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Abstract

With the growing concerns in sustainability, manufacturers have been obliged by various stakeholders
to embed environmental and social concerns into their supply chain activities. In recent years,
sustainability practises have become a major topic of eeatien for automobile manufacturers. One

of the necessary components of a car is tyres, and the most important raw material to produce car tyres
is rubberThe tyre industry dominates rubber consumption, and Thailand is currently the largest natural
rubbe producer based on value, accounting for 37% of global prod{tR&®G, 2021) Although there

is a lot of research on other car patsh as gear box, car seat, digital technology batteryfrom an
academic perspective, tyre rubber still lacks cotmgmsive knowledge on sustainability. Moreover,

tyres are rapidly becoming a new issue in both environment and social, which will affect the automotive
industry. This ledthisr esearch to start not only evaluating
abilities, but also their competencies in environmental and social aspects. Sustainable supplier
evaluation and selection is based on wesliablished criteria that can differ between economic
dimensions, environmental dimensions, and social dimensions agosetzieria drive the decision
process.

The aim of this research is to propose a combined multicriteria decision making model by using Fuzzy
Analytic Hierarchy Process (FAHP) and Fuzzy Technique for Order Preference by Similarity to Ideal
Solution (FTOBIS) applied in the sustainable supplier evaluation and selection process in the tyre
rubber industry in Thailand. In this research, there are three main objectives: (1) identify the set of main
and sukcriteria in sustainability for supplier evaluationdaselection, (2) prioritise the order of main

and sukcriteria for evaluating and selecting sustainable suppliers, and (3) examine and validate a
proposed decisiomaking model of sustainable supplier evaluation and selection. Additionally, this
researchalso aimed to reveal differences in sustainable supplier selection between two tier size of
suppliers, Tier 1 largsized firms (LEs) and Tier 2 small and medisired local firms (SMES).

This research provides a framework of the sustainable seledtiemactor suppliers in the tyre rubber
industry. This framework consists of three main criteria (economic, social, and environment), fourteen
sub-criteria level 1, and fortgix subcriteria level 2. The model is a part of the multiple criteria
decisionmaking (MCDM) model. This combined multicriteria decision making model consists of two
parts: sustainable criteria weights determination and LEs and SMEs suppliers ranking. The proposed
method combines the strength of the fuzzy set in handling the untetiaitare associated with human
beingds subjective judgement. Fuzzy AHP is appli
TOPSIS for suppliers ranking. To achieve the above goals, this research employed a mixed research
method. It used quatditive (interviews) and quantitative (questionnaires) research methods. These
supplier selection decision makers consisted of fifty managers including purchasing managers, supply
chain managers, finance manager, production and quality managers, logistiagersa general

managers and chief executive officer with higher level of experience.



After analysing the collected data, a result of main criteria weight from theviggrcomparisons in

FAHP showed thahe economic criterion was significantly higstevith a weight of 41%, environment

with 37% and social aspects with a weight of 22%. The social attributes of suppliers in tier 2 local
suppliers were the least important selection criteria compared with the economic criteria.

However, tier 1 supplienslentified that environmental and social dimensions are more concerned for
being sustainability. For the suiiteria level 1, there was agreement or decision similarity between the
two tiers about their importance criteria in the cost and price, theoenvental management, financial
stability, employeedbs welfare and right, and gre
there were two criteria that had contradictions between the two groups of decision makers. These are
ethics and pollubn control. Then, for sustainable supplier ranking, Fuzzy TOPSIS is used in this
problem area to select the most appropriate sustainable supplier of tyre rubber in Thailand. From twenty
suppliers in two tiers, there are three suppliers from tier 1 andsippliers from tier 2 local. The
ranking of themwasdetermined in terms of closeness index values. The result implies that both tier 1
and tier 2 suppliers are likely to take actions to adopt sustainable practiveyne rubber industry in
Thailand. For sensitivity analysis, the criteria weights and rank of tyre rubber suppliers rarely changed
when changing the values of attitudes and fuzzification factors. The results indicated that the proposed
multicriteria decisbn making model is robuskor future researcha comparative study between
decision makers from tyre rubber industry and other industries in Thailand and/or other countries that
have less of a relationship with the sustainabgtipuld considerAlso, it would be beneficial to have
government interviewees involved in this study as their insights could help address policy issues or

problems of high concern at the country level.
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1. Introduction

1.1Background

Sustainability goals are becoming increasingly important for companieshamdirchasing function

plays a crucial role in achieving sustainability goalsupplier selection for several reas¢@shneider

and Wallenburg, 2012Firstly, the purchasing function is responsible for selecting suppliers based on
criteria such as quality, cost, and delivery. By incorporating sustainability criteria, such as the supplier's
environmental and social perfoance, into supplier selection, the purchasing function can help to
ensure that sustainability considerations are taken into account in the purchasing process (Tate et al.,
2010). Secondly, the purchasing function can also play a key role in ensurirlg shgin transparency

by requiring suppliers to disclose information about their environmental and social performance. This
can help to identify potential sustainability risks and opportunities for improvement (Carter & Rogers,
2008). Thirdly, the purchasj function can work collaboratively with suppliers to promote sustainable
practices. For example, by setting sustainability targets and providing guidance on how to achieve them,
the purchasing function can help to incentivize suppliers to improve trstaiisability performance
(Walker et al., 208). Finally, sustainable practices, such as reducing energy consumption and waste,
can result in cost savings for both the buyer and supplier. By working with suppliers to implement
sustainable practices, the rpbasing function can help to reduce costs while also promoting
sustainability (Handfield et al., 20148inceConsequentlybuyersupplier relationships are central to
improving sustainability performance (Leppelt et al., 2013). The actions of supplypdraners can

have a significant impact on buying companies, so organisations now need to take more responsibility
for the actions of their suppliers due to stakeholder pressure and longevity (Touboulic et al., 2014). For
example, Mmereki et al. (2019)gared in South Africa, that the production of waste tyres leads to health
problems in communities. Another issmerged irthe automobile industry. Mansouri (2016) analysed

the effects that lead to unethical actions in emissions testing. Visser (2008)asaitbbal warming

has increased awareness of pollution and environmental factors, leading to consideration of pollution
in developing countries. Not only the actions of a buyer, but also those of its suppliers can directly affect
the reputation and penfmance of a buyer's supply chain, both positively and negatively. The potential
conseguences of supplier actions highlight the importance for companies to clarify and implement their
sustainability goals (CarteandEaston, 2011). These pressures haviligigted the need for companies

to develop sustainable supply chain management (SSCM) approaches to minimise brand and financial
damage (Limand Phillips, 2008). Incorporating sustainability objectives into supplier selection
decisions offers companies thpportunity to minimise supply chain risk, which has increased due to
the interglobal nature of networks (Finch, 2004). SSCM is a rapidly evolving area for both the
academic and practitioner communities seeking to understand and manage the potestiglassan

arise from the supply base (Seurigd Gold, 2013). Research on this topic has historically focused
only on the economic dimensisnch as product price, product delivery and service, lead time required,

and product qualityproviding little nformation or insight into the environmental and social aspects
1



(Genovese et al., 2013). In their 2012 systematic literature review on supply chain sustainability, Ashby
et al. (2012) found that less than 18% of papers documented the economic, envirpamerstacial

aspects together, compared to the-eag economic dimension or the eway environmental
dimension. For example, scholars such as Zhang et al. (2016) did not consider social aspects in their
early research on environmental management. Ipdbg other researchers have also argued that only
environmental issues are a subset of sustainability issues (Agle et al., 2001). The ambiguity of the
definition of sustainability has led to a lack of research in this area (Klags&fereecke, 2012). Ae

lack of clarity in the literature is reflected in the practise of organisations. For example, in the literature,
the concept of sustainability emerged after that of business, and the same pattern can be observed in
practise. In the past, managers bathat they covered all aspects of sustainability when they
considered Green Supply Chain Management (GSCM) practises and adhered to CSR standards.
Sustainabilitymay not have been considered at all. Research has found that the challenges faced by
manages who are supposed to ensure a sustainable supply chain are due to the confusion created by
the interaction and misalignment of the green supply chain (Storey et al., 2006). Therefore, definitions
and clarity of the concept are needed to achieve direpiyicable and relevant outcomes. The
development of standards to support the formation of a sustainable supply chain is in its early stages.
Currently, there are a variety of guidance documents to help companies interpret the SSCM dimension;
these includ&lobal Reporting Initiativélsmail et at., 202)1 United Nations Compa¢Bell and Morse,

2008, and International Organisation for Standardisafl&®). These documents are a useful starting
point, but they do not provide enough specific measures podoehpanies establish their sustainable
supply chains. This impacts on the measurement of sustainability in the supply chain, which cannot be
achieved if the measures against which they can be measured are not yet defined. This imbalance in
research, basezh the premise that all three dimensions of the Triple Bottom Line ({iBayrneaux,

et al., 2018 namely the economic, environmental and social dimensions, are equally important (Carter
andEaston, 2011), is exacerbated when considering the initial stages of supply chain formation. The
academic and managerial literature on the mechanisms for building sustainable supply chains in relation
to purchasing and supplier selection is very limitad,the activities involved are the starting point for
developing a platform for interdependent organisations to work together (@agtdennings, 2002).

Today, companies need to consider the sustainability of their operations and decisions alonigethe ent
length of the supply chain and expand the scope of procurement beyond the traditional remit of quality,
cost and delivery (QCD) to include all aspects of theeebottomline. Therefore, the development of
delivery support mechanisms and the useitérta to assess supplier capabilities and skills is required

to meet the buyer's requirements (Gimenez and Sierra, 2013). Metrics such as food miles, carbon
footprint, and air quality have emerged as metrics to support buyers in building a green sajpply ¢
Corresponding metrics in sustainable supply chains are more problematic as some aspects need to be
measured in terms of societal wb#ing, such as 'community impact'. Various stakeholders have an

interest in improving sustainability standards ip@y chains as they are likely to benefit from the

2



agenda. SSCM is an important global issue, the improvement of which will significantly change the
lives of people, both those directly and those indirectly involved with the supply chain. Suppliers will
benefit by having the opportunity to demonstrate good behaviour, increasing their chances of being
selected by buyers. As these criteria increasingly become a factor in dec#éiorg, suppliers will

need to increase their activity in areas where they teeiegprove. Transparency of supplier behaviour

not only leads to winning new business, but also to more sustainable business relationships between
parties in the supply chain (Leppelt et al., 2013). In addition, the supplier's local community benefits
from better sustainability behaviour based on the type of criteria against which it is measured. For
example, ensuring a fair living wage and no forced labour means that people in local communities have
the opportunity to improve their lives in line with thepectations of global stakeholders, thus achieving

a better quality of life for this group of people. Buyers benefit from a better reputation for sustainability
as they can demonstrate that their supply chain meets consumer expectations. In additieh, focus
companies reduce their reputational risk and the risk of supply chain disruption by preventing a
sustainability disaster from occurring (Zsidisin and Ellram, 2003). Consumers, policy makers,
shareholders and academics also benefit from research olinabistasupplier selection. Some
consumers demand more transparency in their purchases and benefit from more freedom of information
regarding the supply of these goods. Policy makers will benefit from new insights into supplier
behaviour in an area plaguég measurement problems. For example, the GRI framework and UN
Global Compact have not provided metrics for their sustainability criteria (which are very broad).
Academics have also struggled to keep up with the environmental metrics provided in thegipablic
pipeline. In 2014, Sarkis and Dhavale first proposed trying to do this for sustainability. Therefore, the
research will contribute to an academic field that is underdeveloped in researching metrics and best
practises (Zorzini et al., 2015). Howevsustainability initiatives require some form of investment that
impacts on the economic bottom line and is scrutinised by stakeholders who have a financial interest in
the business. Nonetheless, arguably, a shared value approach where all three aspgotstame
because it is better for your business to take care afiteebottomline (TBL) is worth the effort for

higher returns (Porter and Kramer, 2011). The involvement of new suppliers in the supply chain puts
the decision on supplier selectiontla¢ centre of purchasing activities. Companies today need to take
more responsibility for the behaviour and actions of their suppliers due to pressure from stakeholders
and potential investors, as well as the durability of their company's survival (Mikrazgt., 2012).
Therefore, the implementation of sustainability relies heavily on the procurement function through the
use of sustainable procurement (Schneatst Wallenburg, 2012). Consequently, investigating the
systemic issues at the interface oftaimability, purchasing and procurement is an area for research to
address (Linton et al., 2007).

