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ABSTRACT 

Constructed Wetlands (CWs) are natural systems for wastewater treatment 

useful in small communities and characterised by low maintenance and 

operation cost, low energy requirements and good treatment performance.  

This thesis studied an appropriate solution for wastewater treatment in a peri-

urban area of 1,500 p.e. of Nagpur (India) from an environmental point of view. 

To this end, a Life Cycle Assessment (LCA) was carried out to analyse the 

environmental impacts generated by the construction and operation of a CW 

system. Moreover, the results of this study were compared to the impacts 

caused by the construction and operation of a conventional wastewater 

treatment plant (WWTP). 

The results obtained from CW system LCA showed that, both construction 

(materials and civil works) and operation are important factors in most of the 

considered impact categories (i.e. abiotic depletion, abiotic depletion (fossil 

fuels), ozone layer depletion and acidification). Indeed, operation accounted for 

37 and 62% of the total impact in all considered categories, whereas between 

26 and 59% of the total contribution in all impact categories were due to 

materials and civil works.  

Materials and processes which have the most relevant contribution in LCA 

results are energy consumption, metals and plastics production and 

manufacturing, crushed gravel production and chlorine. 

Considering the global warming potential, direct emissions of greenhouse gases 

from CW system have a similar impact compared to operation and construction 

(35, 36 and 25% respectively).  

Sludge treatment had a considerable contribution only in eutrophication 

category (46%). 

Wastewater reuse, which permits avoiding groundwater depletion, reduces total 

impact up to 24 and 54% depending on the category. 

Comparing CW system and the WWTP, the impacts of the WWTP were 

between 1.5 and 6 times higher than the impacts caused by the CW system 

depending on the impact category. It is mainly due to the energy consumption 

of the WWTP (1.26 kWh/m3 and 0.22 kWh/m3 for WWTP and CW system, 

respectively) and reagents used (e.g. coagulants and chlorine). 

In conclusion, constructed wetlands are the most environmentally friendly 

solution for wastewater treatment in small communities. 

Key words: Wastewater; Natural systems; Constructed Wetlands; Life Cycle 

Assessment; Environmental impacts. 
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LIFE CYCLE ASSESSMENT OF A CONSTRUCTED WETLAND SYSTEM 

FOR WASTEWATER TREATMENT AND REUSE IN NAGPUR, INDIA 

RESUM 

Els aiguamolls construïts són un sistema natural de tractament d‘aigües 

residuals útil per a petites poblacions i caracteritzats per un baix cost d‘operació 

i manteniment, poca energia requerida i un bon rendiment de tractament. 

Aquesta tesi estudia una solució apropiada per al tractament d‘aigües residuals 

a una zona periurbana de 1.500 habitants equivalents a Nagpur (Índia) des d‘un 

punt de vista mediambiental. 

Per aquesta finalitat, s‘ha dut a terme una Anàlisi del Cicle de Vida (ACV) per 

analitzar l‘impacte ambiental generat per la construcció i operació d‘un sistema 

d‘aiguamolls construïts. A més a més, els resultats d'aquest estudi han estat 

comparats amb els impactes generats per la construcció i operació d‘una 

Estació Depuradora d‘Aigües Residuals (EDAR) convencional. 

Els resultats obtinguts de l‘ACV del sistema d‘aiguamolls construïts han mostrat 

que, tant la construcció (materials i obra civil) com la operació són factors 

importants en la majoria de les categories d‘impacte considerades (esgotament 

dels recursos abiòtics, esgotament dels recursos abiòtics (combustibles fòssils), 

degradació de la capa d‘ozó i acidificació). De fet, la operació representa entre 

un 37 i un 62% de l‘impacte total a totes les categories considerades, mentre 

que entre un 26 i un 59% de l‘impacte total a totes les categories és degut als 

materials i la obra civil. 

Els materials i processos que tenen una contribució més rellevant als resultats 

de  l‘ACV són el consum energètic, la producció i manufactura de plàstics i 

metalls, la producció de grava triturada i el clor per a la desinfecció. 

Considerant l‘escalfament global, les emissions directes de gasos d‘efecte 

hivernacle del sistema d‘aiguamolls construïts tenen un impacte semblant al de 

l‘operació i la construcció (35, 36 i 25% respectivament). 

El tractament de fangs ha tingut una contribució considerable només en la 

categoria d‘eutrofització (46%). 

La reutilització de les aigües tractades, la qual evita l‘esgotament d‘aigua 

d‘aqüífers, redueix l‘impacte total des d‘un 24 fins un 54% segons la categoria. 

Comparant el sistema d‘aiguamolls construïts i la EDAR, els impactes produïts 

per la EDAR han estat entre 1,5 i 6 vegades més grans que els impactes 

produïts pel sistema d‘aiguamolls construïts. Això és degut al consum energètic 

de la EDAR (1,26 kWh/m3 per la EDAR i 0.22 kWh/m3 pel sistema d‘aiguamolls 

construïts) i als reactius utilitzats (com els coagulants i el clor). 

En conclusió, els aiguamolls construïts són la solució més respectuosa amb el 

medi ambient per al tractament d‘aigües residuals a petites poblacions. 

Paraules clau: Aigües residuals; Sistemes naturals; Aiguamolls construïts; Anàlisi del 

Cicle de Vida; Impactes ambientals. 
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RESUMEN 

Los humedales construidos son un sistema natural de tratamiento de aguas 

residuales útil para pequeñas poblaciones y caracterizados por un bajo coste 

de operación y mantenimiento, poca energía requerida y un buen rendimiento 

de tratamiento. 

Esta tesis estudia una solución apropiada para el tratamiento de aguas 

residuales en una zona periurbana de 1.500 habitantes equivalentes en Nagpur 

(India) des de un punto de vista medioambiental. 

Para esta finalidad, se ha llevado a cabo un Análisis del Ciclo de Vida (ACV) 

para analizar el impacto ambiental generado por la construcción i operación de 

un sistema de humedales construidos. A más a más, los resultados de este 

estudio han sido comparados con los impactos generados por la construcción y 

operación de una Estación Depuradora de Aguas Residuales (EDAR) 

convencional. 

Los resultados obtenidos del ACV del sistema de humedales construidos han 

mostrado que, tanto la construcción (materiales y obra civil) como la operación 

son factores importantes en la mayoría de las categorías de impacto 

consideradas (agotamiento de los recursos abióticos, agotamiento de los 

recursos abióticos (combustibles fósiles), degradación de la capa de ozono y 

acidificación). De hecho, la operación representa entre un 37 y un 62% del 

impacto total en todas las categorías consideradas, mientras que entre un 26 y 

un 59% del impacto total en todas las categorías es debido a los materiales y 

obra civil. 

Los materiales y procesos que tienen una contribución más relevante en los 

resultados del ACV son el consumo energético, la producción i manufactura de 

plásticos y metales, la producción de grava triturada y el cloro para la 

desinfección. 

Considerando el calentamiento global, las emisiones directas de gases de 

efecto invernadero del sistema de humedales construidos tienen un impacto 

parecido al de la operación y construcción (35, 36 y 25% respectivamente). 

El tratamiento de fangos ha tenido una contribución considerable sólo en la 

categoría de eutrofización (46%). 

La reutilización de las aguas tratadas, la cual evita el agotamiento de agua de 

acuíferos, reduce el impacto total desde un 24 hasta un 54% según la 

categoría. 
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Comparando el sistema de humedales construidos y la EDAR, los impactos 

producidos por la EDAR han sido entre 1,5 y 6 veces más grandes que los 

impactos producidos por el sistema de humedales construidos. Esto es debido 

al consumo energético de la EDAR (1,26 kWh/m3 para la EDAR y 0.22 kWh/m3 

para el sistema de humedales construidos) y a los reactivos utilizados (como 

los coagulantes y el cloro). 

En conclusión, los humedales construidos son la solución más respetuosa con 

el medio ambiente para el tratamiento de aguas residuales en pequeñas 

poblaciones. 

