zn) from a synthetic acid mine drainage (AMD) using sugarcane 
vinasse as carbon and energy source for microorganisms. The reactor was operatedin continuous mode  
during  240  days  with  hydraulic  retention  time  (HRT)  of  19  ±  2  h.  Influent  pH  varied between 
4.7 and 5.4.  The DFSBR achieved  COD removal efficiencies from 42 to 65%  whereas sulfate 
removal ranged from 55 to 91%. Removal of Co and Ni was higher than 80% while Fe, Zn, Cu  and  
Mn  were  removed  with  efficiencies  of  77,  75,  71  and  62%,  respectively.  The  results highlighted  
the  robustness  of  this  bioreactor  configuration  and  opened  perspectives  for  sulfate- reduction 
and metal recovery in a single-unity. 

 
Keywords 
Metals removal; sulfate reduction; sulfide. 

 
 
INTRODUCTION 
Acid mine drainage (AMD) is a serious environmental problem that affects aquatic and terrestrial 
ecosystems, as well as the human health. AMD is characterized as a low pH wastewater with high 
concentrations of sulfate and several metals. The problems associated with its inadequate disposal and 
the lack of treatment and recovery of metals represent an environmental challenge that can be 
aggravated by extensive disasters, such as occurred in Mariana-MG, Brazil (Hatje et al., 2017). On 
the other hand, sugarcane vinasse is an organic-rich wastewater from the ethanol production. It is 
usually estimated that, for each liter of ethanol produced, about 10 to 13 L of vinasse are generated. 
In 2016, close to 360 mi m3 of vinasse was produced in Brazil. The main characteristic of vinasse is 
its high organic content, around 22 g.L-1 in COD, besides its high sulfate concentration (Driessen et 
al.,  1994).  The  sulfidogenic  process  occurs  under  anaerobic  condition  when  sulfate  is  convert  
to sulfide by the metabolism of sulfate reducing bacteria (SRB). The metals ions present in AMD, in 
turn,  can  form  stable  metal  sulfides,  enabling  its  precipitation  and  posterior  recovery  (Johnson 
&Hallberg, 2005). The aim of this paper was to evaluate the performance of the down-flow fixed- 
structured bed reactor (DFSBR) for sulfate, COD and metals removal from a synthetic AMD co- 
treated with vinasse, which was used as electron donor for sulfidogenic process. 

 
MATERIALS & METHODS 
The DFSBR was operated at 30ºC with HRT of 19 ± 2 h (total volume of 1.9 L). The influent pH 
varied  between  4.7  and  5.4  whereas  the  COD:Sulfate  ratio  applied  ranged  from  0.9  to  1.6.  
The reactor was operated during 240 days distributed in six operational Phases. During the Phase I to 
III the  reactor  was  fed  with  a  mixture  of  sugarcane  vinasse  and  a  synthetic  wastewater  with  
high concentration of sulfate (Table 1). During Phases IV–VI, metals were add and their 
concentrations were gradually increased until reach the full synthetic AMD composition (Phase VI). 
COD, sulfate, sulfide, pH and alkalinity were determined according to Standard Methods (APHA, 
2005). Metals concentrations  were  analysed  by  inductively  coupled  plasma  atomic  emission  
(ICP-OES)  after microwave digestion procedure.
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RESULTS AND DISCUSSION 
 

In Phases I and II the reactor presented unstable performance. COD removal efficiencies was close to 
42% while sulfate reduction remained close to 76% (Table 1). The influent pH increase from 4.8 to 
7.2 due to alkalinity generation by the sulfate reduction. Sulfide concentrations in the level of 455 
mg.L-1  must  have  been  the  cause  of  the  inhibition  of  the  organic  matter  and  sulphate  removal 
processes in the system. 

 

In Phase III, the organic and sulfate load were reduced, influent pH was increased to 5.4 and the 
decrease of sulfide concentration from 440 mg.L-1 to 334 mg.L-1 could have relieved its toxic effects 
on microorganisms allowing the system to achieve higher efficiencies for COD (65%) and sulfate 
removal  (91%)  (Table1).  The  addition  of  metals  in  Phase  IV  could  affected  COD  and  sulfate 
removal  efficiencies,  given  the  lower  removal  efficiencies  observed,  which  was  attributed  to 
adverse effects from heavy metals over the biomass  (Table 1). In Phase V, sulfate reduction was 
impaired by the increase in metals concentrations (sulfate removal of 55%). In Phase VI, in turn, the 
change in COD:Sulfate  ratio  from 1.3 to 0.9 improved the sulfate removal (63%), whereas COD 
removal  dropped  to  56%.  The  residual  amount  of  COD  in  the  effluent  could  be  related  to 
incomplete oxidation of organic compounds by SRB, resulting in higher acetate concentrations in the 
liquid medium. Inhibition of methanogenesis by acidic pH associated with the low COD:Sulfate ratio 
prevented the removal of the residual COD. 

 

Regarding metals, DFSBR presented removal efficiencies for Co and Ni higher than 80%, while 
Fe, Zn, Cu and Mn were removed with efficiencies of 77, 75, 71 and 62%, respectively (Table 1). 

 
CONCLUSIONS 
The  results  demonstrated  that,  besides  the  toxic  effects  of  sulfide  and  heavy  metals  over  the 
sulfidogenic biomass, metals were efficiently removed from liquid phase, opening perspectives for 
DFSBR  application  for  AMD  treatment  and  highlighting  the  potential  of  such  system  for  metal 
recovery. 

 
 

Table 1. Mean values of pH, and influent and removal of sulfate, COD and metals in DFSBR. 
 

Phases                                                                  I (51 d)         II (39 d)       III (32 d)      IV (39 d)       V (19 d)       VI (60 d) 
Sulfate (g.L-1)                                                           2.7                 2.7                 1.1                 1.3                 1.6                 1,7 
COD (g.L-1)                                                              4.2                 3.1                 1.3                 1.5                 1.9                 1.5 
COD/Sulfate ratio                                                    1.6                 1.2                 1.2                 1.2                 1.3                 0.9 
COD removal (%)                                                     42                  42                  65                  60                  63                  56 
Sulfate removal (%)                                                  75                  76                  91                  83                  55                  63 
Influent pH / Effluent pH                                     4.7 / 7.2         4.9 / 7.2         5.4 / 7.3         5.0 / 7.2         4.6 / 6.8         4.8 / 6.7 

Co             -                     -                     -                 2 / 87             6 / 79            10 / 93 
Cu             -                     -                     -                 1 / 55             3 / 63             5 / 86

 

Influent (mg.L-1) / Removal of (%): Fe             -                     -                     -                30 / 85           70 / 66          110 / 76 
Mn             -                     -                     -                 7 / 65            19 / 69           31 / 83 
Ni             -                     -                     -                 2 / 83             6 / 76            10 / 91

                                                                    Zn            -                    -                    -                6 / 74           14 / 81          22 / 83   
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Abstract 
Economic and environmental viability of biofuels industry is extremely dependent of correct 
management of the huge amounts of waste glycerol generated in the biodiesel production process. 
Dark fermentation still needs some adjustments to ensure its application in glycerol bioconversion, 
mainly with regard to fermentation of higher glycerol concentrations and microbial metabolism 
instability. Thus, in this work, we aimed to optimize the conditions of glycerol consumption and 
conversion to three important industrial compounds (hydrogen, ethanol and 1,3-propanediol) with 
the use of experimental design and desirability tool. The combination of experimental and 
mathematical data showed the optimal conditions to obtain simultaneously the three products (pH 
8; 27.5 gL-1 initial glycerol; 0,009 gL-1 initial cell mass); preferentially 1,3-PDO (pH 7.6; 44.4 gL-1 
initial glycerol; 0,009 gL-1 initial cell mass); or preferentially H2 and ethanol (pH 8; 21.9 gL-1 initial 
glycerol; 0,009 gL-1 initial cell mass). 
 
Keywords 
Glycerol; bioconversion; hydrogen; 1,3-propanediol; ethanol; metabolic modulation 

INTRODUCTION 
The conversion of waste glycerol to value-added products by biodiesel industries is fundamental to 
the consolidation of these plants as biorefineries. Fortunately, conversion of glycerol can be achieved 
using dark fermentation (a low cost biological treatment) that converts glycerol to building-block 
chemicals, energy and biofuels (Li et al. 2013). However, glycerol bioconversion was far from 
optimal stage mainly due the inability of microorganisms to cope with high glycerol concentrations 
and the microbial metabolism volubility. Thus, in this work we aimed to show the possibility of tuning 
the glycerol metabolism of Enterobacter cloacae 9R through the use of experimental design tools. 
Our findings showed that by adjustment of three factors (i.e. initial glycerol concentration, initial pH 
and inoculum concentration) it is possible to modulate the glycerol metabolism of E. cloacae 9R to 
produce variable amounts of hydrogen, 1,3-PDO and ethanol and use the bacterial metabolism 
flexibility as an advantage instead of an hindrance of glycerol bioconversion. 
 
MATERIAL AND METHODS 
Glycerol fermentation assays and experimental design 
The minimal medium (Homann et al., 1990) pH (from 6.5 to 9.5), initial glycerol concentration (from 
5 to 50gL-1) and inoculum concentration (from 0.00936 to 0,03089 gL-1) were determined for 14 
different batch assays by using Doehlert experimental design. The flasks contained a final volume of 
150 mL and were incubated under anaerobic conditions, at 35°C and 180 rpm for 72 hours. 
Chemical analysis 
Hydrogen production and metabolites monitoring. The H2 and chemicals production were verified 
by GC-TCD and HPLC-UV/RI analysis, respectively. 



570

RESULTS AND DISCUSSION 
Figure 1 shows the final production of H2, ethanol and 1,3-PDO obtained by combination of different 
values of initial fermentation parameters. The analysis of these data allows to propose a metabolic 
tuning of E. cloacae 9R to obtain different chemicals through the determination of optimal values of 
each fermentation parameter. 

 
Figure 1. Metabolites production after 24 hours of glycerol fermentation by E. cloacae 9R at different initial 

conditions of pH, glycerol concentration and inoculum concentration.  

Pareto’s chart and surface response analysis about the influence of fermentation factors in the final 
metabolites production revealed that the three variables tested affect either the production and the 
yield of target products (data not shown). Thus, with the use of a desirability tool we demonstrated 
the possibility of metabolic directing to optimal production of each compound in detriment to the 
others (Figure 2).   

 

 

 

 

 

 

 

 
Figure 2. Optimal conditions for simultaneous or individual production of hydrogen, 1,3-PDO and ethanol 

determined by desirability (1 and 0 means maximum and minimum desirability, respectively).  

In conclusion, our data showed that the variability of microbial metabolism can be manipulated and 
used as a gap to be explored in new glycerol conversion approaches.  
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Abstract 
The  application  of  two-phase  anaerobic  systems  is  a  suitable  alternative  to  provide  favorable 
conditions  for  distinct  groups  of  microorganisms,  optimize  the  overall  process  efficiency  and 
minimize the occurrence of adverse conditions. In this context, the application of the effluent from a 
first-stage acidogenic/sulfidogenic reactor in a second-stage methanogenic reactor was compared 
with a single-phase system treating sulfate-rich wastewater.. Higher methane production rates and 
the generation of a sulfide-free biogas were observed in the two-phase reactor, whilst the single- 
phase system required longer start-up time and presented lower methane yield, in addition to the 
undesirable presence of sulfide in biogas. 

 
Keywords 
Phases separation; biogas; sulfide; metane production. 

 
 
INTRODUCTION 
The   strategy of phase separation allows greater flexibility in the  anaerobic process, allowing the 
system  to  withstand  higher  loads  than  single-phase  systems,   considering  an  enhanced  substrate 
biodegradability  by  minimizing  adverse  effects  from  toxic  compounds  by  producing  volatile 
organic acids separately from methanogens (Dinopoulou, Rudd, et al., 1988). During this process, 
sulfate is reduced into sulfide whereas organic matter is converted in  bicarbonate by the complete 
pathway,  or  in  acetic  acid  via  incomplete  pathway (Muyzer  and  Stams,  2008),  the  latter  product 
being  readily consumed  by  methanogenic  archaea.  Another  advantage  of  phase  separation  is  
the establishment of specific operating conditions for  distinct  groups of  microorganisms, with higher 
organic load and low pH in the first-stage and lower organic load, pH above neutrality and eventual 
addition of buffering agent to the second stage. 

 
 
MATERIALS AND METHODS 
Two anaerobic structured-bed reactors (ASTBR) filled with polyurethane foam cubes as the support 
material were operated under thermophilic conditions (55ºC). The single-phase reactor was fed with 
synthetic wastewater containing CODTOTAL  (ethanol) of 1250 and SO4

2-  concentration of 400 mg L-
 

1. The second-phase reactor was fed with the  effluent  from an acidogenic/sulfidogenic  first-phase 
reactor (Gil-Garcia, de Godoi, et al., 2018) with residual concentrations of ethanol and acetic acid as 
following: CODTOTAL  = 1050 mg L-1 (CODETHANOL  = 874 + CODACETATE  = 177) and SO4

2-  =   24 
mg  L-1,  with  a  mean  sulfate  residual  of  6.7%.  The  start-up  of  the  reactors  was  performed  
with organic load (OL) of 2.5 g d-1  and dosage of sodium bicarbonate in the proportion of 1.2 g for 
each g of COD, with a progressive increase up of OL to the final load of 5 g d-1. 

 
 
RESULTS AND DISCUSSION 
At  the  initial  operational  step  (OL - 2.5  g d-1),  the  single-phase  reactor  presented organic  matter 
removal lower than 40%, so that the organic load was reduced to 0.625 g d-1. After this, the system
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required a longer period (119 days) with gradual increase in OL    prior to reaching the target OL, i.e., 
5 g d-1. For the same starting condition, the second-phase reactor reached COD removal > 85%, 
allowing a load increase to 3.5 g d-1  (average removal of 97%). After 75 days of operation, 5 g d-1 of 
OL was applied, with sulfide concentration in the effluent as low as 5 mg L-1. 
The single-phase reactor was impaired by the higher sulfate concentration, which implied in toxic 
effects caused by sulfide (96 mg L -1) on the methanogenic process (Figure 1-a). In addition, the 
diversion  of  electrons  to  the  sulfate-reduction  pathway  led  to  the  reduction  of  the  methane 
production as well as the presence of sulfide in the biogas. The average methane production for the 
second-phase system was 1.95 L-CH4  d-1, while the single phase-system presented 1.76 L-CH4  d-1, 
with  approximately  1.6%  sulfide  in  biogas  composition  (Figure  1-b),  requiring  additional  post- 
treatment steps for sulfide removal, which highlighted the advantages of the two-phase system 

 
 

Figure 1.Perfomance of second-phase (RMI) and single-phase (RMII) reactors: (a) Comparison between the 
daily methane production (boxplot) of the second –phase (RMI) and single-phase (RMII) reactors 
related to the organic load (- - -); (b) Biogas composition. 

 
 
CONCLUSIONS 

 
Phase  separation  promoted  greater  methane  production,  besides  minimizing  potential  problems 
caused  by  the  presence  of  sulfide  in  biogas.  The  single-phase  system  required  a  longer  starting 
period, most likely caused by the toxic effects of sulfide over the methanogenic biomass. 
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Resumen 
Esta investigación busca evaluar la eficiencia de un reactor tipo Upflow Anaerobic Sludge Blanket 
(UASB) hibrido en el tratamiento de aguas grises provenientes de una lavandería comercial.El 
reactor fue operado continuamente durante 50 días,  con un tiempo de retención de 16.16±1.3 h. Se 
observaron remociones de la materia organica en términos de Demanda química de oxigeno 
(DQO) del 58 ± 0.10 %. Los valores de índice buffer indicaron que el proceso estuvo estable en 
todo el tiempo de operación.  El efluente del reactor no cumple con las normas para la reutilización 
de estas aguas por medio de esta tecnología. 
 
Palabras clave: Agua gris, anillos Biopack, recalcitrancia. 
 

INTRODUCCION  
Las aguas grises son definidas como efluentes generados de acciones efectuadas en cocina, ducha y 
lavaderos. Estas aguas grises son dispuestas de manera separada de las aguas residuales que contienen 
materia fecal, y que son denominadas aguas negras. Por lo tanto, las aguas grises residuales no poseen 
organismos coliformes (Lidia Nuñez et al., 2014). Actualmente las aguas grises conforman el 75% de la 
recolección estimada de los alcantarillados combinados. Y este porcentaje de aguas grises tiene el potencial 
de ser tratado con sistemas tecnológicos, económicos y enfocados al lugar de producción.  
 
Una de las características más relevantes del manejo de las aguas grises radica en los sistemas de 
tratamientos que se pueden ser usados de acuerdo a su origen de producción. Por ejemplo, un sistema de 
tratado simple - como filtración de arena/grava - será suficiente para el tratamiento de aguas provenientes de 
lavamanos para un posterior uso en riego de plantas (Christova-Boal, et al, 1996); a diferencia de las aguas 
grises provenientes de lavanderias, que debido a su alta concentración de LAS proveniente de los productos 
de limpieza doméstica, requieren de un sistema de tratamiento mas sofisticado (T.P.Delforno et al., 2014). 
En Colombia el tratamiento de las aguas grises de lavanderia es nulo, desaprovechando asi la oportunidad de 
reuso y su impacto a nivel ambiental. El objetivo del presente estudio es evaluar la eficiencia de un reactor 
UASB hibrido, en el tratamiento de agua real proveniente de una lavanderia en Bogotá, Colombia.  
 

MATERIAL Y METODOS        
Características del reactor 
El reactor UASB hibrido utilizado esta hecho de 
acrílico de 91 mm de diámetro, altura de 1.06 m, 
volumen útil de 3.5 l y un separador trifásico 
(GLS). El inoculo utilizado proviene del digestor 
anaerobio de la planta de Colanta (Funza-
Cundinamarca). En la parte superior se colocó un 
lecho de 15 cm con 240  anillos de Biopack con 
espuma en el centro. El reactor está conectado al 
tanque del efluente en la parte inferior por medio 
de una manguera elástica.  
 
Figura 1. Esquema Reactor UASB usado para 
tratamiento de agua de lavandería.  
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Parámetros de operación del reactor 
La operación del reactor se hizo de forma gradual durante cinco fases: 1) 100% por agua sintética (AS), 2) 
25% agua real (ARL) de lavandería y 75% AS, 3) 100% AS con la adición de LAS, para simular el jabón 
contenido en el agua real, 4) 25% ARL y 75% AS, sin adición de LAS y 5) 50% ARL y 50% AS. El reactor 
se seguirá adaptando gradualmente hasta llegar al 100% de ARL. Fue operado con un tiempo de detención 
hidráulico (TDH) de 16.16±1.3 h. Para la evaluación del desempeño se midio  en el afluente y efluente  dos 
veces por semana los siguientes parámetros: DQO, alcalinidad, relación AI/AP,  sólidos suspendidos totales 
y volátiles, TDH y pH, siguiendo las recomendaciones de APHA (2005). 
 

Resultados 

La relación DQO/DBO del agua real de lavandería se encuentra en el rango de 2-4 indicando que es un agua 
medianamente biodegradable. En la Figura 2 se observa la variación de la eficiencia de remoción de DQO en 
las diferentes fases del estudio. La mayor remoción se observó en la segunda fase (58% ± 0.106) ; y la menor 
remoción (13% ± 0.120) se obtuvo durante la quinta fase. Cabe aclarar que el AR de lavandería empleada en  
procede de diferentes empresas, por lo que vale la pena estudiar más a fondo sobre los productos de limpieza 
y tecnologías usadas en cada uno de los proceso de lavado, una vez que siendo la misma actividad de 
limpieza, el agua tiene calidades muy diferentes.  La relación AI/AP mostró estabilidad del proceso 
durante toda la operación, a pesar de los valores ser mayores a 0.3 conforme recomienda la 
literatura. En los cambios de fase, principalmente en los dos últimos no hubo remoción de DQO, 
mostrando que hubo compuestos recalcitrantes al proceso anaerobio. Esto se evidencio con los 
valores de la UV254 que en el mismo periodo tampoco se removió. 

 
Figura 2. Porcentaje de remoción de DQO en las cinco fases de operación y Relación AI/AP durante las 

cinco fases de operación 
  

CONCLUSIONES 
Se observó que la mayor y menor remoción de DQO (Segunda y quinta respectivamente) fue con el 25% AR 
y 75% AS, aclarando que en las dos fases la fuente de agua de lavandería eran lugares diferentes, por lo que 
se puede llegar a considerar que  los productos y tecnologías empleadas en el proceso de lavado tiene  
relación directa con la capacidad que pueda tener el proceso anaerobio con este tipo de agua. A pesar que el 
proceso anaerobio fue estable,  no hay una degradación significativa de la materia orgánica medida como 
DQO presente en las aguas grises proveniente de lavanderías comerciales. 
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Abstract 
The anaerobic degradation of the supernatant of thermally pre-treated sewage sludge was 
studied considering the inoculum and substrate concentration influence by using batch 
tests. With thermally pre-treated sludge, a methane potential and methane maximum 
productivity between 160-250 mlCH4 gVS

-1 and 13-23 mlCH4 gVS
-1 d-1 were obtained, 

respectively. A slight trend to obtain better results as the concentration of substrate 
decreases was observed which may indicate the presence of certain soluble inhibitors. The 
removal of ammonia did not show any influence on the batch results. With respect to the 
inoculum origin, the one coming from the conventional digester showed a better adaptation 
than the one coming from digester treating thermally pre-treated sewage sludge.  
 
Keywords 
Biogas; inhibition; pre-treatment; thermal hydrolysis 

INTRODUCTION 
Thermal hydrolysis, as a way to improve the anaerobic biodegradability of sewage sludge, has gained a lot of 
attention in the last decade (Wang et al 2017). Several full-scale WWTPs currently rely on this type of pre-
treatment. Despite the benefits of this application are known, there is still processes that take place during the 
thermal hydrolysis procedure that we are not aware of, such as the generation of soluble compound potential 
inhibitor of the anaerobic degradation process. The aim of this work was to assess the potential inhibition 
presence of soluble compounds in the supernatant or liquid fraction of thermally pre-treated sewage sludge by 
biochemical methane potential test. To do so, three different type of sewage sludge were used as well as two 
inoculums coming from three WWTP. 

MATERIAL & METHODS 
Sewage sludge coming from three activated sludge based WWTP called: LMT, LF and LMe were pre-treated 
in a thermal hydrolysis pilot plant at 6 bars by 20 min. The liquid fraction of the pre-treated sludge was 
separated and used as substrate in BMP test at three different concentrations (as VS). In order to separate the 
effect of ammonia, part of the liquid fraction was stripped with air for ammonia removal. For the BMP test, 
two inoculums were used; one coming from an anaerobic digester treating sewage sludge (InC) and the other 
one coming from a digester treating thermally treated sewage sludge (InAc). The cumulative methane 
production was fitted to the Modified Gompertz equation to draw parameters for the comparing procedure. 
Absolute and relative abundance of the microbial populations were determined by the qPCR and sequencing.  
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RESULTS AND DISCUSSION 
  

Stripping of ammonia 
The thermal pre-treatment lead to an increase of the solubilized ammonia; however, it did not reach values that 
are not identified as inhibitory. After the stripping, LMT went from 1153 to 179.2 mg L-1, LF from 927.3 to 
74.4 mg L-1 and LMe from 1162 to 97.2 mg L-1, which translates in 84.5, 92 and 97.2 % removal percentage, 
respectively.  

Anaerobic digestion kinetics 
The Gompertz equation fitting showed determination coefficient result above 0.95 for all the cases which 
indicates that the fitting parameters can be compared in a trustworthy fashion. Figure 1 shows the values for 
methane potential, maximum methane production rate and lag-phase for all the studied conditions. Regarding 
the presence of ammonia this compound did not show any noticeable effect on the results. The methane 
potential was higher for LF with values close 250 mlCH4 gVS

-1. A trend is observed to obtain lower results in 
regards to the potential as the concentration of substrate increases which may relate to the presence a soluble 
inhibitor. Maximum production rate values of 21 and 23 mlCH4 gVS

-1 d-1 were observed, regardless the 
inoculum used, for LF and LMe, respectively. With respect the lag-phase parameter, there is a clear impact 
depending on the type of used inoculum. The lag-phase was significantly less (almost zero) when InC was 
used compared to InAc. InC comes from a digester treating unpretreated sewage sludge so one would have 
expected a lower higher lag phase that the InAc which is already adapted to the substrates. The robustness of 
InC indicates that it may be used to the start-up of digesters or for reseeding process in other digesters.  
 

 
Figure 1. Fitted parameter values from the Gompertz Equation for the BMP test 

 
Inoculum microbial diversity 
InC showed a higher absolute abundance of Methanosaeta whereas InAc a higher abundance of 
Methanosarcina. This is explained by the digester conditions where these inoculums come from (Rouez et al 
2014). In terms, of relative abundance, some aerobic bacteria were found in InC (Solibacillus and Leucobacter) 
which may play a role in the rapid adaptation of this inoculum to the substrates in comparison to InAc. 
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Abstract 
The anaerobic fluidized membrane bioreactor (AFMBR) was developed with the aim of removing 
organic  matter  and  pharmaceuticals.  Preliminary results  demonstrate  the  efficiency  in  COD  and 
BOD removal, that are 96.50 ± 1.76% and 93.02 ± 2.29%, respectively. Moreover, other operational 
and  qualitative  tests  have  been  performed  to  answer  the  main  mechanism  of  pharmaceuticals 
removal, biogas production and ecotoxicological effect and will be presented in the final version of 
the paper. 

