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Social sustainability of treatment technologiesfor bioenergy generation
from municipal solid waste(M SW) using the Best Wor st M ethod

Abstract: Despite the fundamental role of the social aspedhe implementation of sustainability in the biaskd
industries, most of the sustainability assessmesgsarch have addressed the environmental and rtouidmensions.
However, the social dimension has been neglectddtaan cause an irreparable outcome in the biwtglogy industries.
Following this issue, this study propounds a modifigstemic approach for a social sustainabilityammssessment of the
treatment technologies for converting waste inteehiergy, based on a review on the common sociekasgent methods.
As it is known, the guideline presented by the EaitNations Environment Program (UNEP) and the 3$poié
Environmental Toxicology and Chemistry (2009) doednsidering social life cycle assessment hasrgoehensive look
at the stakeholders. Therefore, in this paper, UNiEfhod was selected. However, it needs to be meddifased on the
bio-energy supply chain derived from municipal dolvaste. For this purpose, the bioenergy valuencharived from
municipal solid waste was designed and combinel WNEP guideline, to complete the level of stakdkolsubgroups
and the levels of the indicators. The final metbbthe social assessment system was presented tmé#rd of experts and
finalized.

In order to design the measurement part of theabassessment system, because of a multi critedisidon making nature
of the social sustainability evaluation of the cersion technologies of municipal solid waste to-di@rgies, a recent
developed multi-criteria decision making methoccatied Best Worst Method (BWM) was used in two e&ad he criteria
are ranked according to their average weight obthithrough Best Worst method. One of the major hi@gein this
research is the way of application of the best wmshnique in the second stage. The model waseimgihted in the case
of Tehran as one of the pioneering Iranian munliipa with high potential to produce bioenergy.eltesults of this study
help decision makers to decide where to concentinaie attention during the implementation stage] t increase social

sustainability in their bioenergy supply chainsided waste.

Keywords: Social Sustainability, Bioenergy, Best Worst Methdckatment Technology

1. Introduction

According to the growth in approach of biotech istiy development with noticeable an annual turn@ret job creation,
it is important to know whether this economic depehent leads to the equal opportunities and remsweial difficulties
in the society. For this purpose, to implementainstbility and its evaluation in the bio-based isitlies, it is necessary to
consider the environmental, economic and socia¢@sptogether. While, the majority of sustainapibissessments are

mainly concerned with the economic and environnmeagpects and social impacts are rarely investijate

According to Rafiaani et al., (2016), the natureadial sustainability of bio-based industries impoised of: how can
it be accepted and what size is the domain of dapep by the society, and what are the advantagbm-éndustry to
various societies.

There are different definitions for social sustailigtbecause of its ambiguous meaning. Rafiaail. §2018) referred

to the definition of Black(2004) “how far social wib, social identities, social communications andial establishments



can be extended into the future”. According to p@an commission (2016); which was pointed out byday et
al.(2015) and Rafiaani et al.(2018), social suasfalie bio-based economy consists of organizingng-tome sustainability
plan with ongoing monitoring of social impacts sumh food safety, the energy supply reliability, ahd security of
regions with respecting human rights. Accordinghi® definition of the Office of the Deputy Prime Nditer in the UK that
was referred by Eizenberg et al.(2017), socialasnability in a society was defined in this wayu$ainable communities
are the societies where people want to live anckwwow and in the future. They meet the differeetessities of present
and future inhabitants, are responsible to theiirenment, and help to a high quality of life. Thaye secure and inclusive,
well planned, made and run, and provide equal dppidres and useful services to everyone”.

Based on our review, there is rarely a comprehensocial sustainability definition with balancinther aspects of
sustainability, including economic and environmémtspects. In this study, it was attempted to defiomprehensive
definition of social sustainability to be integratith the economic and environmental aspects. &hez, the new
definition should include "When the economic depatent leads to remove social difficulties, creajeat opportunities,
food and energy security, region development withsidering human rights and the others social gehlke maintaining
environmental priorities, in which means the sosiastainability happened” or in the short term "Wliee economic
growth leads to social growth along with maintagnenvironmental priorities, it means the sociatainsability happened".

According to our reviews, some of the most usedigines for social sustainability assessment ttaatiqularly
concentrated on the bio-based and bioenergy sasciimthe Social Life Cycle Assessment of Prod(IddEP-SETAC,
2009), The Global Bioenergy Partnership (GBEP $wghdlity indicators for bioenergy,2011), GlobaleBPact (2012),
Oak Ridge National Laboratory (ORNL,2013) and Bi&FT(2016). (Blom & Solmar,2009; Siebert et al.,20UBIEP-
SETAC,2009; Van Dam et al.,2010; Képpen et al.,2@ae et al.,2015; Efroymson et al.,2016; Kumaralg2017: Vis
et al, 2014; Diaz-Chavez, 2014).

The commonly applied methodologies of all abovedglines is divided into three categories includ8agial Impact
Assessment (SIA), Socio-Economic Impact Assessni®ElA), and Social Life Cycle Analysis (SLCA). Thaain
difference among the methodologies is related tpaich categories and evaluation techniques. SIAS#IA focus on
assessing the social impacts on the communitytsiieias well as considering the protection of galtones. In contrast to
these two methodologies, SLCA focuses on the inspactvarious stakeholders while considering thElifiel cycle (Dale
et al,2015; Hosseinijoet al,2014; Ibafiez-Forés al. ,2019).