Palabras clave: Aguas residuales; Sistemas naturales; Humedales construidos; 

Análisis del Ciclo de Vida; Impactos ambientales. 
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1.1. Water and sanitation 

The main concern of this work is based on the recognition that access to safe 

drinking water is a human right and essential to sustain life.  

Safe and readily available water is important for public health, whether it is used 

for drinking, domestic use, food production or recreational purposes. Improved 

water supply and sanitation, and better management of water resources, can 

boost countries‘ economic growth and can contribute greatly to the reduction of 

poverty. 

If access to safe drinking water is improved, there will be noticeable benefits to 

health. Apart from preventing death from dehydration, the risk of water-related 

diseases will be reduced. Those who are at the greatest risk of waterborne 

disease are young children, elderly people and people who are debilitated, 

especially when living under unsanitary conditions. 

In 2010, the UN General Assembly explicitly recognized the human right to 

water and sanitation. Everyone has the right to sufficient, continuous, safe, 

acceptable, physically accessible and affordable water for personal and 

domestic use (WHO, 2014). 

 

 

 

 

 

A greater problem is the alteration of the natural water cycle and the quantity of 

wastewater generated in the suburban concentrations where, in most cases, 

this wastewater is not treated through any sanitation system and it returns to its 

natural riverbed with a higher polluting load. 

This untreated water, the lack of access to basic sanitation and low hygiene 

standards enhance the vulnerability of populations to epidemic outbreaks. 

According to the European Commission, between 1.8 and 2.2 million people die 

every year of diarrheal diseases (90% of whom are children under five). 

The number of people without access to 

safe water is expected to nearly double by 

2025, reaching 2 billion people (European 

Comission, 2014). 
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Investing in sanitation and hygiene is not only 

about saving human lives; it is the foundation 

for investing in human development, 

especially in poor urban and peri-urban 

areas. However, one of the main bottlenecks 

encountered the world over, is the limited 

knowledge and awareness about more 

appropriate and sustainable systems and 

technologies that keep project costs 

affordable and acceptable.  

This dissertation tries to analyse and 

implement a cost effective environmental 

sanitation system that employs appropriate 

technologies suited to an unplanned peri-

urban area in a low-income country such as India.  

 

 

 

Figure 1-1. Sanitation coverage in 2012 (WHO/UNICEF, 2014) 

 

 

Diseases related to 

contamination of drinking-

water constitute a major 

burden on human health. 

Interventions to improve the 

quality of drinking-water 

provide significant benefits 

to health. Contaminated 

drinking-water is estimated 

to cause more than 

500,000 diarrhoeal deaths 

each year (WHO, 2011). 
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1.3. The Indian context 

India is a country located in south Asia. It has an area of 3,287,469 km2 and the 

country‘s capital is New Delhi which was established in 1911. The country has 

the Himalayas in the north, where Nepal is located, and it acts as a natural 

border with China and Bhutan. In the east we have countries such as 

Bangladesh and Myanmar and then there is the Island of Sri Lanka in the south. 

Then we find Pakistan in the west where there is a continuous confrontation that 

comes from the peninsula‘s partition. 

 It has a population of 1,210,854,977 inhabitants. Although having an explosive 

economic growth during these last years, it has a medium Human Development 

Index (HDI) of 0.586 positioning the country at 135 out of 187 countries (UNDP, 

2013). Despite the decline of the population growth to 1.2% in 2013 (World 

Bank, 2013), India maintains his position as one of the most populated 

countries in the world.   

This mass urbanisation and the economic growth has meant that India now 

faces an acute water and wastewater management crisis. This situation 

presents an enormous threat to human health and wellbeing, with both 

immediate and long-term consequences.  

India, which is home to 16% of the world‘s population, has only 2.5% of the 

world's land area and 4% of water resources (Ernst and Young, 2011). 

At the same time, the lack of appropriate sanitation and wastewater treatment 

facilities result in water shortage, degradation of the rivers, streams and 

aquifers and over exploitation of groundwater resources. 

A conventional approach to water management in India is not effective. Some 

examples are: providing high quality drinking water for all domestic purposes, 

large piping systems which are difficult to construct and maintain, the 

dependency of extensive energy supply for advanced treatment systems, 

production of large quantities of sludge and the loss of useful elements that 

sludge contains (e.g. phosphorous). 
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In order to optimise the cost-effectiveness of future urban water management 

systems, there must be a shift in the existing models. We have to start 

designing integrated urban systems that optimise water use and reuse and 

minimise operation and maintenance. 

However, the current scenario gives incredible business opportunities, which 

are now being capitalized on by hundreds of Indian and foreign companies in a 

market characterized by growth and prosperity. 

The country has a highly seasonal pattern of rainfall, with more than 50% of the 

annual rainfall falling in 15 days and more than 90% of river flow in only 4 

months, it only stores a small part of the rain. 

As the country generates 22,900 Million Liters per Day (MLD) of wastewater, 

only about 5,900 MLD (26%) is treated before being let out. The other 17,000 

MLD is disposed of untreated (IIHH, 2014).  

That‘s why there is an urgent need to re-think the water and wastewater 

management in Indian cities, considering decentralised systems and innovative 

technologies, which require little or no energy and low maintenance costs, using 

locally available material and human resources.  

Recognising this need, an Indo-European Consortium started the project 

NaWaTech ―Natural Water Systems and Treatment Technologies to cope with 

Water Shortages in Urbanised Areas in India‖. 

 

1.4. The NaWaTech Project 

Today India is facing water scarcity and pollution as one of the most severe 

nation-wide environmental problems due to rapid urbanisation and explosive 

population growth.  

Natural Water Systems and treatment Technologies (NaWaTech) is a three-

year collaborative project under 2011 India-European Union Call for Proposals 

on Water 

Technology, Research and Innovation approved by the Department of Science 

and Technology, Government of India and the European Commission. The 
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purpose of the project is to cope with water treatment systems by shifting the 

approach from the conventional ‗end-of-pipe‘ to integrated water management. 

The NaWaTech concept is based on optimized use of surface water supply, rain 

water, storm water and grey / black water flows by treating each of these flows 

via a modular natural system taking into account the different nature and degree 

of pollution of the different sources (Barreto et al., 2013). 

 

As an integrated approach, NaWaTech is based on the following axis: 

 Interventions over the entire urban water cycle, which includes water 

sources, purification, distribution, use, collection, treatment and reuse. 

 Optimization of water use, by diminishing water use at home, reusing 

wastewater and preventing pollution of freshwater source. 

 Priorisation of small-scale natural and technical systems, which are 

flexible, cost-effective band require low operation and maintenance. 

 

 

Figure 1-2. The NaWaTech approach (NaWaTech, 2014) 

 

The Natural System analysed in this work is based on one of the technologies 

from the NaWaTech Project.  
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It is located in the city of Nagpur in the Maharashtra state. The system consists 

of a Constructed Wetland (CW) pilot system placed in the Dayanand Park. I 

have resized the NaWaTech pilot system and converted it into a real treatment 

plant for 1,500 population equivalent that live in that urban region of Nagpur.   

In the case of Nagpur, pumping and treatment facilities are also inadequate; out 

of 380 MLD, only 100 MLD is collected and treated (IIHH, 2014). The sewerage 

in Nagpur covers 70% of the city. In some zones of the city less than 50% of the 

sewage is collected, which is disposed into the rivers without any treatment. 

Sometimes the sewage flows through surface drains, which are supposed to 

carry storm water. These open drains often get clogged causing unhygienic 

conditions. 

I have chosen the CW technology because I had the opportunity to collaborate 

with the NaWaTech cooperation Project through the Polytechnic University of 

Catalonia (UPC) and the Centre of Cooperation and Development (CCD-UPC) 

for 3 months (from June to September 2014). I visited this area in India and 

witnessed the pilot system design. Furthermore, I had to work in the field to take 

some measurements and carry out surveyance duties. 
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1.2. General objectives 

The general objective of this study was to identify an appropriate solution for 

wastewater treatment in a peri-urban area of Nagpur (India) from an 

environmental point of view. 

For that, the environmental impacts generated by the construction and 

operation of a CW system were analysed using the Life Cycle Assessment 

(LCA) methodology.  