 
Keywords 
Anaerobic process; membrane separation; support material; trace organic compounds; fouling. 

 
 
INTRODUCTION 
Anaerobic fluidized membrane bioreactor (AFMBR) is a technology with potential for the wastewater 
treatment due to the integration of the anaerobic fluidized bioreactor (AFBR) with the membrane 
separation process of micro or ultrafiltration. The characteristics of AFBR are particularly interesting 
for the membrane separation process, because the need to maintain a high upflow for bed expansion 
results in a lower propensity to form deposit in the membranes. (Charfi et al., 2018). In addition, the 
AFMBR can be attractive for the removal of trace organic compounds present in wastewater, since 
the membrane enhances the solids removal and as a result can improves the processes of adsorption 
and biodegradation, because part of the pollutants that is adsorbed by the sludge will be retained by 
the membrane inside the reactor and will remain in the system the same time adopted for the solids 
retention time. In this context, the objective of this study was to evaluate the removal of organic matter  
and  pharmaceuticals  (17β-estradiol,  17α-ethinylestradiol  and  diclofenac)  in  a  AFMBR operated 
in different hydraulic retention times (HRT). 

 
 
MATERIAL AND METHODS 
The reactor  is  equipped  with  hollow  fiber  ultrafiltration  submerged  membranes  (PVDF)  and  
two peristaltic pumps to make permeate suction and effluent recirculation (Figure 1). The carrier 
material used for biofilm formation was Biocontac Gel BCM. In the permeate suction line, there is a 
pressure transmitter connected to a data logger for monitoring the transmembrane pressure (TMP). 
The pilot unit was fed with synthetic wastewater and operated in a continuous in two HRT: 12 and 8 
hours. Pharmaceuticals concentration in the synthetic wastewater was 0,10 mg/L and the aqueous and 
sludge phases   have   analyzed   by   solid   phase   extraction   followed   by   a   High-Performance   
Liquid Chromatography. In addition, chemical oxygen demand (COD), biochemical oxygen demand 
(BOD), volatile fatty acids, CH4  and CO2. were also monitored. 

 
 
RESULTS 
Prior to the start in continuous flow condition of AFMBR, acclimatization and biofilm development 
were performed during five months. The operation began on February 19, 2018 and it is in the initial 
stages with HRT around 11 hours and feeding with synthetic wastewater without the presence of the 
pharmaceuticals. However, the preliminary results already demonstrate a  high removal of organic
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matter.  So  far,  according  to  Figure  2,  the  effluent  concentrations  of  COD  and  BOD  are  low  
in comparison to the influent values. The COD and BOD removal efficiency are, respectively, 96.5 ± 
1.8% and 93.0 ± 2.3% and are in agreement with other studies on AFMBR (Li et al., 2017; Kim et al.,  
2016).  The  monitoring parameters  during  the  operation  are  shown  in  the  Table  1.  Regarding 
membrane hydraulic performance, the TMP and permeability rates have  resulted in, respectively, 
0.024 ± 0.018 bar and 186 ± 179 L/m2.h.bar at a constant flux condition of 2.17 ± 0.05 LMH. Until 
the  end  of  the  experiment,  biogas  production,  removal  of  the  pharmaceuticals  through  biofilm 
adsorption  and  biodegradation,  ecotoxicological  effect  of  the   effluent   and  other  operational 
parameters  of  the  reactor  will  also  be  evaluated.  Thus,  in  the  full  version  of  this  paper  will  
be presented the results of pharmaceuticals removal. 

 

 
Figure 1. Pilot plant scheme of AFMBR.                             Figure 2. COD and BOD concentrations in the 

synthetic wastewater and permeate. 
 

  Table 1. AFMBR operational parameters.   
Influent                  Effluent                     Unit 

 

Alkalinity                     159 ± 72                 166 ± 83              mgCaCO3/L 

pH                                 7.2 ± 0.7                 7.5 ± 0.3                       - 

Temperature                26.7 ± 1.3               26.8 ± 0.7                     °C 
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Abstract 
The aim of this work was to evaluate the methane production from tequila vinasses under 
mesophilic and thermophilic conditions in anaerobic sequencing batch reactors (AnSBRs), which 
is a low-cost and easy operation configuration. Both mesophilic (38ºC) and thermophilic (60°C) 
AnSBRs were operated at pH 7.5 and feeding with an organic loading rate of 2.4 g-COD L-1 d-1. 
Results showed that the mesophilic AnSBR was able to achieve high COD removal efficiencies 
(~88%) and methane yields (0.309 L/g-CODadded). In contrast, thermophilic digester showed lower 
methane productivity than the mesophilic digestion. However, this fact was attributed to the slow 
inoculum adaptation from mesophilic to thermophilic conditions, since a clear linear increase 
tendency of the methane production was observed after a large adaptation period (~60 d). In this 
sense, the conditions (5 g-COD/L concentration) of the thermal acclimation of inoculum were also 
correlated with its low COD removal efficiencies (~45%) and methane yields (0.106 L/g-
CODadded), highlighting the key role of inoculum thermal adaptation that might take years. 
 
Keywords 
AnSBR; Biogas; Mesophilic; Thermophilic; Tequila vinasse. 

INTRODUCTION 
Traditional Mexican beverage, tequila, reached a production volume of 271.4 million liters in 2017, 
which represents a co-generation of more than 2,714 million liters of tequila vinasses. Currently, 
around 80% of the tequila vinasses generated are directly discharged to water streams and bodies 
(rivers, lakes, etc.), causing severe environmental damages. In this sense, anaerobic digestion of 
tequila vinasses has proved to be an effective tool for not only COD removal but also biogas 
production, enabling energy recovery that improves the environmental and economic sustainability 
of the tequila industry. However, only a few studies have been reported, to the best of our 
knowledge, this is the first study devoted to evaluating the effect of temperature during the tequila 
vinasse anaerobic digestion in anaerobic sequencing batch reactors (AnSBR), which is a reactor 
configuration that allows cost reduction as well as an easy process operation. 

MATERIALS AND METHODS 
The main characteristics of the tequila vinasses were: COD ranging from ~25 g-COD/L, 
temperature 90°C and pH ~3. The mesophilic reactor was inoculated with 10 g-VS/L of a granular 
sludge, while the thermophilic reactor was inoculated with the same granular sludge, which was 
previously adapted (in batch mode) to thermophilic conditions (55°C) and tequila vinasse (5 g-
COD/L) for 180 days. Both, mesophilic and thermophilic reactors, were fed with tequila vinasses at 
an organic loading rate of 2.4 g-COD L-1 d-1 and operated in sequencing batch mode with the 
following parameters: filling time: 20 min, reaction time: 119 h 10 min, settling time: 20 min, and 
discharge time: 10 min. The total cycle time was 5 d, equivalent to a HRT of 7 d by considering a 
volume exchange ratio of 0.85 L. Temperature (38°C and 60°C, respectively) and pH (7.5) were 
controlled by using a water jacket and by adding 2N NaOH solution through an on-off control 
scheme, respectively. The reactors were instrumented to the online measurement of temperature, 
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pH, pressure, biogas flow rate and composition. The acquisition and storage of data were carried out 
through a National Instruments cRIO-9014 device.  

RESULTS AND DISCUSSIONS 
Table 1 shows key parameters for the mesophilic and thermophilic digestion of tequila vinasses. In 
general, the mesophilic reactor had a stable performance and was able to deal with high load 
disturbances (day 40) as a result of a new batch of vinasse (Figure 1a). In brief, the mesophilic 
operation showed higher values than those reported in previous studies for the treatment of vinasses 
in UASB reactors (0.22 LCH4 g-COD-1, STP) 1 and AnSBR reactors (< 0.3 LCH4 g-CODadded) 2. In 
this sense, mesophilic digestion is generally considered more stable, while thermophilic digestion 
can allow for higher rate of organic matter degradation with the concomitant biogas production. 
However, in this study, the lack of a proper acclimation of the thermophilic inocula prevented the 
high methane productivities. Under mesophilic conditions, the complete degradation of acetate, 
butyrate, and propionate was observed, which was correlated with the high methane yield recorded. 
In contrast, during the thermophilic operation, an accumulation of acetic and propionic acids was 
observed, reaching ~1.8 and ~0.5 g/L, respectively. In this sense, it has been reported that the stable 
operation of anaerobic digesters depends on both lower VFA accumulation and the adequate 
buffering capacity, which can explain the instability of the thermophilic reactor whose alkalinity 
factor (α) was ~1.2 among cycles 20-23. However, the linear increase in methane production at the 
end of the experimentation period indicates that more time is needed to reach a true steady state.  

Table 1. Overall performances of the AnSBR reactors (STP values). 

Operating parameters Mesophilic Thermophilic 
(38 °C) (60°C) 

COD removal (%) 88.2 ± 1.4 44.9 ± 6.1 
Methane content in biogas (%) 78.4 ± 3.7 71.5 ± 1.7 
Biogas production (L/cycle) 6.8 ± 0.8 2.5 ± 0.1 
Volumetric biogas production rate (L L-1 d-1) 1.14 ± 0.1 0.42 ± 0.02 
Methane yield (LCH4/g-CODadded) 0.309 ± 0.01 0.106 ± 0.01 
Methane yield (LCH4/g-CODremoved) 0.351 ± 0.01 0.287 ± 0.03 

 

 
 

 

 

 
 

Figure 1. Time course of the (a) mesophilic and (b) thermophilic methane production (STP values). 
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Abstract 
Swine  wastewaters  are  characterized  by  high  amount  of  organic  matter,  phosphates,  ammonia, 
heavy  metals,  xenobiotics, among other  components.  Therefore, they  may need  to  go  through a 
previous  treatment,  which  may  include  a  UASB  reactor  as  a  biological  treatment.  This  study 
evaluated the acute toxicity to Daphnia magna, using samples from the influent and effluent of a 
UASB  reactor used  to treat wastewater  from a pig farm of the National  Agrarian University La 
Molina. The toxicity results showed that LC50  after 24 hours was 9.5% for the effluent and 7.7% for 
the influent while, after 48 hours was 8.2 % and 6.9% respectively. These results showed that the 
UASB used was not efficient process for reducing toxicity. In order to discharge or reuse this water 
further treatment is needed. 

 
Keywords 
Swine wastewater; UASB reactor; Toxicity; Daphnia magna; LC50 

 
 
INTRODUCTION 
A wastewater treatment plant is made up of a series of processes, which include solid separation, 
anaerobic  fermentation  and  active  sludge  treatment  (Su  et  al.,  1997)  in  order  to  reduce  some 
parameters like organic matter. Many types of anaerobic treatment exist such as UASB reactor, that 
is used most often because it is economically feasible and for its high capacity to remove organic 
compounds and other contaminants (Ferraz et al., 2011). 

 

In spite of the advantages for using a UASB reactor, this process requires a long starting period and 
homogenization  is  not  always  achieved  (Pérez-Pérez  et  al.,  2016)  and  toxicity  reduction  is  not 
guaranteed (Dos Santos and Matias, 2006). For example, Villamar et al. (2014) found that toxicity in 
Daphnia magna even increased. Therefore, if treating wastewaters does not imply a reduction in 
toxicity, their discharge into aquatic systems may cause a decrease in the population of daphnids, 
disappearance of hydrobiological fauna due to the reduction of one of its food source.  The aim of the  
study is  to  determine  the  acute  toxicity in  untreated  and  UASB  treated  swine  wastewater  by 
evaluating the average lethal concentration (LC50) in Daphnia magna after 24 and 48 hours. 

 
 
MATERIALS AND METHODS 
Samples  were  taken  of  the  influent  and  effluent  of  the  UASB  reactor  that  is  used  to  treat  
swine 
wastewater from National Agrarian La Molina farm. The samples were diluted to concentrations of 
2; 4; 6; 8; 10; 12 and 14% using pond water as a control. For the test, five daphnids were added to 
each dilution and four repetitions.  Mortality were registered after 24 and 48 hours (USEPA, 2016) 
and processed using Probit analysis. 

 
 
RESULTS AND DISCUSSIONS 
Table 1 summarizes, with a confidence level of 95%, the LC50 results of the Daphnia magna from 
the  UASB  influent  and  effluent  after  a  period  of  24  and  48  hours.  Figure  1  shows  the  range  
of immobilization for each sample and the same time.
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Table 1. Average lethal concentration and standard deviation (in percentage) in Daphnia magna. 
 

Influent – 24 h      Effluent – 24 h      Influent – 48 h      Effluent – 48 h 
 

LC50                                  7.7                        9.5                        6.9                         8.2 
 

Sta. Dev.                2.5                        2.8                        3.5                         4.3 
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Figure 1. Concentration - response curve for the UASB influent and effluent using Daphnia magna. 
 
The  influent  produces  immobilization  at  7.7%  in  a  period  of  24  hours  and  6.9%  after  48  
hours, which indicates, according to Lobo et al., 2006 (Düpont and Alcayaga, 2012), that the influent 
is extremely   toxic.   After   the   treatment   with   the   UASB   reactor,   the   toxicity,   in   the   
present investigation,  was  only  reduced  by  19  and  16%  for  each  period,  indicating  that  the  
effluent remained extremely toxic. 

 

Mohr and Lobo (2013) carried out a similar study, which showed that the toxicity decrease (29.5%) 
after  UASB  reactor  treatment.  However,  Villamar  et  al.  (2014)  obtained  an  increase  in  toxicity 
(89%). Both studies indicated that ammonia was the principal compound responsible for the toxicity 
to the Daphnia magna. The present research agrees that ammonia is the main source of toxicity to the 
Daphnia magna because in our preliminary studies, it was  found that ammonia concentration 
increased in 49% in the UASB effluent. 
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HIGHLIGHTS
In this study the monitoring and analysis of the β-lactamases ESBLs producing E. coli and 
carbapenemase was carried out using a combination of anaerobic and aerobic process. Anal-
yses were performed previous to the addition of genes, during and after, in order to estab-
lish analyze the behavior of processing systems aerobic and anaerobic under three different 
conditions.

Keywords
Bacterial resistance; Domestic wastewater; Extended Spectrum β-lactamases (ESBLs); 
Genes; Quantitative Polymerase Chain Reaction (qPCR)

INTRODUCCION
Antibiotics have been used for years in many agricultural applications (Kanapp et al., 2010) 
and human medicine for the treatment of several infectious diseases (Joonseon et al. 2010). 
Many active antibiotics are not completely metabolized during therapeutic use (Hirsch et 
al., 1999) and are excreted into the environment either in its original form or as a metabolite 
(Prabhakaran et al., 2009). The presence of antibiotics in the environment, particularly the 
wide-spread use of broad-spectrum antibiotics (Prado et al., 2008; Yang et al., 2009), even 
in low concentrations, represents a risk in promoting (Prabhakaran et al., 2009; Elmolla and 
Chaudhuri, 2009) and developing mechanisms of antibiotic resistant genes downstream of 
areas of intensive agricultural activity (Pei et al., 2006; Pruden et al., 2006). In gram-negative 
bacteria, beta-lactamases are the most important mechanism of resistance to beta-lactam 
antibiotics. Currently, the beta-lactamases receiving the most attention are the Extended 
Spectrum Beta-lactamases (ESBLs) and Carbapenemase. ESBLs are β-lactamases with an ex-
tended activity spectrum and are formed as a result of mutations of non-ESBL β-lactamases 
(Reinthaler et al., 2010). The wide-spread use of broad-spectrum antibiotics may have ad-
verse effects on the microbial community on treatment biological processes; situation that 
affects organic matter degradation (Kümmerer, 2009) and surface water near wastewater 
treatment plants (Adelowo et al., 2008; Auerbach et al., 2007; Baquero et al., 2008). Removal 
of antibiotics during conventional wastewater treatment processes is highly variable (Minh et 
al., 2010). It has been shown that in both raw sewage and in the effluent of treatment plants 
the proportion of antibiotic resistant bacteria has increased in the past years (Goni-Urriza et 
al., 2000; Reinthaler et al., 2003; Silva et al., 2006). Since the treatment of wastewater does 
not sufficiently eliminate infectious pathogens, they, together with resistant bacteria, may 
re-enter the food chain via treated wastewater and sewage sludge which is applied on arable 
land (Reinthaler et al., 2010). However, some activated sludge processes (ASP) appear to be 
effective for the efficient removal of several of these compounds. 
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MATERIALS AND METHODS

Experimental set-up
An upfl ow anaerobic sludge blanket (UASB) reactor and anaerobic hybrid reactor (AHR) were 
used for the anaerobic stage, both with a working volume of 1.5 L and a height-diameter rati o 
(H/D) of four. Both the UASB as the AHR had an effl  uent recirculati on with a fl ow of 133 
mL/min and 155 mL/min respecti vely. For the aerobic phase, three acti vated sludge process 
(ASP) were used with a volume of 1.040 L each one. 

Operati onal strategy
Three diff erent β-latamases types were used: NDM-1 (New Delhi metallo-β-lactamase), CTX 
and OXA beta-lactamases. The reactors operati ons were divided in three diff erent stages: 
stage I, before additi on of NDM-1, CTX-M and OXA (Day 0 to 84), stage II, during additi on 
(Day 85 to 134), stage III, aft er additi on (Day 134 to 155). The NDM-1, CTX and OXA were 
prepared on nutrient agar Both No. 2 (LAB M) and incubated for 24 h at 30°C and 120 RPM. 
The hydraulic retenti on ti me (HRT) was maintained constant at 3 d and 2 d for the anaerobic 
reactors (UASB, AHR) and aerobic reactors (ASP1, ASP2 and ASP3) respecti vely. Samples 
were taken during the 155 days in the infl uent and the effl  uent of each reactor. 

RESULTS
The results showed that the anaerobic reactors were not able to remove all of the added 
genes while a subsequent aerobic treatment was possible to achieve good effi  ciencies. Just 
as an aerobic reactor alone cannot achieve good effi  ciencies, this indicates that the train 
proved adequate treatment and anaerobic-aerobic acti vated sludge specifi cally EGSB. On 
the other hand, is able to establish relati onships between qPCR method and plate count with 
the specifi c medium, achieving good correlati ons for the case of NDM and CTX.
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Abstract 
Biohydrogen production is a promising area in the search for alternative energy sources. 
Photofermentation is particularly interesting, since it is capable of using solar energy to 
break down volatile fatty acids common in many dark fermentation effluents. This study 
sought the ideal conditions for the selection and enrichment of a mixed consortium of 
purple non-sulfur bacteria originating from an anaerobic sludge. No consortia were 
selected under conditions of continuous agitation, indicating that agitation has a critical 
effect on the selection of such consortia. DNA analyses indicate that extracellular 
electron transfer may aide in hydrogen production. 

Keywords: photofermentation, PNSB, hydrogen production, wastewater, mixed cultures 

INTRODUCTION 
Photofermentation has attracted attention as a secondary hydrogen-producing stage to 
recover energy stored in dark fermentation effluents rich in volatile fatty acids (VFAs) 
(Uyar et al., 2009), and is most commonly performed using purple non-sulfur bacteria 
(PNSB). The majority of studies published regarding photofermentation use pure cultures; 
however, pure cultures are easily contaminated, and mixed cultures are often more suitable 
for treatment of wastes (Nath & Das 2009). 
 
METHODOLOGY 
To obtain a hydrogen-producing PNSB consortium from an anaerobic sludge, 12 batch 
experiments were performed under different conditions of agitation (on/off 90s, on/off 15 
min, continuous), irradiance (55, 75 mE m-2 s-1), and carbon source (malic acid, VFA mix). 
The selected red biomass suspensions were transferred to bottles with fresh media for 
hydrogen production under conditions of continuous agitation, 55 mE m-2 s-1 irradiance, and 
VFAs as carbon source. DNA was extracted from biomass samples and then sequenced on 
an Illumina MiSeq. A PCA was performed to elucidate the relationships between the 
environmental parameters and the response factors. 
 
RESULTS AND DISCUSSION 
In the selection stage, agitation had a prominent effect on the success of PNSB-consortium 
selection: Four consortia (1, 2, 6, and 8) successfully produced red biofilms, all under non-
continuous agitation. Rest periods are important in the formation of biofilms (Zhang et al., 
2015). Only Consortium 1 (selected under conditions of on/off 90s agitation, 75 mE m-2 s-1 
irradiance, and malic acid as carbon source) produced hydrogen, with a yield of 0.23 mmol-
H2/g-COD. Rhodopseudomonas palustris (OTU 2), present in Consortia 1, 2, and 3, was 
the only hydrogen-producing PNSB present in the experiments. A PCA study (Figure 1.A) 
indicated correlation between OTUs 6 and 10 (non-PNSB genera Tolumonas and 
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Sulfurospirillum), and no relationship between gas production and OTU 2. Interestingly, 
these organisms are capable of extracellular electron transfer (EET) (Luo et al, 2013), 
implying that they may be donating their excess electrons to R. palustris for hydrogen 
production. A PSA study (Figure 1.B) of growth experiments using Consortium 1 under 
different environmental conditions found strong correlation between the maximum specific 
growth rate and the initial substrate concentration, and an inverse relationship between 
these and hydrogen yield. However, no relationship between these and biomass yield was 
observed, implying that the faster growth was accompanied by soluble metabolite 
production rather than the same metabolism at a faster rate (Silva-Illanes et al, 2015), and 
probably due to the non-photosynthetic consortium members rather than PNSB, which then 
compete with PNSB for resources, especially nitrogen. 

  
A B 

Figure 1. A) Correlation between genera of microorganisms present in the consortia and 
hydrogen production. Numbers represent OTU of the genera (not shown). B) Correlation 
between environmental variables (initial biomass concentration, X0; irradiance, I; and initial 
substrate concentration, S0) and response factors (maximum specific growth rate, μmax; 
hydrogen yield, YP/S; and biomass yield, YX/S) in experiments performed. Numbers represent 
experiment number (not shown). 
 
CONCLUSIONS 
To successfully select PNSB consortia, agitation must include rest periods. Lower consortia 
maximum specific growth rates are associated with better gas yields. EET-capable 
organisms seem to aide the hydrogen production process in the presence of R. palustris. 
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Abstract
This study aimed to better understand the limiting effect of the sugarcane 
bagasse (SCB) heterogeneity on the fermentative microbial pathways. To do 
this, the rind and pith fraction of laboratorial and industrial SCB, in natura 
and hydrothermally pretreated were used as substrate for by-products gen-
eration in thermophilic acidogenic batch reactor. Acetic, lactic and metha-
nogenic pathways were observed according to the SCB fraction, origin and 
type. Therefore, it enables to explore desired target products based on het-
erogeneity of the substrate.

Keywords
Hydrogen; methane; organic acids; pith and rind fraction of sugarcane ba-
gasse

INTRODUCTION
SCB could be used as substrate in anaerobic process to produces building blocks compounds 
and renewable fuels. However the heterogeneity of the SCB makes its conversion not triv-
ial.  The SCB is formed by external and internal regions named rind and pith, respectively. 
The rind part is composed mainly by vascular bundles delimited by a large number of fibers 
whiles the pith is rich in sugar-storing parenchyma cells (Siqueira, Milagres, et al., 2011). To 
provides fermentable sugars and improves the metabolites generation for industrial applica-
tions, pretreatments of SCB are a fundamental step as well as the utilization of a specialized 
microbial consortia able to establishes syntrophic interactions to degrade the lignocellulosic 
biomass. Despite the notable scientific discoveries in this field, there are some gaps in the 
knowledge regarding to the bioconversion of complex substrates and, especially, the micro-
bial pathways related to the conversion of SCB. Take this into account, this study aimed to 
better understand the role of different microbial groups and its metabolic pathway involved 
in the bioconversion of SCB into value-added products.

MATERIAL AND METHODS
Rind and pith regions of laboratorial SCB were excised cutting transverse sections (Siqueira, Mi-
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lagres, et al., 2011) whiles the same fraction of industrial SCB, provided by São Martinho sugar 
mill, was separated using sieve (Rezende and Pimenta, 2015). The hydrothermal pretreatment  
(200 ºC for minute at 16 bar) was performed in the laboratorial pith and rind fractions and 
in the industrial rind fraction. In nature and pretreated pith and rind fractions were used as 
substrate in batch reactor at thermophilic temperature (55°C) using anaerobic sludge (10% 
v/v) from an upflow anaerobic sludge blanket reactor. The experiment was carried out in du-
plicate, using the PCS medium (Wongwilaiwalin, Rattanachomsri, et al., 2010). The initial pH 
was adjusted to 6.0. The reactors were submitted to N2 atmosphere for 10 minutes, closed 
with rubber stoppers and plastic stoppers and incubated.The gas contents were determined 
by gas chromatography. Organic acids were analyzed by high-performance liquid chromatog-
raphy. PCR-DGGE analysis will be performed to compare the microbial communities using 
the primers 968 FGC/1392R and 1100 FGC/1400R for Bacteria and Archaea domains re-
spectively. 

  RESULTS AND DISCUSSION
The H2 production varied according to the fraction (pith or rind), origin (laboratorial or indus-
trial) and type (in nature or pretreated) of SCB (Fig. 1). 