In many other industriesfor example automotive industry, production of TETD display,
pharmaceuticals industry, telecommunications company, watch pimduitiod industry, electronics

and appliances industry, and packaging productiostainability has become a growing concern for all

3



manufacturing sectors. In recent years, sustainability practises have become a major topic of
conversation for automobil@anufacturers around the world. The automotive industry has had to shift

its focus to adapt to this trend. In addition, the automotive industry is under significant pressure from
governments and society to pursue a more sustainable growth model (Masiewal 2018).
Researchers show that sustainability requires significant investment, yet only 3% of executives and
experts in the automotive industry say that most companies invest sufficiently beyond what is required
(Jain, et al 2018). In the automotielustry, "Original Equipment Manufacturers (OEMSs)" require a
variety of components and parts to assemble the final product. Therefore, they need a strong and
extensive supply chain with a large number of suppliers. This fact makes the automotive wraistry

of the most important industries compared to other industries when it comes to selecting suppliers for
the supply chain (Lin, 2004). One of the necessary components of a car is tyres, and the most important
raw material for the production of car tyriesrubber. Although there is a lot of research on other car
parts from an academic perspectueeh as gearbofFallahpour et al., 2017yar seat manufacturer
(Phumchusri and Tangsiriwattana,12)) digital technology(Hasan and Nihan, 2022), ahdttery
(Jayanet al., 2019)tyre rubber still lacks comprehensive knowledge on sustainability. Moreover, tyres
are rapidly becoming a new environmental issue, which will affect the automotive industry. For this
reason, the researcher is motivated to exploeedécisioamaking process for sustainable supplier
selection at all levels of Thai tyre manufacturers as there is a lack in the available research on this topic.
Appropriate supplier selection processes help companies to increase their productivitgtameicu
satisfaction. However, selecting a supplier is a problem that involves many factors and criteria,
including both subjective and predictable factors. A balance among these factors is hecessary to ensure
the selection of the most suitable supplier-fiang et al., 2006). Therefore, a company must ensure
that its strategic processes include supplier decision making. As a company becomes more and more
dependent on its suppliers, the process of supply chain management becomes more and more important

to avoid possible consequences of a wrong decision.

1.2 Overview of Tyre Rubber Industry

The global demand for rubber was 9.9 million tonnes in 2010 and is expected to increase to 14.3 million
tonnes by 2022, with an average annual growth rate of 3.7% cedeproduction the previous year,

as shown in Figure-1.

Strong growth in the global rubber industry is expected due to increased vehicle production and demand
for rubberbased components, development of new rulbldsed materials that improve perfomoa

and durability, and government regulations aimed at reducing emissions and improving fuel efficiency,
which can lead to the use of more rubbased components in vehicles. Additionally, the shift towards
electric vehicles is expected to further ineealemand for rubbdrased components in the global
automotive industry, with particular demand for rubber from China, India, South Korea and regions in
South America (TRA 2012b).
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Figure * 1 Rubber deman{iThe Association of Natural Rubber Producing Counjries

The tyre industry dominates rubber consumption, accounting for about 70% of total demand. Thailand
is currently the largest natural rubber producer in the world with a global market shagé (DAE,
2021) (see Table ). IndonesiaVietnam Indig and Céte d'Ivoiréollow in second to fifth place.

Table 1 1 Global tyre rubber production: unit 1,000 tq@AE, 202L)

Country/Year 2018 2019 2020
Thailand 4,923 4,849 4,860
Indonesia 3,630 3,449 3,366
Vietnam 1,138 1,182 1,26

India 956 960 963
Cote d'lvoire 624 780 936
China 824 840 688
Malaysia 603 640 515
Guatemala 391 397 436
Philippines 423 432 422
Cambodia 220 288 349
Others 1,144 1,157 1,240
Total 14,877 14,973 15,001

The Office of Agricultural Economics in Thailag@AE 2021) displaysthe highest rubber production
from 2018 to 2020. Rubber production is expected to reach more #anillion tonnes by the end of
2021. Thailand is expected to remdhe leading rubber producer, followed by Indonesia and Vietnam.

Malaysia is expected to lag behind Vietnam, which is raféedh in ASEAN and sixthin the world.
5



1.3An Overview of The Tyre Rubber Industry in Thailand

Starting with the Thaiubber supply chain, FigureZillustrates the rubber supply chain and

production process. There are three main components:
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Figure 2 The Rubber Supply Chain and Production Process

(2) Upstream industries involve the growing and harvesting of rubber on plantations by
growers and tappers, but to add value to primary production, some producers engage in basic processing
of their field latex to produce dried rubber products, such as cup lump, scraps, raw sheet and crepe
rubber. Almost all upstream production in Thailand is consumed as inputs into domestic midstream
industries.

(2) Intermediate or midstream industries, or rubber @®ors, take rubber produced on
plantations and convert this into sefimished products, such as ribbed smoked sheet (RSS), technically
specified rubber (TSR), concentrated latex, compound rubber and skim rubber, which variously have
the qualities and prapties required as inputs to downstream production.
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3) Downstream producers, which is tAikesis focunresearch, include manufacturers

of items such as automobile tyres, latex gloves, condoms, elastics, and so on. Meanwhile, synthetic

rubber, which bBs been developed by the petrochemical sector, may be used in place of natural rubber

in applications where its qualities make it more suitable. Tyre manufacturing consumes 49% of all

rubber producers as shown in Figur8 (Sowcharoensuk, 2021).

Figure 2 3 Downstream of Thailand rubber industry (Sowcharoensuk, 2021)

Apart from being a major international automobile manufacturer, Thailand is a major part producer.

The part production is also in line with automobiteguction. According to Figure-4, the autoparts

export consists dtlectronics and Electrical AppliancéS&E), Motorcycle Parts (MC Parts), dtor

Vehicle Parts (MV Parts), Transmissidmngine and partgjire (Tyre), and other autopartslowever,

most eport auto parts are motorcycle and motor vehicle parts, tyre rubber, and engine and parts

respectively.
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In addition, imprtant factors affecting this sector include the direction of government support (e.g., use
of rubber by public sector organisations), loans to support a sustainable rubber industry in Thailand,
and decisions by overseas investors to relocate productsas,baespecially Chinese investors in the
tyre industry. Tyre rubber industry is also supported by the following: Michelin opening a new factory
to produce offroad tyres for distribution in Thailand and to export to Asia, Africa and the Middle East,
as wel as to be a hub to produce tyres for Ford, Isuzu, Mazda and Toyetd)SChina trade war had
prompted some Chinese tyre manufacturers to shift production to Thailand (Thailand Automotive
Institute, 2020). As a consequence, exports to the US increasethailand overtook China as the top
exporter of tyres to the US for the first time, capturing 18.8% of the market by value (the Chinese market
share declined from 16.7% in 2018 to just 8.5% a year later). In terms of tyre exports, Thailand rose to
third place after China (18.7%) and Germany (7.2%), thanks to its 7.0% share of the worldwide market.
The US (46.2% of the value of Thailand's tyre exports), the ASEAN region (13.9%), and the EU (8.9%)
are the country's three most significant export destinat{dfangpisanphob, 2020)

Sowcharoensuik021) indicated that the supply was 12.9 million tonnes worldwide in 2020. Thailand,
which continues to be the world's major supplier of rubber, supplied 38.2% of this, or 4.4 million tonnes.
Thailand is followed in significance by Indonesia, Vietnamin&hMalaysia, and India. In all, Asia is

the source of 93% of the world's rubber. As a result, Indonesia, Malaysia, and the CLMV group are
Thailand's major rivals among ASEAN manufacturers (Cambodia, Laos, Myanmar, and Vietnam)
(Figure 15).
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1.4 An Overview of Thai Autoparts Industry

The Thaiautopartandustry has been receiving government support since @9igdmsilpa, 2008)

Initially, state efforts to encourage investment in the domestic production and use of auto parts consisted

of raising i mport -udpubt iaeostd oosnc odncpal repyimdis ([eai abduKu,| t

2013) Later, as thgovernment tried to attraébreign companies to establish production facilities in
Thailand, Warr and Kohpaiboon (2017) stated thdwe Board of Investment introduced several
investment incentives, including tax breaks for investors and waiving duties on imported machinery.
These pticies have encouraged Thai and overseas investors to set up autoparts manufacturing facilities

in Thailand Thailand now has a significant autoparts industhe most important joirtentures and

Tharonly operations include Thai Summit Auto Parts, SumAuto Parts, Somboon Advance
Technology and Thai Auto Press Parts. The major international players active in Thailand include
Robert Bosch, Denso, Magna, Continental, ZF and Aisin $éikirr and Kohpaibogr2018). Most
manufacturers have received somerf@f support from the government for the manufacture of parts

made from rubber (which depend on domestic production of rubber inputs), including tyres.

In terms of the market for auto parts, the domestic Thai market is the most important and it provides
around 657 0 % of t he s e ¢Leeanutaphongtetalt, 20RThé most@amenonly exported

goods are includingytes and rubber products. Thanks to the extensive and developed supply chains,
Thail andds auto part s iiesdfgcaleCouplediwihthe abllitgto gradlucg e ner a
parts that meets auto manufacturersé specificati
mar ket s. Thail anddéds strategic geographical | oce
manufaturing hub forthe ASEAN zone and other industries. These factors have helped Thailand to

turn into a major supplier of autoparts globally.

Thailand ranked 14th globally and first in the ASEAN region for exports of car components in 2019,

and it is the hird-largest exporter of tires globally (Yongpisanphob, 2020)e most common

destination for these exporters is production facilities elsewhere in the ASEAN zone, including
Indonesia, Malaysia, Vietnam and the Philippines. However, labour cost in Thilaigher than in

Indonesia and Vietnam, and the level of researdtdevelopment in the industry is low compared to

Malaysia (Thailand Automotive Institute, 2020)

At present, there is a total of 1,735 operators active in the autoparts sector indrgaitensittiparsert

et al., 2019 as shown in Figure-&. The Tierl manufacturers are those which produce Jojgality
products that meet vehicle manuf act-lUoperatosspof speci |
which 54% are foreiglowned, 3% are joint ventures, and 23% are Thai owned (Jermsittiparsert et al.,

2019). Also, 1,000 TieR and tier3 manufacturers are generally THoavned SMEs. These usually have

lower levels of investment in research and development and employ lower levetsyafanturing

technology than tiet operators do and so they are therefore at a disadvantage when competing in the
OEM market.
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1.5Sustainable supplier problem in Thailand

Although Thailand has benefits from the price of rublshich rose to historic high&lobal demand

for rubber rose sharplgspecially from China and India, which at this time saw their economies grow
quickly. As thetyre rubber sector develedrapidly, environmeratl and social issugsavealso drawn
considerable attention over the decade. In Global Sustainability Index Thailand getI54kfrom

180 countries-or environmental standards, the number of ISO 14001 (environment) certificates among
Thai rubber producers is lower than tbabther rubber producers in Asia addition, there is none of
ISO26000 (social) certificaseused in organgations. There could be several potential explanations
firstly, lack of awareness or understandiiigs possible that Thai producers and orgations are not
aware of the importance and benefits of ISO14001 and ISO26000 certifiCEti@mnproducers and
organizations have the resounmstraintgo dedicate towards obtaining these certificatidien, he
regulatory environment in Thailang not stringent or enforcedo companieswhich reduce the
perceived need for certificatiothis means thatompanies concentratedost on the economic
dimension whereas, environment, and social aspect were not much explored. The main issue for
companies ah organisationsis how to choosethe most appropriate supplier with regard to

sustainability.