According to this study, there is no worldwide su#tocial sustainability assessment system whiclerso&ll social
dimensions and contains a set of indicators thabeaapplied in the same way in all cases as liyrdapends othescope
of the study and the priorities of the stakeholdekolved in the bio-industry under consideratidtabibi et al,2017;
Mirdar Harijaniet al,2017; Ahmadet al,, 2017; Fedorova and Pongracz,2019; Hasemheit,2016; Dalest al,2013; van
Damet al,2013; Kopperet al,2014). Since the value of an indicator dependshenquality of the data it contains, the
indicator must be carefully selected. By studyingse guidelines and indicators, we found that thdalines presented by
the United Nations Environment Program and the &gaf Environmental Toxicology and Chemistry (UNEETAC)
(2009) method is the most comprehensive in termstakeholders, but the level of stakeholder suljgs@and levels of
indicators need to be completed. The social effattthe social guideline of UNEP (2009) classifyfine stakeholder
categories that are affected by the life cycle pf@duct: workers, users, local community, sociatyd value chain actors.
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Social outcomes are realized to be very complicdtiledeover, they are completely depending on tlegggphical place as
well as socio-economic circumstances. For simpigythese complexities of social impacts, the vahen of bio-energies
derived from municipal solid waste was combinecdwtitis guideline. Therefore, it could both reduce assessment levels
in the introduced social assessment guideline asdltrin extending this guideline.

The goal of this study is to propose a methodoltmyssess the social sustainability of treatmectrtelogy for
conversion of municipal solid waste into bioenefgyy using the Best-Worst Multi-Criteria Decision Mg Method
(BWM). By reviewing of the technical feasibilityusties and consulting with energy specialists aotelshnologists in the
section of industry and academia, the treatmeninogies were selected based on their feasibitityhe nature of
municipal solid waste in the scope of this studigeSe specialists were selected based on the kngevigidresearchers
about the bioenergy stakeholders and the conssltarthe field of municipal solid waste managemamd bio-energies.
These technologies include: Anaerobic digester feat and electricity, Anaerobic digester for dontegias usage,
Anaerobic digester for gas fuel, Pyrolysis for #letty, Fermentation for bioethanol, and Landfilith domestic gas.

The Best-Worst Method proposed by Rezaei (2015)jegppnly the best and the worst criteria for paise comparison
and it does not require a complete pairwise corspariTherefore, compared with the equivalent teqes it requires less
data. The method of BWM needs only 2n-3 comparisamd it outcomes more stable results because gfaitsvise
comparative structure (Rezaei, 2015; Rezaei, 2846jadia & Karimi, 2018 ; Salimi & Rezaei, 2017edause of these
significant reasons, we used this method in oueae. The method of BWM has been used for sontbeofpplied
problems during the past four years such as suppi@agement (Rezaei et al., 2015), risk evaludfionabi et al., 2016),
Identifying enablers of technological innovatiom fodian enterprises (Gupta & Barua, 2016), meagutiie efficiency of
Ph.D. projects (Salimi & Rezaei ,2016), developangtrategy to dominate barriers to energy effigieincthe buildings
(Gupta et. al.,2017), assessing the social sustidityeof supply chains (Ahmadi et al., 2017), evation of the external
forces affecting the sustainability of oil and gapply chain (Ahmad et. al.,2017), investigationthaf key success factors
in technological innovation development (Ghaffdrak, 2017), solving optimal search problems (8d&h-Anvaria et. al.,
2018), assessing firms’ R&D efficiency (Salimi aR&zaei,2018), Risk Prioritization in Mega proje@orouzi, and
Ghayur Namin,2019).

Following the mentioned applications, in order totde assessment of treatment technologies fonbrgg, we applied
BWM method to develop two-step innovative approactoe the presented assessment method based on YiN&#ine.
The proposed social sustainability assessment mpkemented to a case study in Tehran (Iran) asobtiee leaders of
Iranian municipalities with high potential of prazng bioenergy. Moreover, the validation of the BWitputs is

considered. At the end, along with conclusions,chmments have been pointed out for the furtheyanes$.

2. M ethodology

This study begins with defining the goal and scop¢éhe research. The goal is to evaluate the saciale of treatment
technologies for municipal solid waste. The scap¢hie entire stages of the bioenergy supply chiaased on selected
feasible treatment technologies tailored to mumicgwlid waste.

In the second step in order to design the conceptra of the social sustainability assessmentesysof bio energy

treatment technologies based on municipal solidtevdsISW), attempts were made to extend the sodialdycle
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assessment methodology based on the UNEP/SETA®)2068e social implications in the social guidelioR UNEP
(2009) are classified in five stakeholder categotleat are affected by the life cycle of a prodwatrkers, users, local
community, society, and value chain actors. By eugimng into impact categories, it will be possilite identify
subcategories, to collect subcategory indicatothiwigroups with the same impacts, to assess fuithgact assessment
and interpret. For extending this guideline, firdtie relevant literature, social sustainabilitpogs and guidelines were
reviewed and social subcategories and indicatore weracted (see Table 1 and 2).