Figure 1: H2 production according the fraction, origin and type of sugarcane bagasse
The acetic route was favoured using the pretreated SCB resulting in high H2 and organic 
acids production (88.1 mL and 5.3 g/L, 77.9 and 8.4 g/L, and 76.3 mL and 5.2 g/L, with pith 
laboratorial SCB, rind laboratorial SCB, and rind industrial SCB, respectively) probably due 
to the pretreatment that breaks down the lignocellulosic structure providing fermentable 
sugars. Pith and rind, of in nature laboratorial SCB leads to null H2 production rates and ele-
vated lactic acid production (2.1 and 1.3 g/L, respectively) indicating that H2 production was 
severely affected in the presence of lactate-producing bacteria. Considering the rind and pith 
fraction of the in nature industrial SCB, intermediary H2 production were obtained (14.2, and 
11.9 mL, respectively) and methanogenesis pathway only occurred in this conditions leads to 
the accumulated methane production of 5.5 and 3.2 mL, respectively.

CONCLUSION
The lactate, acetic-producing bacteria and methanogenic archaea play relevant roles in mi-
crobial pathways of SCB conversion and were favoured according to the heterogeneity of 
the substrate.
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Abstract 
The microbial community from an anoxic chamber was evaluated by a MiSeq platform. The anoxic 
chamber  was  part  of  an  anaerobic-anoxic  reactor  treating  sewage.  The  biomass  samples  were 
distinguished in two groups: I – samples of stages at a hydraulic retention time (HRT) from 9 to 12 h; 
II – samples of stages at an HRT from 5 to 7 h. Nitrate reduction was related to the reads affiliated to  
the  Pseudomonas  genus,  Rhodocyclaceae  family,  and  Thermomonas  fusca.  Additionally,  the 
presence of recalcitrant degraders at group II indicated that process was taking place in the anaerobic 
chamber at previous stages (at a higher HRT), providing organic donors for denitrification. 

 
Keywords 
16S RNAr; Nitrogen; Sulfide; Denitrification; Sewage. 

 
 
INTRODUCTION 
The presence of nitrogen compounds causes many issues to the environment and human health. The 
conventional removal of nitrogen comprises ammonia nitrification followed by denitrification using 
organic donors, which is usually available in low amounts. The use of alternatives electron donors, as 
sulfide, could increase the nitrogen removal since they can be provided by a previous anaerobic step. 
This study evaluated the microbial community of an anoxic chamber from a treatment system designed 
to employ sulfide as electron donor for denitrification. 

 
METHODS 
Biomass samples were collected from a system treating sewage, composed by an anaerobic-anoxic 
reactor and an aerobic reactor (hydraulic retention time – HRT – described in Fig. 1). More details 
about the treatment system were reported by Okada et al. (2014 and 2015). Samples were collected 
from the anoxic chamber, at 174th, 260th, 411th  and 597th  days (representing stages B50%, B100%, 
C100%  and  D100%,  respectively).  The  samples  consisted  of  a  mix  of  suspended  and  adhered 
biomass, except the samples from stage D100%. Two samples from stage D100% were analyzed, one 
from suspended and other form adhered biomass. 

 

 
 

Figure 1. Scheme of setup.
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16S RNAr Sequencing was performed on a MiSeq-Illumina platform with a 2x250 bp cycle, using the 
primers S-D-Bact-0341-b-S-17 and S-D-Bact-0785-a-A-21 (Klindworth, Pruesse, et al., 2013). Low-
quality reads (<24), adaptors, vectors and short reads (<65 bp) were removed by Seqyclean software. 
Operational taxonomic units (OTU) were determined by UClust method (Edgar, 2010) at a 
97% level of similarity. Representative sequences were determined by QIIME software and aligned 
by Pynast (Caporaso, Kuczynski, et al., 2010). The taxonomical classification was performed using 
the data from Ribosomal Database Project (RDP), with threshold confidence of 50%. The Jaccard 
index was determined with the singletons. The singletons were removed for the taxonomical analyses. 

 
RESULTS AND DISCUSSION 
The biomass samples were distinguished into two groups: (I) the samples from stages B50% and 
B100% (Jaccard index: 39%); and (II) the samples from stages C100% and D100% (Jaccard index: 
31%). In these samples, the HRT was similar: at stages B50% and B100%, HRT were 9-12 h, while 
at stages C100% and D100% HRT were 5-7 h (Fig. 1). These different HRTs could be related to the 
low similarities between samples from groups I and II (Jaccard index: 8%) since the upflow velocity 
increased when the HRT decreased at stages C100% and D100%. Due to the higher upflow velocity, 
some members from the suspended biomass located in the anaerobic chamber could be transferred to 
the anoxic chamber. The presence of recalcitrant degraders increased at samples from group II. Reads 
affiliated to the Syntrophus genus, which has some members able to degrade aromatics compounds 
(Kuever and Schink, 2015), were found in samples from group II (relative abundance: 0.91-1.36%). 
Probably, the recalcitrant degradation was carried out in the anaerobic chamber at stages B50% and 
B100% and was carried out in the anoxic chamber at stages C100% and D100% because of the lower 
HRT of these stages. Consequently, the organic donors (from the recalcitrant degradation) available 
at anoxic chamber decreased at stages C100% and D100%, which could be related to the lower total 
nitrogen removal at stage C100% (44.7% - at stage D100% the donors provided by sewage resulted 
in a 64.3% of efficiency). There was not found reads related to autotrophic denitrification using sulfur 
compounds as electron donors, probably because this process carried out at the interface mixing zone. 
The nitrate reducers also changed in the groups of samples: at group I, were found reads affiliated to 
the Pseudomonas genus (46.44% and 7.5%, at samples B50% and B100%, respectively); at group II 
were   found   reads   affiliated   to   the   Thermomonas   fusca   (3.5%   at   stage   C100%)   and   the 
Rhodocyclaceae family (9.48-14.4% in samples C100% and D100%). 

 
CONCLUSION 
The microbial community found in the samples were grouped according to the HRT applied. At group 
I  (samples  from  stages  B50%  and  B100%),  HRT  was  9-12  h,  the  nitrate  reducers  found  were 
Pseudomonas members. At group II (samples from stages C100% and D100%), the HRT was 5-7 h, 
the nitrate reducers were related to Thermomonas fusca and reads affiliated to the Rhodocyclaceae 
family. The presence of recalcitrant degraders in samples from group II indicated that process was 
carried  out  in  the  anaerobic  chamber  at  previous  stages  and  was  providing  organic  donors  for 
denitrification. 
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Abstract 
Metagenomics  has  enabled  the  study  the  microbial  diversity  of  complex  environments  like 
biosolids. However sophisticated algorithms and tools are required. Here, we introduce ATMA, an 
AuTomatic  Metagenomic  Assembly  and  Annotation  framework  for  metagenomics.  We  used 
ATMA  to  study  the  San  Fernando  biosolid  metagenome.  ATMA  allowed  us  to  recover  an 
Anaerolineaceae draft genome. Genome annotation shows that the draft genome seems to be from a 
new lineage within the family Anaerolineaceae of the class Anaerolineae, closely related to the genus 
Anaerolinea. 
Availability: ATMA source code is freely available at https://github.com/andvides/ATMA. 
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Introduction 
The large diversity of bacteria present in a biosolid makes that traditional biological methodologies 
are   unsuitable   for   their   identification   and   characterization.   As   an   alternative,   metagenomic 
approaches can be used. Although there are research publications that use metagenomic analysis to 
study biosolids (eg [1]), only few studies have reported the reconstruction of a draft genome from a 
biosolid metagenome (e.g. [2]). We designed ATMA, a data analysis tool for metagenomics, as an 
extension  of  CLAME  binning  tool  [3].  ATMA  automatically  executes  the  following  stages:  1) 
quality  control,  2)  16S  sequences  removal,  3)  CLAME-binning,  4)  assembly  and  5)  annotation 
processes.  For  the  first  stage  we  used  an  in-house  software,  while  the  second  stage  we  used 
CLAME. For the assembly stage of this study we used Newbler [4], while RAIphy [5], Amphora [6], 
Megan [7] and BUSCO [8] were used for the annotation stage. 

 

Methods and Results 
We used ATMA to study the biosolid metagenome of the the San Fernando wastewater treatment 
plant located in Medellin-Colombia. DNA extraction was performed using PowerMax® Soil DNA 
Isolation  Kit  supplied  by  MOBIO  Corporation  [9].  Then  the  samples  were  sequenced  using 
ROCHE’s  454  Titanium  technology  at  the  Centro  Nacional  de  Secuenciación  Genómica-CNSG, 
Universidad  de  Antioquia,  Medellin-Colombia.  A  total  of  2.9  million  reads  were  analysed.  The 
results  generated  by  ATMA  are  summarized  in  the  table  1  and  2.  Table  1  shows  that  two 
predominant bins were found in this sample. 

 

The biggest bin (bin 0) with 171,102 reads, produced 2233 contigs and a genome estimation size of 
3.5 Mbp. Table 1 shows that more than 4600 open reading frames (ORFs) were predicted for these 
contigs. Since there are 3.5 Mbp on the draf-genome, it indicates that there is close to 1.3 coding 
regions per Kbp. Table 1 also shows that 40 of the 80 (50%) essential genes reported by BUSCO were  
found  into  these  contigs.  Table  2  shows  that  RAIphy,  Amphora  and  Megan  assigned  most 
contigs to the Chloroflexi phylum into of the family Anaerolineaceae of the class Anaerolineae. We 
used  these  contigs  to  propose  the  Anaerolineaceae_UdeA_SF1  draft  genome.  We  enriched  the 
contigs  with  the  16S  sequences  removed  in  the  second  stage.  Analysis  of  the  complete  16S
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ribosomal gene, using BLAST [10] against the NT database from the NCBI, indicates that the 16S 
sequence is related to Anaerolinea thermophila UNI-1 DNA species (NCBI Accession AP012029). 
Using  the  set  of  standards  for  the  minimum  information  regarding  a  metagenome-assembled 
genome (MIMAG) proposed by Bowers et al. [11] and the previous results, we can use the contigs to 
describe a Low-quality draft genome that belongs the family Anaerolineaceae closely related to the 
genus Anaerolinea. 

 

The second bin (bin1) with 169,548 reads, produced 3076 contigs and a genome estimation size of 
5.9 Mbp. In this case RAIphy, Amphora and Megan indicated that although some contigs belong to 
the  Proteobacteria  phylum,  Pseudomonadaceae  family,  most  of  them  cannot  be  annotated  with 
accuracy  into  singular  phylum-family  clade.  Moreover,  the  number  of  contigs  and  the  genome 
estimation in this case are not enough to propose a draft genome according to (MIMAG) standards. 
Manual analysis indicated that the balance of the raw-reads were binned as singletons, due to a low- 
sequencing depth in the metagenomic sample. 

 
Table 1. ATMA assembly output. Assembly statistics for each bin. 

Reads        Contigs       Genome        Depth                     ORFs                       Essential 
                         (Mbp)         (AVG)      Prodigal     GeneMark          BUSCO   

Bin0       171102         2233              3.3             11.76          4674             4739                 40/80 
Bin1       169548         3076              5.9              8.18           8208             7630               Missing 

 
 Table 2. ATMA annotated output. Number of contigs annotated at different phylum/family levels.   

         Bin0                                                       Bin1         
                                        RAIphy       Amphora        Megan       RAIphy      Amphora        Megan   
Anaerolineaceae               607                42                 429               16                 16                  27 
Pseudomonadaceae          209                20                  12              2227               32                 901 
NO hit                              1417             2171              1729             833              3028              2148 

 
ACKNOWLEDGEMENTS 
This study  was  supported  by Colombia government department COLCIENCIAS Scholarship Program No. 6172  and 
grant number 111556933304 (CTO.535-2013). Vicerrectoría de Investigación, Universidad de Antioquia, programa de 
sostenibilidad and the research groups SISTEMIC and CNSG that belong to the Universidad de Antioquia. 

 
REFERENCES 
1.   McCall,  C.  A.,  E.  Bent,  et  al.  2016.  Metagenomic  Comparison  of  Antibiotic  Resistance  Genes  Associated  with 

Liquid and Dewatered Biosolids. J. Environ. Qual. 45:463-470. doi:10.2134/jeq2015.05.0255 
2.   Marti  R,  Stephan  R,  et  al.  2017.  Complete  genome  sequence  of  Enterobacter  cloacae  704SK10,  an  OXA-48- 

encoding wastewater isolate. Genome Announc 5:e00830-17. doi:10.1128/genomeA.00830-17. 
3.   Benavides  A,  Isaza  JP,  et  al.  2017.  CLAME:  A  new  alignment-based  binning  algorithm  allows  the  genomic 

description of a novel Xanthomonadaceae from the Colombian Andes. Submitted to BMC Bioinformatics. 
4.   Rausch  T,  Koren  S,  et  al.  2009.  A  consistency-based  consensus  algorithm  for  de  novo  and  reference-guided 

sequence assembly of short reads. Bioinformatics. 25(9):1118–24. doi:10.1093/bioinformatics/btp131. 
5.   Nalbantoglu O, Way S, et al.  2011. RAIphy: phylogenetic classification of metagenomics samples using iterative 

refinement of relative abundance index profiles. BMC Bioinformatics. 12(1):41. doi:10.1186/1471-2105-12-41. 
6.   Wu  M,  Scott  A,  et  al.  2012.  Phylogenomic  analysis  of  bacterial  and  archaeal  sequences  with  AMPHORA2. 

Bioinformatics. 28(7):1033–4; doi:10.1093/bioinformatics/bts079. 
7.   Huson   D,   Auch   A,   et   al.   2007.   MEGAN   analysis   of   metagenome   data.   Gennome   Res.   17:377–86. 

doi:10.1101/gr.5969107. 
8.   Simão  F,  Waterhouse  R,  et  al.  2015.  BUSCO:  Assessing  genome  assembly  and  annotation  completeness  with 

single-copy orthologs. Bioinformatics. 31(19):3210–2. doi:10.1093/bioinformatics/btv351. 
9.   Diagnostics Products - MP Biomedicals: https://www.mpbio.com. Accessed 25 Feb 2018. 
10. Altschul S, Gish, W, et al. 1990. Basic local alignment search tool. Journal of Molecular Biology, vol. 215, no. 3, p. 

403-410. doi:10.1016/S0022-2836(05)80360-2. 
11. Bowers R, Kyrpides, N, et al. Minimum information about a single amplified genome (MISAG) and a metagenome- 

assembled genome (MIMAG) of bacteria and archaea. Nat. Biotechnol. 2017;35, 725–731; doi:10.1038/nbt.3893 



596

 

Obtaining anammox community from bovine sewage sludge. 
 
 

M. L. Carra*, V. Gonçalves, A. J. da Silva* 
 
 

* Laboratory of Sanitation, Faculty of Agricultural Engineering, State University of Campinas, Candido Rondon 
Street, Cidade Universitária, Campinas, SP, Brazil 
(E-mail: malidiacarra@gmail.com, vitoriatgoncalves@yahoo.com.br, ariovaldo.silva@feagri.unicamp.br) 

 
Abstract 
The  anammox  process  can  completely  replace  the  conventional  denitrification  step  in  effluent 
treatment  systems,  but  its  success  depends  on  the  biomass  of  specific  bacteria  in  the  
system.  A 
microbial  culture  with  anammox  activity  was  developed  from  an  anaerobic  reactor  sludge  of 
bovine  milk culture in an RBS fed  with autotrophic  medium. After 138  days of operation, 88% 
reduction of ammonia in the system was observed, proving intense anammox activity. 
Keywords 
Anammox, ammonium oxidation, sequential bacth reactor. 

 
 
INTRODUCTION 
Mulder et al. (1995) observed in a denitrifying reactor a process capable of removing ammonia with 
production   of   nitrogen   gas   under   anaerobic   conditions,   the   process   was   named   Anammox 
(Anaerobic Ammonium Oxidation). The anammox process can completely replace the conventional 
denitrification  step  in  wastewater  treatment  systems  and  save  half  of  the  aeration  costs  in  the 
nitrification phase (JETTEN et al , 1997). However the success of the anammox process depends on 
the  amount  of  biomass  of  specific  bacteria  present  in  the  system.  Therefore,  studies  that  aim  
to obtain this population and enable the development and maintenance of this biomass for later use as 
an  inoculum  in  anammox  reactors,  are  extremely  relevant.  The  objective  of  this  work  was  to 
develop   a   microbial   culture   with   Anammox   activity   from   a   mixed   culture   of   anaerobic 
microorganisms from a compartmentalized anaerobic reactor sludge treating milking room effluent 
and dairy cattle waste. 

 

MATERIAL & METHODS 
Reactors and culture media 
For the cultivation and enrichment of the anammox bacteria, an autotrophic mineral medium was used, 
the composition of which was described by Dapena-Mora et al. (2004) and Van de Graaf et al. (1996)  
and  the  method  by Araújo  et  al.  (2010).  The reactor  was  inoculated  with  sludge  from  an 
upflow  anaerobic  reactor  (UASB)  treating  bovine  milk  effluent.  Anaerobiosis  of  the  reactor  
and 
culture media was maintained with addition of argon gas in the system daily. 

 

Operation 
 

The operation of the sequential batch reactor was performed in two cycles, the first with feed and 
agitation, decanting and removal of the supernatant; and the second with feed and agitation, stirring 
only, decanting and removal of the supernatant. 

 

Analysis 
 

The concentrations of ammonia and nitrite were monitored weekly and at the end of the enrichment 
period (191 days) according to Standard Methods for the Examination of Water and Wastewater. 

 
 
RESULTS AND DISCUSSION 
The  nitrite  concentration  of  the  effluent  remained  below  the  tributary  concentration  (190mg.L-

1) 
over the 191 days of the experiment, indicating the consumption of this compound during the entire
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reactor operating period. For 112 days (from the 77th day to the 189th day of operation) the effluent 
ammonia concentration remained below the affluent concentration. In this period, the conditions of 
cultivation of the system may have favored an increase in the population of the anammox bacteria, 
resulting in the appearance of the anammox activity, verified through the simultaneous consumption 
of  ammonia  and  nitrite,  starting  from  the  86th  day.  According  to  Dapena-Mora  et  al.(2004)  
and Chamchoi & Nitisoravut (2007) the initiation of the anammox activity in sequential batch reactor 
can happen after 70 to 120 days of reactor operation. In this way, the conditions of cultivation of the 
system of the present work began to respond within the one observed by these authors. From the 
138th to the 182nd day, the system presented the best results of ammonia and nitrite consumption, 
evidencing intense anammox activity. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Concentrations (mg.L-1) of ammonia and 
nitrite effluent and effluent pH over the 191 days and 
reactor operation. 

 
Figure 2. Effluent removal efficiency (%) of the 
effluent over the 191 days of operation.

From the 9th day to the 75th day of operation of the reactor it was possible to verify negative values 
for the efficiency of ammonia removal. These negative values may be related to the death and lysis of 
the aerobic bacteria present in the inoculum sludge, causing, in this way, the release of gaseous 
nitrogen and the breakdown of this in ammonia. Araújo et al. (2010) to enrich a culture of anammox 
bacteria from sludge from an activated sludge system treating sanitary sewage of the city of Belo 
Horizonte  /  MG,  during  420  days  of  reactor  operation,  verified  negative  values  in  the  removal 
efficiency of ammonia during the initial 25 days of operation. From 138 days and up to 189 days, the 
system presented higher values of ammonia removal efficiency, indicating the consumption of this 
compound. During this period it was possible to reach 88% ammonia removal, showing intense 
anammox activity in the system. 
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Abstract 
The hydrolysis of orange bagasse was studied by enzymatic and dilute acid 
processes. The moisture, ashes, lignin, cellulose, and hemicellulose contents 
were quantified. The enzymes activities were quantified, as well as the op-
timum pH and temperatures. The biomass was pre-treated with calcium hy-
droxide. The hydrolysis followed a central composite factorial 2³ design. The 
cellulase activity was 28.05 FPU mL-1, the optimum pH was 4.8 and the tem-
perature was 60°C. The results for xylanase were activity of 199.58 U g-1, 
pH 5.2, and temperature 50°C. The acid hydrolysis TRS values varied from 
9.32±0.68 mg TRS per g of biomass to 30.15±0.31 mg TRS per g biomass, 
the most significant factor was the temperature and the least the time. The 
enzymatic hydrolysis TRS values varied from 77.33±3.82 mg TRS per g bio-
mass to 99.66±0.62 mg TRS per g biomass, the most significant factor was 
the concentration of cellulase and the least the xylanase concentration.  
Keywords 
central composite design, biomass, enzymes. 

INTRODUCTION

Global warming, high oil prices, depletion of reserves, as well as new investments have been 
leading to the search of renewable and sustainable fuels. Although, the so called 1st genera-
tion fuels can get in the way of feeding people, but the lignocellulosic residues generated in 
industrial processes can be applied to produce 2nd generation fuels, such as ethanol, that re-
duce solid residues along with solving the energy problem (Canizo et al., 2014).  Most studies 
about the lignocellulosic ethanol production involve enzymes, besides that the hydrolysate 
volumes are insufficient to the following fermentation processes. The aim with the present 
work was to study the dilute acid and the enzymatic hydrolysis of the orange peels. The di-
lute acid hydrolysis studied lower temperatures to determine whether they are feasible. The 
enzymatic hydrolysis studied the use of a cellulase and a xylanase to increase the production 
of reducing sugars.
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MATERIAL AND METHODS

The orange bagasse, donated by the company Gyn Fruit, Goiania, was dried in a greenhouse, ground in 
a knife mill and sifted. Pretreatment was performed according to Silva et al., (2013). To maximize the 
total reducing sugars (TRS) production two types of enzymes were used, cellulase (Sigma-Aldrich) and 
xylanase (Granotec) both from Trichoderma reesei. Two factorial planning of central composite were 
done (Table 1). The hydrolysis acid was done using 50 mL of chloridric acid (HCl) solution in every con-
centration, and what was left after the pre-treatment of 2 g of biomass in 125 mL Erlenmeyer flasks. For 
enzymes hydrolysis, the solids (cellulose and hemicellulose) was 1%, the buffer was sodium acetate, and 
the rotation was 150 rpm.

RESULTS AND DISCUSSION
The cellulase activity was 24.08 FPUmL-1, the optimum pH was 4.8 and the optimum temperature was 
60 °C. For the xylanase the activity was 199.58 Ug-1, the optimum pH was 5.2, but by a 3.4% difference 
to 4.8, and the optimum temperature was 50 °C. The pH of work was set at 4.8, and the temperature at 
45 °C.

The average mass loss from the pre-treatment was 30.03%, less than the reported by Silva et al. (2013), 
58.43%. For the dilute acid hydrolysis the TRS levels varied from 9.32±0.68 mg TRS per g of biomass 
to 30.15±0.31 mg TRS per g of biomass (Table 1). The concentration of TRS achieved in the enzymatic 
hydrolysis varied from around 75 mg TRS per g of biomass to almost 100 mg g-1. The results showed 
that the temperatures and acid concentrations were insufficient to totally hydrolyze the sugars in the 
biomass, requiring further investigations with higher levels of both.

Table 1 - Amount of Total Reducing Sugars Obtained by Dilute Acid Hydrolysis and Enzymatic Hydroly-
sis of Orange Bagasse.

Assay HCl (%) Temperature (°C) Time (min) TRS (mg/g) aC (FPU mL-1) bX (U g-1) Time (h) TRS (mg/g)
1 -1 -1 -1 9.32±0.68 -1 -1 -1 80.54±0.00
2 -1 -1 +1 13.02±0.93 -1 -1 +1 75.62±1.09
3 -1 +1 -1 18.38±0.93 -1 +1 -1 80.43±5.06
4 -1 +1 +1 18.86±1.61 -1 +1 +1 80.43±1.46
5 +1 -1 -1 14.64±0.12 +1 -1 -1 97.16±3.47
6 +1 -1 +1 16.58±0.87 +1 -1 +1 98.14±2.22
7 +1 +1 -1 22.46±0.75 +1 +1 -1 84.11±1.47
8 +1 +1 +1 26.51±0.99 +1 +1 +1 98.78±1.25
9 -α 0 0 11.57±0.49 -α 0 0 75.33±3.82

10 +α 0 0 20.00±1.62 +α 0 0 99.66±0.62
11 0 -α 0 14.47±1.37 0 -α 0 89.93±1.91
12 0 +α 0 30.15±0.31 0 +α 0 84.21±2.85
13 0 0 -α 17.10±0.00 0 0 -α 83.82±2.50
14 0 0 +α 18.77±0.25 0 0 +α 88.08±1.18
15 0 0 0 16.53±0.31 0 0 0 83.62±1.91
16 0 0 0 18.86±0.68 0 0 0 83.13±0.55
17 0 0 0 17.70±1.06 0 0 0 80.78±1.94

                     aCellulase; bXylanase.
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Abstract 
Cheese whey is a by-product of dairy industry containing high organic load. Annually, world dairy industry 
produces about 141,665 million tonnes of cheese whey, where 41.4% of it is used as fertilizer, animal feed 
or  discarded  in  water  bodies.  Anaerobic  digestion  (AD)  is  an  alternative  for  repurposing  this  share  
of production into more aggregated-value products such as volatile fatty acids (VFA) and biogas. This work 
studied the metabolic diversity of cheese whey AD under varying anaerobic inoculum through acidic and 
alkaline pre-treatments. This study also investigates the effect of initial pH for each inoculum. This study 
was  conducted  in  simple  batch  assays,  processing  demineralized  cheese  whey  with  an  organic  matter 
concentration of 441 ± 64 mg O2  L-1. Sludge with alkaline pre-treatment and higher initial pH presented 
higher metabolic diversity, producing more VFA, ethanol, and biogas. 