1.5.1 Environmental supplier selection problem

Green management, in Thailand, has been widely implemented in multiple sectors, including the tyre
rubber productsector. Rubber is a necessary raw material for producing products such as car tyres.
The demand from the automotive industry in Thailand has deatinuously(Chanchaichuijit et al.,
2016). Several manufacturers, who demand tyre rubber for their mamirfgctare increasingly

engaging in green supplier selectiorhere are several reasons. Firstly, consumers are becoming
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increasingly aware of the impact of their purchasing decisions on the environment. As a result,
manufacturers are under pressure taenthat their supply chains are sustainable and environmentally
friendly. Secondly, many companies have established sustainability policies that require them to
consider the social and environmental impact of their operations. Thirdly, companies that rely
suppliers for critical inputs, such §se rubber, face supply chain risks that can impact their operations.

By selecting suppliers who are committed to sustainable and environmentally friendly practices,
companies can reduce their exposure to sughpdyn risks, such as environmental disasters, regulatory
penalties, and reputational damaggpically, the firm carefully assesses relevant green criteria when
choosing a supplier of tyre rubbddonetheless, utilizing environmental critegige notcertinly in the

final evaluation becaudberearetradeoffs between environmental, social, and economic factors that
need to be considered in the decisinaking processin some SMEs companiggecisionmakers

prioritize other factors such as casne, or regulatory compliance over environmental considerations
Besides, a green assessment may adversely impact between upstream and downstream in ambiguous
condition In such cases, conducting a green assessment may have unintended consequenses, such a
penalizing suppliers who have made efforts to improve their environmental performance but are unable
to fully demonstrate their progress due to incomplete or ambiguous data. Additionally, this may cause
negative effects on the relationship between ugsirand downstream partners in the supply chain.

And finally, the reputation of business results in negative impacts, particularly regarding corporate
social responsibility.

1.5.2 Social supplier selection problem

The social dimension was not much explodes to complexity of human behaviour in workpkace
(Carter and Easton, 2011). According to the very complex human problems, very little has been
achieved on social sustainability in teapplier selectio(Chai et al. 23). In recent years, the
awarenes of social sustainability has enhanced not only in private caegpaut also in public
compates (Badri et al., 2017). An ethically questionable behaviour of suppliers has a major influence
on brand image and business (Ehrgott et al., 2011). For iesiar®outh Africa, Mmereki et al. (2019)
argued that waste tyres production led to health problems in communities. Anothemesgedn

the automotive industrywhereMansouri (2016) analysed the impacts leading to unethical action in
emission tests.

In the Thai industry, the firra arecurrently selected aneévaluatedonly on economic criteria when
choosing a supplier of tyre rubber. Bonfanti and Bordignon (2017) described various aspects from a big
international company which forced labours from Thap@iers in terms of human rights, human
trafficking, safety, health and hygiene in fisheries industryh&Thai apparel sector, some companies
recruited illegal women immigrant workers from neighbourhood areas because they accepted lower
wages (KusakabandPearson, 2013). The majority of these circumstances underline the weakness of

the upstream elements of supply chain affecting suppliers. The previous studies solely focused on
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conventional business and economic factors. A few studies concentraligsivexg on the selection

and assessment of suppliers' social sustainability.

1.6 Significance of the Research

Thereis a large number of automobile companies that do not all follow the same strategy, do not have
the same reputation in the market anchdbhave the same financial status. The growing competition
forces the companies to make various resources and efforts to improve the companies' purchasing
process and evaluate the suppliers considering all the risks associated with each supplier.jigexgh com

has a different process for selecting suppliers; there are some companies that do not follow any formal
process for evaluating suppliers as only the records of reputed suppliers are considered, while there are
other companies that follow a highly coleyp process with professional help (Anderson et al., 2008).

As the suppliers have different strengths and weaknesses, the departmental managers need to carefully
evaluate the suppliers before finally selecting thReldying solely on experienced managersnake

supplier decisions may lead to personal preferences and biases, potentially leading to suboptimal
choices.However, in this researchmulti-criteria decisiormaking methods provide a structured
approach for analysing and comparing supmltions based on multiple criteria, reducing subjectivity

and biasSeveral studies analysing the customgpplier relationship have highlighted the need to pay
special attention to improving the quality of the products and services that companies tifsr t
customers. Nowadays, purchasing decisions have become central activities. Therefore, the process of
supplier evaluation plays a crucial role (Sar&kadMohapatra, 2011). In particular, supplier selection

plays an important role in deciding the quetitiveness of major customers (Boran et al., 2009). From

this point of view, supplier selection is the subject of ongoing scrutiny (Kamann et al., 2004).

1.7Research Aim and Objectives
1.7.1 Research Aim

To propose acombinedmulti criteria decisionmaking modelfor assessing and selecting

sustainable suppliers within the Thai tyre rubber industry.

1.7.2 Research Objectives
In order to achieve the above aim, the following list of objectreproposed

(1) Identify the set of ma- and sukcriteria in sustainability for supplier evaluation and
selection in Thai tyre rubber industry.

(2) Prioritise the order of matnand sukcriteria for evaluating and selecting sustainable
supplies.

3) Performa sensitivity analysis oa decison-making model of sustainable supplier

evaluation and selection.
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1.8 Scope othe Thesis

The scope of this studyonsiss of foreign assemblers, Tidr autoparts suppliers and Ti& local
autopartssuppliers of tyre rubber industry in Thailand. Smalhd mediurrsize tyres suppliers are
included in this research. This does mean that they have impte Tmai tyre rubber industry, or that
the sustainability evaluation of these suppliers is importtn addition, itis assumed that the
respondents involved in the questionnainel exploratorgurveyare acquainted witaverytier of the

industry.

1.9 Contributions to Knowledge
In summary, the main contributions of this research afellasvs:

8} The endeavour of this research is to investigate the supplier selection detgiog
process in Thai tyre rubber industry companies, also the presence and usage of sustainable criteria to
support the decisiemaking process. The research pregdn irdepth understanding of the decision
making process and the most relevant main anecstdria for sustainable supplieselection.This
research identifies Thailand as a key player and a developing catnatrgontributes to the global
tyres praludion. It focuses ora newsupplier selection decisiamaking process in sustainabilitjpus
providing a contribution to knowledge.

(2) A thorough investigation of the extant literatuteat has been found that studies
sustainable supplier lgetion decisiormaking in multicriteria decisioamakingmodels So far, they
have mostly been conducted using a skugiterion approach model. However, the approach of this
study is a novel quantitative combined decisioaking modebased ortasestudy approach.

(3) Another contribution of this research is tliscussion of thawareness of sustainability
concerns that differercompanies uspracticallyto support their supplier selection decisibaking

process in Thailand.

1.10 Novelty ofthe Thesis

The novelty of this research is that it includes economic, environment and social criteria as the triple
bottom line thais explored in the sustainable supplier evaluation and selection criteria model within

the tyre rubber industry in Thailandhis is the first study to examinethiey r e rubber comp.
industryusing the advantages of the fuzzy analytic hierarchy processRJahtl fuzzy technique for

order performance by similarity to ideal solution method (FTOPSIS) approaches.

In addition to this research, a combined approach in multiple criteria deoisikimg model is

proposed and applied.

1.110ther considerations
The gudy is conducted in Thailand, the population sample is limited to major assemblef$, Tier

autoparts suppliers and Tiet local Auto parts suppliers ithe tyre rubber industry in the country.
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Criteria which influence the results of this study npawgictially be applicable in the Thai business
context. Therefore, results of the study may not be generaligedut changest the global level
because tyre rubber suppliers in other parts of the woaidnay be operating in different business

climates.

1.12 Structure of the Thesis

This research is presented in six chapters, the details of which are outlined in brief below:

Chapter 1: Introduction

An introductory chapter is to discuss the background and scope of the study, as well as significance of
research, stating aims and objectives, limitations involved in the contribution to the study.

Chapter 2: Literature Review

A review of the existing literature on supply chain management, sustainable supply chain management,
sustainable criteria for supgpli evaluation and selection, and the existing research within sustainable
supplier selection decisiemaking. It does so by considering all research published in academic
journals. This chapter identifies all of the shortcomings of the various studiegakeaeso far, and
identifies the void in sustainable supplier evaluation and selection.

Chapter 3: Methodology

This includes the research approach and design, respondent sampling and population, data collection,
data analysis procedure, pilot studynd the analysis method. The data collection section is described
including data collection, sample selection and participation, developing the survey questionnaire, item

measurement scales and pilot study.

Chapter 4: Findings
This chapter presents theam study, analysis and findings.dbntains asurvey questionnaire, data

analysis and the outcomes of multiple criteria decisions making.

Chapter 5: Discussion
This chapterdiscusses and reviews the result of the findings discovered in combinatiothevith

literature review.
Chapter 6: Conclusion

The final chapter will conclude thghesis with a summary and the limitations of stedy,contribution

and novelty of the study. In addition, recommendations can be found for practitioners and academics.
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2. Literature Review

This chapter begins with a discussion of the different general concepts. This specifically includes
sustainability, sustainable supply chain management, definitions and characteristics of traditional and
sustainable supplier selectioriteria, and modelling approaches in sustainable supplier selection.

The focus of this chapter is the review of literature on the sustainable supplier selection criteria and its
modelling approaches. It will examine the contents of related studiesphesigelection influencing
factors and criteria such aguality andtechnologiesprice, delivery and responsiveness, supplier
relationship management, decision making tools and techniques, government procurememngolicy

business ethics.

2.1 Sustaimability and The Three Bottom Line

Recently, there has been an incesbmvareness of sustainability issues in both the management and
the research fields. On the one hand, many large companies have started to report on their social and
environmental perficnances. On the other hand, the concept of sustainability has also begun to appear
in the literature of disciplines such as operations or supply chain management (SCM) (Carter and
Rogers, 2008). The terfisustainability was first coined by the World Comssion on Environment

and Devel opment (WCED) (1987) and it is defined
without compromising the ability of future gence
definition has been described as toaayal and difficult for companies to apply (Linton et al., 2007).

