EMChlE2015
Conterence Proceedings
Volume1
Edited hv Christophe Benuoa

Tapie 01 Air pollution control and abatement
Tapie 02 Methods of testing, va lidation and mon itoring
Tapie 03 Particle techno logy and nanotechnology
Tapie 04 Process and environmenta l applications of microa lgae
Tapie 05 Process intensification and susta inabili ty in chem ica l eng ineering
Tapie 06 Risk ana lys is and loss prevention

Ch

M

11hE
1

E

Tarragona, Spain, 10-12 June 2015

List of Contents

Simulations with different process configurations for the C02 capture applied to cemen t flue gases
(0913)
J. Gervasi, L. Dubois, D. Thomas ----------------- ------ --- --- ---- ----- ----- -- --------------- -------------------------------------- -------- 153
Biogas reforming for hydrogen production: Activity tests with real biogás (0918)
l. García-García, J.F. Cambra, P.L. Arias --- --- --- -- ---- ---- --- -- ---- -- ------------------------------ ------- 159

u. Izquierdo, V.L. Barrio,

Use of epoxidized cotton seed oil for obtaining ecologica l thermosetting resins (0978)
A. Carbonell-Verdu, O. Fenollar, L. Sanchez-Nacher, J.F . Balar!, R. Balar! -- --- -- ---- ---------- -- ----- ------------- ------- --- --- ---- 165
MOF based mixed matrix membranes for esterification in membrane reactor (0985)
B. Zornoza, O. de la Iglesia, C. Téllez, J. Coronas-------------------- ----------------------------- ------- 167

s. Sorribas, E. Almendro,

Design, construction, salinity gradient establishment and start-up of the first pre-industrial solar pond
in Europe (1019)
A. Alcaraz, C. Va lderrama , J. L. Cortina, A. Akbarzadeh, A. Farran, C. Aladjem, M. Gonza lez ------------------------------------ 169
Enhancing the efficiency of a solar pond heat extraction by using both lateral and bottom heat
exchangers (1020)
A. Alcaraz, C. Va lderrama, J. L. Cortina, A. Akbarzadeh , A. Farran, C. Aladjem ----------------- -- ---------------------------------- 171
lmproving the solvent-extraction of vegeta ble oil (1061)
W. Kong, J. Baeyens, W. Feng, T. Tan ---------------------------------------------------------------------------------- --------- -------- - 173
Electrochemical valorisation of C02: innovative processes for obtaining formate, methanol and
dimethyl carbonate (DMC) (1064)
M. Alvarez-Guerra, J. Albo, A. lrabien --- ------ ---- --- -- -- -------- -------- ---- -- ---- ------ --------- -- ----- -- -- -- ----- -- --- -- -- --- ----- ---- - 179
Free of water tann ing intensified by C02 J Para meter and Scale up study (1094)
M. Re nner, E. Weidner, H. Geihsler ··---- ---------------------------- ---- ---- --- ----- --- --- ----- --- ---- ----- ---- -- ------ ---------- -- ------- 181
Synt hesis and Optimization of Heat Exchanger Networks: Economic and Environmental Features (1125)
M.A.S.S. Ravagnani, T.B. Mano, C.B.B. Costa , L. Jiménez-Esteller·------------------------------------------------------------------187
Enviro nmental aspects in a multiobjective optim ization study of a sugarcane biorefinery (1126)
E. Potrich, A. J. G. Cruz, C.B.B. Costa- -- ------ -- ---- ----- ---- ----- -- ----- --- ----- ----- ---- ------ --- -- -- --------- ----- -- ------------------- 191
New LEO reactor designs for photocatalysis applied to water treatment (1135)
S. Dominguez, M.J. Rivera, P. Gomez, R. lbañez, A.M . Urtiaga, l. Ortiz ----- ------- -- -------------- -- ---- ---------------------- ---- -- 197