 
Keywords 
Cheese whey; anaerobic digestion; pre-treatment; metabolic diversity 

 
 
INTRODUCTION 
Cheese whey (CW) is a by-product of dairy industry with an organic load of 50 to 60 g O2  L-1, concerning 
its chemical organic demand (COD). Although dairy industry produces several value-added products using 
CW,  its  surplus  is  commonly  used  as  fertilizer,  animal  feed  or  discarded  in  water  bodies  causing 
eutrophication (Tsakali et al., 2010). The anaerobic digestion (AD) is a suitable alternative to aggregate 
more value into this surplus by producing volatile fatty acids (VFA) and biogas. At the same time, AD 
reduces  the  environmental  impacts  caused  by  cheese  whey  incorrect  disposal,  due  to  poor  residue 
management. Sludge pre-treatments could act as a selective pressure drive for microorganisms to produce 
different compounds following different metabolic pathways. Pre-treatments could enable AD microbiota 
to overcome its limiting steps and enhance the digestion rate (Müller, 2001). This work aimed to verify the 
effect of alkaline and thermic pre-treatment of sludge as inoculum, and the impact of initial pH on the 
metabolic diversity of cheese whey anaerobic digestion. 

 
 
 
MATERIALS & METHODS 
The   base   AD   inoculum   consisted   of   a   sludge   collected   from   a   poultry   abattoir   (23°05'10.1"S 
47°58'49.7"W). This sludge underwent two different pre-treatments. Thermic pre-treated inoculum was 
obtained submitting the base sludge at 90 ºC in a water bath for 20 minutes, followed by an ice bath until it 
reaches 23 ºC. The alkaline pre-treated inoculum was obtained through increasing its pH to 8.0 with a NaOH 
solution for 6 h. Experiment set consisted of five 1 L Duran flasks containing 800 mL of working volume, 
processing a solution of 40% demineralized cheese (Torres, 1992). All assays were kept under constant 
agitation of 50 min-1  in an orbital incubator (MA420, Marconi) at 35 ºC for 60 days. Control (C) assay used 
the base AD inoculum with initial pH 8.5 and a ratio of substrate/inoculum of 0.6 Alkaline and thermic pre-
treatments experiments were conducted at pH 7 and 9 (A7, A9 for alkaline and T7, T9 for thermic inoculum 
pre-treatments). Final pH was of 4.8 ± 0.2 (5). Biogas composition was measured using gas chromatography 
(GC) (Peixoto et al., 2011). VFA and alcohols were detected using high-performance liquid chromatography 
(HPLC) using an adapted method from Penteado et al. (2012). 

 
 
RESULTS & DISCUSSION 
Table 1 compares the production of metabolites (considered metabolites were VFA, methanol, and ethanol) 
for all experiments. Time t0  stands for initial condition, and tf  stands for final condition (after 60 days of the 
assay). In all trials, the inoculums were able to convert cheese whey into VFA and alcohols. Mean 
production of the measured metabolites was 1,495 ± 263 mg L-1. T9 and T7 showed 21.4% and 14.2% more
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variety of compounds than C and A9, respectively. All experiments produced acetate, butyrate, 
isobutyrate, valerate, isovalerate, and ethanol in concentrations higher than 100 mg L-1. 
 
 

 
 
Table 1 – Initial (t0) and final (tf) concentrations of the measured metabolites (VFA, alcohols), pH and COD for each experiment 

 
As depicted in Figure 1, only C and A9 presented methane production. After the 40th day, the reactor A9 
produced more biogas than the control, suggesting that alkaline pre-treated sludge with a higher initial pH 
is a better pre-treatment for methane-rich biogas production. Given the fact that the solubility of cheese 
whey proteins is directly proportional to the increase of pH (Marchesseau et al., 1997), A9 could present 
more soluble proteins than the others experiments. The augmented availability of the organic matter due to 
the better protein solubility, at a higher pH, could improve the overall AD process. 

 
Figure 1 Bioreators’ methane production for C (□) and A9 (■) 

 
Therefore, considering the metabolic diversity of sludge under different pre-treatments, we can colclude 
that thermic pre-treatment with higher initial pH favours the production of metabolites and alkaline pre- 
treatment and initial pH favours both VFAs and biogas production. 
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Abstract

Methane gas contributes significantly to global warming due to the green-
house effect, otherwise its concentration has been increasing rapidly for the 
last 100 years. There are several sources of this gas around the earth, the 
natural sources that contribute most are wetlands and fresh water ecosys-
tems (rivers and lakes), given this problem it is necessary to understand how 
the methane emissions of these ecosystems will respond to the expected 
temperature increases, in order to predict if the carbon cycle will mitigate 
or accelerate climate change. Given this topic, various cold ecosystems have 
been studied. The objective of this work is to study the methane production 
of two lakes (Castor and Fack Lake) located in Cape Horn (Chile) from sedi-
ment samples and soils close to lake, incubated at 3 different temperatures 
(in situ, in situ + 5 ° C and in situ + 10 ° C) with any addition of substrate 
and characterize the microbial communities involved in the methane cycle, 
before the incubations and once the experiments are finished. The main re-
sult was that the highest production occurred at the edge of both lakes with 
similar values   of production.

Keywords
Climate change, global warming, lake sediment, methanogenic activity

INTRODUCTION
Although the concentration of methane in the atmosphere is much lower than CO2, it has 
a greater absorption of infrared radiation and therefore contributes significantly to global 
warming due to the “greenhouse effect” (Bartlett, K. & Harris, R. 1993). The concentration 
of methane in the last 300 years has increased from a relatively stable level of 0.7 ppm to a 
level of 1.7 ppm, with an accelerating rate of increase in the last 100 years (Craig and Chou, 
1982, Stauffer et al., 1985). Natural sources of methane that have the greatest contribution 
are wetlands and freshwater ecosystems (lakes and rivers) (Kirschke et al, 2013). Under-
standing how CH4 emissions from ecosystems will respond to expected increases in global 
temperature is critical to predict whether the carbon cycle will mitigate or accelerate climate 
change (Yvon-Durucher, G. et al., 2014). Particularly, it is crucial in the case of cold aquatic 
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ecosystems that are more sensitive to climate change.

The objective in this work is to measure the production of methane (methanogenesis) from 
different sediment samples from lakes and soils near them, located in Cape Horn (Chile) at 
different temperatures and characterize the microbial communities implicated in the meth-
ane cycle, before the incubations and once the experiments are finished. 

MATERIALS AND METHODS 
Description of collected samples: 
Table 1. Characteristic of collected samples

Lake Muestra Characteristics of sample Temperature [°C] in situ
L1- 

Castor 
Lake

L1-1 Edge of the lake                         ~5°C
L1-2 Peatland pound ~5°C
L1-3 Degraded  sphagnum (30 cm deep) ~5°C

L2 
Fack 
Lake

L2-1 Edge of the lake- East ~5°C
L2-2 Dry channel- North ~10°C
L2-3 Degraded  sphagnum (30 cm deep) ~5°C

Measurement of methanogenic activity: Samples were incubated at their temperature in 
situ, in situ + 5 ° C and in situ + 10 ° C, in triplicate with any addition of substrate. The mea-
surement of the methane produced by samples was made through a gas chromatograph 
(Perkin Elmer Clarus 500) using a flame ionization detector (FID) equipped with a column 
Supelco Equity-1, 0,53 “OD x 30 m and a thermal conductivity detector (TCD) equipped with 
Supelco Hayesep Q 4mx1/8”OD column. 

Characterization of microbial communities: DNA was extracted before and after experi-
ments using the PowerSoil DNA Isolation Kit (Qiagen), futher functional gene of methano-
genesys (mcrA) was quantified by qPCR using Takyon SybrGreen-ROX mastermix (Eurogntec) 
with the AriaMx (Agilent Technologies).

RESULTS

Table 2 shows the results for methanogenic activity of the different samples, observ-
ing that those with higher production were those that were at the edge of the lake at 
the in situ temperature +10°C. It is observed that in both lakes at these points (L1-1 
and L2-1) similar values are obtained.
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Tabla 2. Endogenic methanogenic activity measured at 3 different temperatures [pmol 
CH4/g VS/day]

Muestra VS/TS
methanogenic activity pmol CH4/ g VS/day

T in situ T in situ +5°C T in situ +10°C
L1-1 0,59 105,45 129,84 137,13
L1-2 0,94 9,05 7,69 8,86
L1-3 0,97 5,56 22,31 27,46
L2-1 0,92 53,20 127,58 124,90
L2-2 0,95 21,77 20,82 32,78
L2-3 0,99 0,04 2,31 1,04

In terms of the characterization of microbial communities implicated in the methane cycle 
it is expected that abundance of mcrA reflected the higher activities observed in L1-1 and 
L2-1. 

Seeing these results and given the background, it is necessary to continue investigating all 
the methane producing ecosystems, in order to know how they will respond to eventual tem-
perature increases in a climate change scenario.
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Abstract 
The cheese whey (CW) is the main by-product from cheese making, with a high organic load 
rich in lactose. The CW is an ideal substrate for anaerobic digestion, however a previous 
fermentation is suggested to avoid reactor acidification. To start-up fermentative reactors a 
common strategy is the use of inoculum, however the native bacteria selected by the substrate 
could determine the microbial community. This work aimed to evaluate the effect of the CW in 
fermentative reactors selecting the microbial community, assessing anaerobic sludge and 
autofermenter CW as substrate, and a control fed with glucose. After 10 days of reactor 
operation, all reactors showed a significant increment in the abundance of hyd A genes, 
measured by qPCR. The community selected in those reactors fed with  chesse  whey  were  
dominant  by  Clostridium  and  Lactobacillus  genera,  clustered  together despite different 
inocula. Regarding hydrogen production, the control reactor showed the highest value at 63.6 
±15.0 mL H2/L-h, compared to 29.7 ± 6.6 and 42.5 ± 11.2 mL H2/L-h produced using the 
anaerobic sludge and autofermented cheese whey as inoculum, respectively. This work showed 
that  the  use  of  raw  cheese  whey  as  substrate  in  fermentative  reactors  determine  the  
bacterial community,  no  matter  the  inoculum  used.  The  autofermentation  of  cheese  whey  
is  a  practical strategy to start-up fermentative reactors for hydrogen production or as pre-
treatment previously to anaerobic digestion. 

 
Keywords 
 

                autofermentation; hyd A; Megasphaera 
 
INTRODUCTION 
The cheese whey (CW) is the main by-product from cheese making, with a high organic load (60-
80 g COD/L) rich in lactose, a readily biodegradable carbohydrate (Guimarães et al., 2010). Due 
to its high worldwide availability, the CW is an ideal substrate for anaerobic digestion, however 
a previous fermentation is suggested to avoid reactor acidification. To start up the fermentative 
reactors, complex inoculum are used such as anaerobic sludge or compost, favoring hydrogen and 
acids producing genus like Clostridium and Enterobacter. Using statistical correlations, 
Etchebehere et al. (2016) highlights the  role  of  the  native  bacteria  from  substrate  selecting  
the  microbial  community  in  fermentative reactors;  frequently  such  native  bacteria  can  
replace  those  desirable  bacteria  from  the  inoculum. Although none systematic evaluation of 
the role of native bacteria in fermentative reactors have been carried out. This work aimed to 
evaluate the effect of the CW in fermentative reactors selecting the microbial  community;  an  
anaerobic  sludge  was  used  as  external  inoculum,  and  compared  to autofermented CW and 
to the use of a model substrate. The microbial community was followed by high-throughput 
sequencing based on 16s rDNA gen. 

 
 
MATERIALS AND METHODS 
Raw cheese whey was used as substrate. Three parallel continuous stirred tank reactors were used 
with 1 L of working volume, 37°C, pH at 5.5, 10 h of hydraulic retention time and a CW 
concentration measured as 10 g/L of carbohydrates; all reactors were operated during 10 days. 

Two inoculum were tested fed with CW, anaerobic sludge (AS) from a brewery digester and a 
previously fermented CW (1 week natural fermentation at room temperature). As a control, a 
third reactor was inoculated with
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AS and fed with only glucose at the same previously described conditions. Biogas production was 
measured by an automatic device (µFlow, Bioprocess Control) and composition daily by GC-
TCD. Volatile acids production and solvents were measured by HPLC. At 12 and 240 hours of 
operation, biomass was sampled to extract DNA and sequence by Mi-Seq platform (Illumina). 
Abundance of hyd A gen, was evaluated by quantitative PCR (StepOne Real-Time PCR, Applied 
Biosystems). 

 
 
RESULTS 
After 10 days of reactor operation, all reactors showed a significant increment in the abundance 
of 
hyd A genes, measured by qPCR. The community selected in those reactors fed with chesse whey 
were dominant by Clostridium and Lactobacillus genera, clustered together no matter the 
inoculum used, AS or CW (Figure 1). The control reactor fed with glucose, developed a 
completely different microbial community composed by Clostridium, Ethanoligenes and 
Citrobacter, typical reported as hydrogen producers (Hung et al., 2011). Regarding hydrogen 
production, the control reactor showed the highest  value at  63.6 ±15.0 mL H2/L-h, compared to 
29.7 ± 6.6 and 42.5 ±  11.2 mL H2/L-h produced using the AS and CW as inoculum, respectively. 
The Clostridium genus was only 13% of the total bacteria selected using CW as inoculum, and 
hydrogen productivity was only 32% lower than the control with model substrate. This lower 
abundance suggests hydrogen production using alternative pathways such as those developed by 
Megasphaera, which represent 2-3% of the total abundance when CW was used as substrate. 

 

 
 

Figure   1.   Initial   and   final   (12   and   240   h,   respectively)   bacterial   characterization   at   genus   
level. 

Inoculum/substrate used on each reactor is indicated. The clustering of communities based on 
OTUs is also shown at the right. AS, anaerobic sludge; G, glucose; CW, cheese whey. 

 
 
CONCLUSIONS 
The use of raw cheese whey as substrate in fermentative reactors determine the bacterial 
community, 
no matter the inoculum used. The autofermentation of cheese whey is a practical strategy to start-
up fermentative reactors for hydrogen production or as pre-treatment previously to anaerobic 
digestion. 
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Abstract
In this study the effect of of  Benzophenone-3 (BZF), Methylparaben (MPB) 
and Triclosan (TCS) on organization and metabolic activity of methanogens 
was evaluated. Two molecular techniques, denaturing gel electrophoresis 
(DGGE) and quantitative reverse transcription (RT-qPCR), were applied to 
analyze the archaeal communities. Four EGSB systems was building with a 
time retention of 8h, and used as EGSB 1 (Control, without PPCP ), EGSB 
2 (BZF), EGSB 3 (MPB) and EGSB 4 (TCS). The experimentation was carried 
out in 4 stages of operation, in which the load of the contaminants was in-
creased as following: 30, 100 and 300 µg/L, being stage I the start stage. 
The reactors had elimination percentage > 90% for COD in the aqueous 
phase and the percentage of methane was > 55 % in biogas production. 
The main results obtained indicated that the changes in the organization of 
archaeal communities was attributed mainly to time, being Methaosaeta con-
cilii, the most predominant microorganism and the expression of the mcrA 
gen in methanogens was increased in presence of TCS mainly.

Keywords
Micropollutants, RT-qPCR, DGGE, EGSB, Archaea

MAJOR HEADINGS
The organization patterns of archaeal communities and the relative expression levels of the 
mcrA gene indicate that the presence and concentration of the evaluated micropollutants 
affect the activity of the methanogens and, to a lesser extent, their abundance and organi-
zation patterns.

The similarity matrices generated from the DGGE (Figure 1) reveal that it’s the time over the 
presence of micropollutants, the main regulator of the organization patterns of the archaea, 
obeying the succession processes that occur in a natural in biological systems (Ali Shah et al., 
2014). On the other hand, the changes in the expression relative to the mcrA gene (Figure 
2), are attributed to the presence of the PPCP, mainly to the TCS, which could be used as a 
carbon source by some microorganisms and stimulate the production of methane (Hay et al., 
2001).

Minor headings
Methanosaeta concilii had a marked presence and abundance as relealed by the banding pat-
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terns and DNA sequenced, this methanogen is recognized for its role in the stability of an-
aerobic systems and granulati on processes, such as they report diff erent studies (Carballa et 
al., 2011; Gryta et al., 2017).

 In spite of the anti microbial acti vity reported for triclosan, benzophenone and methylpara-
ben and the wide suscepti bility of the archaea, the processes of methanizati on and transfor-
mati on of organic matt er were not aff ected at the concentrati ons of micropollutants evalu-
ated. 

Figure 1. Analysis of Analysis of DGGE-Archaea patt erns. Dendrogram calculated on the basis of 
the Dice coeffi  cients of  similarity with  clustering algorithm of UPGMA. 

Figure 2. Relati ve expression of mcrA gen in EGSB system with diff erent PPCP’s. Gene expression 
was quanti fi ed using RT-qPCR and the relati ve quanti fi cati on was made using Pfaffl   math-
emati cal model. Bars indicate standard error (SE) and the thick line represents the calibra-
tor (control) taken as 1.
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Abstract 
Anaerobic  sludge  from  a  plant  treating  brewery  waterwater  was  acclimated  to  digest 
glicerol at  an organic loading rate (OLR) of 2.5 gCOD/L/d.  Two different  acclimation 
approaches were tested. Run I consisted of a shock loading of glicerol while Run II was a 
stepwise increase of glicerol in a mixture of other carbón sources. In both experiments, the 
methane production rate obtained after acclimation was about 21 mmol/L/d. Dominant 
archaea after acclimation were similar for both experiments, while dominant bacteria in 
Run  I  and  Run  II  were  different.  This  results  suggest  a  strong  relation  between  the 
acclimation method and the development of the bacterial consortium in anaerobic sludge. 

 
Keywords 
Acclimation; anaerobic sludge; microbial consortium; bacteria; archaea; glycerol 

 
 

INTRODUCTION 
Biodiesel is a reliable option to decrease consumption of fossil fuels. Anaerobic digestion is a  
promising  approach  to  treat  glycerol  wastes  that  are  largely  produced  during  biodiesel 
production. Understanding of the microbial consortia behavior in the anaerobic digestion of 
glycerol can help to monitor the performance of the process, but there is a lack of knowledge 
on this subject. This study analyzes changes in the microbial consortia during the acclimation 
of sludge to glycerol by shock loading and acclimation by stepwise feeding of glycerol. 

 
 

MATERIALS AND METHODS 

Acclimation process 

Two different acclimation process were performed. In the first one (Run I) glycerol was fed 
as a shock load from the first day. In the second one (Run II), the substrate was a mixture of 
glycerol, glucose, lactate and acetate, but the amount of glycerol fed was increased stepwisely 
from 0 to 100% on the COD basis. The OLR was maintained at 2.5 g COD/L/d. 

For both acclimation methods, the anaerobic digestion was performed in an anaerobic 
sequencing batch reactor (ASBR) with  3L of working volume. anaerobic  granular sludge 
from a brewery was the seeding material. 100 rpm of agitation, 9°C of temperature and 4 days 
of Hydraulic retention time. The digestion was carried out for more than 90 days. 

 

Analytical methods
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Gas samples were analyzed by GC-MS and the volume measured with a dry test gas meter. 
Volatile fatty acids (VFAs) were measured by HPLC. DNA extraction from sludge samples 
was conducted and PCR performed. Denaturing gradient gel electrophoresis and sequencing 
of the 16S rRNA gene to identify the microorganisms were carried out. The sequences of the 
DNA were compared to the 16S rRNA genes available in the database (DDBJ, EMBL and 
GenBank) to find closely related microorganisms to the identified sequences. 

 
 

RESULTS AND DISCUSION 
Run I and Run II showed a similar MPR at the end of the experiments (about 21 mmol/L/d). 
Nevertheless, at the early stages of the process, the MPR in Run I was lower. Significant 
accumulation of VFAs was observed at the early stages of Run I but not in Run II. 

At  the  end  of  the  experiments,  the  dominant  archaea  were  similar  for  both  Runs  
and 

closely related to Methanosaeta sp. and Methanobacterium sp. (bands A5 and A6 in figure 
1A). Dominant bacteria in Run I were Alkalibacter sp., Garciella sp. and Mesotoga sp. (bands 
B9, B10, and B11 in figure 1B). In Run II, the dominant bacteria were closely related to 
Trichococcus sp. (bands BB1, BB2 and BB4 of figure 1B) 

Different feeding strategies in both experiments resulted in different conditions at the early 
stages  of  the  process.  This  differences  forced  the  development  of  different  microbial 
consortiums that performed the methane fermentation in a similar way when stable. 

This   results   suggest   a   strong   relation   between   the   acclimation   method   and   the 
development  of  the  bacterial  consortium  in  anaerobic  sludge.  Furthermore,  The  simlar 
methane production rate achieved by the different consortiums supports the idea of redundant 
functionality in microbial communities involved in anaerobic digestion. 

 

 
Figure 1. DGGE fingerprints during the anaerobic digestión of glicerol for A) archaea B) bacteria. 
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Abstract
A two-stage anaerobic fixed-bed digestion process for the treatment of 
tequila vinasses was implemented to test a strategy for selection of pro-
karyotic populations toward methane production. This strategy was carried 
out for acidogenic (Ac) and acetogenic-methanogenic (AM) reactors to fa-
vor the development of a biofilm with high Archaea and Bacteria evenness 
and diversity. Samples for DNA extraction were taken from inoculum, af-
ter a period under single-stage conditions for biofilm development and at 
the end of start-up phase under two-stage conditions. Then, qPCR, SSCP 
and NGS were applied to obtain prokaryotic abundance, Simpson’s diver-
sity index (D) and population dynamics, respectively. Results at the end of 
start-up phase in the acidogenic reactor indicated that the Bacteria/Archaea 
ratio increased from 69% to 96% and one OTU affiliated to the acidogenic 
genus Prevotella was dominant with 37.01% of relative abundance. In this 
reactor, D deceased for both Bacteria (0.985 to 0.977) and Archaea (0.805 
to 0.783) domains. In contrast, prokaryotic population dynamics in the AM 
reactor showed an increase of Archaea/Bacteria ratio (31% to 46%) and the 
dominance of hydrogenotrophic genera Methanobacterium (30.60%), Metha-
nocorpusculum (18.10%) and Methanofollis (5.97%); the acetotrophic genera 
Methanosarcina (28.13%) and Methanosaeta (13.80%); and syntrophic aceto-
genic genera (20.43%) as Syntrophobacter, Syntrophus and Syntrophomonas. 
In this reactor, D for Archaea (0.805 to 0.845) increased; however, D for 
Bacteria (0.985 to 0.977) decreased. The relative abundances of Archaea ac-
etotrophic and hydrogenotrophic populations were around 50%, this fact 
indicated high evenness and the potential of metabolic redundancy of Ar-
chaea populations and AM reactor robustness. In conclusion, biofilm for-
mation followed by selection of prokaryotic populations during the star-up 
phase favored the development of acidogenic populations in the Ac reactor 
and syntrophic methanogenic populations in the AM reactor.

Keywords
Prokaryotic community; diversity; evenness; two-stage; FBR; tequila vinass-
es
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INTRODUCTION
Effluents from the tequila industry are discharged causing many environmental constraints (López-López 
et al., 2010). Recently, the two-stage anaerobic digestion process has emerged as an attractive alterna-
tive for the treatment of tequila vinasses, allowing high chemical oxygen demand (COD) removals and 
energy recovery (Buitrón et al., 2014). In this context, fixed biomass reactors such as the upflow fixed-
bed reactor (FBR) are more suitable. Then, biofilm microbial composition became important for reactor 
performances. The aim of this study was to test a strategy for biofilm development and populations 
selection towards methane production during the start-up of a two-stage anaerobic FBR process for the 
treatment of tequila vinasses.

MATERIALS AND METHODS
A two-stage anaerobic FBR digestion process was implemented for the treatment of tequila vinasses. 
This process was operated at 35°C, while the pH was controlled at 5.0 and 7.7 for the acidogenic (Ac) and 
acetogenic-methanogenic (AM) FBRs, respectively. Then, during the first step of the strategy applied, 
both reactors were operated under single-stage conditions to favor the development of a biofilm with 
high Archaea and Bacteria evenness and diversity. Thereafter, the pH in both reactors was established as 
mentioned above to select populations under two-stage conditions. Biofilm samples of 5 mL were taken 
from inoculum and at the end of each condition. Then, DNA extractions were carried out as previously 
reported (Godon et al., 1997). The abundance and diversity of Archaea and Bacteria were estimated by 
qPCR and CE-SSCP, respectively (Jáuregui-Jáuregui et al., 2014). The Archaea and Bacteria domains were 
characterized by amplification and sequencing of the 16S rRNA genes on the Illumina MiSeq platform.

RESULTS AND DISCUSSION
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Results at the end of start-up phase in the Ac reactor indicated that the Bacteria/Archaea 
ratio increased from 69% to 96% and two OTUs affiliated to acidogenic genera as Prevotella, 
and Clostridium Senso Stricto 12 were dominants with 37.01% and 4.98% of relative abun-
dances, respectively (Fig. 1). 
Figure 1. Relative abundance obtained on genomic DNA by Illumina sequencing for Bacteria, (B, >4%) 
and Archaea (A, >1%) domains from biofilms in the (Ac) acidogenic and (AM) acetogenic-methanogen-
ic FBRs. Inoculum (I), before connection/single-stage condition (BC) and after connection/two-stage 
condition (AC).