In order to complete these indicators and subcaiegydhe social value chain of bio energies washined with UNEP
guideline, in which, it includes three levels s upstream, midstream and downstream (Fedorowvagfacz,2019). In
our study, this bio energy value chain was modifieded on bioenergy derived municipal solid wabhés social value
chain includes activities, basic supply chain andia impacts. By consulting the experts, the doeféects of these
activities were identified along the entire bio kgyevalue chain (see Figurel). The design of thikie chain helped to
complete the initial extracted subcategories awicators from the literature review, to assuretladl social effects have
been considered in our conceptual model. Thena# resulted in reducing the assessment levels EBRJ§uideline, with
the extension of indicators in the third level.

In the next step, all five stakeholder categorsesycategories and their indicators are presentéibtboard of experts
including the managers and engineers at TehraneMéahagement Organization(TWMO), Renewable EnengyEnergy
Efficiency Organization, university teachers andtéchnologists. The purpose and domain of our reBesxe explained
during interview with them. In order to standardike subcategories and indicators, Riddle methaslugad. At first, the
questionnaire that includes conjunction of subaateg and indicators was designed. Then, the expeete asked to
identify the degree of importance by interval scdleereafter, median and standard deviation welaileaed for all the
subcategories and indicators. Finally, the totadlisne was estimated and the subcategories and todscemaller than total
median were eliminateddccording to their viewpoints, eight subcategor@es fourteen indicators are considered as final

decision-making hierarchy of social impact assessgmaethree levels (see Figure 3).

Some of these subcategories and indicators haverbealy considered in previous studies. As thecatdgory, we can
refer to" bioenergy quality". Moreover, the indictoconsist of "the impact on the decline in norewable energy
imports", "the amount of fossil energy consumptjr unit of bioenergy production”, "the added vabfidossil energy
replaced by bioenergy”, "technology complexityhé'tcontent of energy produced per unit of bioengegerated " and "
reduction rate of greenhouse gas compared to theéqus situation ".
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Figurel. Value-adding activities and social impacts througttbe bioenergy supply chain derived from waste
(improved from Fedorova & Pongracz,2019)

In the fourth step in order to design the measurgrpart of the social assessment system, sincei&iah system the

social sustainability of the bio energies is a mttiteria decision making (MCDM) concept, therefoshould be applied
MCDM method to measure it. There are several MCBbhhiques that have been used in previous studiiesi§tainable

renewable energy development (Vancktyal,2015). Comparing with available methods, Best Wafsthod (BWM)

needs less data and it does not require a conaétgise comparison matrix. As well as it generaese stable outcomes
because of the nature of its pairwise comparisois. dlso realized by the decision-makers as siraptevery neighbor to
their decision. Because of these reasons, BWMptiepin this study.

In the following lines, it has been briefly expladhthe stages of the methodology based on BWMtcHrabe applied to define
the weights of the stakeholders, subcategoriescatatia (Kumaraet al2017; Rezaei,2015; Rezaei,2016; Salimi,& Rezaei

,2017):



Tablel. Social subcategories according to the literataeguidelines

Subcategories

Guidelines

References

Occupational injury

Global-Bio-Pact(2012), GBEP(2011
BioSTEP(2016), ORNL(2013),
UNEP-SETAC(2009),
Pre-Sustainability(2018)

)Weidema, 2006; Devika et al.,20
Ibanez-Foresa et al.,2019; Federova,20lBjta e
al.,2015

Region development
and increase healthy
living conditions

GBEP(2011),
Global-Bio-Pact(2012),

Pre-Sustainability (2018), ORNL(20).
UNEP-SETAC(2009), BioSTEP (201

3Tsao, 2017; Govindan et al.,2015; Mota et al.,201
5 banez-Foresa et al.,2019; Federova,?2
abibi et al.,2017

Markevicius, et al., 2010; Ribeiro,2013Devike
et al.,2014; Bairamzadeh et al., 2015; Yild&.
al.,2017;

Energy security

GBEP(2011), ORNL(2013)

Federova,2018; Dale et al.,2015;
Efroymson et al.,2016;

External trade

ORNL(2013),

Dale et al.,2015;
Efroymson et al.,2016;

Resource conservatio

ORNL(2013)

Dale et al.,2015;
Efroymson et al.,2016;

Technology developme|

nt

UNEP-SETAC(2009)

Zhang,2013;
Santos et al.,2019;

Relationships betweenp
chain members

Global-Bio-Pact(2012),
GBEP(2011), BioSTEP(2016),
ORNL(2013),
UNEP-SETAC(2009)

Federova, 2018;
Ibanez-Foresa et al.,2019

Quiality of products and
Responsibility towardd
customer

UNEP-SETAC(2009),
BioSTEP(2016)

Harijani et al.,2017; Hasenheit et al.,2016;
Govindan et al.,2015
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Table2. Social indicators according to the literature goilelines