Tapie 06 Risk ana lys is and loss prevention
Flas h tire main features and mathematical modelling (0889)
D. Villafañe, J.A. Vilchez, J. Casal -- --- ----- ------- --- ----- --- -- -- -- ------ ---- --- --- -- ----- ---- --- -------- ------- ------ ----------- -- --- ---- 201
lnclusion of Human Factor into Risk Assessment through a Fuzzy Frequency Modifier (0890)
J.R. González Dan , J. Arnaldos, R. Bubbico, R.M. Darbra ·------------- --- ---- -- -- ------- ---- ---- ----- ---- ----------------- -- ---------- 205
Social risk evaluation among refineries dueto popu lation growth - A Brazilian case study (0919)
P. Dias Silveira, L. Jiménez, A. Haddad, D. Boer ·---------------------------------------------------------------------------------------- 209
BLEVEs mechan ical energy and overpressure: a comparative ana lysis (0928)
B. Hemmatian, E. Planas, J. Casal ·------------------------------------------------------------- ------------ -------- -------------------- --- 215
Cons idering crit ica ! infrastructures in the land use planning policy around Seveso plants (0942)
C. Delvosalle, B. Robert, J.Nourry, G Yan ---------- -- -- --------- --- ----------------------- --- ---------------------------------- ----- -- --- 217
Pri oritize inspection of equipment items in Seveso establishments thanks to a land use planning QRA
(0944)
C. Delvosalle, D. Beaudoint, N. Cornil, J. Delcourt, J. Nourry, A. Rosmorduc ----- ---- --- --- -- -- ------ --------------- ----- ----------- 219
Water BLEVE failure characterization w ith small sca le experiments (0970)
R. Eyssette, A.M . Birk, J. Crawford , F. Heymes, L. Aprin, P. Slangen ---- ---------- --- -- ------ --------- --- --- ---- --- ------- ----------- 225
Towards the validation of CFD simulators for d ispersion ana lysis : The USPUPC experimental campa ign
(0979)
A.M. Schleder, E. Pastor, E. Planas, O. Ríos, M. Muñoz, D. Tarragó , M.R. Martins --- ------ ---------------------------------------- 23 1
Evaluating disaster evacuation planning for industrial accidents triggered by a large scale earthquake
and tsunami in Kobe, Japan (1027)
A. Cruz, H. Suda ·----- -- ------- -- ---- ------ ------- --------- -------- ---------- -- -- --------- -- ----- --- ------ ---- -- --- ---- ----- ------ ---- -------- 233

EMChlE 2015, Tarragona, 10-12 June 2015

V

Tapie 6. Risk analysis and loss prevention

sion of Human Factor into Risk Assessment through a Fuzzy Frequency
1nclu
90)
r,1odifier (08

tained are
e previous

González Dan

1. J. Arnaldos 1 , R.

Bubbico

2

,

R.M. Darbra

1

J.R.
' C tre d'Estudis del Risc Tecnologic (CERTEC). Chemical Engineering Department. Universitat

pol~~cnica de Catalunya, Diagonal 647, 08028 Barcelona, Catalonia,

Spain.

'oipartirnento di lngegneria Chimica Materiali Ambiente. Universita di Roma "La Sapienza". Vi a
Eudossiana 18. 00184 Roma. ltaly.
e-mail: jose.roberto.gonza lez@upc.edu
Abstract
The frequency of an accidents occurrence is a key aspee! to take into consideration in the field of risk
assessment. Aspects such as the human factor, which is a majar cause of undesired events in process
industries, are usually not considered explicitly in the frequency estimation, mainly due to the uncertainty and
complexity associated to them. Failure frequencies are modified by a fuzzy modifier that has been developed
in arder to introduce the human factor in their estimation. The model includes variables such as Organizational
Factors, Job Characteristics Factor and Personal Characteristics Factor. Applying this methodology, new
values of frequencies have been obtained. To develop the fuzzy modifier the opinion of experts has been
taken into account through the completion of a questionnaire. The new va lu es are considered more realistic
and accurate since the human factor is now reflected. Consequently, this improves the final risk assessment
when it is applied to techniques such as ORA (Ouantitative Risk Analysis). In this study, a real chemical
installation, which stores flammable products, was examined using ORA and the fuzzy modifier. The
introduction of the human factor through the fuzzy frequency modifier provided more conservative results than
!hose obtained without considering tl1is factor .
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INTRODUCTION
Evaluating the frequency of an accident is essential in risk assessment since risk is calculated by
mulliplying the frequency in which an event occurs (or will occur) by the magnitude of its probable
consequences (Casa l, 2007). The current management of human factor has been increasingly
recognized as playing a vital role in the control of risk due to the uncertainty generated by it. lt has
been widely accepted that the majority of accidents in the chem ical industry are generally attributable
lo human as well as technical factors (H SE, 2012).
The fuzzy logic methodology has the capab ility to make rational decisions in an environment of
imprecision (Zadeh, 2008) and it allows including qualitative variables, which are not cons idered by
lraditional methods. This methodology seems to be a suitable too l to integrate the human factor in risk
assessment since it is specially oriented to rationalize the uncertainty related to imprecision or
vagueness. Therefore, using fuzzy logic, the human factor is going to be introduced in the failure
frequency estimation by the development of a fuzzy frequency mod ifier