It is important to mention that syntrophic genera decrease form 11.75% to 2.32%, this fact 
showed a reduction of both syntrophism and potential methane production. In this reac-
tor, the Simpson’s diversity index (D=1-D) deceased for both Bacteria (0.985 to 0.977) and 
Archaea (0.805 to 0.783) domains. In contrast, prokaryotic population dynamics in the AM 
reactor showed an increase of Archaea/Bacteria ratio (31% to 46%) and the dominance of 
hydrogenotrophic genera Methanobacterium (30.60%), Methanocorpusculum (18.10%) and 
Methanofollis (5.97%); the acetotrophic genera Methanosarcina (28.13%) and Methanosaeta 
(13.80%); and syntrophic acetogenic genera (21.13%) as Syntrophobacter, Syntrophus, Syntro-
phomonas and Syntrophorhabdus. In this reactor, D for Archaea (0.805 to 0.845) increased; 
however, D for Bacteria (0.985 to 0.977) decreased. Notice that the relative abundances 
of Archaea acetotrophic and hydrogenotrophic populations were around 50%, this fact in-
dicated high evenness and the potential of metabolic redundancy of these populations for 
methane production by the acetate and H2 + CO2 pathways. In conclusion, the strategy used 
in this study favored the development of acidogenic populations in the Ac FBR, decreasing 
syntrophic bacteria and methanogenic populations. On the other hand, this strategy impact-
ed the AM FBR with an increase of evenness and diversity of methanogenic populations. This 
population dynamics toward syntrophism, increase the potential robustness for methane 
production in the AM reactor.
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Abstract 
The application of the biomethane potential (BMP) tests to organic substrates is used for the sizing 
of  the  anaerobic  digesters.  It  is  a  time  consuming  experiment  because  it  can  last  two  or  more 
months.  A  simple  model  of  the  biodegradation  process  is  proposed  that  takes  into  account  
the hydrolysis   of   the   biodegradable   solid   material   but   also   the   growth   and   decay   of   
the microorganisms. A parametric sensitivity analysis based on Sobol sensitivity indexes is proposed, 
which allows to discriminate the most significant model parameters and to develop a more reliable 
optimization   strategy.   The   model   allows   estimating   the   biodegradable   fraction   with   the 
experimental  data  of  the  first  three  or  four  weeks.  Also  could  describes  in  a  better  form  the 
phenomenon  to  be  determined,  allowing  to  differentiate  the  methanation  that  occurs  as  a 
consequence of the cellular decay of the methanation of the substrate to be analyzed. 

 
Keywords 
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INTRODUCTION 
The  biomethane  potential  test  (BMP)  allows  for  quantification  of  the  percentage  of  an  organic 
substrate that can be converted into methane. Due to the lengthiness of the trial, any development that 
reduces test time is valuable. The main objective of this work is the proposal of a simple model that  
can  determine  the  evolution  in  time  of  the  main  variables,  and  whose  parameters  could  be 
determined in the first weeks of experiments. Such a model would greatly shorten the experimental 
times necessary to predict the percentage of biodegradability. 
 

 

If  we  consider  a  stirred  batch  digester  (as  it  is  done  in  the  degradability  tests),  from  the  mass 
balance  of  the  three  variables  in  a  volume  V  (solid  substrate  concentration  Xb,  microorganisms 
concentration  Xm   and  mass  of  released  methane  referred  to  liquid  volume  M)  the  differential 
equations that defining the system can be deduced:  

 
 

where  kh   is  the  hydrolysis  constant,  Y  is  the  microorganisms  yield,  kd   the  decay  constant  of 
microorganisms,   fd   the  fraction  of  decayed  microorganisms  that  is  biodegradable,  and  fx   is  the 
factor to transform VSS in COD. 

 
 
 

Sobol  sensitivity indices  are  an  attractive  way  of  studying  the  parametric  sensitivity  in  complex 
systems, based on estimates of variances. Using it, the number of parameters to be obtained from the 
optimization process was reduced to only the most significant. 

 

RESULTS 
 

For Sobol indexes calculation the model parameters were randomly varied; N = 40000 simulations 
were performed in the Monte Carlo method. Octave, a free program for numerical computation, was 
utilized to run the simulation. As kh  is the most significant parameter in the first days of the essay, a 
linear approximation is made in order to determine this parameter; then only two parameters, the 
biodegradable fraction and the yield must be determined from the experimental data. 

equations that defining the system can be deduced: 
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(a) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b)                                             (c) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. (a) Trajectories of the variables for inoculums/substrate ratio RIS = 0.25 performed with the 
typical parameter values; (b) Sobol first order sensitivity indicesS1 ; (c) Sobol total sensitivity 
index  ST. Parameters: 1 – kh  ; 2 –Y ; 3 – kd  ; 4 – fd  . Similar results are obtained with other RIS. 

 
CONCLUSIONS 
A simple model that describes solid degradation in anaerobic conditions was presented and applied 
to conditions performed in BMP tests. The most significant parameters and their variation over time 
were  identified  utilizing  a  parametric  sensitivity  analysis  based  on  Sobol  sensitivity indices.  
The hydrolysis constant was found to be more significant in the first stage of the experiment, and the 
yield more significant in the final stage. Having selected these parameters as the most significant, a 
procedure for estimation (including the biodegradable fraction of the substrate) was proposed. 

 

The  inoculum/substrate  ratio  (RIS)  is  an  initial  condition  that  determines  the  length  of  the 
experiment.  RIS  =  1  requires  about  two  months  to  run  the  experiment  to  negligible  methane 
production and RIS = 4 requires only one month. 

 

Using the  proposed  procedure  it  is  possible  to  obtain  the  BMP  values  reducing the  experimental 
time to the half. The use of the model has not only the practical consequences of reducing labor and 
consumables, but also yields more reliable results in determination of the biodegradable fraction. 
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Abstract 
In  batch  experiments,  many  substrates,  in  particular  post-hydrothermal  liquefaction  wastewater 

(PHWW), with toxic compounds might inhibit anaerobic digestion.  For this, GAC pre-treatment 
assays were conducted to testing two experimental conditions: adjusting the pH before  (C1) and after 
(C2) the adsorption process, and a control test without GAC addition (C3). Then, anaerobic digestion  
tests  were  performed  to  quantify  the  impacts  on  biogas  production  of  two  substrate 
concentrations for each adsorption study. The C2 condition had the highest adsorption capacity value 
and COD removal. The importance of the pH medium for the GAC adsorption is discussed too. The 
highest accumulative biogas production (ABP) and COD removal efficiency, after AD, was obtained 
in C2 too. These results provide practical guidance on GAC pretreatments that can lead to improving 
anaerobic digestion. 

 
Keywords 
Adsorption; adsorption capacity; biogas; COD removal; inhibition 

 
 
INTRODUCTION 

The   hydrothermal   liquefaction   (HTL)   is   an   innovative   technology   that   enables   
the 

thermochemical conversion of biomass in bio-crude oil (Dimitriadis; Bezergianni, 2017). However, 
after  the  process  is  also  obtains  an  aqueous  phase  referred  to  as  post-hydrothermal  liquefaction 
wastewater (PHWW). This aqueous phase is rich in organic compounds (Gai et al., 2015), anions, 
cations (Ross et al., 2010), acids, methanol and phenols (Panisko et al., 2015) among other toxic 
compounds. Anaerobic digestion (AD) can be an efficient technology in the treatment of effluents 
with  high  organic  concentrations.  However,  AD  is  sensitive  to  substrate  inhibition.  In  order  to 
decrease  the  toxic  effect  of  PHWW  it  might  be  necessary  pretreatments  application.  Granular 
activated  carbon  (GAC)  has  been  widely  used  due  to  its  high  adsorption  (essentially  removing) 
capacity. Its surface area ranging from 500 to 3000 m2.mg-1  (Çeçen; Aktas, 2012). The present study 
aims  to  evaluate  the  influence  of  the  GAC  pre-treatment  into  PHWW and  subsequent  anaerobic 
digestion. 

 
MATERIALS AND METHODS 
The PHWW used in this study was obtained of the HTL of pig manure. Chemical oxygen demand 
(COD), total solid (TS) and volatile solid (VS) were determined by standard methods (APHA, 1998). 
A  series  of  batch  adsorption  experiments  were  conducted,  firstly,  placing  50  mL  of  PHWW, 
previously filtered, in 125 mL Erlenmeyer with 5 g GAC (Sigma-Aldrich). Second, the pH value was 
adjusted before (C1, pH initial 4.52) and after (C2, pH initial 4.57) adsorption process with a saturated 
NaHCO3 solution until pH 7. GAC adsorption studies were carried out in replicates and a control test 
without GAC addition (C3, pH initial 4.43) at 28°C and 100 rpm for 4 hours in a shaker incubator. 
Finally, the samples were vacuum filtered, with a pore membrane equal to 0.45μm. The adsorption 
capacity (qe)  (Georgin  et al., 2016) and the COD removal percentage  (Ghaedi  et al., 2014)  were 
calculated for each condition. Batch anaerobic tests were carried out in a working volume of about 
40 mL in a 120 mL serum bottle. Reactors were loaded with two PHWW concentrations (v/v), for 
each pre-treatment condition with adsorbent: 6.5% (C1: 0.139 g CODadded; C2: 0.098 g CODadded; C3: 
0.212 g CODadded) and 13% (C1: 0.279 g CODadded; C2: 0.196 g CODadded; C3: 0.425 g CODadded). The
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initial COD concentrations were 5.80 g.L-1  and 8.41 g.L-1  for C1, 4.52 g.L-1  and 7.64 g.L-1  for C2, 
and 7.61 g.L-1  and 10.89 g.L-1  for C3, when the inclusion rates were 6.5 and 13 % respectively. The 
basal medium was prepared as recommended by Angelidaki and Sanders (2004). Three bottles for 
each sample and blank (i.e.,without electron donor) were placed in a shaker incubator at 37°C and 
100 rpm. 

 
RESULTS AND DISCUSSIONS 
PHWW had 86.9 ± 4.5 g.L-1 COD, 11.5 ± 0.2 g.L-1-TS, 7,84 ± 0,32 g.L-1-VS and a pH value of 4.4 ± 
0.3. In order to reach a neutral pH value into experimental conditions were used 2.4 mL, 0.8 mL and 
1.8 mL of NaHCO3 solution for a C1, C2  and C3  condition, respectively. The qe value describes the 
amount of COD adsorbed per quantity of adsorbent add into the solution (Letterman, 1999). In this 
way, C2  had the highest qe value and COD removal: 0.47 mg.g-1  and 53,43%, respectively, followed 
by C1  with 0.34 and 38.94%, respectively. The results indicate that the adsorption capacity of the GAC 
increases with low pH levels. Thus, pH values in the range of 2 to 4 improve the activated carbon 
performance (Xiao et al., 2014). The highest ABP value was obtained in C2 condition: 327.73 and  
187.86  mL  biogas.  g  COD  added-1  when  6.5%  and  13%  of  PHWW  was  used,  respectively. 
Likewise, the highest COD removal efficiency, after AD, was obtained in C2 beeing 64.1% and 69.6% 
using 6.5 and 13% PHWW, respectively. On the other hand, C1  achieved removal values of 54.8% 
and  60.7%  with  PHWW  concentrations  of  6.5  and  13%,  respectively.  The  used  procedures, 
integrating pre-treatments with GAC and anaerobic digestion, could improve the global removal of 
the  toxic  compounds  in  the  system,  like  previously observed  by Çeçen  and  Aktas  (2012),  which 
caused higher efficiency of COD removal and consequent higher biogas production. 

 
CONCLUSIONS 
This study showed that when the pH was adjusted after the adsorptive process, less alkalinizing agent 
was used, more biogas was produced per unit mass of COD provided and further organic matter was 
removed from the medium. Thus, it is concluded that pH values are important for the adsorption 
process, its correct management can maximize the biogas production and the removal of inhibitor 
compounds from hydrothermal liquefaction wastewater. 
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Abstract
The granular sludge may be more appropriate instead of flocculent sludge 
for some configurations of anaerobic reactors, by the reason of their sed-
imentation performance and filtration capacity are superior comparing to 
flaked sludge. There are several studies demonstrating the usage of poly-
valent cations and salinity for sludge granulation. In this present work, a 
comparative study was performed with an application of two different com-
pounds in order to granulation, which are sodium chloride (NaCl) and cal-
cium chloride (CaCl2). Three anaerobic sequencing batch reactors with 1 L 
were used, being fed with cycles of 8 and 16 hours. All reactors were fed 
with synthetic sanitary sewage: R1 was the control, R2 was operated with 
excess of NaCl and R3 with excess of CaCl2. The results showed a higher 
efficiency in a granulation of anaerobic sludge by using an excess of CaCl2.

Keywords
Anaerobic sludge; anaerobic sequencing batch reactor; calcium chloride; 
granulation; sodium chloride.

INTRODUCTION
There are descriptions in the literature of anaerobic reactors in concern of using granular 
biomass: expanded granular sludge bed (EGSB) reactor, anaerobic sequencing batch reactor 
(ASBR), even membrane bioreactors (MBRs). The granules are formed through a self-immo-
bilization of the microorganisms in the absence of a solid support medium. By this reason, 
can be concluded that anaerobic reactors with granular sludge are the most favourable of all 
existing self-immobilization biotechnologies, considering that all the reactor volume will be 
effectively filled by biomass (Liu et al., 2002).

Several studies have used polyvalent cations for sludge anaerobic granulation (multi-va-
lence positive ion-bonding model). Moreover, a recent study has proved the beneficiation of 
granule formation with increasing salinity (Sudmalis et al., 2018). Thus, the aim of this work 
was evaluate the behavior of different agents in the granulation of an anaerobic flocculent 
sludge in a sequencing batch reactor.
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MATERIALS & METHODS
Three anaerobic sequencing batch reactors were assembled (R1, R2, R3) with a volume of 

1 L each, were fed in cycles of 8 and 16 hours.
All reactors were inoculated with 5 g/L of sludge from a UASB of a sewage treatment plant 

and fed with synthetic sewage. R1 was the control reactor, R2 was fed with a higher NaCl 
concentration (12 g/L) (Sudmalis et al., 2018) and R3 was fed with excess CaCl2 (250 mg/L) 
(Yu et al., 2001). In the end of each cycle, 0.5 L of treated sewage was discharged and 0.5 L of 
fresh synthetic sewage was fed. After all, a small stirring was made in each reactor, to ensure 
the entire biomass was in contact with the substrate.

Particle size measurements were performed on a laser dispersion particle size distribution 
analyzer (Model LA-950, Horiba) and reactor monitoring analyzes were performed periodi-
cally, such as total organic carbon (TOC), volatile fatty acids (VFA) and pH.

RESULTS AND DISCUSSION
According to Figure 1, during 45 days of monitoring, the reactors R3 (CaCl2) and R2 (NaCl) 
did not show significant differences in relation to the increase in the size of the granules. 
However, in the reactor R3 a much lower amount of the agent was added (250 mg/L).

Figure 1. Average size of the granules of each anaerobic sequencing batch reactors

As shown in Table 1, R3 reactor presented the best operating conditions, with a higher TOC 
removal and lower VFA concentration in the effluent. The lower concentration of acids in the 
reactor effluent indicates the consuming of that, by occurrence of methanogenesis. Thusly, 
this study evidences the preferential use of CaCl2 for the granulation of anaerobic sludge.
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Table 1. Result of the monitoring of each anaerobic sequencing batch reactors

Monitored Parameters Control (R1) CaCl2 (R3) NaCl (R2)
Removal of TOC (%) 56.85 ± 10.92 65.55 ± 9.05 37.82 ± 7.68

pH
Influent 6.64 ± 0.23 6.62 ± 0.11 6.45 ± 0.13
Effluent 6.60 ± 0.25 6.77 ± 0.25 6.57 ± 0.13

VFA (mgHAc/L)
Influent 52.88 ± 19.98 53.1 ± 21.45 108.94 ± 116.41
Effluent 108.31 ± 33.67 48.16 ± 42.00 93.71 ± 31.88
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Abstract 
This  work  aimed  to  investigate  the  effect  of  different  OLR  (5,  10  and  15  kg  COD/m3·d)  
on anaerobic production and distribution of carboxylic acids using residual glycerol as carbon 
source. 
Chloroform 0.05% (v/v)  was added to the synthetic feeding to inhibit methanogenic activity and 
favor acids accumulation. The increase in OLR promoted  the increase in acid production, being 
propionic  acid  the  most  abundant  at  the  highest  OLR  tested.  Longer-chain  acids  presented  
low production during the whole experiment, being the highest concentrations obtained at the lowest 
OLR tested, since high concentrations of substrate might have inhibited the process. 

 
Keywords 
Carboxylic acids; organic loading rate; residual glycerol 

 
 
INTRODUCTION 
Carboxylic  acids,  such  as  volatile  fatty  acids  (VFA),  are  important  intermediates  compounds 
produced during anaerobic digestion and widely employed in different fields of industry as building 
block  chemicals.  However,  mostly  of  commercial  carboxylic  acids  are  synthetized  by  chemical 
routes that use petrochemicals as raw materials, which can be replaced by products formed during the 
anaerobic digestion of organic-rich wastes (Bhatia and Yang, 2017). One of the most viable raw 
materials  to  be  used  in  this  process  is  the  residual  glycerol  obtained  from  the  transesterification 
reaction  in  biodiesel  production.  It  is  estimated  that  10  kg  of  biodiesel  produce  about  1  kg  
of residual glycerol. This fact raises a new problem: disposal of the residual glycerol, which can be 
costly and cause environmental pollution (McNutt et al., 2017). The production and distribution of 
carboxylic  acids  are  influenced  by  many  factors,  such  as  sludge  source,  OLR  applied,  way  of 
methanogens suppression, type of the reactor used etc. Therefore, this work aimed to investigate the 
effect of different OLR on carboxylic acids production and distribution using a UASB reactor and 
residual glycerol as carbon source. 

 
 
MATERIALS AND METHODS 
The  experiments  were  conducted  in  a  3.3-L  UASB  reactor  (HRT  of  8  h),  inoculated  with  an 
anaerobic domestic sludge, initially fed with glucose at an OLR of 5 kg COD/m3·d at mesophilic 
temperature (~30 °C). Before the tests with residual glycerol, chloroform 0.05% (v/v) was added to 
the  synthetic  feeding  to  inhibit  methanogenic  activity  and  favor  acids  accumulation  (LIU  et  
al., 
2011). Then, the carbon source was changed to the residual glycerol under the same conditions, and 
tested  different  OLR  (5,  10  and  15  kg  COD/m3·d)  on  acids  production  and  distribution,  during 
phases 1-3, respectively. The carboxylic acids production was measured by HPLC according to De Sá 
et al. (2011). 

 
 
RESULTS AND DISCUSSION 
The increase in OLR promoted the increase in the average acid production during phases I, II and III 
(9.74 ± 1.58, 10.50 ± 1.26 and 20.30 ± 3.64 g COD.d-1, respectively). The lowest OLR applied 
promoted the highest formation of acetic acid (4.71 ± 3.96 g COD·d-1), while a higher OLR (10 and
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15 kg COD/m3·d,) significantly increased the production of propionic acid (3.10 ± 8.53 and 10.32 ± 
15.03 g COD.d-1, respectively) (Fig. 1). The best production of butyric acid (2.10 ± 2.40 g COD·d-1) 
occurred in phase II, and the remaining acids (isovaleric, valeric, isocaproic and caproic) showed a 
low  production  during  all  phases  (Fig.  1).  It  was  observed  that  the  highest  OLR  has  decreased 
caproic acid production (0.18 ± 0.28 g COD·d-1 in phase III), while the lowest OLR provided the best  
production  of  this  compound  (0.72  ±  1.06  g  COD·d-1  in  phase  I)  (Fig.  1).  No  methane  was 
detected  in  the  biogas,  showing  that  the  treatment  applied  with  chloroform  for  methanogens 
suppression  was  efficient.  According  to  literature,  residual  glycerol  is  difficult  to  be  utilized  
by microorganisms under fermentative conditions, i.e. without external electron acceptors (YIN et al., 
2016).  Therefore,  high  concentrations  of  organic  matter  might  have  inhibited  the  process.  These 
results are consistent with literature, since the production of carboxylic acids is directly proportional 
to  OLR  up  to  a  limit,  from  which  the  production  rate  drops  regardless  the  type  and  substrate 
composition (KHAN et al., 2016).
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Figure 1. Relative distribution of dissolved carboxylic acids during the three phases of the experiment. 

 
 
CONCLUSIONS 
The  increase  in  OLR  promoted  the  increase  in  acid  production,  being  propionic  acid  the  most 
abundant at the highest OLR tested. Longer-chain acids presented low production during the whole 
experiment,  being  the  highest  concentrations  obtained  at  the  lowest  OLR  tested,  since  high 
concentrations of substrate might have inhibited the process. 
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Abstract
Microaeration can be used to successfully remove H2S from the biogas gen-
erated in anaerobic digesters. However, no models have been developed 
to represent this process. Therefore, the aim of this study is to present an 
extension of the Anaerobic Digestion Model n°1 such that it can incorpo-
rate the main phenomena that take place during microaeration. The adapted 
model was implemented and tested with data from pilot scale digester that 
was microaerated for almost 200 d. Results indicate that the model can be 
used to predict the digester behavior.

Keywords
Biogas, microaerobic, modeling, simulation

INTRODUCTION
Microaeration, which consists in dosing of a limited amount of air to anaerobic reactors, has 
demonstrated to be one of the most suitable technologies for H2S removal from biogas. As 
a consequence of the microaerobic conditions created by air supply, H2S is oxidized to S0 
by the action of sulfide-oxidizing bacteria. In Europe, this process is gaining attention and 
several full-scale plants already rely on this system to remove the sulfide from the digester 
(Jeníček et al., 2017). The aim of this study is to develop, implement and test a mathematical 
model of the microaerobic digestion process based on the ADM1 model with pilot-scale ex-
perimental data of anaerobic reactor under microaerobic conditions

MATERIAL & METHODS
The general modification of the ADM1 suggested by (Rosen and Jeppsson, 2006) were used. 
In order to add the sulfide oxidation process, the main assumptions considered are: (1) no in-
hibition function due to the oxygen presence was added (2) only one conversion reaction of 
H2S, to S0, is considered (3) spontaneous chemical oxidation reactions (redox) are not taking 
place (4) the transferred oxygen from the gaseous flow is what is available for the growth of 
the sulfide oxidizing bacteria XSOB. 

 Table 1. Petersen matrix of the new biochemical reaction added to the ADM1
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Process SH2S SS S02_l SIC SIN XC XSOB Rate

Uptake of H2S 
by SOB

-1 (1- YSOB) - (1-YSOB)/64 -Σ Ci vi -YSOB*NBAC YSOB kmSOB*( SH2S /(KsH2S + 
SH2S))*( S02/(KsO2 + 
S02))* XSOB;

Decay of SOB -CBAC+ CXC -NBAC+ NXC 1 -1 kdecSOB* XSOB

Hydrogen 
sulfi de
(kmol m-3)

Elemental 
sulfur (S0)
(kmol m-3)

Dissolved 
oxygen
(kmol m-3)

Inorganic 
carbon
(kmol m-3)

Inorganic 
nitrogen
(kmol m-3)

Composites
(kCOD m-3)

Sulfur oxidizing 
bacteria
(kCOD m-)

The new process included into the ADM1 as well as the stoichiometry, based on the fi ndings of (Pokor-
na and Zabranska, 2015), are shown in Table 1. The kineti c parameters of the sulfate reducing bacteria 
(SRB) were taken from Barrera et al (Barrera et al., 2015). The experimental data was taken from a mi-
croaerated pilot-plant scale digester (working volume 200L) fed with mixed sewage sludge at mesophilic 
conditi ons operati ng at a hydraulic retenti on ti me (HRT) of 20 d.

RESULTS AND DISUCSSION
Figure 1 shows the simulati on results of the modifi ed ADM1 model along with the experimental infor-
mati on for the offl  ine and online data, respecti vely. The online data is mainly related to the gas phase 
compounds (biogas and compositi ons) and the pH of the reactor medium. The biogas fl ow was very well 
predicted by the model simulati on. Both the methane and CO2 content simulati on matches what was 
observed experimentally. The pH was slightly overesti mated by the model. In regard to H2S and O2 in 
the gas phase, the average value of the model simulati ons is in agreement with average observed values; 
however, the model did not reproduce the peaks in concentrati on observed during the evaluati on pe-
riod. The disagreement must be related to experimental error due to the low concentrati on values that 
are close to the analyti cal threshold values of the method. In additi on, those peaks H2S do not match 
any noti ceable peak value in sulfate inlet concentrati on and, in turn, the soluble is quite well predicted. 
This is another indicator that the gaseous H2S measurement was subjected to an important analyti cal 
error. With respect to the offl  ine variables, the decreasing trend of COD and VS up to day 115th as well 
as the slight bounce back were both properly represented by the model. Likewise, the soluble COD con-
centrati on simulati on is in agreement with the measured values throughout the whole operati on ti me. 
Inorganic nitrogen was also properly reproduced by the model demonstrati ng that the calibrati on of the 
stoichiometric parameters went well. In regard to the soluble H2S, the model represents it adequately. In 
contrast, the soluble sulfate concentrati on, which shows several values very close to zero is only repro-
duced by the model when signifi cant values were measured above 0.3 kmol L-1wich is in agreement with 
the result in (Barrera et al., 2015). 
 