Indicators Guidelines References

_ o Global-Bio-Pact(2012), GBEP(2011) Weidema, 2006; Devika et  al, 2014,
Occupational injury BioSTEP(2016), ORNL(2013), | Ibanez-Foresa et al.,2019; Federova,2018; Mot

potential UNEP-SETAC(2009), al.,2015
Pre-Sustainability(2018)
GBEP(2011), Tsao, 2017; Marke¥ius, et al., 2010; Ribeiro,2013;
Potential to job creatioh Global-Bio-Pact(2012), Devika et al.,2014; Bairamzadeh et al., 2015; Yilet
Pre-Sustainability (2018), al.,2017;Tsao, 2017; Mota et al.,2015; Federova,20
Environmental Global-bio-pact(2012), Ibanez-Foresa et al.,2019; Federova,2018
pollution potential BioSTEP(2016), ORNL(2013),

Waste consumption

rate Habibi et al.,2017

Government policy to
Federova,2018; Dale et al.,2015;

facilitate bioenergy GBEP(2011), ORNL(2013) _
production Efroymson et al.,2016;
Impact of increasing ORNL(2013) Dale ot 4l 2015,
renewable energy ale et al., ;
exports Efroymson et al.,2016
Process efficiency UNEP-SETAC(2009) Zhang,2013 ; Santos et al.,2019

_ Global-Bio-Pact(2012), GBEP(2011
Social acceptance rat¢  BioSTEP(2016), ORNL(2013),
UNEP-SETAC(2009)

Federova(2018),
Ibanez-Foresa et al.(2019)
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2.1Specifying a collection of decision criteria

Decision criteria in the proposed conceptual madéhis study are divided in three levels: stakeleaos, subcategories and
indicators in each subcategory that should be tsedrive at a decision. At the first level, firmdcial score would be a
decision. But at the second level, impact on thbaaning social impact of each stakeholder wouldabéecision.

Moreover, the effect on the social impact of subgaty could be a decision in the third level.

2.2Determining the Best and the Wor st

In this stage generally, the decision-maker/expgitientifies the best (e.g. the most important) the worst criteria (e.g.
the least important) in three levels. Firstly, thest (the most important) and the worst (the leapbrtant) stakeholders
based on their impacts in enhancing social ranklatermined. Next step, at the subcategories ldvehvorst and the best
subcategories of each stakeholder are identifiexedban their impacts in enhancing social rank ahestakeholder.
Finally, in the level of criteria in each subcatggdhe best and the worst criterion based on timejpact in enhancing

social rank of each subcategory are specified.

2.3 Specifying the priority of the best criterion over all other decision criteria

In three levels of stakeholders, subcategoriesiaditators by using a 9-point scale (humber betwkemd 9; 1. The
degree of importance of B and J is the same; % Biich more important than J) the priority of thestbstakeholder,
subcategory and criterion over all the other staldgrs, subcategories and decision criteria areifipag. The resulting

Best-to-Others vector would b&g= (251, ag3,...... » @), Whereag; indicates the preference of the best criteriorv&ro

criterion j. It is clear thaitgg=1.

2.4 Specifyingthepriority of all decision criteria over theworst criterion

Applying a 9-point scale, which results in otheysatorst (OW) vector as follows. f= (@1, Tays.---- , Q) Where

a;y represents the priority of j over w ang,,=1.

2.5 Finding the optimal weights

The optimal weights W', W ,......, W) should be defined such that the maximum absoldiferences

{lwg —agw|;|w. — a;,w,l} ; for all j is minimized. Wherew; displays the weight of j; ws and w,, represent
respectively weight of the best and therst criteria. Considering the non-negativity and sumdition for the weights,

the following problem is resulted:

w; — @p Wi |}
S.t. (1)
Z w, —1
i
w; = 0; forallj

minmax; {|w5 - ﬂstf|3
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Problem (1) is equivalent to the following lineaoplem:

min &
st.
lwe — ag;w;| = &, for all j

lw; — ap,w,, | < &; forallj 2

i

w; = 0 forallj

Solving problem (2), it can be determined thatapémal weights(w,’, W, ,...... , W) and the optimal objective function

valuefr. f“ is the consistency index, it's values near to zedicate a high level of consistency of the pasmvi
comparisons prepared by the decision makers. FoDM@roblems with more than one level, we shouldnidg the
weights for different levels following the BWM stag) after which we can multiply the weights of @iéint levels by each

other to determine the final weights. Applying BWifle optimal weights of the criteriz{ , W, ,...... , W) are gained.

3. Validation of Social Sustainability Assessment System

In the validation step, the social sustainabilégk of waste treatment technologies should be atedu One of the major
contributions in our study is the way of use of Hest worst technique for determining the sociatsof each treatment
technologies. Treatment technologies play the mtdicrole in the proposed assessment method ardceideria in the

third level of this plays a decision role. In th@ldwing lines, the stages of the methodology basedBWM has been

briefly illustrated that can be used to determimeocial sustainability score of treatment tecbgiels:

3.1 Specify a Decision and a Set of Decision Criteria

As mentioned above, each of the criteria in thedthével of the proposed social sustainability assgent system plays the
role of decision, and the treatment technologiay fie role of criteria.

3.2 Specifying the Best and the Wor st technology

In this stage the best and the worst treatmentntdoby based on their impacts on of each criteliorthe social
sustainability assessment system have been idshtifi

3.3 Specifying the priority of the Best technology over all other technologies

By Applying a 9-point scale the preference of tlesthtreatment technology over all other technokggespecified. The
resulting Best-to-Others vector would be=Gcg4, €53,...... , Cgn), Wherecg; illustrates the priority of the best technology

B over technology j. It is clear thagz=1.
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3.4 Specifying the precedence of all other technologies over the Wor st technology

In this stage, by using a 9-point scale, which aahes in the others-to-worst vector as followg.=(cy,,, Caypn--- - -  Cn)
,where g, displays the precedence of j over w &pgl= 1.