FUZZY FREQU ENCY MODIFIER
The aim of th is paper is to include the human factor into the industrial risk analysis, and this is done
lhrough the creation of a coefficient that modifies the values of the generic fa ilure frequency, based on
fuzzy logic (and hence the name of "fuzzy frequency modifier"). This modifier will vary in a range from
~ lo 1.5. This choice has been done taking into account that the HSE states that in the petrochemical
industry the accidents attributed to human error account up to 50% (HSE, 2005).
. The methodology requires different steps that are going to be explained next. The first aspect is the
identification of variables that are relevant to the system (inputs and outputs ).

ldentification of variables
A simpl e way to view human factors is to th ink about three aspects : the job, th e individuals and th e

~rganization , and how they affects people's health and safety-related behaviour (HSE , 2005). In arder
0

create the model, a selection of variables was made based on this classification . Thi s selection
considers that the overall human factor is composed of three different factors explained next.
Organizational factor: This factor refers to the cond itions provided by the company to generate a
~ate environm ent. lt takes into account three parameters : Contracting , Training and Commun ication &
eporting .
Job characteristics factor: This factor refers to the conditions that the company provide to the
~tn~loyees to perform their job . lt takes into account three parameters: Workload Management,
nv1ronmental Conditions and Safety Equ ipment.
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Personal characteristics factor: This factor re lates to th e cogn itive characteristics of the empl
0
lt depends on two parameters: Skills & Knowledge and Personal Behavi our.
Yees.
Once the variables have been identified t h ~y have to be fu zz ifi~d, whi ch means that their Val
need to be converted into fu zzy numbers. Th1s 1s known as th e fuzz1f1cat1on process and is done ~es
fu zzy sets (FS), linguistic vari abl es and membership fun ctions (M F).
using

Fuzzification
Fuzzification is the process of converting an input data into its symbolic representation by mean
a fuzzy set, using a linguistic partition of the universe of the linguistic variables by computing ~~f
membership degree of the data to each fuzzy set (Nait-Said et al. , 2008) .
e
The fuzzy sets represent linguistic values, used to define a state of a variable or an input of th
problem. In arder to include the human factor in a more comprehensive risk analysis, three linguisti~
variables were used far most of the inputs : Poor, Medium and Excellent. The concept of fuzzy sets is
strictly related to the concept of membership function. A membership function is a curve that defines
how each point in the input space is mapped to a membership value between O and 1, far the creation
of the fuzzy frequency modifier, three types of membership functions were used: Z-shape, S-shape
and n-shape.
Once the inputs and outputs have been fuzzified, they have to be connected. This is done through
the fuzzy inference system (FIS) with the use of fuzzy rules and implication and aggregation
processes.
Fuzzy lnference Process
The Mandami model is the most common inference fuzzy process (Jang, 1997) and the one used
in this study. Hence, once the inputs and outputs have been fuzzified, they have to be connected. This
is done using fuzzy rules that connect various inputs (antecedents) with one output (consequent). This
infarmation is extracted from a questionnaire replied by forty international experts. Usually it is
necessary to deal with more than one input variable and therefore the antecedents are linked one to
each other through different fuzzy operators (i.e. not, and, or). Then, from the results obtained far each
rule, an area needs to be identified . This process is known as implication and can be applied by
different methods. Finally, once the areas have been identified, they need to be joined through the
aggregation process by which fuzzy sets of the output provided by each rule are combined in one
single fuzzy set.
At the end, the process has to be inverted: from the linguistic parameter, it is necessary to obtain a
crisp numeric valu e by the defuzzification process that gives the final output, which will be the value of
the fuzzy modifier.
Defuzzification
Defuzzification is the process used to obtain a final crisp number that represents the final fuzzy
output. The most common method and the one used in this study is the centroid method (Klir and
Yuan, 1995). The resu lt of the defuzzification method will be the value of the final modifier, which will
depend on the conditions of the fuzzy sets established far a specific scenario.
CASE STUDY ANO RESULTS
In arder to test the fuzzy frequency modifier, it was applied to calculate the frequency of accidents
associated with the loss of containment events (LOCs) in a company that stores and distributes liquefied
petroleum gas (LPG). The iso-risk curves obtained with the new method were compared to the curves
obtained without considering the human factor. Using the fuzzy modifier, greater safety distances wer~
obtained, helping to reduce potential accidents. This seems logical since one of the main causes 0
accidents in the chemical industry, the human factor, has been explicitly introduced in the risk assessment.
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