Figure 1. Online (two columns left ) and offl  ine outputs (two columns right) measurement of the digester. 
Circles: experimental data, solid line: model simulati on. 
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Abstract 
In the present work a 2D computational model of a UASB reactor was build. The effect of connecting 
the sedimentation zones was evaluated, showing the reactor with unconnected zones presents a 
behavior corresponding to a tubular reactor. While the reactor with connections has significant 
delays at the exit of the reactor. 
 
Keywords 
Residence time distribution (RTD); tracer; CFD; UASB; 2D model  

INTRODUCTION 
The Upflow Anaerobic Sludge Blanket (UASB), are today constituted as one of the main units of 
"treatment" due to their maturity and experience, therefore, these occupy an excellent position in 
Latin America for the Purification of municipal effluents (Pérez et al., 2012). The presence of multiple 
phases complicates the hydrodynamic characterization of these systems and the diversity of reactor 
geometries makes it difficult to create a single criterion to evaluate the hydrodynamic performance 
of the UASB reactors (Nnaji, 2014). Conventional hydraulic characterization techniques only record 
the concentration of a tracer at the reactor outlet (Das and Chaudhari, 2015). However, this type of 
studies does not provide detailed information on local velocities, phase volume fraction distribution 
or location of dead zones in reactors with opaque walls and their use at a real scale may be limited. 

Computational fluid dynamics (CFD) is a rapid emerging field in wastewater treatment, with 
application to almost all processes (Samstag et al., 2016). Showing the effect that the design 
characteristics of the wastewater treatment reactor have on the hydrodynamics and efficiency from a 
fundamental level (Brannock et al., 2010; Kinyua et al., 2016). In spite of this, the use of CFD 
techniques can be computationally costs. For this reason, it is common to resort to simplifications of 
the models, in order to reduce the computation times and to carry out rapid evaluations that allow to 
make decisions about the operating conditions or design of the rectors. Therefore, in the present work, 
an axisymmetric two-dimensional model for a cylindrical USAB reactor is proposed. In order to 
evaluate the effect of zone connections on hydrodynamic characteristics, such as average velocity, 
bed expansion and Residence time distribution on a single phase and a biphasic system. 
 
METHODS  
As a study model, a column type USAB reactor with a circular cross section was used. The reactor is 
equipped with a conical three-phase separator and a conical baffles to direct the gas outlet. The reactor 
geometry, was digitalized and its tridimensional mesh was build using ANSYS Meshing®. The CFD 
simulation was made using ANSYS Fluent® at a theoretical retention time of 4 h. A biphasic (liquid-
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solid) Euler-Euler model was applied, using the Schiller-Neumann model as a drag law. As flow 
models, we compare the laminar flow equations with the standard κ-ε model. Then a transient study 
was made with a 5 seconds of tracer injection. For this, the species transport equation was solved in 
a coupled way using Rhodamine as a tracer specie and water as a work fluid. 
 

RESULTS AND DISCUSSION 
Figure 1a shows the volume fraction of solids in the reactor, a bed expansion is distinguished up to 
the middle part of the reactor. There is also a high concentration of sludge in the lower part of the 
reactor. The flow pattern developed inside the reactor is presented in Figure 1b, in this Figure it can 
be distinguished that the maximum speed is found in the feeding plume. The presence of two main 
recirculation zones located on the sides of the reactor, within the zone corresponding to the sludge 
blanket, is notorious. In the three-phase separator, there are two additional recirculation zones of 
importance. Figure 1c shows the RTD analysis, where the effect of connecting the zones of the 
sedimentation section is shown. When the central zone is unconnected, the flow is very similar to a 
piston flow reactor. However, when connecting the zones, the reactor presents secondary flows, 
which causes delays in the output of the reactor. 

           
                    a)                              b) c) 
Figure 1. a) Solids volume fraction distribution and Flow pattern, b) Residence time distribution 
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Abstract 
In this work, we present a simple mathematical model with a reduced set of state variables and 
parameters. Our kinetic model involves two biological reactions (acidogenesis and methanogenesis) 
with two groups of microorganism. Although the model proposed does not represent the real 
complexity of the anaerobic process, it can be used to determine the methane production from 
digestion of organic matter. Finally, a sensitivity analysis to the kinetic parameters of the model is 
presented, followed by an identification procedure based on a sequential quadratic programming to 
estimate the kinetic parameters from experimental data, obtained from a pilot plant for biogas 
production. 
 
Keywords 
Acidogenesis; Least square method; Methanogenesis; Sensitivity analysis; Stoichiometric 
coefficients 

Mathematical model 
We considered a simplified model of an anaerobic process where the organic substrate (S1, in gCOD 
/L) is degraded in VFAs (S2, in mmoleVFA /L) by the acidogenic bacteria (X1, in gCOD /L); next the 
VFAs are degraded in methane (CH4, in L/d) by methanogenic microorganisms (X2, in gCOD/L). 
The kinetic model follows two biological reactions (equations (1) and (2)): 
 
 
 
where, k1 (gCOD S1 /gCOD X1 ), k2 (mmoleVFA /gCOD X1 ), k3 (mmoleVFA /gCOD X2 ) and k4 
(mmoleCH4 /gCOD X2) are the stoichiometric coefficients of the reaction components. The 
expressions r1 (r1 = μ1X1 ) and r2 (r2 = μ2X2 ) represent the bacterial growth rates associated to the two 
bioprocesses. The terms μ1 and μ2 (d−1 ) represent the specific growth rate of acidogenesis and 
methanogenesis, respectively. 

Materials and methods 
The data used in this study were obtained from a pilot-scale upflow anaerobic fixed bed reactor 
located in the LBE-INRA in Narbonne, France. The schematic representation is depicted in Figure 1. 
The plant treats raw industrial distillery wastewater obtained from wineries in the Narbonne region. 
Figure 1 shows the process has an online instrumentation measurement of liquid flow rates (at the 
input of the reactor and in the recirculation loop), temperature, pH in the reactor and biogas flow rate 
and composition (i.e., CO2, CH4 and H2 content in the biogas) measurements (Steyer et al., 2002). 
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Figure 1. Schematic view of the process and the associated online instrumentation.  

Sensitivity analysis 
A sensitivity analysis for methane production was conducted in order to identify the most sensitive 
parameters. A sensitive coefficient, σq , of the variable z to the parameter q, defined equation (3) 
(Delgadillo et al., 2011; Myint et al., 2007), was calculated to quantify the average spread for each 
parameter. 

 
    (3) 

 
where tf is the test duration, zp is the variable z associated with the base value of parameter q, and 
zq+∆q is the variable z when the parameter q is changed an amount ∆q. 

Determination of stoichiometric and kinetic coefficients 
Estimation of the stoichiometric coefficients of the pseudostoichiometric matrix κ was made 
according to the method proposed by Bernard and Bastin (2005). 
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Abstract 
Life Cycle Assessment (LCA) is a tool that comprehensively assesses the potential environmental 
impacts associated with a product or service. This article presents a critical review of the literature 
based on scientific publications in international databases. It was analyzed 9 papers among theses, 
dissertations  and  articles  that  applied  the  LCA  in  anaerobic  treatment  systems  using  the  biogas 
generated. Thus, the incipient application of LCA in the area of generation and use of biogas from 
effluents is highlighted. The low number of works developed in Latin America can be explained in 
parts by the economic situation of the countries of this region. Both the acquisition of software for 
LCA and  the  monitoring and  frequent registration of the  operation  of the systems of  generation 
and use of biogas (data for the Life Cycle Inventory) are expensive. On the other hand, the climate of 
most of Latin America is conducive to the use of anaerobic treatment technologies. In all the studies 
analyzed it is possible to observe, through the LCA, that the use of the biogas generated from the 
treatment of effluents reduces the potentials of environmental impact. 

 
Keywords 
Life Cycle Assessment; LCA; Wastewater Treatment Plants; Life Cycle Inventory; LCI; Biogas. 

 
INTRODUCTION 
Biological  processes  of  anaerobic  treatment  have  the  inherent  result  of  the  formation  of  by- 
products, such as biogas, sludge and scum. These by-products have considerable energy potential and  
are  still  underutilized  (Chernicharo,  2007).  According  to  the  European  Commission  (2010), Life  
Cycle  Assessment  (LCA)  is  a  structured,  comprehensive  and  internationally  standardized method 
that quantifies all relevant emissions, resources consumed, environmental impacts, health and  
resource  depletion  issues  that  are  associated  with  any product  and  /  or  service.  This  method 
allows  to  evaluate  the  environmental  aspects  and  the  impacts  associated  to  a  particular  product, 
including  all  stages  of  life  of  the  same,  starting  from  the  extraction  of  resources,  through 
production, use and recycling, until the disposal of the remaining product. In view of this scenario, 
this article aims to present a critical review of the literature on the application of LCA in the process 
of biogas generation from the treatment of sewage. Based on this review, the main points discussed 
in the articles studied were: objective, scope, method and software used, impact categories analysed 
and results. 

 
MATERIAL AND METHODS 
The methodology used was the search and analysis of articles, using as keywords for the research 
the terms "Wastewater Treatment Plants" (WWTP), "Life Cycle Assessment" (LCA), "Life Cycle 
Inventory" (LCI), "Bioenergy" and "Biohydrogen", in order to find scientific articles and thesis on the 
subject in the main international databases such as: Science Direct, Scopus , IWA Publishing and 
Google Scholar. The selection of articles followed a different path from that followed by other 
reviews.  Hijazi  et  al.  (2016)  chose  only  15  papers  placing  several  restrictions  due  to  the  large 
number of studies involving LCA and biogas developed in Europe. Considering the lack of papers in  
Latin  America,  the  present  review  has  selected  all  the  works  that  deal  with  LCA  and  biogas 
production so far.
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PARTIAL RESULTS AND DISCUSSIONS 
Table 1 presents important information of the  analysed  works (author,  year and place, objectives 
and technologies, scope, evaluation methods and software used and results obtained). This review 
shows that the Life Cycle Assessment Objectives, Scopes and Methodology vary greatly, making it 
very  difficult  to  compare  different   LCA  studies  and  to  draw  common  conclusions  on  the 
environmental impacts of biogas production from effluents. 
Despite the lack of standardization of the parameters of analysis, the environmental impact category 
Greenhouse  Gas  Emissions  (Climate  Change)  appears  as  an  important  indicator  when  life  cycle 
assessments are performed in systems with biogas utilization (cited in 8 of the 9 studies analyzed). 
Although not as widely used as Greenhouse Gas Emissions, energy analyzes (Cumulative Demand 
for  Energy  -  2  works;  Exergetic  Analysis  -  2  works)  are  important  parameters  in  life  cycle 
assessments involving biogas for strengthening the importance of using this by-product of anaerobic 
digestion not only in the sense of preserving the environment but also in economic gains. 
The low number of works in Latin America can be explained in parts by the economic situation of the 
countries of this region. The acquisition of LCA software is expensive.  In addition, there are problems  
with  resources  for  monitoring  and  frequent  recording  of  the  operation  of  biogas generation and 
use systems, which leads to a shortage of data for the Life Cycle Inventory. All these factors end up 
negatively influencing the development of these studies. 
On  the  other  hand,  the  climate  of  most  of  Latin  America  is  conducive  to  the  use  of  effluent's 
anaerobic treatment technologies. In all the studies developed and presented in Table 1 it is possible 
to note that the use of the biogas reduces the potentials of environmental impact. 

 
   Table 1. Summary of published articles applying LCA to biogas production from wastewater treatment.   

Reference 
        (Place)              Method/Software                                                                        Results  

Barreras et 
al. (2016) 

(Cuba) 
Morero et al. 

(2017) 
(Argentina) 
Ramírez- 

Arpide et al. 
(2017) 

(Mexico) 
Guimarães et 

al. (2014) 
(Brazil) 

Morero et al. 
(2015) 

(Argentina) 
Contreras et 
al. (2013) 

(Cuba) 
 

Costa (2012) 
(Brasil) 

 
Contreras et 
al. (2009) 

(Cuba) 
 

Gutierrez 
(2014) 
(Brazil) 

LCA (ISO 14,040)/ 
OpenLCA version 

1.3.1 (ReCiPe) 
 

LAC (ISO 14,040- 
44)/ SimaPro, ReCiPe 
 
 

LCA (ISO 14,040)/ 
OpenLCA 1.6.3 

 
 
Comparation of GRI 
(Global Reporting) 

 

Midpoint-oriented 
CML 2001 

method/ProMax 
Cumulative Exergy 

Consumption/ 
EXoinvent 

 

LCA (ISO 14,040)/ 
GaBi 4 (PE 

International) 
 

LCA (ISO 
14,040)/SimaPro 

 

LCA (ISO 14,040)/ 
SimaPro, ReCiPe and 

CED (Cumulative 
Energy Demand) 

For LCA, the greatest benefits (reduction of 77% of the total score) were observed in 
biogas production from raw vinasse, removal of sulfides by biooxidation with 

addition of oxygen and generation of power with ignition engines. 
The environmental analysis showed that the use of organic waste as an energy source 
solved waste disposal problems and generated less environmental impacts and lower 

costs than the current practice of waste disposal in landfills. 
 

The co-digestion nopal cladodes-cow manure for producing biogas appears to be 
energetically sustainable, reducing GHG (Greenhouse gases) emissions and using one 

of the main wastes of milk production 
 

There was a significant reduction in the use of firewood (reducing GHG emissions). 
Water consumption remained unchanged, and it was not possible to measure the 

indicator for discarded effluents 
The generation of agroindustrial effluents is less environmentally impacting 
according to the 11 categories analyzed. The evaluation of different biogas 

purification processes pointed to water as the best option for local application. 
 

The alternative that integrates the production of sugar with the production of biogas 
and alcohol also obtained the best results on the consumption of exergy 

 

The construction phase of the facilities, including the collection of wastewater, is the 
most critical step in terms of CED of the system studied. The treatment of sewage is 

the stage that produces more atmospheric emissions, considering organic matter 
biodegradation 

 

The alternative that integrates the processes of sugar with the production of biogas 
and alcohol showed the best results from the environmental point of view 

 
 
The use of biogas in large plants help to reduce the potential of negative environment 

effects (all impact categories evaluated after co-generation were minimized)
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Abstract
The productivity chains of poultry and pork are one of the most represen-
tative in the world agricultural sector. The mode of production of confined 
animals used to supply this market of meat consumption generates a large 
amount of waste. Thus, the large amount of poultry litter (PL) and the swine 
manure (SM) generated on farm offers a possibility of the energetic use after 
anaerobic digestion. This work aimed to evaluate the influence of OLR pro-
gression on the productiveness of methane by incremental addition of PL in 
a CSTR continuously fed with SM. The methane productivity reached was 
0.53 LN CH4.Lreactor

-1.d-1 for OLRs of 3.0 and 4.5 kgVSadd.m
-3

reactor.d
-1. Representing a 56% 

increase in methane productivity when compared to a control reactor with-
out the increase in PL. Showing the possibility of mixing these substrates in 
anaerobic co-digestion with high solids contents.

Keywords
Biogas; animal production; waste management; anaerobic digestion.

INTRODUCTION
Among the most consumed meats in the world are pork (1st) and chicken (2nd), both produc-
tion chains have Brazil among the largest producers in the world (ABPA, 2017). The concen-
trated animal feeding operations (CAFO’s) allowed the production of animals for slaughter 
on an industrial scale. But the system has a negative point, a large amount of organic waste 
generated (KUNZ, 2009). In the chicken and pork production, the main residues generated 
are, respectively, poultry litter and swine manure.  The energetic use after anaerobic diges-
tion it is an attractive strategy to add value to these organic wastes. Biogas generation from 
SM is very common for pig farmers; however, alternatives to increase methane productivity 
by adding external carbon sources are not widespread in Brazil. Therefore, there is the pos-
sibility of using the PL to be used in co-digestion, but the digester operational information 
(e.g. OLR) is scarce.

Thus, this work aimed at the methane production of co-digestion of PL and SM in CSTR, 
aiming at the effect of organic loading rate increase by incremental addition of PL.

MATERIAL AND METHODS
The experiment was conducted in a 12 L acrylic lab scale CSTR, jacketed, acclimated at 37 
ºC ± 1 ºC (JULABO model M8). This reactor was already in a steady state operating only with 
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swine waste at an OLR of 1.0 kgVS add.m
-3

reactor.d
-1. The mean volatile solids content of the SM used between 

loads of 1 and 3.6 kgVSadd.m
-3

reactor.d
-1 was 3.3% (w.w-1) and in the OLR of 4.5 kgVS add.m

-3
reactor.d

-1 it was 6.2 % 
(w.w-1). The volatiles solids content of the PL collected was 47.7% (w.w-1). The increase in OLR was ap-
plied by the amount of PL added. From there increased the OLR respecting the criteria, when the reactor 
reached steady state (biogas productivity difference <10% per 5 days), 20% of the OLR was increased.
To evaluate the CH4 content, using infrared and electrochemical sensors (GEOTECH, Biogas 5000). TS 
and VS analysis was carried out according to the procedure described in APHA (2012).
RESULTS AND DISCUSSION
Figure 1 shows the productiveness of methane with increasing of OLR. Throughout the operation of the 
OLR reactor from 1.0 to 3.0 kgVS add.m

-3
reactor.d

-1, there was a trend of increase in methane productiveness. 
In OLR 3.0 kgVS add.m

-3
reactor.d

-1 the average productivity was 0.53 LN CH4.Lreactor
-1.d-1 and in the OLR of 4.5 kgVS 

add.m
-3

reactor.d
-1, the average productivity was similar.

Figure 1. Methane Productiveness with organic loading rate (OLR) increase in a lab scale CSTR.

For OLR of 3.0 kgVS add.m
-3

reactor.d
-1, this productivity was due to a better process methane yield due to 

process stability (data not shown) and to the OLR of 4.5 kgVS add.m
-3

reactor.d
-1 by the higher amount of VS 

added. A limitation of the OLR progression of 4.5 was the total solids content that reached 11.7% (w.w-

1), due to the generation of large amounts of foam. According to the literature, the limit values for the 
reactor model used is close to 12% (WELLINGER et al., 2013).

FINAL CONSIDERATIONS
It was possible to establish a co-digestion with poultry litter and swine manure in CSTR reactors with 
high solids content. The reactor operated at an OLR of 4.5 kgVSadd.m

-3
reactor.d

-1 and reached a methane pro-
ductivity of 0.53 LN CH4.Lreactor

-1.d-1. The co-digestion using swine manure and poultry litter  in Brazil is inter-
esting because both production chains are mostly concentrated in the southern region of the country, 
facilitating the logistics of  substrates collection for biodigestion.
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Abstract
Slaughterhouse wastewater is an excellent substrate for obtaining biogas 
through anaerobic degradation. The aim of this study was to evaluate the 
effect on biogas production of adding recycled support within tubular biodi-
gesters treating slaughterhouses wastewater. The start-up of the study was 
carried out with 4 tubular biodigesters (50 L volume) at pilot-scale divided 
in two phases (input and output) with/without recycled support (corrugated 
pipe). Volatile Solids (VS) content in influent/effluent and biogas from B1in-

put-B1output, B2input (s)-B2output, B3input (s)-B3output and B4input (s)-B4output (s) were mon-
itored during 264 days. Results showed that biodigesters removed up to 
84% of VS. The specific biogas production (SBP) reached up to 0.47 m3

biogas/
kg SVadded and rate biogas production (RBP) was of 0.08 m3

biogas/m3 biodigester. 
Therefore, support material improved the SV removal, SBP and RBP in nearly 
29, 16 and 16%, respectively.

Keywords
Biodigester, recycled support material, slaughterhouse wastewater, RBP, 
SBP.

INTRODUCTION
Slaughterhouse wastewater has a content of organic matter above 1 g COD/L, which favors 
its degradation under anaerobic processes (Dallago et al., 2012). Biodigesters arises as a 
low-cost strategy (7.1 USD/m3), regarding to other anaerobic treatment technologies (eg. 
AnMBR or Anaerobic Membrane Bioreactor). Moreover, biodigesters have also been shown 
to be effective in the organic matter removal (87% as VS) and biogas conversion, reaching 
specific methane production up to 0,3 m3

methane/kg SVadded (Flores, 2014; Garfí et al., 2016). 
The biofilm establishment within tubular biodigester has demonstrated been effective on 
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biogas production up to 33% (Flores, 2014). Moreover, the alternative use of recycled support material 
could make this technology more attractive. Therefore, the aim of this study was to evaluate the effect 
on biogas production of adding recycled support within tubular biodigesters treating slaughterhouses 
wastewater.

MATERIALS AND METHODS
Wastewater: Slaughterhouse wastewater was from Metropolitan Slaughterhouse of Quito (Ecuador). 
The wastewater samples were taken from solids separator and just before the homogenization tank. 
Experimental model: 4 tubular biodigesters of 50 L volume were divided in two phases (input, output) 
each one. Recycled support material was pieces of corrugated polypropylene pipe (φ = 50 mm) named as 
“s” of 50 mm from electrical installations. Support material occupied 2.8% volume of each phase depend-
ing on the biodigester. B1input-B1output, B2input (s)-B2output, B3input (s)-B3output and B4input (s)-B4output (s) were operated 
with Hydraulic Retention Time (HRT) of 10 days during 264 days. Gasometers were placed at the input 
and output of each phase.
Analytical Analysis: Inffluent and effluent were characterized by Volatile Solids (VS), whose methodolo-
gy is described by APHA-AWWA-WEF (2012).

RESULTS
Figure 1 describes a) SV removal efficiency and the effluent content, b) SBP and c) BPR of each phase 
from each biodigester during stable stage. Recycled support material within of input phase (B2input (s), 
B4input (s)) favored the SV efficiency removal between 23 and 29%. SBP increased from 7 to 16% respect 
to input phases without support material (B1input, B3input). Output phases with support material (B3output 

(s), B4output (s)) did not removed more SV than output phases without support material (B1output, B2output). 
However, SBP increased from 12 to 24%. BPR increased 2.3 times by adding the support material within 
output phases. Therefore, adding support material within two phases improves the biogas production 
up to 24%. 
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Abstract 
Looking for new alternatives to not only treat effluents from the sugar-alcohol industry, but also the generation 
and transformation of biomass into energy has been increasingly. Based on data related to the type of residue 
from sugar-cane distillation, a gas-lift type reactor was designed to generate biogas. To better understand the 
hydrodynamics of the reactor, the computational fluid dynamics has tools that make it possible to detail the 
hydrodynamic behaviour without the need to build an industrial scale reactor. This work had as objective to 
study a computational model to evaluate the hydrodynamic behaviour of a gas-liquid multi-phase reactor. For 
this, numerical simulations with different mesh refinements were performed to obtain the best computational 
performance. After the definition of the best computational adjustments, transient simulations were performed 
to  obtain  results  that  were  compared  with  scale  experiments  using  the  particle  image  velocimetry  (PIV) 
techniques. 

 
Keywords 
CDF; gas-lift; biogas; PIV. 

 
 

INTRODUCTION 
Biogas can be used as source of energy if applied to equipments that convert thermal energy into electrical energy. In order to avoid 
or minimize the problem, it is suggested to study the use of a gas-lift type reactor for the transformation of organic matter to biogas. 
In the search for renewable energy, it is necessary to improve processes to increase energy generation, as well as the efficiency of the 
process. With this, new methods have been developed to make this possible. One such technology is Computational Fluid Dynamics 
(CFD). With the help of computational resources, the CFD tools make possible the simulation and evaluation of systems and processes, 
such as gas-lift type reactors, without the need to construct the units for experimental evaluation provided there is a previously validated 
model. 

 
METHODOLOGY 
Gas-lift reactor 
For the internal dimensions of the gas-lift reactor, the methods adopted by Bastiani (2017) were followed. The total volume 
calculated for the reactor is 202 litres. The dimensions of the reactor are shown in figure 1(a). 

 
Characterization of phases 
For determination of the gaseous and liquid phases of the reactor, aiming at the numerical simulation, water was determined as liquid 
phase at 20 ° C and the gas phase was determined as air. This data is part of the fluid library of Ansys Fluent Software (16.1 . The 
diameter of the bubble was determined by the shadowgraphy technique as being 2 mm. 

 
Definition of mesh 
Non-structured  tetrahedral  meshes  were  used.  For  the  preliminary tests,  four  meshes  were  tested  with  288,057 (a),  512,952  
(b), 
1,066,560 (c) and 2,061,612 (d) control volumes. The Grid Convergence Index (GCI) method developed by Roache (1994) was used 
to define the mesh to be used. 

 
Multiphase flow 
The multiphase simulations were performed in a transient manner, adopting an average time of 200 seconds of flow for each simulation. 
The  Eulerian-Eulerian approach  was  used,  with the assumption that  the  phases  continuous  and interpenetrating materials  being 
a function of space and time in an inertial frame. Due to the use of  water as a fluid at a temperature of 20oC, the simulations were 
conducted as isothermal conditions. For the boundary conditions, the parameters used for the liquid phase were: velocity of gas inlet 
2.24x10-3  m.s-1, velocity of the liquid inlet 7.11x10-3  m.s-1  and pressure of 101,325 Pa. 
For  the turbulence model, the realizable k-epsilon  model was used. The pressure-velocity coupling was  defined as phase coupled 
SIMPLE. Table 2 shows the spatial discretization adopted for this model. 