Moreover, the results of this study were compared to the impacts caused by the 

construction and operation of a conventional wastewater treatment plant 

(WWTP).  

 

1.3. Specific objectives 

The specific objectives were: 

1. To design a hybrid constructed wetland system for 1,500 p.e. for the 

considered case study. 

2.  To analyse and assess environmental impacts generated by the construction 

and operation of a hybrid CW by LCA methodology. 

3. To compare environmental impacts of natural and conventional wastewater 

treatment plants using LCA methodology. 
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3.1. Natural systems for wastewater treatment 

A natural system for wastewater treatment is a biological system that manages 

to remove pollutant from wastewater through mechanisms and natural 

processes that don‘t need input of energy nor chemical additives.  

In these systems, organisms carry out some decontamination processes. 

Due to those natural reactions, wastewater retention time in natural systems 

can be 100 times higher than in conventional treatment systems (Pedescoll, 

2010). For that reason a larger area is required to treat the same water flow in 

natural systems than in conventional systems.  

Natural systems are characterised by low operation and maintenance cost, low 

energy requirements and good treatment performance (García, et al., 2010). 

Indeed, in these systems the energy requirements are generally 5-10 times less 

than conventional treatments (Kadlec and Wallace, 2009). 

Moreover, they are easy to operate and don‘t require specialised personnel for 

maintenance (Garcia, 2004). 

In scientific and technologic literature, natural systems of wastewater treatment 

are also known as non-conventional technologies, low cost systems, soft 

technologies, green systems, extensive systems, biotechnologies, etc. (García 

and Corzo, 2008). Some examples of these technologies are: Constructed 

Wetlands (CWs), lagoons, sand filters and green filters. 

Natural systems can be classified into two main categories according to where 

the treatment is taking place (table 3-1). 
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Natural Systems for Wastewater Treatment 

Based on water 
application to the land 

Based on processes that come about 
in the water body 

Subsurface 
application 

Surface 
application 

Floating 
plantation 
systems 

Natural 
lagoons  

Surface 
Flow 

Constructed 
Wetlands 
(SFCWs) 

Filtering 
trenches 
and beds 

Green 
filters 

Subsurface 
Flow 

Constructed 
Wetlands 

(SSFCWs) 

Infiltration – 
Percolation 

Sand filters 

Table 3-1. Natural systems for wastewater treatment classification (Garcia and Corzo, 2008) 

 
 

3.2. Constructed Wetlands 

Constructed Wetlands (CWs) are artificial wastewater treatment systems 

consisting of shallow (usually less than 1 m deep) ponds or channels which 

have been planted with aquatic plants, and which rely upon natural microbial, 

biological, physical and chemical processes to treat wastewater. They typically 

have impervious clay or synthetic liners, and engineered structures to control 

flow direction, liquid detention time and water level. Depending on the type of 

system, they may or may not contain an inert porous media such as rock, gravel 

or sand (U.S. EPA, 2000). 

CWs have been used to treat a variety of wastewaters including urban runoff, 

municipal, industrial, agricultural and acid mine drainage. 

It has been proved that CWs are efficient at removing not only the conventional 

water quality parameters but also to have a great potential for the elimination of 

emerging organic contaminants (Ávila et al., 2013; Hijosa-Valsero et al., 2010). 

The water in CWs is treated by a combination of biological and physical 

processes such as adsorption, precipitation, nitrification, denitrification, 

decomposition, etc. (Hoffmann et al., 2011) 

CWs is viable option for the sanitation of small communities (p.e. < 2,000) 

(García et al., 2001). 
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There are two types of CWs, Subsurface Flow Constructed Wetlands 

(SSFCWs) and Surface Flow Constructed Wetlands (SFCWs). The main 

difference between them is that in SFCWs water flow free whereas in SSFCWs 

water level is under a substrate (Garcia and Corzo, 2008).  

3.2.1. Surface Flow Constructed Wetlands 

In SFCWs water is directly exposed to the atmosphere and flows through stems 

and leaves of plants (figure 3-1). They are used to improve water effluents that 

have been treated previously in a purifying plant. 

SFCWs can be vegetated with emergent, submerged and floating plants. 

 

 

Figure 3-1. SFCW 

 

3.2.2. Subsurface Flow Constructed Wetlands 

In SSFCWs water flows through a permeable substrate which is made of gravel 

and sand in contact with the roots and rhizomes of plants. They are constructed 

for both secondary and tertiary treatment of wastewater. Depending on the 

direction of water flow, SSFCWs can be vertical flow (VF) or horizontal flow 

(HF). 

The biofilm that grows adhered to the filter media and roots and rhizomes of 

plants have a primordial function in water decontamination processes. 

In addition to this, SSFCWs allow a higher organic load and have a lower risk of 

insect apparition (Garcia and Corzo, 2008). 
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Species used are macrophytes typical from humid regions such as common 

reed (Phragmites), reedmace (Typha) or reed (Scirpus) (Garcia and Corzo, 

2008).  

3.2.2.1. Horizontal Flow Constructed Wetlands 

HFCWs are secondary treatment facilities for household, municipal or industrial 

wastewater, and they can also be used as a tertiary treatment system for 

polishing. Primary treatment is needed in order to remove solids. Pre-treated 

wastewater flows horizontally from the inlet zone through a planted filter bed 

until it reaches the outlet zone.  

The water is treated by a combination of biological, chemical and physical 

processes (Cooper et al., 1996). Besides, plants provide suitable environments 

for microbiological attachment, aerobic biofilm growth and transfer of oxygen to 

the root zone. Organic pollutants (TSS, BOD5 and COD) are anyway mainly 

removed by filtration and microbiological degradation in prevalent anoxic 

conditions. Owing to the limited oxygen transfer inside the wetland, the removal 

of nutrients (especially nitrogen) is limited (UN-HABITAT, 2008). 

The scheme of a HFCW (figure 3-2) is a waterproofed bed filled with porous 

media where water flows horizontally. A perforated pipe or a distribution 

channel as big as the width of the system distributes the affluent. A perforated 

pipe in the bottom of the bed collects treated water.  The height of the outlet 

manhole is adjustable so as to regulate water level inside the wetland.  Water 

depth is between 0.3 and 0.9 m.  

They are characterised by working totally flooded (water is between 0.05 and 

0.1 m below the surface) and with loads of at least 6 g BOD/m2·day (Garcia and 

Corzo, 2008). 

 



State of the art 19 

Laura Flores Rosell 

 

Figure 3-2. HFCW 

3.2.2.2. Vertical Flow Constructed Wetlands 

VFCWs are secondary and/or tertiary treatment facilities for household, 

municipal or industrial wastewater. Primary treatment is needed in order to 

remove solids. Pre-treated wastewater is intermittently distributed over the 

whole surface of the system and percolates down through the filter media. 

Then, treated water is collected by a drainage network at the bottom of the bed. 

The water is treated by a combination of biological, chemical and physical 

processes (Cooper et al., 1996). Organic pollutants (TSS, BOD5, TN, and COD) 

are removed by filtration and microbial degradation in mainly aerobic conditions. 

The plants‘ role is less important than in HFCWs, but it still improves the 

performances especially in the long term.  Due to the intermittent dosing, there 

is oxygen diffusion from the air that contributes much more to the media filter 

oxygenation as compared to oxygen transfer through plants. Oxygenation inside 

the wetland enhances the ability to nitrify (UN-HABITAT, 2008). 

The scheme of a VFCW (figure 3-3) is a waterproofed bed filled with 

heterogeneous gravel layers that increase in grain size with depth.  

In traditional configurations, the deepest layer is composed of coarse gravels to 

ease the drainage, an intermediate layer of small size gravel and a superficial 

layer made of coarse sand. This disposal is to graduate the water flow through 

the media.  



20 Chapter 3 

LIFE CYCLE ASSESSMENT OF A CONSTRUCTED WETLAND SYSTEM FOR 

WASTEWATER TREATMENT AND REUSE IN NAGPUR, INDIA 

A pipe network distributes pre-treated wastewater over the coarse sand layer. 

Treated water is collected in another perforated pipe network located in the 

bottom. Additionally they usually have aeration pipes. 