In that sense, the way sustainability is usually operatigathlin the operations and SCM fields is
through theThreeBottom Line (TBL) (Elkington, 1998). The TBL concept includes environtak

social, and economic dimensions as measures of corporate perforfrtantge rubber industry is no
exception, as it is a resourzgensive sector that has a significant impact on the environment and
society. This literature review aims to expldhe current state of sustainability in the tyre rubber
industry in Thailand, with a particular focus on the environmental, social, and economic dimensions of
sustainability. The environmental impacts of the tyre rubber industry in Thailand have been well
documented in the literature. For example, a studiégashet al (2021) found that the industry is a

major contributor to air pollution, water pollution, and deforestation in the country. The authors suggest
that reducing emissions from the industry gmdmoting sustainable land use practices could help
mitigate these impact&rom an environmental standpoint though, the booming rubber industry is a
cause for concern given that rubber production is eAatgpsive and which also contributes to several
environmental pollutionsGhanchaichujitet al., 2020).The tyre rubber industry also has significant

social impacts, particularly in terms of labour rights and community relations. A study by
Saksorngmuang et al. (2019) found that many workers in the industry face poor working conditions,
low wages, and limiig opportunities for career advancement. In addition, the industry has been
criticized for its land use practices, which have often led to conflicts with local communities. The

authors suggest that promoting social responsibility and stakeholder engagenidritelp address
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these issues. The economic sustainability of the tyre rubber industry in Thailand has been the subject
of much debate in the literature. On the one hand, the industry is a significant contributor to the country's
GDP and provides employant opportunities for many peogleghoungthong et a22021). On the other

hand, theyreindustry is highly dependent on natural resources and vulnerable to fluctuations in global
commodity markets. A study by Wongsuwat et al. (2021) suggests that prgnmotovation and

diversification in theyre industry could help enhance its economic sustainability.

2.2 Sustainable Supply Chain Management

The increase in sustainability awareness can be clearly observed in the SCM discipline, whose focus
has recently moved from considering cost and operational issues such as service improvement or
quality, to also include environmental and social aspe@sd,J2009) as a way to pursue sustainability
along the entire supply chain. Sustainabl e SCM
integrate both environment al and soci al i ssues
performance as wedls that of its suppliers and customers (Seuring and Muller, 2008). Based on this
definition, two important aspects need to be highlighted. On the one hand, to achieve sustainability
firms should engage on both environmental and social isSues shoutl not onlyconcentrate othe

greensupply chairbut also make more socially responsible. On the other hand, sustainability extends

the boundaries of the firm and includes not only the implementation of internal sustainable practices
(e.g., use of clean ¢hnologies and/or the implementation of work/life balance policies) that improve

the firméds sustainability performance but al so t
the supply chain (e.g., training suppliers on environmental rigkith the aim of having a positive

impact on their sustainability performandiems will mainly focus on this second set of practices (i.e.,

practices that aim to extend sustainability to suppliers) andmallyseand study their role on extending

sustanability along the supply chain.

2.3 Supplier Selection and Evaluation Overview

To assess current practices of supplier evaluation, a selection of both academic literature and industry
practices was reviewed for general content, depth of the contenheagdneral approach being taken

to supplier assessment. A large body of literabemgredon evaluating suppliers on a financial basis.

More recent work relates to assessing environmental aspects of interactions with a supplier. In a few
cases there aenvironmental and societal items considered together, but the literature is lacking with
respect a comprehensive approach to all three of the TBL criteria at the supplier level. There has been
work addressing the TBL at the enterprise supply chain I8sdyrdeen et al., 201Mpweverthe

literature is still lacking at addressing the relationship with individual suppliers.

I'n his work AA Review and Critique of Supplier
reviewed 147 academic journal artildn this work the articles were classified into five categories:

decision criteria that should be used, use of decision making / support techniques and tools, buyer /
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seller relationships, international supplier section practices, andcerement. It &s noted that the
evaluation of suppliers is a multiple criteria decision making (MCDM) problem that can have the
complexity of having both qualitative and quantitative criteria. In this work, it is noted that the general
trend on supplier selection is wd-phase process: 1) resdtion of the need for a new suppli@)
determination and formulation of design criteB& prequalification (initial screening and drawing up

a shortlist of potential suppliers from a large |id))final supplier selectigrb) monitoringwhetherthe

suppliers selecteid feasible

Zimmer et al. (2016) also categorize the types of models used in supplier selection literature, as seen in
Figure 21. They provide a list of the corresponding methods used for each categoryabtimadavas

reviewed.

Supplier
Selection
Y Y Y Y A
L Mathematical Uncertain Multi-criteria Artificial
Qualitative . . .. . . .
programming | decision decision making intelligence
v v v v
Delphi Lmearl Stochastllc AHP (_1en§t|c
programming programming algorithm
s . 3
QFD Goal ‘ PIObﬂbth'IIC ANP Gray system
programming programming ) theOI’y
[Shlk?\\-‘a Nonflmcz.ir Fuzzy logic TOPSIS Rough set
diagram programming theory
DEA VIKOR Neural
networks
lnteger. PROMETHEE (_ase-b.use
programming reasoning
Muln-objecltwe ELECTRE
programming
DEMATEL

Figure 2 1 Supplier Selection Methods

Figure 21 illustrates the different methods that have been employed for supplier selection, which can
be broadly categorised into five groups. In order to identify the most suitable suppliers, a qualitative
approach is commonly used, such as Delphi and,Q¥ich involve gathering input from multiple
stakeholders and determining the specific criteria that are most pertinent to the organisation and its
customers. The second group encompasses mathematical programming models, including data
envelopment analis (DEA) and multiobjective linear programming (MOLP) models. Fuzzy logic
approaches constitute the third group, which evaluate suppliers in situations of uncertainty. The fourth
group consists of methods based on the analytic hierarchy process (AHPpat network process

(ANP), both of which are muliriteria decisiormaking (MCDM) techniques, as cited in the work by
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Govindan et al. (2013). The fifth and final group involves the use of artificial intelligence models, such

as artificial neural netarks (ANNS).

Zimmer et al., (2016) also noted that supplier selection, like all deaisaking problems, has two

main tasks: the process of evaluation and assessment and sangntiais information to allow for the

choice to be made.

As in most of the @pplier selection literature, Choi and Kim (20@8ppose a hybrid-€rocurement

decision support model that combines the selection of the appropriate suppliers byrikéuidi

Decision Making (MCDM) and optimization modelling by rilased reasonind his work classifies

the criteria into two major categories: gqualitat
to the research done in the work here, due to the emphasis placed on the final selection of a supplier
bei ng-obmelctt iituree The rmultio mjaect i ves t hat are being con
work are all relative to what can be called economic criteria, but nonetheless it places significant
emphasis on the MCDM discussed previously. Zhang (2010) proposes -attnitite dility (MAU)

model approach to selecting suppliers, but the work only provides a detailed mathematical method for

performing this evaluation and has no criteria or metrics reviewed or listed.

2.3.1 Economic Metrics for Supplier Evaluation

Academic literatire reviewing the financial impact of supply chain and supplier relationships tends to

be detailed and quantitative in nature (Pagell and Gobeli, 2009). A variety of criteria have been used

for supplier selection and the most common include cost, delisad/ product quality (Jain et al.,

2009).

The economic health and fiscal security are crucial for any supplier relationship (Bryne, 1992) as a
financially unhealthy supplier can cause significant disruptions in the supply chain and business in
general. Byne (1992) proposes generating four types of ratios to access the financial health of a given
supplier. These ratios are liquidity ratios, leverage ratios, activity ratios, and profitability ratios.

All of these ratios are defined as coming from readily available information. The liquidity ratios
measure a companyés ability to meaeandintiidefaciomme di at
such as salaries, interest on debt, and taxes. Leverage ration di cat e t he extent to
funds are provided by creditors. These leverage ratios give an approximation of the financial risk of a
company. The activity ratios show the correlation between sales and assets of a given supplier. It is a
way d quantifying the revenues generated from its resources. The profitability ratios are a way of
accessingvhethera company generates enough profit to have long term viability. It is also significant

to note that Bryne (1992) stresses the importance ofadngpthese ratios to industry specific standards

and to perform a yedo-year comparison to establish a trend line. Significant work has been done to
document and control both the supply chain and individual supplier relationships (Lambert and Pohlen,
2001), but these works do not consider the TBL objectives and view the relationships as strictly financial

in nature Economicdimensionsare detailed in Table-2.
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Table 2 1 Economic Criteria

Main criteria Subcriteria

Cost Cost and price

Delivery Reliability of service

Product quality | Quality management

_ Economic performance
Finance

Financial stability

2.3.2 Environmental Metrics for Supplier Evaluation

There have been both academic and professional literature generated which address the issue of
suppliers being required or asked by their custo
academic literature incorporating some TBL aspects imosupplier selection process is that of

Humphreys et al., (2003). Humphreys et al. (2003) create a decision support system to evaluate suppliers

based on seven environmental categories separate
effectd an d environment al cost s 6i mprovementd with
environmental costs 6pollutants effectsd the met
waste disposal, and energy, while the five metrics for envine nt a | costs O6i mprovem

environmentally friendly material, buying new environmentally friendly equipment, redesign of
product, staff training, and recycling.

From an industry perspectiVimost green supply chain initiatives are the resutustomer requests or
government regulatian(Katz, 2009) and tend to look for compliance after the decision to have a
suppliercustomer relationshiplready been determined. This compliance is not insignificant and can
be expensive, as it is estimatedttfid billion is spent annually by the electronics industry alone to
conform to the European Union regulations (Katz, 200Bgse categories and metrics are detailed in
Table 22.

Table 2 2 Environmental Criteria

Main criteria Subcriteria

Solid waste

Chemical waste

Environment al c 0 s | Air emission

Water waste disposal

Energy

Buying environmentally friendly material

Environment al ¢ os |Buying mew environmentally friendly equipmer

Redesign of product
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Staff training

Recycling

2.3.3 Societal Metrics for Supplier Selection

When considering the societal aspects of the TBL, there aradaelemic resources as far as it relates

to suitable metrics. A significant amount of literature on the societal sustainability aspects for suppliers
comes from the Journal of Business Ethics. This literature however tends to look at what can be called
brard protection, being concerned with the image portrayed (Amaeshi et al., 2008) or look at the
pressures which cause a company to review its suppliers from a societal point of view (Ehrgott et al.,
2011). According to the work of Ehrgott et €2011), there are six reasons that companies choose to

be responsible from a societal standpoint in selecting suppliers: intensity of customer social pressures,
intensity of government social pressures, intensity of social middle management pressuiex, supp
strategic capabilities, buying firm reputation, and extent of osgdonal learning in supplier
management. There has been work which has attempted to quantify some of the societal aspects of
business models (Darby et al., 2006), but the reseabrbas in nature and does not go into the metric

level. Darbyetall 2006) state that there are six fAaccount ¢
is called the #fAsoci al Trecik sogial metrity consist faf report gni ven e
performance against stated objectives, an assessment of the impact on the community, the views of
stakeholders on objectives and values, a report on environmental performance, a report on how equal
opportunities are implemented, and a report on compliant®e statutory quality and procedural
standards. The 2002 United Nations Johannesburg Suim@libal Challenge Global Opportunity

provides a framework from which metrics can be derived (Summit, 2002). This framework
accomplishes this by reporting on whadteTSummit believes to be the most critical issues facing the

future of the planet: population growth, poverty and inequality, food and agriculture, freshwater, forests,
energy, climate change, health as it relates to water, and health as it relatgoHlatain. The most
comprehensive academic |iterature on societal me
Framework and Metrics for Corporate Sustainabil:i
previous works discussed in thiscion, their works present very detailed metrics and provides
computational methods for calculating a value for each metric while indicating the desired trend for

each metric to improve societal sustainability. The metrics are struattoedne perfornance criteria

which are antcorruption/antibribery, supplier development and training practices, employee
development and training, customer satisfaction, customer awareness, compliance and product
responsibility, employee welieing, community developmg and diversity and equal opportunity. The

paper does not define an acceptable level for metric scdids is typical when reviewing
environmental and societal metrics, as they tend to be specific to a particular industry or facility. The
gualitative scietal criteria are divided into five categories and these categories and metrics are detailed

in Table 23.
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Table 2 3 Societal Criteria