3.5 Finding the optimal weights

The optimal weights t{, t,...... , 1) should be determined such that the maximum atesollifferences
{lts —cast;|:|t; — ciotis 1} ; for all j is minimized. Wheret; represents the technology weight oftj; andt,, represent
respectively weight of best and worst technologgg&ding the non-negativity and sum condition fog teights, the

following problem is concluded:

minmax; {|tz —cg;t|: |t; — ¢, tl)

’

st.

dg=1 (3

i
t;=0; forallj

Problem (3) is equivalent to the following lineaoblem:
min &
|tg — cg,t;| < &L, for all |

: ' (4)
|t_r' — Cptyl < & forall
7
t;=0; forallj
Solving problem (4), it can determine the optimaights ", t, ,......, §') and the optimal objective function valge’

£l is the consistency index, it's values near to &#row a high level of consistency of the pairwiemparisons prepared
by the decision-makers. For MCDM problems with mibr@n one level, the weights of different levelsdd be specified
by using BWM technique in each level, then for itifging the final weights, it is possible to mullypthe weights of

different levels by each other.

3.6 Specifying the consistency ratio

In this part, to compare the consistency of thggoua consistency ratio needs to be determinedoiary Rezaei (2015)

consistency ratio (CR) is an evaluation of theatality of the results of a BWM technique.

A comparison is exactly consistent wheg, X a;y, = agy, for all j, whereag;, a;;, andagy, are respectively the

preference of the best criterion over the critefjdhe precedence of criterion j over the worstecion, and the precedence
of the best criterion over the worst criterion. WHer some j not to be completely consistent, itléfined a consistency
ratio to display how consistent a comparison is.nentioned byRezaei (2015;; € {1; ......; agy} wWhere the highest

possible value oftgy, in our study is 9. Consistency decreases whgnx ap # a gy and with the maximum value for
12



ag; andayor equal toagsy the highest inequality occurs, which will concludei. It is also clear that yiw; x w; /w,, =

we/W, and given the highest in equality,is a value that should be subtracted frognamd @y and added togg, or

equivalently:

(ag;—¢) x (apn, —&) = (agw +§) ©)
Problem (5) for the minimum consistengy; = a;;» = agy» can be equal to the following problem:
& — (14 2apy)¢ + (agy” —agy) =0 (6)

By using different values afz; € {1; ...... :9}, the maximum possibfeas consistency index can be found (see Tablel).

Then for comparing the consistency amount of reseautput, the consistency ratio is defined aofod:

& ()

Consistency Index

Consistency Ratic =

Table3. Consistency index (CI)
(1 1 2 3 4 5 6 7 8 9

consistency 1460 | 0.44 1 1.63 230| 300 373 447 523
index(max$)

3.7 Casestudy and treatment technologies

Since 1903, the municipalities in Iran have beepoesible for various waste management activiiee to increased
migrations to cities and noticeable urban poputagicowth, waste management activities have beemtakore attention,
and this, resulted in the establishment of the Wkinagement Organization in 1961 as one of itsetutrganizations in
Tehran Municipality. One of the significant taskistiois organization has been collecting and sepayaecyclable and
non-recyclable wastes, establishing processesci@leeand reuse, and managing transportation ardiffegent treatment

facilities allocated for these processes. The @hkinagement Organization of Tehran includes lttiligion centers.

In this study for implementing assessment systensdaial score of bioenergy supply chains, Aradkoofiehran as a

Treatment Site for Municipal Solid Waste and thapient of Tehran City wastes of 1976 was chosen.

This center is located in the southern part of &rhn Kahrizak region with an area of approximate#)0 hectares. Each
day an average rate of 7,400 tons of wastes arertep into this center. The wastes are collectechf@2 districts of
Tehran including city wastes y with approximatefy6800 tons/day, hospitals daily wastes and heaftth treatment
centers with the waste of approximately 80 tons/daynpanies daily wastes and other wastes wittpprogimate rate of
580 tons/day.

Some of the wastes imported after being weighedccangeyed to the process and recycle units fomthste processing
and compost producing, and others are transpastdgetlandfill. (Tehran Waste Management OrganizgiWwMO),2019;
Mirdar Harijani et.al.,2017; Edalatpour et. al.,8D1

13



Selecting optimal waste treatment for conversi@wtiaste into energy is the important issue indbiger that needs to work
on it. In this regards, life cycle assessmentedtiment technologies to convert the waste intoggrtesve been studied. The
feasible treatment technologies including anaerdlgestion for electricity and heat, anaerobic dfgs for gas, anaerobic
digestion for gas fuel, pyrolysis, fermentation #mtifill with gas recovery were chosen, keepinggmon Iran conditions

and the kind of the compositions of Tehran munilcimdid waste.