VFCWs are not permanently flooded. The filter media depth is between 0.5 and 

0.8 m. They operate with higher loads of around 20 g BOD/m2·day (Garcia and 

Corzo, 2008) so that less area is required to treat a specific organic load 

compared to HFCWs. Nevertheless, VFCWs are more susceptible to clogging 

compared to HFCWs. 

 

 

Figure 3-3. VFCW 

3.2.2.3. Hybrid Constructed Wetlands 

HFCWs, VFCWs and SFCWs may be combined with each other in Hybrid 

Constructed Wetlands (HCWs) in order to complement advantages and 

disadvantages they have. 

HFCWs are approved well to remove BOD5 and TSS for secondary wastewater 

treatment but not for nitrification due to the limited oxygen transfer capacity. As 

a result there has been a growing interest in VFCWs because they have a 

greater oxygen transfer capacity and considerably less area requirement than 

HFCWs. But VFCWs also have limitations like less efficiency in solids removal 

and clogging processes.  
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Depending on the purpose, HCWs could be either VFCW followed by HFCW or 

vice versa. SFCWs as final treatment may contribute to water disinfection. 

To a certain extent, VFCWs are combined with HFCWs in order to carry out 

nitrification and denitrification processes and consequently obtain the 

elimination of nitrogen (Garcia and Corzo, 2008). 

 

3.2.3. Advantages and limitations of Constructed Wetlands 

Advantages 

 Use of natural processes 

 No high-tech components or chemical additives required 

 Efficient removal of organic matter, nutrients and pathogens 

 Simple operation and maintenance, process stability 

 Electricity generally only required for pumping 

 Less expensive to build than other treatment options 

 Simple construction, can be built and repaired with local materials 

 Cost effective (low construction and operation costs) 

 Construction can provide short-term employment to local workers 

 

Limitations 

 Larger area required in comparison to intensive systems 

 Pre-treatment is needed to prevent clogging 

 Long start-up time to work at full capacity 

 Requires expert design and supervision 

 Moderate capital cost depending on land, liner, filter media, etc. 

 High quality filter material is expensive and not always available 

 Not very tolerant to cold climates 

 Design criteria is not developed for some types of wastewater and 

climates 



22 Chapter 3 

LIFE CYCLE ASSESSMENT OF A CONSTRUCTED WETLAND SYSTEM FOR 

WASTEWATER TREATMENT AND REUSE IN NAGPUR, INDIA 

3.3. Conventional Wastewater Treatment Plant 

In conventional Wastewater Treatment Plants (WWTP), not only the application 

of physical forces predominates (unit operations), but also chemical and 

biological reactions (unit processes).  

Unit operations and processes are grouped together to provide different levels 

of treatment known as preliminary, primary, advanced primary, secondary (with 

or without nutrient removal), and tertiary (or advanced) treatment (table 3-2).  

In preliminary treatment, heavy solids such as large objects, rags and grit are 

removed so as not to damage the equipment.  

In primary treatment, a physical operation such as sedimentation, is used to 

remove the floating and settleable materials from wastewater. For advanced 

primary treatment, chemicals are added to enhance the removal of suspended 

solids and, to a lesser extent, dissolved solids.  

In secondary treatment, biological and chemical processes are used to remove 

most of organic matter.  

In tertiary treatment, additional combinations of unit operations and processes 

are used to remove residual suspended solids and other constituents that are 

not reduced significantly by conventional secondary treatment (Metcalf & Eddy, 

2003). 
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Treatment level Description 

Preliminary Removal of wastewater constituents such as rags, sticks, 
floatables, grit and grease that may cause maintenance or 
operational problems with the treatment operations and processes 

  

  

Primary Removal of a portion of suspended solids and organic matter from 
wastewater 

  
Advanced 
primary 

Chemical addition of filtration to enhance removal of suspended 
solids and organic matter from wastewater 

  

Secondary Removal of biodegradable organic matter (in solution or 
suspension) and suspended solids. Disinfection is also typically 
included in the definition of conventional secondary treatment 

  

  
Secondary with 
nutrient removal 

Removal of biodegradable organic, suspended solids and nutrients 
(nitrogen, phosphorous or both of them) 

Tertiary Removal of residual suspended solids (after secondary treatment), 
usually by granular medium filtration or microscreens. Disinfection 
is also typically a part of tertiary treatment. Nutrient removal is 
often included in this definition 

  

  

  

Advanced Removal of dissolved and suspended materials remaining after 
normal biological treatment when required for various water reuse 
applications 

  

  

Table 3-2. Levels of conventional wastewater treatment (Metcalf and Eddy, 2003) 

 

Different units and processes used to remove constituents found in wastewater 

are listed in table 3-3. 

 

Constituent Unit operation or process 
Suspended solids Screening 

Grit removal 

  Sedimentation 

  High-rate clarification 

  Flotation 

  Chemical precipitation 

  Depth filtration 

  Surface filtration 

Biodegradable organics Aerobic suspended growth variations 
Aerobic attached growth variations 

  Anaerobic suspended growth variations 

  Lagoon variations 

  Physical-chemical systems 

  Chemical oxidation 
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  Advanced oxidation 

  Membrane filtration 

Nutrients   

     Nitrogen Chemical oxidation (breakpoint chlorination) 

  Suspended-growth nitrification and denitrification variations 

  Fixed-film nitrification and denitrification variations 

  Air stripping 

  Ion exchange 

     Phosphorous Chemical treatment 

  Biological phosphorous removal 

     Nitrogen and phosphorous Biological nutrient removal variations 

Pathogens Chlorine compounds 

  Chlorine dioxide 

  Ozone 

  Ultraviolet (UV) radiation 

Colloidal and dissolved solids Membranes 

  Chemical treatment 

  Carbon adsorption 

  Ion exchange 

Volatile organic compounds Air stripping 

  Carbon adsorption 

  Advanced oxidation 

Odours Chemical scrubbers 

  Carbon adsorption 

  Bio-filters 

Table 3-3. Unit operations and processes used in conventional wastewater treatment (Metcalf and 

Eddy, 2003)
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4. MATERIALS AND METHODS  
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4.1. The case study: Constructed Wetlands in Nagpur 

This dissertation analyses a hybrid system of CWs that can be implemented in 

a peri-urban zone in Nagpur (India). 

The location that I have chosen to build that system is called Dayanand Park 

(see appendix 1). 

The owner of this park is a public institution, Nagpur Improvement Trust (NIT), 

which is responsible for the system‘s operation and maintenance and quality 

control.  

In the frame of NaWaTech project,a pilot system, is going to be implemented in 

this area for research and demonstration purposes. 

The system will treat part of the income flow in the existent sewer, for a 

maximum of 100 m3/day. Nowadays, water for irrigating the park is being taken 

from ground resources and seldom, from rain collection. 

The construction of this hybrid system will allow reusing water for irrigation 

purpose so that ground resources are not exploited. 

For the design of the considered hybrid CW data from NaWaTech pilot system 

were considered and adapted into a real treatment plant for 1,500 population 

equivalent that live close to Dayanand Park. 

For Life Cycle Assessment (LCA) of the considered CW system, data from the 

design were taken into account (see appendix 2). Additional data have been 

provided by the Italian company IRIDRA.  

The proposed system consists of an initial pumping station with a grid removal 

followed by a three chamber septic tank as a wastewater primary treatment. 

Then water is pumped to the VFCWs stage. When water reaches the outlet 

manhole of the VFCW is directly pumped to the HFCW stage. After that, water 

is kept in a storage tank where chlorine dioxide is added so as to disinfect. 
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4.1.1. Design parameters and water quality characterisation 

In India, wastewater reuse is a practice that is more used every day. 

Although not being treated properly, it is reused for watering gardens, urban 

areas or for the toilet flushing. 

What‘s more, there is an absence of regulations and quality controls of 

wastewater reuse especially in Nagpur.  

To ensure a good disinfection in the storage tank, a minimum of water quality 

parameters have to be accomplished (table 4-1). This will be fulfilled with the 

good operation of the system according to wastewater characteristics (tables 4-

2 and 4-3).  