Main criteria Sub criteria

Employment stability | Job opportunity

Employmentcompensation

Employment practices| Employee contracts

Equity

Labour sources

Health and safety Health and safety practices

Health and safety incidents

Capacity development| Research and development

Career development

Human capital Health
Education
Productive capital Housing

Services infrastructure

Mobile infrastructures

2.4 Sustainable Supplier Selection and Evaluation
As we have already mentioned, one challenge firms face when managing sustainatsiléytension
to other partners in the supply chain (i.e., suppliers) since firms are held responsible not only for their
actions but also for their s ubepavibusAspdintedouvby r o n me n
Far uk et al . {RAOr0 2 ¢ nwiurpprd mermr tsal management car
environmental performance. This is also true in the case of social issues. For instance, companies such
as Nike(Lucchini and Moisello, 2019)Gap(Smith et al., 2011yr Apple(Sandoval, 2013)avebeen
vilified because some of their suppliers were employing d¢alldurin their facilities. As firms realize
that customers and stakeholders do not distinguish between the lead company and its partners in the
supply chain (Large and Gimenez, 2Q1h¢need to develop governance mechanisms that allow them
to extend sustainability along the supply chain becomes clear (Kytle and Ruggie, 2005). Many
companies implement codes of conduct, supplier assessment practices and/or collaboration with
suppliers in ader to make their suppliers become more sustainable (Keating et al., 2008). In the SCM
field, the set of practices aimed at i mproving s
(Krause et al ., 2000) . To i rfipgns oam émpleament puppliee r s 6 p
development strategies such as assessing suppliers, providing suppliers with incentives, instigating
competition among them or working directly with
and SkjoetiLarsen, 2009)In the context of sustainable SCWo main sets of supplier development
practices have been studied: supplier assessment and collaboration with suppliers (e.g., Gualandris and
Kalchschmidt, 2014, Lee and Klassen, 2008, and Vachon and Klassen, 20Q8ierSagsessment
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efforts by buying firms represent-the pt h eval uati ons of the supplie
2000). These activities can take the form of questionnairestaguhatory standards, or thighrty

audits (Min and Galle, 1997; Waltent al ., 1998) and suppliersd comj
2011). This evaluation process allows the buying firm to deterwinaherthe supplier meets current

and future business needs. The buying firm needs to quantify and communicate the freékalts o
evaluation to suppliers so that they are aware of the possible discrepancies between their current
performance and the buying firm expectations (Prahinski and Benton, 2004). Therefore, an essential
part of the assessment process includes providialgaive feedback to suppliers. This way, suppliers

are given directions for improvement (Krause et al., 2000). Supplier collaboration entails the direct
involvement of the buying firm in the supplier development effort. The buyingdfimirect

involvemen i ncl udes investments in the supplier thro
and/or dedicating buying firm personnel temporarily to the supplier (Krause et al., 2000). Examples of
collaborative activities are providing training programsuppliers, sponsoring meetings for suppliers

in order to share information and experience, and undertaking joint applied research regarding
alternative materials or processes (Lee and Klassen, .2008) supplier development strategy
represents transaeti-specific investments in the supplier by the buying firm (Williamson, 1991). In

the sustainable SCM literature, there is a growing body of empirical research that has studied these
practices. Some papers have focused on their antecedents (Reut2d&0pnhnd others on their impact

on different dimensions such as the management of sustainability (Ciliberti et al., 2008; Klassen and
Vachon, 2003), environmental capabilities (Lee and Klassen, 2008), environmental investments
(Klassen and Vachon, 2003)caVachon, 2007), the successful implementation of codes of conduct

(Lim and Philips, 2008), commitment (Simpson et al., 2007) and performance (Green et al., 2012).
Table 24 provides a classification of the literature that basnstudied. It includes peers that have
analysedthe antecedents of assessment and/or collaboration. In that sense, the literature has been
classified according to the methodology used, the sustainability dimensions under study and the scope

of the antecedent(s) considered (iirgernal or external). Internal antecedents cover factors within the
boundaries of the firm. External antecedents inc
general, related to the environment in which the firm operates. Additional infomratated to the

name of the antecedent(s), the countries in which the study has been performed and the results of each
paper have also been included. Based on this literature review the following points need to be
highlighted. First, most of the papdraveanalysedhe antecedents of green supplier development
practices, neglecting the antecedents for social ones. In fact, from the 10 papers identified, 9 papers
have exclusively looked at antecedents of green practices, 4 have considered both ecahgraena

practices, while only 1 paper focused on environment and social. However, there is no paper considered
three dimensions together. Second, most of the papers have considered internal antecedents (7 out of
10). That is, most of the papers have labkeat t he i nfluence that factor:

towards sustainability or the provision of training have on the adoption of assessment and collaborative
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practices. Only 5 papers have considered the role of factors coming from the extéroahsmt in

which the firm is embedded. It is also important to highlight that from these 10 papers, 2 have looked

at both internal and external antecedents. Finally, in the literature thergniagreement with respect

to which factors influence thedaption of these practices. While some papers have found that external

factors such as pressures coming from the government exert a positive influence on their adoption
(Sarkis et al., 2010) others did not (Mathiyazhagan et al., 2014). One possible fcese anixed

results can be explained by differences in country. Most of the papers have been conducted in single
countries. From the remaining papers, 3 have considered regions Fuinggouth Americaand 4

include Asia countries in their samples.vver, these papers have not considered the country level in
their analysis. I n other words, these papers ha:

adoption due to differences in countries.

Table 2 4 Classification of the papers thamalysethe antecedents of sustainable supplier

development practicesi tnd & applies and AO0O0 = does not cons

Author (Year) | Method Sustainability dimensions Scope Country
Survey | Case | Economic | Environment | Social | Internal | External

Sarkis et al. n @) n n @) n n Spain
(2010)
Large and n @) n n @) n @) Germany
Gimenez
(2011)
Hsu et al. n @) @) n @) ) n Malaysia
(2013)
Zhu et al. n @) @) n @) ) n China
(2013)
Gualandrisang n @) @) n n n @) Italy
Kalchschmidt
(2014)
Kannaret al. n O n n @) n @) Brazil
(2014)
Mathiyazhagar| n @) n n @) n n India
et al. (2014)
Jabbouet al. @) n @) n @) n @) Brazil
(2015)
Srinualet al. @) n @) n @) O n Thailand
(2019)
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Srinualet al. O n @) O n Thailand
(2020)

Arvind et al. @) n @) @) n United
(2020) Kingdom
Oeyet al. @) n n n @) Malaysia
(2020)

Beiki et al. @) n @) n @) Russia
(2021)

Tayab and n @) n O @) Pakistan
Sarkar (2021)

Lietal (2022)| n O n n O China
Caristi et al. ) n n ) @) Italy
(2022)

Cinnirella et O n n n @) Italy

al. (2022)

Mishra et al. o) n n 0) n India
(2022)

Acerbi et al. O n @) n n Italy
(2023)

Chai et al. ) n @) n @) China
(2023)

2.5 Criteria in Sustainable Supplier Selection and Evaluation

In the literature and various publications dealing with the same or similar problems as in this paper one
can find a large number of criteria for evaluating supplidosvevet the question arisé®w to choose

the rightand optimal solutiofrom a certain set. Dickson (1966as the first to study supplieelection
andevaluation Then, n his work Ellram (1990) tried to increase the importance of qualitative criteria
which should ensure lorgrm cooperation between the company and suppliers. He shared criteria in

four groups: financial aspects, organizational structure and strategic issueslogichh@actors, and

other factors (Table-3).

Table 2 5 Ellram (1990 Criteria for Supplier Evaluation

Main Criteria

Sub Criteria

Financial aspects

Economic performance

Financial stability

Organisational culture arglrategic questions

Trust

24




Management attitude

Strategic plans

Leadership ability

Cooperation services between customer

supplier

Supplierbés organi zat

Technological issues

Assessment of production capability &
capacity

Assessment of prospect production capacity

Supplierdés design c¢g

Supplier speed of development

Other factors

Safety and security at work

Business references

Supplier customers

The criteria shown ifTable2-5 are intended to encourage creation lbergn partnerships between the
company and suppliers, as well as to create an opportunity securing sources of supply for a longer
period. To be able to apply this approach to supplier evaluation, the company nelisp dedifferent
strategy for supplier performance evaluatibime authors tried to give an answer to the previously asked
guestion at the end of the past century, and Webber et al., (1991) investigated the criteria for selecting
suppliers in production anretail environment in 74 studies published from 1966 to 1991. Table 2

showsa presentation of the criteria established by the mentioned authors.

Table 2 6 Summary of Criteria

Production plants

Geographical location

Technical skills

Criterion Importance of criterion
Net price Great importance
Delivery

Quality

Management and organisation

Reputation and position in the industry

Financial position

Historical performance

Little importance
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The group of authorgWebber et al., 19919oncluded that the criteria of quality, delivery and price
prevail as dominant, while geographical location, financial position and production capacities belong
to asecondary group of factors. The criteria defingdDizkson and later modified by Webber are still
broady accepted in various studiddowever althoughthe time and importance of individual criteria
changesthis has beenonfirmed by the worlof (Cheraghi et al., 2004) in which the authors included
ove 110 works who considered the issue of supplier seledfiema and Pullman (1998) conducted
researchwith 58 managerncluding operations managers or the managers with purchasing/supplier
order to examine how they compromise when choosing a suppheir research indicated that
managers pay the most attention to quality as well the most important attribute of the supplier, followed
by delivery and price. Impact research criteria in the supply chain continues at the beginning of this
century, so Kgrak et al., (2001) took reliability of delivery as a selection criterion, while Kraus et al.,
(2001) in their research saw the need to add innovation as a new equal criterion. According to Birch,
(2001), before starting to define the most important caiteni the basis on which suppliers need to be
evaluated, the approach involved must fidgfine a customersupplier relationship. Therefore,
procurement managers must firskecutecertain agreements with suppliers and determine the
conditions for negotiains. According to the same authariteria for selecting suppliers can be
classified into five different categories: costs, logistics, quality, development, and manadgratat

and Huq, (2002) used four in their research criteria for supplier exatuatice, quality, technology

and service. In a study by Biebi and Bayraktar (2003), they addressed similar criteriaeasase in

Birch (2001) and here the criteria are classified as: logistics, technology, business and business
cooperation (Table-2). The goal was to create a model that makes a difference between qualitative

and quantitative criteria.

Table 2 7 Supplier evaluation criteria

Main criteria Sub criteria
Logistics Delivery time
Lot support

Flexibility in changing orders

Reliability of delivery

Technology Capacity to meet demand

Products creation

Product and process improvement

Problemsolving ability

Business Reputation and position

Financial stability

Managementapability and compatibility
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Relationships Simple communication

Previous experiences

Business references and competence

The following authors, like most of the previous ones, useddidteriain their research: Guneri et al.
(2009) quality, reputation, closeness of relations with suppliers and reliability, Shen and Yu (2009)
technical capacity, quality, warranty period and innovation, and Boran (2009) quality, price, delivery
on time and clogeess of relations with suppliers. Blyukdzkan and Cif¢i (2011) used several criteria
such as technical capacity, quality, price, financial position, production performance, etc., while Junior
et al. (2014) in theiresearchused quality, pricedelivery that includes time and reliability, supplier
profile which includes reputation and financial position and relationship with the supplier. Financial
indicators, quality and delivery are present in almost all surveys as criteria for supplieoselecti
(Fallahpour et al., 2017). These criteria can be considered as the main criteria which are further
subdivided into suderiteria if a larger number is considered, or as criteria withoutstdria when it

comes to evaluating suppliers on the basisshaller sebf criteria.