 
Definition of geometry
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The geometry determines the volume of control to be modelled. Lima (2008) and Bastiani (2017) in their work demonstrated that the 
influence of the three-phase separator was not significant for modelling of the inside reactor, since there was no return of the biogas 
to the reactor. The geometry of the reactor is shown in figure 1(b). 

 
 
 
 
 
 
 
 
 
 
 

(a)                                           (b) 
 
 
 

Figure 1: The dimensions of the gas lift reactor (a). Geometry of the gas lift reactor (b). 
 

RESULTS AND DISCUSSION 
For the mesh test using the GCI method, the magnitude of the mean velocity in the liquid phase and the volume fraction were used as 
comparison parameters. For meshes (a), (b) and (c), the results were 1.012 and 0.998 respectively. For meshes (b), (c) and (d), the 
results were 1.005 and 0.998 respectively. For both meshes, GCI test results demonstrated that the results are independent of mesh 
quality. It was decided to use the mesh (c) due to the lower computational cost in relation to the mesh (d). 

The results obtained by the CFD method were compared with the results obtained by the analysis of the reactor in scale using the 
PIV method. The  riser region is  where the highest  speeds  are  found,  so it  is  the  region of  greatest  interest. To obtain the  data,  
a rectangular plane of height 0.77 meters and 0.22 meters of width was created. The magnitude of the mean velocity of the liquid phase 
was analysed for the computational model and for the reactor in scale. The magnitude of the mean velocity in the liquid phase in the 
plane for CFD was 9.571x10-2 m.s-1 and in the PIV was 9.412x10-2 m.s-1. That's a difference of 1.65%. Figure 2 (a) shows the result 
obtained in the riser plane for CFD and Figure 2 (b) shows the result obtained in the riser plane for the PIV. 

 
 
 
 
 
 
 
 
 
 
 
 
 

(a) (b)

Figure 2: Plane in the riser region obtained by CFD (a). Plane in the riser region obtained by PIV (b). 
 

CONCLUSION 
The results obtained in the computational model were shown to be consistent with the results obtained in the scale model. With these 
results, it is possible to use this methodology for computational modelling of reactors with the same characteristics, including applying 
up-scale and down-scale techniques. 
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Abstract 
An anaerobic fluidized bed reactor (FBR) in enlarge scale (20 L) were employed in order to treat 
synthetic wastewater with hydraulic retention time (HRT) of 18 h. Sand was used as support material 
and  a  mixture  of  sludge  from  UASB  reactors,  treating  swine  manure  and  sludge  adapted  for 
surfactant, were used as inoculum source. The operational time was divided in two stages according 
stability in organic matter removal: stage I with organic matter efficiency of 67±11% for the influent 
of 907±19 mg COD L-1  and stage II with organic matter efficiency of 92±3 % for the influent of 
907±4 mg COD L-1. The short period required to reach stability in COD removal (56 days in stage 
I) as well as the high global  organic matter removal efficiency (96±2%) demonstrates that great 
potential applicability of this reactor configuration as biological treatment of synthetic wastewater 
and the scaling up viability of that reactor´s configuration. 

 
Keywords 
Anaerobic degradation; high recirculation rate; biofilm; sand; adapted sludge; synthetic substrate 

 
1. INTRODUCTION 
Fluidized Bed Reactor (FBR) is an technological alternative for the biological wastewater treatment 
and has already been applied in many researches at the Laboratory of Biological Processes of EESC- 
USP, especially for the surfactants degradation as Linear Alkylbenzene Sulfonate (LAS) (Duarte et 
al., 2008) and Linear Alcohol Ethoxylate (LAE) (Motteran et al., 2014), showing adequate removal 
of  the  pollutants  as  well  as  reduction  of  organic  load  of  sewage  and  commercial  laundry 
wastewater.However, most studies so far have been performed on bench scale (volume close to 1L). 
It is extremely important to stagger this reactive configuration because the bench scale studies provide 
parameters to improve the knowledge of the reactor in larger volumes. Larger reactors, in turn, present 
operational  and  hydraulic  challenges.  In  this  sense,  it  is  necessary  to  evaluate  the  effects  of  
the increase of scale in this reactive configuration already consolidated in the treatment of synthetic 
and real wastewater in laboratory scale. 

 

2. MATERIAL AND METHODS 
Fluidized bed reactor was constructed in acrylic (20 L) with 254 cm of height and 10 cm of diameter. 
Sand was used as support material (4.5 kg) with granulometry varying between 1.4 mm and 1.7 mm 
and density of 2300 g L-1. Microorganisms concentration in biofilm adhered to the support material 
(sand), was 2.19 mg SSV g-1. The reactor was operated in continuous flow, with a hydraulic retention 
time (HRT) of 18 h at ambient temperature (28±10ºC). The recirculation flow applied to the reactor 
was 180 L h-1. Inoculum was obtained from sludge coming from a full-scale UASB reactor used in 
the treatment of swine manure, mixed (50/50) with a surfactant adapted sludge. Synthetic substrate 
used in the feeding of the reactor was described by Duarte et al. (2008). Sodium bicarbonate (400 mg 
L-1) was added up to 44 operation days, being gradually reduced to zero in 58 days of operation. 
Physicochemical analyses of chemical oxygen demand (COD), pH, alkalinity and total solids were 
performed by standard methods for examination of water and wastewater (APHA–, 2005).
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3. RESULTS AND DISCUSSION 
 

The pH remained constant throughout the reactor operation with influent average values of 7.6±0.2, 
and effluent average values of 7.71±0.25. Total effluent alkalinity ranged from 255±21 mg CaCO3 
L-

 
1  with sodium bicarbonate addition (Phase I) to 116±2 mg CaCO3  L-1 without addition of sodium 
bicarbonate (Phase II). 

 

During operation stage it was observed that the organic matter removal efficiency (filtered COD) on 
average 75±12%, at Phase  I (sodium bicarbonate  addition) and on average  of 94±3% at Phase  II 
(without addition sodium bicarbonate), as can be seen in Fig. 1. 

 
 
 

(A)                                                           (B)                                                            (C) 
 
 
 
 
 
 
 
 
 
 
 
 
 

Phase I         Phase II                                Phase I         Phase II                               Phase I         Phase II 
 

Figure 1. Box plot of COD influent (A), COD effluent (B) and COD removal efficiency (C). 
 

The reactor presented great stability even without addition of sodium bicarbonate (Phase II), due to 
the high recirculation of the effluent that adds alkalinity from the CO2  generated in the anaerobic 
conversion of the substrate (Iza, 1991). 

 

4. CONCLUSIONS 
 

Anaerobic fluidized bed reactor can be considered a feasible reactor configuration for scaling up in 
order to treat synthetic wastewater. In the present study, this reactor configuration reaches high COD 
removal  efficiencies  in  a  short  operational  time  when  compared  to  other  conventional  biological 
treatment, showing applicability potential. 
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 Abstract 
This document results from the development of the degree work to opt for the title of sanitary engineer at 
Universidad de Antioquia, which consisted in the stabilization of biological sludge from Gómez Plata’s 
wastewater treatment plant by the means of bio-digesting bales, an anaerobic digestion technique for the 
stabilization of organic matter. The process consisted on the tracing of the physico-chemical parameters in a 
period of 4 months, and an analysis of the physical, chemical and microbiological parameters of the final 
product, which were reviewed and compared to the light of multiple literature and Colombian regulations, 
specifically the decree 1287 from 2014 and the NTC 5167. According to which, the obtained product is 
classified as B-type bio-solid, mainly due to indicator microorganisms as helminths eggs, total coliforms and 
fecal coliforms. 

Key words: Biological sludge, bio-digesting bales, organic matter, organic manure, anaerobic digestion. 

 
INTRODUCTION 
According to Bedoya et al. (2013) in Colombia a generation of approximately 274 tons of biological sludge 
per day is calculated, as a result of the treatment of wastewater. These sludge can be used as organic 
fertilizer but due to the presence of organic matter in a form not assimilable by the plants, and the presence 
of pathogens and heavy metals, it must be stabilized in such a way that they do not represent a danger to 
human health and the environment. In this exploratory work, this stabilization is carried out through the 
biotechnology of biodigester bales, an anaerobic digestion system of organic matter, which due to its 
composition and structural form does not generate offensive odors, nor the attraction of vectors while the 
stabilization process takes place. (Ossa, 2016) 

MATERIALS AND METHODS 
The first step was the construction of four biodigester bales was carried out, with 0, 50, 75 and 100% of 
sludge, these concentrations were completed up to 100% with kitchen waste. These four bales were 
monitored for temperature, pH and humidity for a period of 4 months. After four months, samples from 
the bales with some concentration of biological sludge were taken to the GIEM laboratories for the 
measurement of physical, chemical, and microbiological parameters 

RESULTS 
Temperature and pH respectively measured over a period of four months, it is evident that in both 
parameters better results are obtained as the concentration of kitchen waste increases due to the increase 
in the ratio C / N agreeing with (Julio, 2016). 
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After four months of monitoring, the samples were studied in the of the GIEM’s laboratories, where 
physicochemical parameters were measured (Color, texture, particle size, Ashes, CIC, TOC, Moisture, 
pH, C / N, NOT, CE , density, phosphorus), heavy metals (chromium, nickel, lead, copper, mercury 
arsenic) and microbiological (mesophiles, thermophiles, molds, yeasts, whole bacteria, salmonella, total 
coliforms, fecal coliforms and helminth eggs). The results are shown in Figure 3. And tables 1.

 
 
Figures 3. Physical-chemical characterization of the final product.  
Tables 1. 
Characterization of the final product (heavy and microbiological metals)

  
CONCLUSIONS  

 
In the process of stabilization of biological sludge by Biodigester Packs, the temperature, humidity and 
pH parameters followed different patterns to those registered in stabilization processes of food residues 
using this same method. But it kept similarities with the parameters recorded in biological sludge 
stabilization processes using other methods such as composting or vermiculture. 

The biological sludge digestion capacity increased proportionally to the amount of food residues 
added to the system, due to the increase in the C / N ratio. Which, consequently, generates an increase in 
the temperature of the system, indicator parameter of microbiological activity, thus allowing to conclude 
that the increase in the amount of food residues will increase the temperatures registered until reaching 
values close to 55 ° C, in this way the inhibition of pathogenic organisms would be guaranteed. 

Regarding the requirements of Decree 1287 of 2014, the concentrations for whole bacteria and 
salmonella sp were met, which allowed classifying the final product as type B biosolids. It was found that 
the process of stabilization of biological sludge in biodigester bales represents an alternative, ecological 
and technically viable, although the present study also allows to conclude that four months are not 
sufficient to achieve the total digestion of the material of interest 
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Abstract 
The  combination  of   hydrothermal  carbonization   (HTC)   with  anaerobic  digestion   opens  an 
alternative  to  sewage  sludge  management  and  valorization,  having  the  possibility  to  generate 
energy-rich  solids  (hydrochar)  and  a  liquid  by-product  with  biogas  production  potential.  In  the 
present work, the anaerobic biodegradability of the liquid fraction from hydrothermal carbonization 
(LFHTC) of dewatered sewage sludge in an upflow anaerobic sludge blanket (UASB) reactor has 
been studied. The reactor was fed with a substrate composed by LFHTC + glucose (1:1 on a COD 
basis). Organic loading rates from 0.3 to 4.6 g COD L-1  d-1  were tested to evaluate the performance 
of the  anaerobic reactor. Overall, the  start-up  period  was  successful, the biomass  showed  stable 
behavior and great adaptability to increasing organic loads, with COD and TOC removal efficiencies 
average of 65% and 40%, respectively, and a biogas with 70% of methane. 

 
Keywords 
Hydrothermal carbonization; liquid fraction; organic loading rate; sewage sludge; UASB reactor. 

 
 
INTRODUCTION 
Hydrothermal carbonization (HTC) is useful to convert wet biomass into a coal-like material, usually 
called hydrochar, at relatively mild reaction temperatures. Moreover, a high-strength liquid phase, 
which could contain up to 15% of the initial carbon, is produced. Therefore, management of this by- 
product  needs  to  be  considered  being  anaerobic  treatment  an  engaging  way  to  optimize  energy 
recovery. The aim of this work is to study the potential to produce CH4 from the liquid fraction of the 
HTC (LFHTC) of secondary sewage sludge using an UASB reactor. In previous works, the effect of 
the inoculum to substrate ratio and the inoculum source have been optimized working at mesophilic 
temperatures in batch mode (Villamil et al., 2018; De la Rubia et al., 2018a). 

 
 
METHODS 
Inoculum and substrate 
Anaerobic granular biomass collected from a full-scale internal circulation reactor treating brewery 
wastewater was used as inoculum (granular size: 2-3 mm), with a total solids (TS) of 48.8 g L-1  and 
volatile solids (VS) of 44.3 g L-1. The initial specific methanogenic activity was 0.28 g CH4-COD g−1 
VS d−1. 

 

Dewatered sewage sludge (DSS) (85% moisture) was collected from a MBR treating cosmetics 
wastewater. HTC of DSS (208ºC, 1 h) was performed in a ZipperClave® pressure vessel electrically 
heated. The LFHTC recovered by centrifugation and filtration (0.45 µm), was characterized by pH: 
4.9, soluble COD: 94.6 g L-1, TS: 51.9 g L-1, VS: 46.2 g L-1, TOC: 42.6 g L-1  and TKN: 8.7 g N L-1. 
The feeding was prepared with a contribution of 50% COD from glucose and 50% of LFHTC of DSS. 

 

Reactor design and operational conditions 
An UASB reactor with a working volume of 5.4 L was operated for 90 d at 35 ºC (HRT: 24 h), with 
an OLR ranging from 0.3 to 4.6 g COD L-1 d-1. The reactor feed was prepared with a contribution in 
COD of 50% glucose and 50% LFHTC of DSS. Biogas production was daily measured. The effluent 
from the UASB reactor was characterized (pH, alkalinity, VFA, TOC, COD, NH4

+) for each OLR 
used.
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Analytical methods 
 

APHA (1998) standard methods were used to analyze TS (2540B), VS (2540D), COD (5220D), N- 
NH3 (4500-NH3). Partial and total alkalinity by titration to 5.75 and 4.3, respectively. The VFA from 
C2 to C7 were analyzed using a Gas Chromatograph (GC) (Varian 430-GC) and biogas composition 
(H2, CO2  and CH4) was determined by GC separation (Thermo Scientific Trace 1310) (De la Rubia 
et al., 2018b). 

 
 
RESULTS 

 

Figure  1  shows  the  reactor  performance  working  at  different  organic  load  rates  (mean  for  
each period): 0.3, 0.65, 1.25, 1.77 and 4.6 g COD L-1 d-1, respectively. Along the long-term experiment 
accumulation of VFA (< 200 mg COD L-1) was not detected, which is consistent with the alkalinity 
and pH values measured and the N-NH3  concentration, which was kept below 50 mg L-1. COD and 
TOC  removal  efficiencies  were  about  60-70%  and  25-50%,  respectively,  quite  similar  to  those 
obtained by Qiao et al. (2011) on the digestion of low concentrated LFHTC from SS. During the 
acclimation period, working at OLR of 0.3 g COD L-1 d-1, biogas production was below than the 
expected (209 mL d-1; 18.4% CH4) indicating that COD removal was due mainly to the synthesis of 
new micro-organisms rather than for CH4  production.

 

 
 

Figure 1. UASB reactor performance. 

 

However, the production of biogas increases 
with the increase of OLR and the percentage 
of CH4  was stabilized between 62 and 70%, 
growing in proportion to the organic matter 
concentration.   The   highest   OLR   tested 
showed  a  noticeable  impact  on  the  biogas 
production and COD removal, evidencing an 
inhibitory effect of the LFHTC of DSS. As 
conclusion,   LFHTC   of   DSS   could   be 
valorized by anaerobic digestion in a UASB 
reactor working at OLR lower than 4 g COD 
L-1  d-1.
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Resumen
Este estudio evaluó la estabilización alcalina de los lodos residuales gener-
ados en el reactor UASB del CITRAR FIA UNI (Lima, Perú) para mejorar su 
calidad microbiológica, empleando Cemento Portland con dosis entre 0.1 y 
1.49 kgCem/KgSS. Durante la investigación se evaluaron reactores batch 
que simularon las condiciones de un lecho de secado con un tiempo de con-
tacto de 9 días. Los resultados mostraron que empleando una dosis de 0.12 
kgCem/KgSS se logró reducir los coliformes termotolerantes a concentra-
ciones inferiores a 3NMP/gST, lo que significa que este lodo residual podría 
convertirse en un residuo valorizado.

Palabras claves
Biosólidos; Cemento Portland; coliformes termotolerantes;  lodos residuales 

INTRODUCCIÓN
En el proceso de estabilización alcalina se adicionan dosis de cal (CaO, Ca (OH)2) a los lodos 
para reducir la concentración de microorganismos y patógenos al crear un ambiente de pH 
alcalino que es hostil a la actividad biológica. Además de aumentar el pH, la cal también afec-
ta las características químicas y físicas del lodo (Turovskiy y Mathai, 2006).En algunos casos la 
cal puede ser sustituida por cenizas volantes, polvo de hornos de cemento y carburo cálcico 
(Metcalf y Eddy, 2003).

En el Perú, el óxido de calcio e hidróxido de calcio son insumos químicos fiscalizados (De-
creto Legislativo N°1123 - 2015), en consecuencia se consideró como una alternativas para 
sustituir la cal, al Cemento Portland debido a que en su composición química contiene un 
64.18% de CaO (Peter Hewlett, 2003).

MATERIALES Y MÉTODOS
Se construyeron reactores batch que simularon las mismas condiciones de un lecho de seca-
do con un tirante de 8 cm. Para realizar el control de los efectos que genera la dosis de 
cemento, se analizaron 09 dosis de cemento (kgCem/KgSS): 0.1, 0.12, 0.13, 0.19, 0.22, 0.3, 
0.43 ,0.63 y 1.49 durante 9 días. Cada dosis fue analizada por triplicado para determinar la 
dosis óptima que permita obtener un pH lo suficientemente alcalino y con ello remover la 
concentración de coliformes termotolerantes. Cada reactor fue acompañado de un blanco 
que no contenía cemento.
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Los resultados fueron comparados con el indicador de contaminación fecal de los parámetros 
de higienización de biosólidos de la normativa peruana de lodos.

RESULTADOS Y DISCUSIONES
Durante el estudio se observó que existe una relación entre el pH y la concentración de coli-
formes termotolerantes para cada una de las dosis de cemento aplicadas. Se determinó que 
la adición de cemento en los lodos reduce la concentración de coliformes termotolerantes 
probablemente al crear un ambiente alcalino. El pH al final de la exposición del lodo anaero-
bio para las diferentes dosis de cemento aplicadas se muestra en la figura 1.

Figura 1. Variación del pH y la eficiencia de remoción de Coliformes termotolerantes del lodo anaer-
obio a diferentes dosis de cemento.

La dosis de 0.12 con un tiempo de exposición de 9 días evidenció una concentración inferior 
a 3 NMP/gST, mientras que el blanco en el día 9 evidenció una concentración de 3.8E+08 
NMP/gST, la concentración menor a 3 NMP/gST cumple con el indicador de contaminación 
fecal de los parámetros de higienización de biosólidos indicados en la normativa de lodos 
peruana que establece que la concentración debe ser menor a 1000 NMP/gST. La eficiencia 
de remoción obtenida con esta dosis fue de 6.2 logs.
Las dosis superiores a 0.12 que fueron evaluadas también cumplieron con la normativa pe-
ruana y tuvieron eficiencias superiores a 6.2 logs, pero su aplicación requiere de un mayor 
empleo de alcalinizante y costos operativos.
El biosólido higienizado con cemento portland, en términos de coliformes termotolerantes 
muestra un buen potencial para ser reusado.
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Abstract
A sludge generated during gelatine production was evaluated in order to 
know the viability to use it for methane production and generate energy. 
Three experiments for biochemical methane production (BMP) were done 
using two different inoculums and without inoculum. Higher methane re-
covery and high volatile solids (VS) destruction were obtained using an inoc-
ulum from a UASB of the same gelatine factory (BMP= 1370 NL/kgVS and 
100% of VS degradation) but good results were obtained without inoculum 
(BMP= 845 NL/kgVS and 85% of VS degradation). Results shows that sludge 
is a good substrate for anaerobic digestion with high biodegradability and it 
is possible to start up a reactor with or without inoculum. 

Keywords
Industrial sludge, anaerobic digestion, biochemical methane production, 
biodegradability

INTRODUCTION
Gelatine is a prized raw material in the food, photography, pharmaceutical and cosmetic in-
dustries due to its capacity to form strong and flexible gels films that exert a binding action. 
During the gelatine production process a sludge, is formed from the acid or alkaline boiling 
treatment of the bone, cartilage and skin collagen (Gómez-Guillen et al., 2015) thus making 
it a protein rich residue (Fang and Yu, 2002). This sludge together with ash, bones residues 
and other solids make the gelatine manufacturing a very polluting industry (Awasthi et al., 
2016). Most of these sludge treatment reports (Garrido Hoyos et al., 2002; Melo Guimarães 
et al., 2012; Awasthi et al., 2016) deal with compost production. The objective of this work 
is to evaluate the viability of anaerobic digestion of the gelatine industry sludge for methane 
production and sludge reduction and stabilization 

MATERIALS AND METHODS
Gelatine sludge substrate and inoculum sources
The substrate was obtained from a gelatine factory after collagen separation; the inoculum 
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from two upflow anaerobic sludge blanket (UASB) reactors, one treating gelatine wastewater 
(inoculum 1) and another from a juice factory (inoculum 2).

Gelatine sludge characterization
COD, TS, FS ammonia and total Kjeldahl nitrogen analysed by standard methods (APHA 
2005).

Biochemical methane potential (BMP) of the gelatine sludge. 
In 250 mL flasks were filled and incubated at 35°C with inocula and substrate to adjust a I/S 
ratio = 4 on VS basis. Duplicates were done for T1 (substrate plus inoculum 1), T2 (substrate 
plus inoculum 2) and T3 (substrate alone). Methane production was measured by displace-
ment of a 4N NaOH solution and biogas composition was determined by gas chromatogra-
phy.

RESULTS
Substrate characterization
Table 1 presents the main characteristics of sludge. Two characterization were done, 1)  af-
ter sludge were sampled and 2) three months later in order to known if sludge is degraded 
during its storage as it can be seen in the table. Sludge presented a VS/TS ratio between 0.67 
and 0.75 and almost all nitrogen is as free ammonium form as the result of acid and alkali 
pre-treatment in the factory.

Table 1. Gelatine and inocula sludge characterizations

TS (g/L) VS (g/L) COD (g/L) KN (g/L) NH4 –N (g/L)
1 60.6 45.2 109.1 5.6 5.3
2 39.0 26.2 79.3 4.4 4.4
I1 114 29 - - -
I2 61 53 - - -

Biochemical methane potential
Figure 1 presents BMP results during 70 days. According to theoretical BMP per COD con-
sumption and sludge characteristics, theoretical BMP was 844 NL/kgVS and experimental 
BMP were 1370, 878 and 845 NL/kgVS for T1, T2 and T3, respectively. The higher methane 
production with respect to theoretical value is due to substrate residual in the inoculum. Test 
without inoculum had the same production as the theoretical. Volatile solids reduction rates 
were 0.42, 0.27 and 0.32 gVS/Lr·d and with a VS degradation of 100, 94 and 85 % for T1, T2 
and T3, respectively. According to the results the use inoculum from the same factory is rec-
ommended (T1) because it showed to be adapted to the substrate but it is possible to start-
up without inocula because 100% of theoretical methane production was obtained with 85% 
of VS reduction in T3. Biogas composition oscillated between 78 to 82% of CH4. A first order 
reaction kinetic constant was calculated as k=0.16 d-1 for the test without inocula (T3).
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Figure 1. Methane producti on in BMP test 
CONCLUSIONS

In spite of its high N content, wasted sludge from the gelati ne industry produced methane 
and the results indicate that it’s a good substrate with high biodegradability and a methane 
potenti al of 845 NL/kgVS and it is possible to recover between 85 to 100% of theoreti cal 
BMP with a high VS degradati on. 
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Abstract 
Vegetable crop residues, such as sugar cane bagasse (SCB), are by-products with great potential for 
the production of biogas because of their low cost, high availability and high sugar content. 
Through 
a previous treatment, the recalcitrance that limits the microbial hydrolysis of the material can be 
overcome, interesting characteristics such as adsorption can be gained into the material and higher 
methane yields can be achieved if combined in a co-digestion process. Pre-treated SCB (T-SCB) 
with supercritical CO2  (SPC-CO2) at 60˚C/200 kgf·cm-2  was studied for the adsorption of fat and co-
digested with fatty dairy residues (FR). Results showed a greater adsorption capacity in the raw SCB,  
however,  a higher  adsorption rate for T-SCB.  BMP tests  inferred  a  higher  capacity of the 
inoculum to degrade T-SCB in co-digestion of fatty dairy residues (FR). 
Keywords 
Supercritical pre-treatment; anaerobic digestion; solid wastes; biogas; renewable energy. 