3.8 Participants and description of measures

To determine the social sustainability score cétiment technologies, we interviewed and presentestgppnnaire to the
board of specialists. The demographic informatibthem is summarized in Table 4 and Table 5 showhegnmeasures for
each decisions from questionnaire. These spedalistre selected based on combination of purposefdl snowball

sampling. In this method, interviewees were setbttased on researcher knowledge about bioenergghailers and
consultants. Moreover, after the interview, theezkgvas asked to suggest other experts among tiextexn the field of

bioenergy, biotechnology and waste management @lleokn,2011; 2017; Naderifar et al.,2017).
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Table4. Demographic information of participants

Experience area:

No. Position Location bioenergy industry/Wastg -, ..o
management/Managing
sustainable supply chain

1 Peputy for Processit and Tehran Waste Management Over 10 years MSc
Disposal of Was! Organization
2 |Bioenergy expe Tehran Waste Management 5-10 years MSc
Organization
3 |General Manag Renewable Energy and Energdy Over 10 years MSc
Efficiency Organization
Consultant fc bioenergy Iran university of Science and
4 Production and Waste managen y Over 10 years PhD
: ; . Technology
projects, university teack
Consultant for bioenerg Iran University of Science and
5 production and waste managem Technology 5-10 years PhD
projects, university teact
6 Managing Directc Private company 5-10 years BSc
7 Managing Directc Private company 5-10 years BSc
g [(Consultant for energy productic Yazd University Over 15 years PhD
university teache
9 [Consultant for bioenerg Sharif University of Technology Over 10 years PhD
production, university teact
Consultant for bioenerg
10 production and sustainable sup Amirkabir University Over 15 years PhD
chain, university teach
Consultant fo bioenergy

11 production and sustainable sup Urmia University 5 years PhD

chain, university teach

12 Iprocessing expe Tehran Waste Management 5-10 years BSc

Organization
13 |Processing expe Tehran Waste Management 5-10 years MSc
Organization

14 [Consultant for bioenerg Isfahan University of Over 10 years PhD

production, biotechnologi Technology

15 |ai - National Institute PhD

Biotechnologis for Biotechnology Engineering Over 10 years
National Institute
16 IBiotechnologis for Biotechnology Engineering Over 10 years PhD
Consultant for sustainable sup) Centre for Sustainable Suppl
17 |chain and bioenergy productic ; >usid PPy Over 10 years PhD
. X Chain Engineering, Denmark
university teache
18 |Research European Bioenergy Research Over 5 years PhD
Institute ,UK
19 Ipirector of trainin Renewable Energy and Energy Over 15 years MSc
Efficiency Organization
20 PhD

Managing Directc

Private company

5-10 years
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Table 5. Measures to assess social sustainability of tre#tteehnologies

Decisions/Indicatorg

Measures

Type

Unit

Actions

Occupational injury

potential for worker injury; and vic

The best technology has the lowgstm-Quantitg

b

ive

Rate of occurrence pe

=

potential Versa i total hours work
; : The best technology has the highgst
Potential to job . - : ... | Employment created pd
creation potential for job; and vice versa. Quantitative ton of consumed waste
Environmental The bgst technplogy has the Io.we.st o Kg emissions per ton of
potential for environmental pollutior]; Quantitative

pollution potential

and vice versa .

consumed waste

Waste consumption
rate

The best technology has the high
rate of waste consumption per unit
renewable energy; and vice versa.

pst
of Qualitative

Percentage of volume
reduction of waste per
unit of renewable energ

Government-friendly

The best technology has the high

pSt

Presence of friendly

policy Government-friendly policies; angd Qualitative olic
vice versa. policy | Literature
The impact on the | The best technology has the highgst - réview
decline in impact on the decline in nor- >, Positive impact on the
non-renewable | renewable energy import; and vige Qualitative | decline in no_n-renewablaz i
energy imports | versa. energy import -Lite
9y mp assessment

The impact of
increasing renewabl
energy exports

The best technology has the high

energy exports; and vice versa.

pimpact on the increase in renewable gyajitative

St

Positive impact on the
increase in renewable
energy exports

consultation

The amount of foss
energy consumptio
per unit of generate

bioenergy

| The best technology has the lowg
 rate of fossil energy consumption
dthe start- up energy for production
a unit of renewable energy; and vi
versa.

St
AS
bfQuantitative
Ce

Start- up energy
consumed per unit of
generated bioenergy

information

The added value of
replaced fossil
energy by bioenergy

The best technology lead to bioene
replaced with the fossil energy wi

highest added value; and vice versg.

ay
h Qualitative

The added value of
replaced fossil energy b
bioenergy generated

previous

Efficiency of treatmer

The best technology has the high

bst o
Quantitativg

Bioenergy generated pe

technology efficiency; and vice versa. ton of MSW
- 7.Interviews
Technology The bes_t techno!ogy has the lowe%%miQuantitz Technology readiness
complexity complexity; and vice versa. five level & sl_<|II level
required
The best technology has the highpst
Social acceptance rgtsocial acceptance potential; and v|ceQualitative | Positive social acceptange
versa.
The content of The best technology produce the
energy produced per highest content of energy per unit jof o Content of energy
unit of bioenergy | bioenergy generated; and vice vers 5. Quantitative gen_erated(MJ) per unit df
generated bioenergy generated
Reduction rate of | The best technology has the highgst _
greenhouse gas | reduction rate of greenhouse das o (Kg CG; /Unit of non-
compared to the | compared to the previoys Quantitative renewable energy)per(Kp

previous situation

nonrenewable energy; and vice vers

a.