2.6 Modelling Approaches for Sustainable Supplier Selection and Evaluation

There are diverse decisimmaking approaches for ranking suppliers based on different preferences.
Although absolute categorisation is not possible fes¢tapproaches, some researchers have classified
these modelling approaches into various categer@ne of the earliest attempts to review supplier
selection approaches, Weber et al. (1991) identified and categorised sustainable supplier selection
modeling approaches into three classifications. 1) Linear weighting models, 2) mathematical
programming models, and 3) statistical/probabilistic approaches. In linear weighting models, the model
assigns a weight to each criterion that is normally determingdeubt i vel y and aggregat
performance on each criterion based on the assigned weights. Finally, the suppliers are ranked based on
the aggregated scores. In mathematical programming models, the supplier selection problem is
formulated as a mhaeématical objective function that can be either maximised or minimised depending

on managerial preferences. In addition, some constraints are embedded in the model to conrsider real
world limitations and increase the reliability of the results. The stalgtrobabilistic approach
considers the stochastic uncertainty that decision makers face in supplier selection; for instance,
uncertainty in internal demand or order lead time may fluctuate or vary from one period to another. De
Boer et al. (2001) extendd¢he above classification by Weber et al. (1991) by embedding the total cost

of ownership and artificial intelligendeased approaches into the above categorisation. Total cost of
ownership models deals with all quantifiable and related costs the comgeatsyto pay for purchasing

an item. In other words, the cost of goadsiservices is not limited to their final price; it also includes

other types of cost, such as maintenance cost and spare parts cost, that are considered in the supplier

evaluation. Tk second group of models is artificial intelligefbzsed models, which enable decision
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makers to extract invaluable information for a new supplier selection problem based on caidgater
systems. In these methods, the computer aided systems aredrairegzl/eloped by purchasing experts

as well as by using historical data from previous purchasing instances. This trained system can provide
invaluable information to neaxperts dealing with similar purchasing situations. Chai et al. (2013)
provided a newgroup of supplier evaluation techniques, known as a +outéria decisioamaking

approach and stated that these techniques can be considered an independent group of models in addition
to mathematical programming and artificial intelligence (Al) techrégue multi-criteria decision

making approach provides a ranking for a set of alternatives based on several criteria chosen by experts.
The field of multicriteria decisiormaking has been in great development, before thanks to the large
number of publicatins that deal with making certain decisions on basis of applied methods belonging

to this area. This area is one of the fastest growing areas of operational research primarily because many
methods have been developed and are still evo8tanuijkicet al, 2013. Table 28 shows theecent

developmentsethods of multicriteria decisiormaking.

Table 2 8 Overview ofrecent development gingle multicriteria analysis methods

Authors Method
Luangharet al, (2022 SAW

Li et al, (2020 DEMATEL
Kumar and Barmgn2023 | AHP

Zhang et al.(2019 ANP
Atthirawong (2020 TOPSIS
Tonget al, (2021) PROMETHEE
Fei et al, (2019 ELECTRE
Dodevskeet al.,(2023) VIKOR

Many papers have been recently published, which according to Zavadskas et al., (2016) apply various
multi-criteria decisiormaking techniques to solve engineering problems. Everyday use otniteltia
decisionmakingmethods (Gul et al., 2016) certaimgntributed to the growth of the popularity of this

area (Zavadskasi, 2014). There are many single models ofaritdtia decision making that have been
proposed for solving various problems in engineering. Akkaya,gR@ally is proposed AHP model

for solving problems in the field of industrial engineering. Chen and Yang, (2011) used limited AHP
and TOPSIS for selection suppliers. These single methods have also been used to solve the following
problems: for the selection and deyainent of a logistics partner in return logistics (Prakash and Barua,
2016), ranking industrial alternatives for portfolio investment (Dincer et al., 2016), for the selection of
equipment for handling (Yazdani, 2014), for the choice of mining methodiic amduction company

in Iran (Yazdanii, 204), or a single approach of multtriteria decisiormaking with QFD method for
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supplier selection in the green supply chain (Yazdani et al., 2016), AHP for evaluation in return logistics
(Acar et al., 2015), a MOR method for supplier selection (Mohaghar et al., 2013).

Taking into account all the above, it can be concluded that this area has recently, especially in the last
few years experienced expansion, and a large numbesupplier selectiomproblems ariseo solve

using methods that belong to the specified area. They are used to solve problems of different nature and
have found great application in the field of management and logistics, where certain decisions are made
on the basis of muklgriteria method. There are a number of methods which belong to the area of multi
criteria decisiormaking, which is shown in Table& The nost used, at least when it comes to supplier
selectionare the AHP and TOPSIS methods, which can be observed from Téblkeele an overview

of the most used multiriteria methods is given decisiomaking in the field of evaluation and selection

of suppliers, which will be used in within this paper. Recently, fuzzy methods are being developed
(Fuzzy AHP, Fuzzy TOPSIS) in this iiewhich are beginning to play a major role in research in
different areas, including the area that is the subject of reséarelstudy byKumar et al. (202)

applied fuzzy TOPSIS method for supplier selection in the automatigessories manufacturing
industry are being increasingly used in supplier selection because they can handle imprecise and
uncertain information better than traditional methods. S8itarmaet al. (2023) alsofound that the

fuzzy approach improved the accuracy and flexibility lvé fecisioamaking process in supplier
selection, highlighting the potential benefits of fuzzy methods in this coriféet.frequency of
application of the Analytical Hierarchical Processthod is also visible in the last decade. It is used to
solve the poblem of choosing a supplier, either in conventional form or combined with fuzzy logic,
(Stevil et al., 2015), selection of suppliers i
suppliers for a textile company (Ertugrul and Karakasoglu, 2@d6jluction areas (Chan | Kumar,

2007), supplier selection for THICD manufacturer (Lee, 2009), electronic procurement (Benyoucef

and Canbolat, 2007), in a washing machine company (Kilincci and Onal, 2011), in a company motor
gears (Ayhan, 2013), a supplfer a white goods manufacturer (Kahraman et al., 2003). Ho et al. (2010)
reviewed the literature for application mutdtiteria analysis in this area. There are a considerable
number of publications that deal precisely with the comparison of classi@AtiRizzy AHP such as
(Aggar wal and Singh, 2013, and Stevil et al., 2
AHP is often used in combination with other methods, as teshfigd St e v i i et al ., 201
authors in the work of AHP uskto assess the weight of the criteria, andit@®SIS method to obtain

the final rank of alternatives (Balli, 2009, Mahmoodzadeh et al., 2007), a fuzzy AHP or fuzzy TOPSIS
(Zeydan et al., 2011), to evaluate the performance of suppliers in the manufacturing company several
types of electronic cards (@&slan and Atalay, 2014). Shukla et al., (2014) show how one can perform
these methods in fuzzy form in order to provide greater consistency in valuation in the prioritization of
supply chain partners. Bronja and Bronja (2015) use these methods to selantiagnm sheet metal

supplier.
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These multcriteria decisiormaking methods, such as AHP, ANP, or TOPSIS are very commonly used

to determine the significance of the criteria and are an integral part of the analysis for the selection of
suppliers and whethey are ranked by some methods that do not belong to this area. It is used to perform
the supplier evaluation process within the doctoral dissertation precisely a combination of several
methods of multcriteria decision making. To determine significaraiteriathis Thesisuses a fuzzy
analytical hierarchical process (FAHP) that compares the criteria based on a fuzzy comparison scale,
while some of the alternatives can be used to rank of the methods. In addition, the DEMATEL method
for determinatiorusesrelative weighting criteria. As already emphasized in the previous section, Table

2-9 showsof methods for evaluation and selection of suppliers.

Table 2 9 Overview of evaluation methods and supplier selection

Authors Industry Methods
Zeydan et al., (2011) Automotive Industry Fuzzy AHP
Lee, (2009) Production Of TFILCD Fuzzy AHP
Asamoah et al., (2012) Pharmaceutical Industry AHP

Oniit et al.(2009) Telecommunications Compar| Fuzzy ANP
Parthiban et al., (2012) Automotive Industry AHP

Liao and Kao, (2011) Watch Production Fuzzy TOPSIS
Liao, (2010) The Food Industry AHP

Junior et al., (2014) Automotive Industry Fuzzy TOPSIS
Chamodrakas et al., (2010 Electronic Industry Fuzzy AHP
Jamil et al., (2013) Automotive Industry Fuzzy TOPSIS
Roostaee et al., (2012) Automotive Industry Fuzzy VIKOR
Kang et al., (2012) Packaging Production Fuzzy ANP
Alimardani et al., (2013) | Automotive Industry VIKOR

Azar et al., (2011) Automotive Industry TOPSIS

2.7 Knowledge Gap in the Application of Multi-criteria Decision Making on Sustainable

Supplier Selection

Most of the previous research deals with specific problems, and the criteria that are used in them vary
depending on the area in which they are appliegklall that has been said so far represents the non
existence of a universal general model which implies a set of criteria that, with very little modification
depending on the area applicatipnsuld be used in different areas. In addition, a shortcorsing
evidentwith respect toesearch in this areathefield of thisresearch, which would indicate the current
situation on the domestic market and the conditions that need to be met for the efficient conduct of all

activities and processes in the pnaruent subsystem. Some authors in the region have dealt with the
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field of procurement (Bronja and Bronja, 2015), but as said on the basis of a specific case, not taking in
considering the differences that exist in the supply chain from the aspect of ceshaativities.

Despite numerous new models that have been developed ircnitelia decision making, the question

arises as to which method or approach to apply. The goal is to enable decision makers as clearly as
possible to express their preferencesjuce subjectivity and the uncertainty that exists in every
decisionmaking process. Accordingly developed in tiissisis a new approach that takes advantage

of hybrid multicriteria decisiormaking method. Hybrid methods represent a modification of
traditionalapproachesand take into account uncertainties in the stakeholder decisions that most often
occur when assessing the importance of alternatives or criteria. Rough the numbers take into account
the stated uncertainties through the possibilitgxairessing preferences for each alternative or criterion.
Such preferences are further converted into fuzzy intervals, thus closer and with greater precision

determines the preference.

2.8 Justification of the choice ofThailand for this study

Thailand & a newly industriated market economy and has presented itself as one of the fastest growing
economies in Asia (Wade, 1990, Bloom et al., 1998, and Ozawa, 1992).

The economy is relativelypen,and state oriented just like most of the Asian economigshwiiakes

this interestingThe tyre rubber industry is a significant contributor to the economy of Thailand, making

it the leading producer in SouHastAsia, ahead of more populous Indonesia VietnamIn terms of

GDP per capita value, Thailand ramghth among SoutBastAsian countries (Vadra, 2013 terms

of GDP per capita, which is a measure of a country's economic output per person, Thailand ranks eighth
among Southeast Asian countries. This suggests that while Thailand's economy is significa

region, it is not the wealthiest in terms of per capita incorhe. Thai economy is hugely driven by
manufacturing and is one of the most competitive in the world (Quinn, 1992). Moreover, it is important

to indicate t hat hugkledepermdennhon mandfacturemgSMES) ang thid sector has
contributed massively to the success of the coun
accounts for more than 36.8%, which i s %ofre t hali
the labour force according to statistics released by the Department of Statistics in 2012. However, the
industrial sector is mostly contributed to by the automotive industry, construction industry, and
electronic industry. The highlighted facts jugtihe reason why Thailand is an important area of study

when it comes to manufacturing process and operation. The gradual but consistent growth of the
countryds industr i ke eaterpgriteand smallmddiumh bnéerprisemnl tlis o f
develpment are intriguing and can act as a benchmark through which developing countries can

stimulate industriated economic growth.
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3. Research Methodology

The previous chapter focused on identifying a gap in the literature through thorough secondeuly rese

into current theories on incorporating sustainability criteria into sustainable supplier selection models
and the criteria used to make these decisions.