 
INTRODUCTION 
In anaerobic digestion (AD) processes, SCB is a promising substrate since its contribution of sugars 
to the medium can favour the microbial consortia and its adsorption properties can help to deal with 
problematic  compounds1.  However,  its  use  has  been  limited  due  to  difficulties  in  the  hydrolysis 
stage2.  Different  pre-treatment  methods  have  been  developed  with  the  aim  of  reducing  the 
recalcitrance of lignocellulosic materials3,4. Supercritical CO2  at 60˚C/200 kgf·cm-2  is one that has 
proven significant effectiveness at this purpose improving methane yield by 23.4%5. The aim of this 
work was to evaluate this pre-treatment in the adsorption capacity of SCB and its use in co-digestion 
with fatty dairy residues (FR). 

 
MATERIALS AND METHODS 
Raw SCB was obtained from a sugar and alcohol processing company, while FR was collected from 
the grease trap of the effluent treatment system of Tavolaro dairy plant, both located in the state of 
São Paulo (Brazil). SCB was pre-treated with supercritical CO2  at 60˚C/200 kgf·cm-2  (T-SCB) as 
stated by Henao et al.5. Inoculum was obtained from a UASB reactor of a poultry slaughterhouse and 
later adapted in an anaerobic reactor fed with a milk and cellulose based substrate with 3 g.COD/L. 
All materials were characterized by chemical composition6, solids and Chemical Oxygen Demand 
(COD)7 . 
Adsorption Test 
Adsorption of fat in the raw and pre-treated SCB was determined following the protocol described by 
Brandão8, with adaptations. Thus, amounts of SCB ranging from 0.25 to 1.2 g were added to 30 mL 
of a water-butter mixture (10%) at 41˚C and then stirred at constant speed for 3 hours. At each set 
time interval of 15, 30, 60, 90, 120 and 180 minutes, 3 vials were sacrificed and the mixture was 
separated using sieves. The obtained SCB was dried at room temperature and weighed after 48 
hours. By weight difference, the mass gain of the bagasse and the percentage of adsorption was 
calculated. A modified Hill model, was adjusted for the correlation of the results, with the aid of 
Origin 9.0TM. Biochemical Methane Potential (BMP) tests 
Methane production was assessed by triplicate batches following the recommendations of Angelidaki 
et al.9. Thus, 120 mL reactor vials were fed according to Table 1, and incubated at 37°C and 100 rpm. 
The inoculum was degassed until negligible production of biogas and vials with no substrate were
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employed  as  control.  Kinetic data  were obtained through  the Gompertz model.  Biogas  yield  
was measured by pressure transduction and its composition was analysed by gas chromatography. 

 

                        Table 1. Composition of BMP tests                        
T-SCB Fatty COD g.COD/ Inoculum Buffer Macro Sol. Micro Sol.

         (g)          Residue (g)       added (g)        g.VS          (mL)          (mL)            (mL)              (mL)   
T-SCB               1                    -                   0,903           0,017            25              20               0,2                  0,1 

T-SCB+FR1                1                  1,4                 1,181           0,021            25              20               0,2                  0,1 
T-SCB+FR2              0,2                 1,4                 0,458           0,008            25              20               0,2                  0,1 

 
RESULTS AND DISCUSSION 
The kinetic analysis of the results obtained through the adsorption test showed a higher adsorption 
capacity in the raw SCB (R-SCB), requiring a greater amount of T-SCB to approach the maximal 
percentage of adsorption expressed by R-SCB of 84.574±3.953 (1.0g of T-SCB vs 0.75g of R-SCB). 
Nonetheless, the saturation constant obtained, suggests that the maximum adsorption rate is reached 
more  rapidly when  T-SCB is  used.  In  the  BMP  test,  the  condition  T-SCB+FR2  was  proposed  
to simulate  the  quantity  of  SCB  necessary  to  adsorb  the  fat  contained  in  the  FR.  An  
accumulated methane production of 30.44, 37.01 and 32.94 mmol·CH4 was obtained for T-SCB, 
TSCB+FR1  and TSCB+FR2, respectively. The kinetic analysis of the results allowed to infer a higher 
capacity of the inoculum to degrade the substrates when presented in co-digestion, as the lag phase 
(λ) decreased and the rate of methane production (k) increased. Methanogenic production relative to 
the amount of substrate improved in the condition T-SCB+FR2 (40.98 mmol·CH4/g·DQO), while in 
T-SCB+FR1 was  below  the  expected  (19.34  mmol·CH4/g·DQO),  probably  due  to  unbalance  of  
the  relation between  Carbon  and  Nitrogen,  combined  with  the  presence  of  lipids.  Lipids  present  
an  energy potential  superior  to  protein  and  carbohydrate  based  residues  and  are  also  known  
for  presenting difficulties in AD processes by the generation of long-chain fatty acids (LCFA), which 
may inhibit methanogenic microorganisms10. 

 
CONCLUSIONS 
The methane yield achieved in T-SCB+FR2 suggests that by guarantying the adsorption of lipids into 
a convenient matrix, as SCB, complications of dealing with fatty residues can be overcome. Residues 
from  the  dairy  grease  trap  showed  high  methanogenic  potential,  increasing the  yield  of  methane 
produced, showing potential to improve the economic viability of anaerobic plants when combined 
with the right amount of T-SCB. 
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Abstract 
This work aimed at identifying the operating STPs in two Brazilian watersheds. For each STP, the 
generation of sludge, as well as the alternatives for its proper disposal was evaluated. To assess the 
sludge management, field visits and contact with the local sanitation company were performed 
between 2016 and 2017. In the studied area, 70 STPs were identified and the UASB reactors 
comprised the most adopted treatment technology, with 51 systems operating, while the most post-
treatment alternative adopted in these cases were trickling filters, in 24 systems. The sludge 
generated in the studied area totalized 81,000 m³/year, mainly disposed of in landfills (77% of total).  
 
Keywords 
Sewage sludge; final disposal; agricultural use 

INTRODUCTION 
It is estimated that almost 2.6 billion people do not have access to the sewage system in the world 
(LEBLANC et al, 2008). Usually this deficit is even greater in developing countries. For instance, in 
Brazil, in 2015, 50% of the population was served with sewerage system and only 43% of total 
generated sewage was treated (SNIS, 2017). Despite this challenging scenario, the rates of sewerage 
system attendance and sewage treatment have been increasing, and probably will continue increasing 
due to currently investments in the sanitation sector. 
As one of the consequences of the expansion of sewerage system and sewage treatment there is higher 
generation of sludge, a solid by-product generated in this process. Despite the low sludge generation 
(about 2-3% of the volume of treated effluent), the costs related to the management of this by-product 
are significant, varying from 20 to 60% of the total operation costs of a sewage treatment plant (STP) 
(Spinosa et al., 2011). In Brazil, the management of this by-product has been neglected, with scarce 
and local information regarding its generation, as well as studies related to alternatives for sludge 
final disposal. Specifically in the investigated area, information regarding these aspects were not 
available.  
In this context, this work aimed at identifying the operating STPs in the watersheds of Velhas (SF5) 
and Jequitaí, Pacuí (SF6) rivers. Both watersheds are located in the state of Minas Gerais (MG), 
contiguous and sub-watersheds of the São Francisco river, one of the most important in Brazil. For 
each STP, the generation of sludge, as well as the alternatives for its proper disposal (namely, landfills 
and agricultural use) was evaluated. Besides being an adequate alternative and possible to be 
implemented in a short term, the agricultural use of the sludge allows the recycling of organic matter 
and nutrients in the soil, aspects of great relevance in the studied area, with notable agricultural 
activity and intense fertilizer demand. 

MATERIAL AND METHODS 
To assess the sludge management in the studied area, field visits and contact with the local sanitation 
company were performed between 2016 and 2017. Several information was collected as: location of 
STPs, liquid phase treatment flowchart, average operating flow, dewatered sludge generation, method 
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of sludge dewatering and final disposal. In the cases that sludge generation was not monitored, it was 
estimated based on the population equivalent (P.E.) of the STP, the sewage treatment flowchart and 
method of sludge dewatering. The results were presented according to the typology of sewage 
treatment, equivalent population and watershed. Finally, the licensed sanitary landfills were mapped 
in order to compare the feasibility of this alternative and agricultural use as sludge final disposal. 

RESULTS AND DISCUSSION 
From all the 73 municipalities that composes the considered watersheds, 70 STPs were identified in 
operation, with population equivalent about 4 million inhabitants (approximately 68% of the total of 
both watersheds). Although far from universalization, this value is higher than the rates reported for 
the State of Minas Gerais and Brazil, of 43% and 44%, respectively (ANA, 2017). This better scenario 
might be related to the fact that the metropolitan region of Belo Horizonte, the capital and most 
populous region of the state, is partially located in the study area (30 STPs are located in this region). 
The STPs were classified according to its scale: 41 small STPs (P.E. ≤ 10.000), 25 medium STPs 
(10.000 < P.E. ≤ 100.000) and 4 large STPs (P.E. > 100.000). The UASB reactors comprised the most 
adopted treatment technology, with 51 systems operating, while the most post-treatment alternative 
adopted in these cases were trickling filters, in 24 systems. The applicability of UASB reactors, 
followed or not by post-treatment, was observed in all evaluated scales, with a total flow of 2,900 L/s 
of treated sewage. The total sludge generation per treatment flowchart is shown in Table 1. 

Table 1. Annual production of dewatered sludge, according to the liquid phase treatment process. 
Treatment flowchart Annual production of dewatered sludge (m³.year-1) 

SF5 SF6 Total 
UASB reactors with/without post-treatment 38,661 15,488 54,149 
Activated sludge 24,239 0 24,239 
Stabilization ponds 1,831 515 2,345 
Septic tank-anaerobic filter 170 34 204 
Total 64,902 16,036 80,938 

Evidences of decentralized sewage treatment were observed, which directly influences the 
management of sludge. When the agricultural use of sludge is pursued, the decentralized generation 
may be advantageous once it increases the potential of achieving suitable areas for the disposal of a 
small amount of sludge, nevertheless, there are operational and logistic difficulties along the treatment 
and distribution of the sludge due to the scale. The centralization of sludge management allows the 
optimization of the treatment in a central place, however, finding suitable areas for receiving a large 
amount of sludge around one STP may be challenging, incurring high transport distances and costs 
for final disposal. In addition, 12 licensed sanitary landfills were identified, in which almost 77% of 
the total sludge generated in the study area was disposed, while the remaining fraction was disposed 
of inappropriately. All typologies of treatment and its implications regarding sludge agricultural use 
will be detailed in the complete version, enabling the description and comparison by watershed. 
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Speakers

En el nuevo marco de la Economía circular, en donde se pretende minimizar el consumo de 
recursos y los impactos sobre el medio, la Digesti ón Anaerobia consti tuye un elemento cen-
tral, de enorme valor estratégico. En el ámbito de aguas residuales, urbanas o industriales, se 
propone una evolución desde un tratamiento, más o menos complejo, hacia una estrategia 
en la que se pretenden recuperar los recursos disponibles bajo el concepto de Water Resour-
ce Recovery Factory  (WRRF). La digesti ón anaerobia permite diseñar procesos de tratamien-
to integral de aguas residuales minimizando consumos energéti cos e impactos ambientales. 
Pero, además, consti tuye una pieza esencial en la recuperación de recursos energéti cos, tal 
como biometano para la inyección a red o automóvil y en la producción de compuestos quí-
micos de base e incluso, a medio plazo, proteínas. 

Juan M. Lema
Departamento de Ingeniería Química
Universidad de Santi ago de Compostela (España)

La Digesti ón anaerobia, tecnología clave para una estrategia
de economía circular de aguas residuales y residuos
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Las aplicaciones de la digestión anaerobia en América Latina se remontan a no más de cuatro 
décadas, exceptuando los digestores rurales que contarían con una década más. El avance 
en el conocimiento y la práctica de esta vía de tratamiento de residuos orgánicos, líquidos y 
sólidos, ha sido posible gracias en buena medida a la investigación sustentada en varios gru-
pos académicos de la región. Estos a su vez han logrado transferir los conocimientos al sector 
gubernamental y privado, dando continuidad al esfuerzo hasta concretarlo en instalaciones a 
escala completa y en operación.
Desde los inicios, cuando la opción anaerobia era vista con desconfianza, hasta la fecha ac-
tual en que las tecnologías anaerobias se han consolidado en el manejo de diversos efluentes 
y residuos orgánicos, varios logros y etapas han sido cumplidos. En un mundo globalizado, 
donde la sustentabilidad cada vez toma más fuerza en las políticas públicas y en la vida de los 
ciudadanos, la vía anaerobia está destinada a jugar un papel preponderante. Esto lo hará en el 
ámbito del manejo sustentable de residuos orgánicos, con base en sus características únicas 
que permiten la recuperación y reciclado de recursos, en plena sintonía con los principios de 
la economía circular.
La revisión del proceso de desarrollo de esta vía tecnológica en América Latina permite iden-
tificar los aspectos que frenaron o impulsaron esta opción de tratamiento de efluentes y 
residuos orgánicos. Constituye una experiencia valiosa de investigación, desarrollo y trans-
ferencia de tecnología que, al estar sustentada en buena medida en capacidades regionales, 
representa un caso digno de ser replicado en otros ámbitos y problemáticas.
La fortaleza del acervo de conocimientos y experiencias en digestión anaerobia y procesos 
asociados con que cuenta la región, permite ser optimistas frente a los retos que pueden ya 
identificarse en la construcción de un desarrollo sustentable. Para ello, habrá que encontrar 
nuevas formas de colaboración interregional, identificando liderazgos y fomentando la coor-
dinación de esfuerzos y aportaciones. El compromiso mundial para avanzar seriamente en el 
logro de los Objetivos de Desarrollo Sustentable y la alta vulnerabilidad ante los efectos del 
cambio climático que presentan varios países de la región pueden ser los catalizadores de 
una nueva etapa en el desarrollo de la digestión anaerobia en América Latina y el Caribe. Esta 
oportunidad podrá concretarse en resultados y beneficios en la medida que la colaboración 
interregional sea alcanzada.

Adalberto Noyola
Instituto de Ingeniería UNAM, México

Una revisión de los logros y los retos en investigación y desarrollo sobre 
digestión anaerobia en América Latina
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The coverage of urban sewage treatment in Latin America and Caribbean region has almost 
doubled since the 1990s, reaching approximately 30% of the sewage collected in 2015. Con-
ventional sewage treatment plants are designed almost exclusively taking into account envi-
ronmental standards for discharge into surface water, since it is commonly the final effluent 
destination. If properly designed, constructed and operated, sewage treatment plants can 
achieve high removal efficiencies of organic matter, nutrients and pathogens, fulfilling their 
primary role of water pollution control. However, this is not the usual situation in Latin Ame-
rica and Caribbean region, where the plants usually have some operational problem, which 
result in rising treatment costs, loss of efficiency and non-compliance with environmental le-
gislations. Moreover, solid and gaseous by-products generated during the treatment proces-
ses are usually disposed of in landfills and burned into the atmosphere, respectively. Although 
these routes are accepted, they are not the most appropriate ones due to the environmental 
impacts they may cause to water, soil and atmosphere. On the other hand, it is widely re-
cognized that by-products generated during sewage treatment present high potential for 
exploitation, although practical efforts on this direction are still very incipient. Therefore, this 
Keynote will present perspectives on how by-products recovery from sewage treatment can 
play a key role for the expansion of sewage treatment in Latin America and Caribbean region. 
Full-scale cases will be addressed, as well as current opportunities and main challenges that 
still need to be tackled in a thought provoking way.

Carlos Augusto de Lemos Chernicharo 
Universidade Federal de Minas Gerais 
Coordinator of the National Institute of Science and Technology on Sustainable STPs 

Can the recovery of by-products contribute for boosting sewage
treatment in Latin America?
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Since the nineteen seventies, both industrial and municipal sewage collection and treatment has been advanced 
and implemented in the Netherlands, reaching an almost 100% coverage at the end of the past century. Together 
with the surface water protection acts, also the polluter pay principle was implemented. Based on this principle, 
all citizens and industries were taxed for their pollution load that was sent to the public sewer system. Since the 
discharge of pollutants (BOD, COD, suspended solids, and later also nitrogen and phosphorus) to open surface 
waters were heavily restricted by law, industries largely started to implement industrial wastewater treatment at 
their own premises. In this way, effluent levies were largely reduced or even prevented, whereas the pay-back 
time for the industrial wastewater treatment system was set to about 2-3 years. Since industries generally opt 
for the most economical alternative, cost-effective wastewater treatment systems were developed at large scale, 
with high-rate anaerobic wastewater treatment (AWWT) as the most successful example. At present, prevention 
of fossil fuel consumption and recovery of bio-energy in the form of CH4/steam/electricity are still one of the 
main drivers for implementing AWWT. 

Under Dutch climate conditions, the direct anaerobic treatment of conventionally collected municipal sewage is 
not possible; in the winter it is simply too cold. Nonetheless, anaerobic digesters of excess sewage sludge play a 
central role in achieving energy neutrality at conventional activated sludge sewage treatment plants (STP). Both 
the concerns regarding fossil fuel-based CO2 emissions and the societal wish to develop towards a more cyclic 
economy have invoked a development were municipal sewage is increasingly viewed as a stream of non-defined 
resources instead of ‘wasted water’. In order to actually valorize sewage components to (re)usable resources, the 
Union of Dutch Water Authorities has signed a covenant with the Ministry to support R&D and to act as laun-
ching customer for new techniques that aim for the production of sewage-based raw materials. At present, several 
WWTPs in the Netherlands are being re-constructed to so-called “Resource Factories”. With enhanced sludge 
conversion techniques, the electric energy potential should exceed the current 0.8-1.2 MWh-electric per ton slu-
dge, with the objective to fully close the energy balance in the near future. Next, phosphorus, reduced nitrogen, 
bio-polymers (like alginate like compounds and poly-hydroxyalkanoates), cellulose fibers, and treated water, etc. 
are being explored for commercial upgrading. The return on investment of these add-on techniques is still very low 
but this may change in future. Governmental legislation plays a crucial role in acceptance and may create financial 
incentives to stimulate techniques that are focused on a more cyclic approach. As a matter of fact, very recently, 
recovered phosphorus from sludge reject water in the form of struvite was recognised as a resource instead of 
being a waste product and is currently being sold on the market. It’s price, however, is still low and it is difficult to 
make a sound business case. 

The industrial sector significantly advanced in their environmental management and passed a period of good 
housekeeping, characterised by a steady decrease in fresh water consumption, increased process water recycling, 
improved resource efficiency, and prevention of losses with the effluent. Very interestingly, at several locations 
municipal sewage is upgraded to industrial process water, preventing a competitive fresh water claim at the speci-
fic location. A concise overview of current techniques and processes will be discussed which are also of potential 
interest for Latin America, concomitantly asking the question: “What is realistic and which gaps need to be unvei-
led”.

Jules B. van Lier
Section Sanitary Engineering, Department of Water Management, Delft University of Tech-
nology, Delft, The Netherlands & Environmental Engineering and Water Treatment Depart-
ment UN-IHE, Delft, The Netherlands

Recovery of Energy and Resources from Wastewaters:
Realistic Potentials and Current Challenges 
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La tecnología de los biodigestores que está siendo implementada en la actualidad presenta 
dos enfoques muy diferenciados: por un  lado tecnologías sofisticadas centralizadas enfo-
cadas a producción de electricidad, calor y biometano, y por otro lado tecnología sencillas 
descentralizadas con el objetivo de uso local de la energía y fertilizante.
Es necesario considerar los retos que impone el Cambio Climático, y los límites biofísicos 
del planeta, para considerar el desarrollo futuro de la tecnología de los biodigestores en el 
mundo, su rol dentro del concepto de economía circular, y las necesidades de I+D en este 
ámbito. Cuando estos aspectos son considerados en el análisis, los resultados de las necesi-
dades de investigación y desarrollo tecnológico son diferentes a los que se visibilizan desde 
otros análisis.  
Este trabajo pretende aportar una perspectiva crítica de los requerimientos de I+D  y función 
de los biodigestores en un futuro condicionado por la mitigación y adaptación al cambio 
climático, y por la menor disponibilidad de recursos energéticos y minerales, lo que limita 
el modelo económico asociado. El desarrollo de tecnologías pasivas, descentralizadas en el 
ámbito agropecuario y centralizadas en el ámbito urbano, es la oportunidad de trabajo que 
se desprende de este análisis. Finalmente se muestran algunas innovaciones en la tecnología 
de biodigestores  en los últimos años con gran potencial de contribuir a la resiliencia de la 
sociedades ante el Cambio climático y límites de los recursos.

Jaime Martí-Herrero
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Changes in attitudes toward the use of Anaerobic Digestion (AD), driven by agendas aimed at 
reducing the use of fossil fuels and improving energy efficiency particularly in industrialised 
countries, have allowed this technology to flourish in the 21st century.  In fact, AD has become 
one of the key revolutionary factors contributing to the improvement of waste management 
worldwide and the most common process used for bioenergy generation in industry inclu-
ding water, food, drinks and agriculture sectors.  Economic instruments (e.g., carbon credits, 
tax incentives, etc.,) and process innovations have placed AD at the heart of any ambitious 
industrial/municipal waste management programme, aimed at moving AD boundaries from 
waste processing and biogas production towards more comprehensive resource efficiency 
systems, that make the most of the feedstocks by optimising carbon, nitrogen, phosphorus 
and water cycles in a circular economy model. For instance, improvements in Combined Heat 
and Power (CHP) units to generate electricity from biogas have allowed the extensive use 
us AD in a wider range of scales, which was cemented by the use of hydrothermal processes 
as a pre-treatment step to enhance the anaerobic biodegradability of feedstocks.  Global 
initiatives like the Sustainable Development Goals (SDGs) are also giving a natural place to 
implement AD not only in targets related to energy (SDG7 - affordable and clean energy), 
but also in areas related to waste management (SDG6 – clean water and sanitation). With 
regard to the latter, the wide use of AD technologies for sanitation in developing countries is 
demanding the implementation of integrated solutions in which AD technology needs to fit 
within new engineering solutions maximising biogas production as well as nutrient recovery.  
In that regard, novel developments for upstream and downstream processes are lining up to 
be tested and implemented as part of a comprehensive use of AD technology. This plenary 
session will present a wide spectrum of such technologies with emphasis on municipal waste 
(liquid and solids).

Dr Miller Alonso Camargo-Valero is a water@leeds Associate Professor of BioResource Sys-
tems in the School of Civil Engineering, University of Leeds (UK).  His research work fo-
cusses on tackling the engineering challenges to optimise the water, carbon, nitrogen and 
phosphorus cycles within processes aimed at dealing with waste streams through resource 
recovery routes (M.A.Camargo-Valero@leeds.ac.uk). 
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Microbial management of bioprocesses is an emerging topic with a great potential for the modeling and 
control of anaerobic digestion processes. This is particularly true for AD which involves a huge biodi-
versity (Carballa et al., 2015). Thanks to the development of molecular analytical tools, the anaerobic 
microbiome has been more and more characterized (Vanwonterghem et al. 2014, Sundberg et al., 2013). 
Considering the biodiversity can give raise to a new paradigm for the control and optimization of AD. 
Until now, the principal objective of control was to stabilize the digester. Nonetheless, a stable process 
tends to reduce the biodiversity through the section of the fittest species in the imposed environment. 
Although this selection process could increase the steady-state performance, it could seriously alter the 
resilience of the process (Ramirez et al., 2009). Dynamical feeding has been proposed in order to select 
a microbiome with a high ability to adapt to disturbances (De Vrieze et al. 2013). Bioaugmentation has 
been also applied, in particular in response to stress (e.g. Schauer-Gimenez et al, 2010; Tale et al., 2011). 
Concerning the model-based control laws, most of them are designed assuming one population for one 
function. Recently, Mairet and Bernard (2014) have proposed to evaluate the performances of such con-
trol laws when several species are present. Using the control law proposed by Mailleret et al (2004) as an 
example, they have shown that a slow-growing species can lead to reactor shutdown. This framework 
can be used to design robust control laws which better tame biodiversity. Rapaport et al (2014) also 
proposed a “biocontrol” strategy using biotic microbial ecosystem capabilities to select certain species. 
Although attractive, most of these approaches remain studied in simulations only. The control of the mi-
crobiome involved in AD is an exciting challenge for the future, but the lack of on-line instrumentation 
for biodiversity monitoring can limit process implementation. Recently, on-line flow cytometers have 
been proposed for AD (Koch et al., 2014) and can open new directions for closed-loop microbial control 
strategies.
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Anaerobic digestion of the mixture of primary and waste activated sludge is the process 
which has the potential to produce enough energy for the sewage wastewater treatment 
plant operation. Both heat requirement and electricity requirement can be saturated using 
the combined heat and power production from biogas. The possibilities for improving the 
digestion efficiency and biogas production from sewage sludge are evaluated and discussed. 
Based on wastewater treatment plants (WWTP) operational data the typical specific energy 
consumptions per population equivalent are compared with the potential specific produc-
tion of biogas to find the required and optimal digestion efficiency. Examples of technological 
measures to achieve such efficiency are also presented. Our findings show that even a muni-
cipal WWTP with secondary biological treatment can come close to energy self-sufficiency. 
However, they also show that such self-sufficiency is dependent on (i) the strict optimization 
of the total energy consumption of the plant, and (ii) an increase in the specific biogas pro-
duction from sewage sludge to values around 600 L per kg of supplied volatile solids.

Pavel Jenicek
University of Chemistry and Technology Prague, Czech Republic

Anaerobic digestion of sludge as a tool to energy self-sufficiency
of wastewater treatment