4.1.2. General description 

The hybrid Constructed Wetland system has been designed for a daily flow rate 

of 292.50 m3/day of domestic wastewater produced by 1,500 population 

equivalent (p.e.). The different processes of the system are: 

 

BOD5 [mg/L] < 40 

TSS  [mg/L] < 35

N-NH4 [mg/L] < 15

Faecal Coliforms > 99,9 %

 Table 4-1. Water characterisation before disinfecting 

 

Table 4-2. Results of the inlet monitoring (IRIDRA, 2014)  

Table 4-3. Wastewater 

characterisation and design 

assumption (IRIDRA, 2014) 

pH

BOD [mg/L]

COD  [mg/L]

TSS  [mg/L]

Oil and grease  [mg/L]

TS  [mg/L]

TKN  [mg/L]

Phosphate  [mg/L]

Alkalinity  [mg/L]

TDS  [mg/L]

500 - 1,000

14 - 25

2 - 3

300 - 360

400 - 480

7.0 - 7.5

110 - 150

280 - 350

80 - 200

25 - 35

Parameter
Value in dry season 

(February to March)

Flow [m3/day] 292.50

COD [mg/L] 350

COD [g/day] 35,000

BOD [mg/L] 150

BOD g/day] 15,000

N-NH4 [mg/L] 25

N-NH4 [g/day] 2,500
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 Initial pumping station  

The derivation of the flow to the system will be done installing a concrete 

inspection manhole on the sewer, with a derivation on the bottom in 

connection with a pumping station controlled by a timer. The connection 

at the inlet consists of a rectangular channel (internal section of 0.5x0.5 

m) protected by a removable grid made of stainless steel. 

The sludge accumulated in the initial pumping station has to be 

extracted. 

The manholes are covered by a concrete slab, where cast iron manhole 

covers are placed. The pump of the pumping station has these 

specifications: Flow: 3.64 L/s; Head: 6 m. The pump has a check valve 

and a gate valve. A meter flow is installed between the initial pumping 

station and the primary treatment.  

 

 Three chamber septic tank 

The primary treatment occurs in a reinforced concrete tank of 179.8 m3 

total volume. The internal dimensions are 7.7x6.6 m and it is divided by 

internal walls into 3 chambers each 7.7x2.3 m. At the outlet, 2 pipes exit 

at the same level allowing equal distribution to 2 pumping stations that 

bring water to the VFCWs stage.  

The sludge obtained from primary treatment will be extracted twice a 

year (every 6 months), depending on the accumulation rate. The disposal 

will be done according to the law in an existing facility (WWTP with a 

suitable sludge treatment line). 

 

 VFCWs 

Two VFCWs distributed in parallel work alternately. Each one has the 

following characteristics:  
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Table 4-4. Characteristics for VFCWs 

 

Both of the vertical flow wetlands have an outlet manhole that is 

connected with a pumping station that pumps water to the next stage. 

 

 HFCW 

The HFCW has the following characteristics: 

 

Table 4-5. Characteristics for HFCW 

 

 Storage tank 

The storage tank internal dimensions are: 11x11 m, 2.9 m deep. It has a 

net capacity of approximately 350 m3. 

 

 Pumping stations 

Apart from the initial pumping station, there are 4 more to drive water all 

over the system. The pumping stations are made of a reinforced 

concrete tank of 1.5x1.5 m (internal dimensions). 

The pump of the pumping station has these specifications: Flow: 3.64 

L/s; Head: 6 m. The pump is controlled by two floating level sensors.   

  

Flow [m3/day] 292.50

Surface area [m2] 937.50

Length [m] 64.10

Width [m] 14.63

Depth of filter media [m] 0.80

Free board [m] 0.40

Total depth [m] 1.20

Flow [m3/day] 292.50

Surface area [m2] 750.00

Length [m] 38.46

Width [m] 19.50

Depth of filter media [m] 0.60

Free board [m] 0.40

Total depth [m] 1.00
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Figure 4-1. CW system general layout 
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4.2. The conventional wastewater treatment plant 

Another objective of that work is to compare natural and conventional 

wastewater treatment considering environmental impacts obtained with the LCA 

methodology. For that reason, we need information from a conventional plant of 

the same treatment capacity as the hybrid system.  

Data for comparison have been obtained from another Bachelor thesis (Cullell, 

2015).  

The Wastewater Treatment Plant (WWTP) is a real system implemented in 

Mediona (Alt Penedès, Catalonia) which treats wastewater from the village of 

Sant Pere Sacarrera and a small part of La Font del Bosc (figures 4-1 and 4-2). 

The compact system consists of a preliminary wastewater pre-treatment 

followed by a biological process of activated sludge using extended aeration 

with simultaneous nitrification and denitrification in the same tank. This process 

occurs in a biological tank built in concrete in which air is injected by blowers 

and fine bubble diffusers. The tank is agitated in order to maintain the 

suspended solids in suspension. The biological tank is complemented with a 

secondary settling. At the same, sludge produced during this stage is returned. 

The sludge produced is digested, thickened, dewatered and finally stored until 

its final allocation managed by an external service (Cullell, 2015). 
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Figure 4-2. Sant Pere Sacarrera WWTP, aerial picture (Cullell, 2015) 

 

 

 

Figure 4-3. Sant Pere Sacarrera WWTP, distribution (Cullell, 2015) 
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4.3. LCA 

4.3.1. Introduction 

The life cycle concept can be understood as a set of stages of products ranging 

from extraction, processing of raw materials, production, marketing, transport, 

use and maintenance until the last process when the end of their useful life 

comes. 

The sum of all the inputs (material and energy) and all the outputs (emissions 

and waste) establish the product‘s environmental impact. Figure 4-3 shows a 

scheme of life cycle. 

 

 

 

 

 

 

 

LIFE CYCLE STAGES 

Raw materials             

acquisition 

Production 

Use / maintenance  

Recycle / waste 

management 

INPUTS 

Raw 

material

Energy 

OUTPUTS 

Wastewater 

Solid waste 

Co-products 

Other 

System boundaries 

Atmospheric 

emissions 

Figure 4-4. Life cycle stages (Adapted from Fullana and Puig, 1997) 
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When making environmental impact analysis, subjective evaluations can 

interfere. For that reason, Life Cycle Assessment (LCA) appears as a 

systematic and objective tool able to predict the environmental impact produced 

during the execution of products and processes throughout their life cycle 

(Hospido et al., 2001). 

LCA is a methodological tool for the evaluation of environmental aspects and 

potential impacts through the whole life of a product, process or service; from 

raw materials extraction, to utilisation and final disposal. Briefly, LCA comprises 

mass and energy balances applied to the system, plus an assessment of the 

environmental impacts associated to the inputs and outputs (Perez et al., 2014). 

LCA studies follow International Organisation for Standardisation (ISO) 

regulations. 

The ISO 14040 determines four main stages for LCA studies (figure 4-4): goal 

and scope definition, inventory analysis, impact assessment and interpretation 

of the results (Perez et al., 2014).  

 

 

Interpretation 

of the results 

Goal and scope 

definition 

Inventory 

analysis 

Impact 

assessment 

LCA METHODOLOGY 

Figure 4-5. LCA stages and relation between them 
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It is important to define the objectives of the study, so as to understand all the 

steps, assumptions and limitations considered.  

The functional unit (FU) has also to be defined. The FU describes and 

quantifies the main unit analysed by the system. This unit can be physical or 

functional. When comparing, as in this dissertation, the unit chosen has to be 

functional.  

Boundaries of the system have to be specified in order not to confuse what is 

considered in the study. 

Stages that are not primordial and won‘t make substantial changes in the study 

are excluded.  

The Life Cycle Inventory (LCI) consists in a data recompilation to quantify inputs 

and outputs of materials and energy of the system and relate them with the FU. 

The Life Cycle impact assessment aims to convert LCI data into understandable 

data. It puts together all the values of environmental interventions obtained in 

the inventory in a reduced number of environmental impacts. 

This process is developed in four steps: classification, characterisation, 

normalisation and weighting. Normalisation and weighting are not mandatory 

steps as they increase the subjectivity of the results.  