CO, /Unit of bio-energy)

3. International

4. World statistic
5.Collect technicq
actior
and attach it to t

questionnaire

6. Questionnaires

cycle

fron
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4 RESULT

This section is started by presenting the weigtstakeholder categories, subcategories and indgchtorespondents based
on BWM, after which the average weight of indicatdor each treatment technologies and social sobrgioenergy

technologies is identified.

4.1Finding the optimal weightsin the social sustainability assessment system

In this step, the optimal weights of the stakehotdd¢egories, subcategories and global weightdi€ators are computed by
solving the BWM optimization model for each of ttesponders. Table 6 presents the results of weighthich indicates

average consistency rate (C.R) is near to zerarditgly the comparisons are extremely consistedtraliable.

4.2 Finding the social score of bioenergy treatment technologies

For considering social score of each technologydisigned social assessment system was used & #somentioned
above. Table 7 shows the final outcomes of the ksctae of bioenergy treatment technologies. Moeep8mall numbers

for the Consistency rate (C.R.) in Table 6 show bgemeity among respondents.
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Table6. Weighting social impact system assessment bas&W\ivi

Stakeholde Global Average
.~ | Weight Subcategories | Weigpt Indicators Weight] weight of 9
categories indicators C.R
Workers 0.07 Oc?ﬁj%?;[/lonal 1 Occupational injury potential 1 0.07 0.01
Region potential to job creation 037 | 0.067 | 0.039
Local development and
ocal ;
| 0.18 | increase healthy | 1 Environmental pollution potentiall .39 0.07 | 0.039
community living conditions P P ' '
Waste consumption rate 0.24 0.04 0.039
Government policy to facilitate
. bioenergy production 0.53 0.086 | 0.018
energy security 0.36
The impact on the decline in 0018
non-renewable energy imports 0.47 0.076 ’
External trade 0.11 The impact of increasing renewable 1 0.049 | 0.018
energy exports
Society 0.45 The amount of fo_ssil energy
consumption per unit of generated .47 0.059 | 0.018
Resource bioenergy
. 0.28
conservation TheSdded val fossil
e added value of fossil energy
replaced by bioenergy 0.53 0.068 | 0.018
Technology Y Efficiency of treatment technology 0.55 0.062 | 0.018
development Technology complexity 0.45 0.051 | 0.018
Value Relationships
chain 0.13 between chain 1 Social acceptance rate 1 0.13 0.017
actors members
The content of ener roduced per
; ; unit of bioener gygnerated P 0.5 0.085 | 0.017
Bioenergy quality ayg
Consumer| 0.17 1 -
Reduction rate of greenhouse gas 0.017
compared to the previous situatign 0.5 0.085 ’
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Table7. Average weight and social score of bioenergy treatrtechnologies

Anaerobic . .
. Anaerobiq Anaerobic .
digester fol ~ . . . .| Landfill
digester | digester fo] Pyrolysis|fermentation
o heat and for gas as fuel with gas | Average
Criteria electricity g 9 CR
Average | Average | Average | Average | Average | Average
weight weight weight weight weight weight
Occupational injury potential  0.147 0.185 0.215 0.062 0.277 0.144 0.054
Potential to job creation 0.094 0.138 0.138 0.137 0.343 0.150 0.027
Environmental poliution | 500 | 5244 | 0244 | 0.102 0.061 0.105 | 0.009
potential
Waste consumption rate 0.086 0.089 0.101 0.277 0.192 0.255 0.014
Government policy to
facilitate bioenergy 0.183 0.171 0.147 0.183 0.068 0.247 0.014
production
The impact onthe declinein 4 305 | 453 | 440 | 0.105 0.363 0.164 | 0.015
non-renewable energy impor,
The impact of increasing | 105 | 1g6 | 0138 | 0.102 0.307 0.162 | 0.012
renewable energy exports
The amount of fossil energ
consumption per unit of 0.216 0.148 0.216 0.052 0.117 0.248 0.021
generated bioenergy
The added value of replacet 4 155 | 157 | 0153 | 0100 | 0322 | 0142 | 0.013
fossil energy by bioenergy
Efficiency of treatment 0130 | 0117 | 0117 | 0364 | 0.208 | 0.062 | 0.033
technology
Technology complexity 0.255 0.177 0.184 0.064 0.105 0.213 0.025
Social acceptance rate 0.136 0.140 0.111 0.265 0.160 0.186 0.022
The content of energy
produced per unit of bioener¢ 0.133 0.219 0.175 0.060 0.275 0.136 0.035
generated
Reduction rate of greenhous
gas compared to the previou| 0.128 0.304 0.210 0.044 0.105 0.206 0.042
situation
Social Score 0.147 0.174 0.162 0.140 0.203 0.169
0.024
Total Rank 5 2 4 6 1 3
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5 Discussion

The majority of the current literature to measure $ocial impacts for designing sustainable netvedrknunicipal solid

waste rarely focuses on the stakeholders with de/éackground and there is no comprehensive frankeiwomeasuring

multiple social impacts. Therefore, the indicatoesulting from the social impacts of technology elepment,

environmental pollution, energy security and sohame rarely been addressed, even in some cases sb&al impacts
have been considered at diverse stakeholderspthprehensive social life cycle study and systensgtjgroach to extract
social indicators has been neglected. Those sim@dcts that most sustainable network of municgmid waste focus
them would be creation job, visual pollution andoso