This chapter presents an overview and understanding of the research methodology that is éiglied i
study.The purpose is to document the rationale behind the research design, data collection and data
analysis methods chosen. The methodological approach was designed to address the research objective
and the underlying questions in an effective waikie first section, which discusses the research
philosophy of this project, will help to shape the research methods discussed in section 3.2, where both
the advantages and limitations of the survey questionnaire and case study methods will be considered
in order to explain the final research methods chosen for this research project. In the following sections,
the procedures used for the questionnaire preparation, data gathering, and data processing will be
explained.In Figure 31, This research consisted five main phases. The phases were interlinked.
These phases were necessary steps to achieve the objectives of the current research.

Phase 1
—
An Exploratory Phase 3 Phase 4
Survey
+ Data collection
N - .
Literature - Interview Data analysis
review - Surveys
R
A
v Phase 5
L' f A\ Y
st . .
tls. Obl Questionaire Results
sus gtma'l © development - Sustainable criteria weight
criteria - Sustainable suppliers ranking

A

Phase 2

A combined
multicriteria decision Perform Sensitivity Analysis
making model

Framework
development

Figure 3 1 Flowchart of the research process

3.1 Research philosophy

AResearch philosophyo can be defined as an ove.l
knowledge and the nature of that knowledge with regards to particular research (Saunders et. al., 2009).
The adoption of a research philokgpncludes critical assumptions about the how the researcher views

the world, and those assumptions will determine the choices of research strategies and methods.
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Al t hough it is an abstract term, ir eshesaategyh phi |
design becauselitasa significant impact on the way the research is conducted, and the understanding

of the research findings. Therefore, different philosophies adopted in research processes obviously lead
to different findings and views ondlsame issue. Furthermore, according to Saunders et al. (2009), no
one philosophy is better than another. The fAbest
realityi that is, obtaining answers to the research questions. Saunders et®la(80@ointed out that
ontology and epistemology are two major ways to think about research philosophy, and these are often
used in the science context.

With regards to this particular research, the epistemological research philosophy will be considered.
Epi stemology is the study of knowledge which tri
and Bell (2007), epistemology is about issues having to do with the creation of knowledge for particular
concerns. This research focuses on the sustaiyahiupplier selection of large enterprises and small
medium enterprises within a particular territorial area in Thailand, and thus epistemological
considerations are helpful in research design and the process of carrying out the research. According to
Gephart (2004), based on the underlying research epistemology there are three categories of research
paradigms or philosophical research perspective: positivist angh@sisitvist, interpretive, and critical
postmodernism. In the present research, positi@nd pospositivist, as well as interpretive,
methodologiesreused in this research.

Positivist and pogpositivist methodology focus on realism, which refers to the objective realities that

can be understood with reference to science (LincolnGuiah, 2000). This methodology seeks to
uncover the truth. Moreover, by using this methodology, the factual depictions of the world can be
collected and analysed to reveal the definitive or probabilistic truths or realities, and to evaluate, verify
or falsify hypotheses (Gephart, 2004). In addition, it usually uses precise, objective measures and is
associated with quantitative data.

Interpretive methodology focuses on relativism, which refers to thesotgective realities composed

of both subjective andbjective meanings (Gubrium and Holstein, 2000). The goal of this methodology

is to uncover, describe, and theoretically interpret actual meanings that people use in real settings.
Furthermore, it is usually associated with qualitative methods, suchsasstadies, interviews,
observational methods, grounded theory and textual analysis (Gephart, 2004).

Thus, considering the limitations of both quantitative and qualitative research methods;maethdd

strategy is chosen here to reject the narrow aoalyparadigms in favour of breadth of information,

which can be provided by using more than one method. Quantitative research allows the collection of
a large amount of data from a sizable population in a highly economical way, while qualitative research
provides detailed information to explain social phenomena in depth; therefore, the combination of these
two approaches is a popular strategy at present, especially in business and management research
(Morgan, 1998 Based on the discussitime research miebd used in this studyan be summarised as

shown Figure 2.
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Ontology

Epistemology

Postpositvism,
Positivism,
Interpretative

Survey +
Case study

Quantitative
+ Qualitative

Cross
sectional

Figure 3 2 The research methodology used in this study

3.2 Research design

Research design is a general plan of how the researcher intends to ansesgaheh questions that

have been set (Saunders et al., 2007). Research design entails defining the nature of the methodology
to be implemented, as well as the spatial location, industry and unit of analysis selected. In other words,
the research designasstatement written before any data is collected which explains and justifies what
data is to be gathered, how and from where it will be collected. At a later stage, it will require the
researcher to explain how the data will be analysed and how thigrawide answers to the research
guestions. A research design is a formula or simply the basic directions to carry out the project as stated
by (Hair et al., 2010).

Morgan (1998)has identified the Prioritgequence model in the mixed method researctegirah
combining the qualitative and quantitative methods. The selection of either a quantitative or qualitative
approach as the principal method is the priority of the two methods. The preceding step is to determine
the sequence whether the complementaeyhod will function as either a followp or an initial to the
principal methodA way to decidewhich method should be applied is to develop on the decision in
regard to which method will be chosen to be principal. The research designs where a pyeliminar
gualitative study gives complementary aid in developing a larger quantitative study was adopted in this
study based on Morgda998 sequence. These studies are normally principally quantitative research,
but initially they utilize some of the qualitaéitechniques to develop or better the effectiveness of the
guantitative research that follows. These two decisions give away four fundamental research designs:

(a) preliminary qualitative methods in a quantitative study, (b) preliminary quantitative raéthad
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qualitative study, (c) followup qualitative methods in a quantitative study, and (d) folpw

guantitative methods in a qualitative study. The Figure 3.2 shows the priority sequence decision adopted

from the Morgan study.

Thus, this study chooseell 1 strategy(see Figure B) to be adopted in the mixed method research

design.Since, in this study, the beginning of a survey with a qualitative method such as, focus groups

including different types of employee positions in each selected tyre robimgrany to develop the

content of a survey of sustainable criteria on the topic of supplier selection. The discussion from the

initial survey is used to generate the questionnaire items related to the topics of importance sustainable

criteria, decision mking methods, size, and type of ownership in tyre rubber industries.

In this study the research design involves mixing qualitative and quantitative approaches. The study

showed that more weight was giventhe decision maketsy quantitative phase and thjealitative

and quantitative phases were happening sequentially. As a result, the researcher proposes to conduct

gualitative research first in order to gain some insight and investigate the studied occurrence (Zikmund,

2003). This was very helpful in aitlj researchers getfamiliar with the subjective dimension of the

supplier selection criteria.

Complementary
Method:
Preliminary

Sequence Decision

Complementary
Method:
Folow-up

Priority Decision

Principal Method:
Quantitative

Principal Method:
Qualitative

1. Qualitative Preliminary
qual > QUANT

Purposes: Smaller qualitative study
helps guide the data collection in a
principally quantitative study.

Can generate hypotheses, develop
© content for questionaires and
interventions, etc.

Example: Focus groups help to develop
culturally sensitive versions of anew
health promotion campaign.

2. Quantitative Preliminary
quant » QUAL

Purposes: Smaller quantitative study
helps guide the data collection in a
principally qualitative study.

Can guide purposive sampling
© establish prelimiary results to pursue
in depth etc.

Example: A survey of different units
in a hospital locates sites for more
extensive ethnographic data collection.

3. Qualitative Follow-up
QUANT —» qual

Purposes: Smaller qualitative study
helps evaluate and interpret results
from a principally quantitative study.

Can provide interpretations for poorly
© understood results, help explain
outliers, etc.

Example: In-depth interviews help to
explain why once clinic generates
higher levels of patient satisfaction.

4. Quantitative Follow-up
QUAL - quant

Purposes: Smaller quantitative study
helps evaluate and interpret results
from a principally qualitative study,

Can generalize results to different
samples, test slements of emergent
theories, etc.

Example: A statewide survey of a
school-based health program pursues

earlier results from a case study.

Figure 3 3 Priority-Sequence
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3.2.1 Qualitative Approach

As mentioned in the research design, the first stage of the empirical study involved the conduct of
qualitative research. Patton (2002) defined qualitative enquiry as going into the field or into the real
world of organisations, programs, neighbourhootises corners and getting close enough to the
circumstances and people there to capture what was taking place (Patton, 2002).

Qualitative research has become a conventional and valid type of inquiry in the social sciences. Its value
in generating valuableontextualised information is widely recoged(Creswell et al., 2003)The

present study puts considerable emphasitheindustrial context (i.e., higher educatior@quiring
gualitative enquirynadevaluable.In this study, content analysis, whiclvalves analysing qualitative

data sources, such as documents or interviews, are applied to identify criteria and decision making
methods from tyre rubber firms. This approach is useful for identifying sustainable criteria related to

sustainable supplier Igetion and evaluation in the tyre rubber industry in Thailand.

3.2.2 Quantitative approach

Quantitative studies are generally interested in testing on why and how phenomena can differ. However,
this o6why and howd i s diff edltativetstudies. Statistitshaed 6 why
mathematical models are used in quantitative studies for data analysis. Additionally, in quantitative
studies, the results explain relationships and provide categorical answers such as satisfactory, good, bad
or excellentelationships, without quantifying these relationships (Tavakol and Sandars, 2014). Primary
guantitative data were collected by the current researcher for the quantitative part. According to Tayur
et al. (2012), to provide the best answer for a quantitativdy, a clear expression should be ensured

in the collected data. Hence, the researcher had an interest in finding out about different kinds of
relationship among the proposed key criteria. For instance, the current researcher examined a
positive/negatie relationship among the criteria of quality, price, and delivery. This approach is in line
with the explanations of Brandenburg et al. (2014), who stated that the magnitude of the relationships
between the variables needs to be established in the gtigatitudies.

A combined multicriteria decisiormaking model was used in the current research as its main
guantitative instrument. The application of the MCDM method was selected to provide a ranked list of
the chosen criteria. It structures decisioaking problems in a hierarchical model consisting of
guantfiable components with their relationships and the alternatives, to achieve a specific target (Saaty,
1980). One of the most important advantages is that it enables researchers to measure the results of the
study more effectively and thus deliver an ajppiate scale of ranking for the criteria (Lirn et al., 2004).

This model helps to convert the criteria from qualitative to quantitative data for more accurate and
simpler measurement and analygigguantitative method, in this study, involves analysing dieom
guestionnaires completed by tyre rubber managers. The scores were analysed using statistical analysis
and numerical modelling, which is a combined decisimking model used to select and evaluate

potential suppliers based on their sustainabitityrss.
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3.3 Research methods

According to Yin (2003), different research methods help to answer different forms of research
guestions.

3.3.1 Questionnaire survey

The quantitative questionnaire survey method is used in this study. Surveys are a faidynespalch

strategy within business and management research (Saunders et al., 2009), and there are several possible
reasons for this. Firstly, surveys are quite helpful to obtain straightforward information from
respondents (Mclintyre, 2005). They enabéspondents to directly clarify their answers to the
researchers. Secondly, this method provides aaffesttive way for the researchers to obtain data from

a large number of samples (Eastefmith et al. 2002). In addition, it is highly economical to giem

rather than to target the whole population, as the findings from a survey sample can represent the whole
population (Saunders et al., 2009). Another interesting point, according to Saunders et al. (2009), is that
surveys are always regarded as authtivié, as they are relatively easy to explain and to understand in
comparison to other data collection techniques. For this study, a questionnaire is used for the survey,
and the measurements and data collection process will be introduced in the foflectings.