The interpretation of the results of the life cycle is the last step of a LCA. All the 

information obtained in the inventory is combined with the environmental 

evaluation. That step allows identifying the processes that have a greater 

impact so as to deduce conclusions and recommendations.  

 

4.3.2. Methodology 

4.3.2.1. Goal and scope 

The goal of this LCA is to analyse the environmental impact generated by the 

construction and operation of a CW system and to compare it with the 

environmental impact caused by the construction and operation of a 

conventional WWTP. 

The main function of this system is to treat wastewater for reusing purposes. 
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4.3.2.2. Functional unit definition 

The functional unit (FU) is defined as the production of 1 m3 of treated water. 

4.3.2.3. System boundaries 

The study includes raw materials and energy for CW system construction and 

operation.  

Transport of materials has been excluded from the system boundaries, as data 

is not available. Exceptionally, only earthmoving material has been considered 

for the transport.  

It has been considered that the formwork is a rent material and it will be used in 

many different works throughout its useful life. Therefore, is not included in the 

study. 

Water avoided has also been taken into account. As we are treating and 

recycling wastewater, groundwater is avoided. 

Figure 4-5 defines boundaries for the CW system. 



38 Chapter 4 

LIFE CYCLE ASSESSMENT OF A CONSTRUCTED WETLAND SYSTEM FOR 

WASTEWATER TREATMENT AND REUSE IN NAGPUR, INDIA 

 

Figure 4-6. System boundaries 
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4.3.2.4. Methodology for inventory and impact assessment 

The LCA was carried out using SimaPro software version 8, which allows life 

cycles to be modelled and analysed. This software includes several databases 

and impact assessment methods, a powerful graphical interface that easily 

shows the processes having the most important impact and an uncertainty 

computation module. 

In this study, the database that has been chosen for the LCA is Ecoinvent3 – 

(allocation, default (System, S and Unit, U)). 

This database contains LCI from various sectors such as energy production, 

building materials, production of chemicals, metal production, etc. 

Data for the inventory have been obtained from the designing and sizing of the 

CW system. Additional data has been provided by the Italian company IRIDRA. 

Appendix 5 contains the entire inventory introduced in the software. All the 

materials and processes are referred to the FU. 

The method used to calculate the impact assessment with the SimaPro8 

software is CML – IA baseline (last update on April 2015). 

This methodology was developed by the Centre of Environmental Science 

(CML) in The Netherlands. The method elaborates the problem-oriented 

(midpoint) approach. Normalisation is provided but there is neither weighting 

nor addition (CML, 2015). 

4.3.2.5. Life Cycle Inventory 

The LCI has been divided in different parts: land occupation, materials and 

construction (civil works), system operation, waste, emissions and water 

avoided. 

Each part is divided in different sections which will be detailed later. 

 

In order to make the work easier, the groups of activities have been organised 

in chronological order following the work plan for construction. 

The different sections (product stages) considered in the LCI of the CW system 

are: 
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Land occupation 

00. Land occupation 

An additional file has been created to take into account the 

transformation and occupation of the land. Land occupation is 4.665 

m2. 

Materials and construction (civil works) 

01. Earthmoving 

Site clearance, excavation and backfilling were considered. All the 

excavation of the different construction elements are considered in this 

section. Material suitable for landscaping is stockpiled in the site, 

whereas the other material is transported to the landfill. 

02. Initial pumping station 

It includes the construction materials and processes of the inspection 

manhole, channel/culvert and pumping station with valve manhole: 

foundations, reinforced concrete elements, coating for waterproofing, 

removal grid, cover and frame for the manhole, pump system and pipe 

connections and valves. The flow meter is also considered. 

03. Three chamber septic tank 

Processes and materials considered are: foundations, reinforced 

concrete elements, coating for waterproofing, covers and frames and 

pipe connections. 

04 & 05. VFCW 

Includes the construction materials and processes for the two VFCW 

stage: foundations, brick wall, geomembrane and geotextile, filter 

media, sand for the bottom protection, pipe network; reinforced 

concrete, cover, frame and coating for waterproofing for the outlet 

manhole and pipe connections and valves. 

06. HFCW 

Same activities and materials as VFCW are considered: foundations, 

brick wall, geomembrane and geotextile, filter media, sand for the 

bottom protection, pipe network; reinforced concrete, cover, frame and 
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coating for waterproofing for the outlet manhole and pipe connections 

and valves. 

07. Storage tank 

Construction materials and processes are included: foundations, 

reinforced concrete elements (chlorine resistant), coating for 

waterproofing, covers and frames and pipe connections. 

08. Pumping stations 

Includes the construction materials and processes of: foundations, 

reinforced concrete elements, coating for waterproofing, cover and 

frame, pump system and pipe connections and valves. 

09. Pipeline 

Construction materials and processes for the pipeline were considered 

in this section. 

System operation 

10. Operation 

This section considers energy consumption from all the system and 

the chemical product coming from disinfection. 

The electricity consumption is 64.8 KWh. The electricity needed for FU 

is 0.22 KWh/m3 treated water. 

The dose of chlorine dioxide needed is 12 g/m3 (U.S. EPA, 1999). 

Waste 

11. Sludge 

This section considers that sludge generated in the system will be 

incinerated. This was the only option available in this database. 

The amount of sludge estimated to be produced is approximately 

164.3 m3/year. 

Considering a sludge density of 1,050 kg/m3 (Metcalf & Eddy, 2003), 

the sludge production will be 1.62 kg sludge/m3 treated water. 

 

 

 



42 Chapter 4 

LIFE CYCLE ASSESSMENT OF A CONSTRUCTED WETLAND SYSTEM FOR 

WASTEWATER TREATMENT AND REUSE IN NAGPUR, INDIA 

Emissions 

12. Emissions 

CWs produce Greenhouse Gases (GHG) to the atmosphere. Both 

VFCW and HFCW produce nitrous oxide (N2O), 0.017 g/m3 treated 

water and HFCW produce methane (CH4), 10.89 g/m3 treated water 

(Corbella et al., 2014; Mander et al., 2008). 

It has been considered that the 3 CWs as while one VFCW is not 

working, it follows producing gases. 

Water avoided 

13. Water avoided 

Treated water will be reused for irrigation to avoid groundwater 

exploitation. 

It has been taken into account the evapotranspiration factor. Half of 

the water treated (50 %) is evapotranspirated. 

Some considerations to take into account for the calculations are: 

- The plant works 365 days/year 

- The flow used for the calculations is the average daily flow rate 292.5 

m3/day. 

- Except for the pump system, the rest of the materials and equipment 

have a lifespan of 20 years. The lifespan of the pump system if 10 years. 

- Some materials like plastic, iron, steel, etc. require a manufacturing 

process that has been included in LCA. 

4.3.2.6. Life Cycle impact assessment 

Selection of the impact categories 

There are so many environmental issues that can be studied with impact 

categories (figure 4-6). 
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Figure 4-7. Impact categories (WCA environment limited, 2015) 

 

Regarding the impact categories that we want to study and the evaluation 

method considered for the calculation of the impact assessment (CML – IA 

baseline), the impact categories chosen are:  

- Abiotic Depletion  

It considers raw materials. It is determined for each extraction of minerals 

(kg antimony equivalents/ kg extraction) based on concentration reserves 

and rate of deaccumulation.  

Unit for the indicator: kg Sb eq 

- Abiotic depletion (fossil fuels) 

It considers all the fossil fuels. It is related to the Lower Heating Value 

(LHV) expressed in MJ per kg of m3 fossil fuel. The reason for taking the 

LHV is that fossil fuels are considered to be fully substitutable. 

Unit for the indicator: MJ 

- Global warming (GWP 100a) 

It is based on the heat-absorbing ability of each gas relative to that of 

carbon dioxide (kg carbon dioxide/kg emission), as well as the amount of 

each gas removed from the atmosphere in 100 years.  