By considering results of total social score ofsgtreatment technologies, technology of fermemtatnd Pyrolysis
has stood on the first and the last rank respdgtildoreover, Anaerobic digester for gas, Landfiith gas, Anaerobic
digester for gas fuel and Anaerobic digester fattad electricity has been ranked the secondetdifth respectively. As
results show, although the indicator of job creatio the Anaerobic digester for gas fuel is moranthandfill with gas
indicator amount of Landfill with gas, but the tiosacial score of them is quietly the opposite.cAlke indicator of waste
consumption, related to visual pollution, in thehmeology of Anaerobic digester for heat and eleityriand Anaerobic
digester for gas is the same rank as well as itetttenology of Landfill with gas and pyrolysis isnast the same but the total
social score of them are completely different.

Although fermentation has stood on the firs rank Imdicator scores of Government-friendly policydasocial
acceptance has stood on the lowest rank amongst t@bhnologies. This means that despite the los@we of these
indicators, positive social impacts of this tectogy on the society such as decline in non-renewahkrgy imports,
increasing renewable energy exports, noticeabledddlue of replaced fossil energy by bioenergyldidne significant
that will lead to the society development. And wegsa, these indicators including Government-fiigipolicy and social
acceptance in the technology of Pyrolysis have baeked the highest amongst others but this tecigydias stood on the
last place. These results show that social benefitsreatment technology should be guided to seldevelop and
implement of each treatment technologies and gowem policies should be subordinate to social hergdfeach
technology in the society.

Since the majority of social sustainability assemsinmethodology just focus on indicators relateddonomic impacts
such as annual turnover, welfare, and profitabiliien the other social impacts such as governifiniemdly policy, the
added value of replaced fossil energy by bioenettyy,impact on the decline in non-renewable enargorts, rate of

fossil energy consumption per unit of generate@térgy and so on have been neglected.

5.1 Limitation

In this research, assessing conversion technoligigsne based on comprehensive social indicaBinge some of these
chosen technologies were almost in the primarysste#fpdevelopment, data source related to thesentémhies were

limited. Therefore, it was necessary to get intdomal consultation. Moreover, as research scoprides on the
conversion technologies for bio-energies derivedifthe waste, therefore, some of these indicasospécified to this type

of bio-energies and for the others bio-energiek Wit other sources is needed to revise.
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6 Conclusion

This study showed that there is rarely a compréakiersocial sustainability assessment system whictiains a collection
of social indicators that can be used in the sameiw all cases. Because, it really depends omxtent of the study and
the preferences of the stakeholders involved irbtbendustry which are under investigation.

Reviewing the guidelines and indicators that foonghe bio industry, it was found that the guidetirintroduced by the
United Nations Environment Program and the Soca@tyEnvironmental Toxicology and Chemistry (UNEP/S¥J)
(2009) method is the most comprehensive one indexivstakeholders. However, the level of stakehosddgroups and
levels of indicators based on the social impactsukhbe completed. Since the social impacts arbzezhto be very
complex, therefore, the value chain of bio energgved from municipal solid waste was designed emdbined with the
UNEP (2009) guideline. By presenting the sociakasment system to the board of experts, it watifath

In order to design the measurement part of theab@asisessment system, because of a multi-critedesidn-making
nature of the social sustainability evaluation led tonversion treatment technologies of municipéidsvaste into bio
energies, a lately developed MCDM method called Béarst Method (BWM) was used in two stages.

One of the major novelties in this research wowddhe way of application of the best worst techaifpr determining
the social score of each treatment technologiethénsecond stage. Each criterion in the third lefethis proposed
assessment method plays a decision role and trettenlinologies play indicators roles and the imegit technologies can
be applied to arrive at a decision.

This proposed methodology was applied to the casty of Arad-kooh as a municipal solid waste treatinsite for
Tehran solid waste. The selected treatment techiesdavere Anaerobic digester for heat and eletyrigéinaerobic digester
for gas, Anaerobic digester for gas fuel, Pyrolysiselectricity, fermentation for bioethanol andrdfill with gas for gas
domestic.

As the results show, the fermentation and Anaerdlgester for gas have been judged to have higbsitige social
impacts. The Landfill with gas and Anaerobic digesor gas fuel are next in ranking. Accordinghie tesults of our study,
assessing social impact by limited indicators sashob creation, visual pollution and so on, argeqdifferent than the
results of the social evaluation by applying corhpresive assessment model.

The results of assessment clearly indicate thengtine and weaknesses of the social sustainahiligach treatment
conversion technologies. Thus, decision makers reangnize noticeable points during the implemeatafphase, to
increase social sustainability in their bio-enesgpply chains driven by municipal solid waste.

The proposed social sustainability model can bdieghpo other bio-energy treatment technologies nedother fields
in the bio industry. This is recommended as a futwork. Moreover, to assess the total sustairtgbifie economic,
environmental and social aspects together shoulgken into consideration but this model is onliated to the social
impacts. Hence, the next step would be to identibls that integrate the economic and environmeadakcts with the

results of this study.
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