For example, nitrous oxide (GWP 310) is 310 times more absorptive than 

carbon dioxide (GWP 1), and can linger in the atmosphere for over a 

hundred years. However, carbon dioxide is the most problematic of 

greenhouse gases. Methane (GWP 21) can also be problematic (Global 

Greenhouse Warming, 2015). 
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Unit for the indicator: kg CO2 eq 

- Ozone layer depletion (ODP) 

It defines the depletion of the highest layers in the stratosphere. Because 

of that, a larger fraction of UV-B radiation reaches the earth surface. This 

can have harmful effects upon human health, animal health and 

terrestrial and aquatic ecosystems, biochemical cycles and on materials. 

It represents ozone depletion potential of chlorofluorocarbon (CFC) and 

other gases (kg CFC-11 equivalent/kg emission). The geographic scope 

of this indicator is at global scale. The time span is infinity (PRé, 2014). 

Unit for the indicator: kg CFC-11 eq 

- Acidification 

In order to describe the acidifying effect of substances, their acid 

formation potential (ability to form H+ ions) is calculated and set against a 

reference substance, SO2. Sulphur oxide, nitrogen or ammonia in 

excess, decreases environment‘s pH.  AP is expressed as kg SO2 

equivalent/kg emission. 

Unit for the indicator: kg SO2 eq 

- Eutrophication 

Additional input of plant nutrients into water can bring about excessive 

growth of water weeds (phytobenthon), free-floating plant organisms 

(phytoplankton) and higher plant forms (macrophytes). This does not only 

represent a change in the stock of a species, but also in the balance 

between species. Due to the increased generation of biomass and the 

consequently heavier sedimentation of dead organic material, the oxygen 

dissolved in deep water is consumed faster, through aerobic 

decomposition. This can lead to serious damage in the biological 

populations inhabiting the sediment. In addition to this, direct toxic effects 

on higher organisms, including humans must be taken into account when 

certain species of algae appear in mass. It is expressed as kg PO4 

equivalent/kg emission). Fate and exposure is not included and time 

span is eternity. 
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Unit for the indicator: kg PO4 eq 

Human toxicity, fresh water aquatic ecotoxicity, marine aquatic ecotoxicity, 

terrestrial ecotoxicity and photochemical oxidation are not studied in this LCA. 

The results have been expressed as a quantification of the potential contribution 

of materials to each impact category. 

 

Classification  

This step assigns data from the inventory to each of the environmental impact 

categories. 

 

Characterisation 

Through characterisation factors, inventory data are quantified and a single 

result will be obtained for each impact category. 

 

 

Figure 4-8. Example of Life Cycle Impact Assessment classification and characterisation process 

(SolidWorks, 2015) 

 

Normalisation and weighting are not developed in this LCA. 
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4.3.3. LCA of the wastewater treatment plant 

The methodology followed to do the WWTP LCA has been the same as 

explained above. 

The system boundaries for the WWTP (figure 4-8) located in Sant Pere 

Sacarrera (Catalonia) includes the wastewater treatment plant construction and 

operation and its related processes. The sewer network is out of the scope of 

the study. 

A consideration to take into account is that the values for WWTP emissions are 

obtained directly from SimaPro8 database. 

 

 

Figure 4-9. System boundaries for the WWTP (Cullell, 2015) 
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5. RESULTS AND DISCUSSION
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1.4. LCA of the Constructed Wetland system 

The results obtained from the different impact categories of the CW system 

were: 

Abiotic depletion:  

The total impact is 1.27·10-6 kg Sb eq. The 59% of the impact is due to the civil 

works and materials used. Metal working from all the construction processes 

and filter media from the CWs are the most influential elements. In second 

place, there is operation phases with 37 % of the impact (due to chlorination).  

Water avoided has a negative impact of 28 %. This means that water avoided 

(groundwater avoided because we are reusing treated water) reduces the 

impact induced by civil works, material and chlorination (figure 5-1). 

Abiotic depletion (fossil fuels): 

The total impact of this category is 2.98 MJ. In this impact 61% comes from 

operation (electricity consumption) and 35 % comes from civil works. The 

impact from civil works is due to the metals production and manufacturing used 

for the construction, crushed gravel processing from CWs and, in a minor scale,  

plastics (PVC pipes and geomembrane) from CWs. 

Water avoided is 51%. This has been taken into account as a negative impact 

(impact is reduced) (figure 5-2). 

Global warming: 

The total impact is 0.466 kg CO2 eq. Similar weights were obtained in this 

category for emissions (35%) and plant operation (37%) whereas civil works 

(metals, concrete and filter media) contributed for the 25% of the total impact. 

Electricity consumption is the most important in the operation phase. Almost all 

impact due to emissions is caused by the direct emissions of CH4 from HFCW.  

The negative impact from water avoided is 34% in this case (figure 5-3). 

Ozone layer depletion: 

The total impact in this case is 1.69·10-8 kg CFC-11 eq. Operation contribute for 

60% of total impact, while for civil works contribution is 26%. Sludge contributes 

with only 14% of the total impact. Electricity consumption and chlorination are 
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the most important factors. Steel reinforcement and gravel from filter media 

influence also in less amount. The avoided impact from water taken into 

account in that category is 32% (figure 5-4). 

Acidification: 

The total impact is 1.33·10-3 kg SO2 eq. In this case operation is also important 

(62%) and it is due to electricity consumption. Civil works contributes with a 

31% of the total impact (concrete and metal processing). Sludge is less 

important (6%). 

The avoided impact from water is higher in this case with an elimination impact 

of 54% (figure 5-5). 

Eutrophication: 

The total impact is 1.11·10-3 kg PO4 eq. Sludge treatment is more important in 

this impact category (47%).  Energy and civil works contributes with a 34% and 

19% of the total impact, respectively. Impact from civil works is mainly due to 

steel processing and manufacture. The negative impact from water avoided is 

lower in that case 24% (figure 5-6). 

 

In summary, both operation and civil works are the most important factors in 

abiotic depletion, abiotic depletion (fossil fuels), ozone layer depletion and 

acidification. On the one hand, operation accounted between 37 and 62% of the 

total contribution in all considered categories. On the other hand, between 26 

and 59% of the total contribution in all impact categories was due to materials 

and civil works. 

It is mainly due to chlorination, energy consumption, metals and plastics 

production and manufacturing and crushed gravel production. 

Considering the global warming potential, direct emissions have a similar 

impact compared to operation and civil works (35, 36 and 25% respectively). It 

is mainly due to HFCW CH4 emissions. 

Sludge treatment had a considerable contribution only in eutrophication 

category (46%). 
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Wastewater reuse, which permits avoiding groundwater depletion, reduces total 

impact up to 24 and 54% for all categories.  

It is not in accordance with previous studies. Indeed, Corominas et al. (2013) 

mentioned that generally for low-tech processes the construction phase can 

account up to 80% of the impact for some impact categories. 

One of the reasons why operation impact is higher than construction in some 

cases is that in this study a better water quality is required so as to be used for 

irrigation in a public park. For that, chlorination is needed. This increase CW 

impact in some categories. 

Another reason is that further topographic studies should be made so as to 

verify if some pump stations can be removed. Only pumps for VFCW batches 

and sewer flow collection are strictly required.  Then, gravity pipes could be 

used to drive flow to HFCW and to the storage tank. 

Results are detailed in appendix 6. 
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Figure 5-1. Results for Abiotic depletion impact (CW system) 

Impact category

Unit

Total 1.27E-06 %

Land occupation 0.00E+00 0.00

Earthmoving 1.15E-09 0.07

Civil Works 1.04E-06 58.79

Operation 6.60E-07 37.45

Sludge 6.51E-08 3.69

Emissions 0.00E+00 0.00

Water avoided -4.90E-07 -27.80
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Figure 5-2. Results for Abiotic depletion (fossil fuels) impact (CW system) 

Impact category

Unit

Total 2.92E+00 %

Land occupation 0.00E+00 0.00

Earthmoving 1.98E-02 0.33

Civil Works 2.08E+00 34.97

Operation 3.64E+00 61.26

Sludge 2.04E-01 3.44

Emissions 0.00E+00 0.00

Water avoided -3.02E+00 -50.85
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Figure 5-3. Results for Global warming (GWP 100a) impact (CW system) 

Impact category

Unit

Total 4.66E-01 %

Land occupation 0.00E+00 0.00

Earthmoving 1.41E-03 0.20

Civil Works 1.74E-01 24.80

Operation 2.58E-01 36.71

Sludge 2.18E-02 3.10

Emissions 2.47E-01 35.19

Water avoided -2.37E-01 -33.71
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Figure 5-4. Results for Ozone layer depletion (ODP) impact (CW system) 

Impact category

Unit

Total 1.69E-08 %

Land occupation 0.00E+00 0.00

Earthmoving 9.24E-11 0.37

Civil Works 6.40E-09 25.91

Operation 1.49E-08 60.19

Sludge 3.34E-09 13.53

Emissions 0.00E+00 0.00

Water avoided -7.78E-09 -31.50
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Figure 5-5. Results for Acidification impact (CW system) 

Impact category

Unit

Total 1.33E-03 %

Land occupation 0.00E+00 0.00

Earthmoving 8.94E-06 0.31

Civil Works 9.10E-04 31.33

Operation 1.80E-03 61.93

Sludge 1.87E-04 6.43

Emissions 0.00E+00 0.00

Water avoided -1.58E-03 -54.28
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Figure 5-6. Results for Eutrophication impact (CW system) 

Impact category

Unit

Total 1.11E-03 %

Land occupation 0.00E+00 0.00

Earthmoving 2.10E-06 0.14

Civil Works 2.81E-04 19.32

Operation 4.90E-04 33.69

Sludge 6.77E-04 46.54

Emissions 4.55E-06 0.31

Water avoided -3.48E-04 -23.90
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1.5. Comparison between CW system and WWTP 

Comparing both CW system and the WWTP the results are quite clear: in all the 

categories the impact of the WWTP is higher than the impact of the CW system 

(figures 5-7 to 5-12). 

Abiotic depletion is 2 times higher in the WWTP than in CW system. It is due to 

reagents and chlorination used in the WWTP. 

Abiotic depletion (fossil fuels) is 4 times lower in CW system. It is due to the 

higher energy consumption of the WWTP (1.26 kWh/m3 and 0.22 kWh/m3 for 

WWTP and CW system, respectively). 

For global warming potential category WWTP impact is higher (around 2 times) 

than in the CW system. This is due to higher energy consumption and direct 

GHG emissions in WWTP as observed in previous studies (Pan et al., 2011). 

Ozon layer depletion shows the most noticeable results. This impact is almost 6 

times higher in the WWTP than in the CW system. It is mainly due to both 

reagents used and electricity. 

Considering the acidification category, WWTP impact is 4 times higher than in 

the CW system. This is due to electricity consumption. 

For eutrophication category CW system impact is 1.5 times lower than for the 

WWTP. This is mainly due to energy consumption in WWTP. Impacts are 

similar because in the WWTP sludge is dehydrated (and this needs electricity), 

whereas in CW system the quantity of sludge is bigger because it has not been 

previously processed.  

It is to be noticed that, a conventional WWTP designed for small communities 

(1,500 p.e.) is less efficient than larger ones (20,000-50,000 p.e.) (Toja et al., 

2015). It means that the difference between impacts generated by WWTP and 

CW system could be reduced if we consider bigger communities. Moreover, in 

this case the CW land occupation could be an important drawback 
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Indeed, natural systems for wastewater treatment such as constructed 

wetlands, biological filters and sand filtration systems have been proposed by 

several authors as feasible alternatives with lower environmental impacts 

compared to conventional technologies after using LCA (Brix, 1999; Dixon et 

al., 2003; Vlasopoulos et al., 2006; Machado et al., 2007; Nogueira et al., 2009; 

Kalbar et al., 2012; Yildirim and Topkaya, 2012). Although these low-tech 

processes require low energy and easy operation and maintenance, they also 

require larger land areas for their implementation (Corominas, et al. 2013). 

Aerated CW could be a solution when land occupation is a major concern (i.e. 

in peri-urban areas) (Wallace, 2006). 

In conclusion, constructed wetlands for wastewater treatment are the most 

environmental friendly solution for small communities. 
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Abiotic 

depletion

Unit kg Sb eq

Total 3.58E-06

WWTP 2.31E-06

CW system 1.27E-06

Impact 
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(fossil fuels)

Unit MJ

Total 1.40E+01

WWTP 1.11E+01

CW system 2.92E+00

Impact 
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Global warming 

(GWP100a)

Unit kg CO2 eq

Total 1.27E+00

WWTP 8.08E-01

CW system 4.66E-01

Figure 5-7. Results for Abiotic 

depletion impact. CW vs 

WWTP. 

Figure 5-8. Results for Abiotic 

depletion (fossil fuels) impact. 

CW vs WWTP. 

Figure 5-9. Results Global 

warming  impact. CW vs 

WWTP. 
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Impact 
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Ozone layer 

depletion 

(ODP)

Unit kg CFC-11 eq

Total 1.17E-07

WWTP 9.99E-08

CW system 1.69E-08

Impact 
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Acidification

Unit kg SO2 eq

Total 6.24E-03

WWTP 4.91E-03
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Eutrophication
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Total 2.80E-03

WWTP 1.69E-03
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Figure 5-10. Results for Ozone 

layer depletion impact. CW vs 

WWTP. 

Figure 5-11. Results for 

Acidification impact. CW vs 

WWTP. 

Figure 5-12. Results for 

Eutrophication impact. CW vs 

WWTP. 
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1.6. Conclusions 

An analysis regarding the environmental impact of a CW system for wastewater 

treatment and reuse has been performed in the current study using a Life Cycle 

Assessment (LCA) methodology. 

The results obtained from CW system considering a lifespan of 20 years 

showed that, both operation and construction (materials and civil works) are 

important factors in most of the considered categories (i.e. abiotic depletion, 

abiotic depletion (fossil fuels), ozone layer depletion and acidification). 

Operation accounted for 37 and 62% of the total impact in all considered 

categories, whereas between 26 and 59% of the total contribution in all impact 

categories were due to materials and civil works. 

Materials and processes which have the most relevant constribution in LCA 

results are: chlorination, energy consumption, metals and plastics production 

and manufacturing and crushed gravel production. 

Considering the global warming potential, direct emissions of greenhouse gases 

from CW system have a similar impact compared to operation and construction 

(35, 36 and 25% respectively). It is mainly due to HFCW CH4 emissions. 

Sludge treatment had a considerable contribution only in eutrophication 

category (46%). 

Wastewater reuse, which permits avoiding groundwater depletion, reduces total 

impact up to 24 and 54% depending on the category.  

Comparing CW system and the WWTP, the impacts of the WWTP were 

between 1.5 and 6 times higher than the impacts of CW system for all 

considered categories. It is mainly due to the higher energy consumption of the 

WWTP (1.26 kWh/m3 and 0.22 kWh/m3 for WWTP and CW system, 

respectively) and reagents used (e.g. coagulants and chlorine). 

Although CW systems require low energy and easy operation and maintenance, 

they also require larger land areas for their implementation. In this study it was 

considered that land occupation is not a major concern. If it is the case, aerated 

CW could be a suitable solution especially in peri-urban areas. 
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In conclusion, this study proved that constructed wetlands for wastewater 

treatment and reuse are the most environmental friendly solution for small 

communities, compared to conventional wastewater treatment plant. 

 

1.7. Recommendations 

In this research, it has been demonstrated that energy consumption has a high 

contribution to environmental impact (between 37 and 62% of the total 

contribution in all considered categories). For this reason, further studies should 

be carried out considering renewable energy use for systems‘ operation in order 

to decrease environmental impacts. 

In this study it was considered that land occupation is not a major concern. If it 

is the case, CW systems could be compared to other solutions like aerated 

wetlands. LCA should consider land occupation and increased energy demand 

due to aeration system.  

 

There are many other natural technologies that have not been considered in 

this LCA and maybe are such environmentally-friendly as CWs system. Further 

studies should consider natural lagoons, trickling filters and high rate algae 

ponds. 

 

This study did not consider social and economic aspects. A social and 

economic assessment should complement this LCA, in order to evaluate 

different technologies from a multidisciplinary point of view. 
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