The questionnaire survey method does also have limitations which need to be addressed. Firstly, closed
ended questions are incapable of identifying any points that participants have misinterpreted as a result
of inappropriate wording and placement of giges, or misunderstanding, which will probably lead to
biased results (Choi and Pak, 2005). Secondly, poor internal validity can arise because standardised
guestions cannot reveal detailed information such as why something happens (Mitchell and Jolley,
2010). In light of these limitations, and to obtain more detailed information within the investigated
phenomenon, the case study method can be used to overcome the possible disadvantages generated by

singlemethod strategy.

3.3.2 Case study

Case study enaldea researcher to closely examine the data within a specific context (Saunders et al.,
2009). The method that has been applied extensively by researchers in many fields, including education
(Gulsecen and Kubat, 2006), sociology (Grassel and Schirmer,, 2ffnunitybased problems
(Johnson, 2006)aw (Lovell, 2006) medicine (Taylor and Berridge, 2006) and management (Saunders

et al., 2009). There are several reasons for its popularity. For example, the data collected from a case
study can be examined aadalysed in context (Yin, 2008). In other words, the data does not need to
be analysed by other tools or in other ways. Moreover, the detailed information from a case study can
help not only to understand what is happening in real life at that mometa dxypiain the complexities

of contemporary redife environment, which may not be possible using experimental or survey
research (Zaidah, 2003).

However, there are several disadvantages of the case study method. The first relates to its

generalisability(Silverman, 2009), which is limited by its dependency on a single case or a few cases.

37



In addition, researchers can have biased views, which can affect the findings and conclusions (Yin,
2003).

3.3.3 Research methods for th& hesis

Given the limitation®f both methods, as discussed above, this study will combine the findings from a

case study with quantitative survey data in order to provide a more detailed explanation of sustainable
criteria in economic, environment, and social among LEs and SMEs hetkupplier selection of
sustainability. The questionnaire survey will be used to test the hypotheses by collecting a relatively
wide range of data, while the case study represents the intersection of theory by attempting to fit
theoretical methodologywit r eal i ty. This studybds contribution
proven techniques in new environments, as well as contributing to industry by deploying the new

framework in the real world amidst the dynamism of reality.

3.4 Guidelines on datacollection

The primary data used in this study comes from questionnaire responses from managers in LEs and
SMEs that have a profound impact on the sustainability in tyre rubber industry and are located within
Thailand. The questionnaire contains four sewi The first section is composed of questions which

aim to obtain basic information of the enterpris
they operate in, and their location. It will also ask for information on the number of engldyee

remaining three sections are made up of criteria affecting implementation to sustainability in tyre rubber
industry in Thailand. Section two contains economic criteria. Section three contains questions
environmental criteria. The last section gigns concersocial criteria. All questions from the latter

three sections are measured on a-fiet Likerttype scale, as follows: 1 = strongly disagree, 2 =

disagree, 3 = neutral, 4 = agree, and 5 = strongly agree.

3.5 Sample selection

According toGilbert (2001), a study population is a set of the entire elements eligible for the study. In

an effort to gather data that can represent the whole target population, samples are chosen from the total
population. It was revealed by Sekaran (2006) thapBagioffers in depth information that deals with

a small number of unitdn this analysis, the characteristics of sample selection are in the central,
eastern, and nordastern part of province in Thailand since most of tyre rubber companies arein thos
areas, types of ownership including from foreigner and Thai and, no. of employees in each tyre rubber
company. The total population is also defined as alitiole employees of tyre rubber company in
Thail and. The <char act e reithe pasitoa relatihg tee puphase,ypeoeutes s an
produce, and involve the process about tyre rubber in the company. Therefore, the total population
ranges from nosxecutives to senior management staff of the companies. However, in order to get

meaningful da which is directly related to the subject under study, the target population only
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comprises executives and management staff from concerned departments/divisions/units namely

procurement, purchasing, finance, and technical engineering department.

3.5.1 Targeted samples

The sample is referred to as the section of a population that has been chosen for the present research
Given that large experts panel result in a high degree of uniformity, deaisiking becomes
impractical(Pun and Hui, 2001)t is widdy agreed that any study sample should have more than 20
participants in order to provide reliable déBayman and Bell, 2007).

In this research, the sampling method chosen was eprodyability sampling method. A nen
probability sample is a studyample whereby units in the population are not selected at random;
meaning not all units in the total populatiorvean equal opportunity of being chosen for the study. In
other words, some units of the population have more chances of being selecteckdammdhers
(Bryman and Bell, 2007Bryman and Bell (2015) also state that stratified random sampling guarantees
that specific subgroups within the population are included in the sample with proportions that mirror
their size in the population. This rhed reduces the risk of undepresenting certain subgroups in the
sample, which can lead to biased or inaccurate resultkis study, lhe selection of respondents was
conducted based on stratified random sampling where the researcher had a cldaatidaanple unit

was needed. Only employees of selected department or division such as purchasing, procurement,
finance and engineering division became the target sampling population.

As well as how to choose organisational cases and research partjcgaangding is also used to
determine the appropriate number of interviewees. In a qualitative study, the number of interviewees is
not as critical as in a quantitative one. Accor (
in qualitative inqiry. Sample size depends on what you want to know, the purpose of the inquiry, what's
at stake, what will be useful, what will have credibility, and what can be done with available time and
resour ces 0.-prabgbility puiposige samplingtechniglit can be ensured that appropriate
informants are selected, who can provide plentiful information which can be considered more important
than the number of interviewees. Using this perspective, informants with sufficient knowledge and
experience in théield of supply chain vendor selection decisions and sustainability interests will be
selected as appropriate interviewees for this study.

The selection of related departments in this study was on the basis of job function and reference towards
previous lterature. Strauss (1962) identified departments that are normally involved in the purchasing
process and selection of the supplier were production, purchasing, engineering, and scheduling
departments while Duncan (1965) stated that engineering, produatidrpurchasing as functional
departments holding major influence in the purch
purchasing, operations management, and management level were most frequently involved in supplier

selection and purchase dgons.

39



3.5.2 Sampling frame
In selectinga study sampleetfrom the tyre rubber industry companies in Thailand, the sample frame

was gathered from the companiesd online websites
from the selected compas via email or telephone. The samples were then selected based on the
empl oyeesdé job functions which were related to

The sampling frame of this study comprised 22 enterprises randomly selecteché&doplevel
management who are in the tyre rubber industry in Thailand which included OEM, Tierl and Tier 2
suppliers. The sectoral categories were listed as option for the questionnaire respondents to choose from
tyre rubber industry firm classificatioriSromTable 31 to Table 33 shows the distribution afampled

companies in Thai tyre rubber companies.

Table 3 1 Distribution of sampled companies in terms of Thai tyre rubber industry

Type of sampled compani¢ Number ofsampled| Percentage of sample
companies companies (%)

OEM 2 10

Tier 1 Suppliers 10 45

Tier 2 Suppliers (Local) 10 45

Table 3 2 Types of company and ownership in this research

Types of ownership Total
Types of companies _ Foreign Thai Pure Local number_of
Foreign S o . : companies
IV Majority | Majority | Thai | suppliers
Assemblers 2 - - - - 2
Tier 1 Suppliers - 3 4 1 - 10
Tier 2 Suppliers - - - - 10 10

Table 3 3 Types of Thai rubber suppliers

Tyre rubber Province Type of ownership| Company size| Authorised capital
supplier (employees) (USD)
T1.1 Rayong Foreign majority > 1,500 168,197,142.86
T1.2 Samutsakorn Thai majority 1,001 1,500 36,571,428.57
T1.3 Prachiburi Pure Thai >1,500 42,857,142.86
T1.4 Samutprakarn Thai majority 1,001 1,500 18,812,408.57
T15 Bangkok Pure Thai 1,001 1,500 16,000,000.00
T1.6 Nakornpathom Thai majority 1,001 1,500 59,000,000.00
T1.7 Bangkok Foreign majority > 1,500 169,057,142.86
T1.8 Samutsakorn Pure Thai 1,001 1,500 11,428,571.43
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T1.9 Chonburi Thai majority 1,001 1,500 15,356,290.74
T1.10 Rayong Foreign majority > 1,500 340,000,007.31
T2.1 Ratchaburi Local SMEs <1,000 142,857.14
T2.2 Rayong Local SMEs <1,000 85,714.29
T2.3 Samutprakarn Local SMEs <1,000 21,428.57
T2.4 Lopburi Local SMEs <1,000 285,714.29
T2.5 Bangkok Local SMEs <1,000 171,428.57
T2.6 Chonburi Local SMEs <1,000 28,571.43
T2.7 Bangkok Local SMEs <1,000 571,428.57
T2.8 Nakornpathom Local SMEs <1,000 142,857.14
T2.9 Samutprakarn Local SMEs <1,000 428,571.43
T2.10 Samutsakorn Local SMEs <1,000 857,142.86

The total estimated sample was 50 respondents throughout the whole of Thailand. A detailed description
of theinterview sample profile is presented in tablé Below.

Table 3 4 Interview sample profile

Par ti ci pant s 0 Numberof samples| Percent (%)
Procurement/Purchasing 21 42
Finance 9 18
Production/Quality 3 6
Logistics/Engineer 11 22
General Manager 6 12
Total number of participants 50 100

3.5.3 Case selection

Qualitative research, like case gegl can provide more detailed information to contribute to the
discussions and conclusions within a studyerefore, LEs and SMEs from the questionnaire
respondents @ereselected as a case study in order to more deeply explore the sustainability in Thailand.
The selection was based on certain criteria such as their size, capital, and geographical locatjon, amo
othersMoreover, together with the findings of the investigation into the specific enterprise, a combined
decision making model was built based on the results of the quantitative survey; this model would not
only be helpful for the specific enterprigevestigated with respect to improving its sustainable
development in the long run, but would also have significance for companies in the same industrial
sector, and may even serve as useful as an example for LEs and SMEs across industries nationally and

internationally.
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3.6 Preparation for data collection

As part of the exploratory stage of the research, a pilot test was carried out in order to test the validity

and practicality of the questionnaire. The pilot test was targettte dhai tyre rubber indstry in

Thailand. The sample population for the study included 50 LEs and SMEs, and these were contacted

by email, together with a covering letter, with the allotted time for returning the questionnaiithiset

four months. A total of 22 questionnaingsre returned by the deadline, which provides a response rate

of 44% for the exploratory survey.

A small sample of 78 respondents participated inetkgoratorysurvey However out of the total

sample of75 respondents only 50 responded to #loratory survey Prior to sending the
guestionnaire to be tested, the researcher communicated with the participants régaueiptpratory

survey Subsequently, the questionnaires were personally handed toltihieig personal visit

The structure for each of the interviews for this project was as follows: firstly, the introduction of the
interviewer and the purpose of the interview and the study. Secondly, brief outline of the possible areas

to be discussedhirdly, asking questions and recorded information from interviewees bytadotey;

finally, seeking feedback from interviewees on the interview itself and also confirmatiba ddta

collected.

Data gathered froitine exploratory survewas then analgsl using the SPSSatisticssoftware (version

15.0 for Windows). The questionnaire items were already coded in the SPSS programme beforehand.
Data analysis of the feedback gathered was carrtr
reliability. At this point, the itemsd reliability is e
a condition for validity in order to ensure that the measures arefezeoand thus able to provide

consistent results (Peter, 1979).

The eliability of the items produced was evaluated by means of a questionnaire which contains the
items taken from the qualitative study and literature. The scale was then further reduced by the
researcher by examining the coefficient of the inter item correlation byativaj the result of the
fifcorrected item to total correlationo for every
alpha(Tabachnick and Fidell, 2@) is widely used by most researchers, the internal consistency
reliability was evaluated usingh e coef fi ci ent al pha method. The Cr
characteristics of a construct are purportedly measured by the different items (Hair et al., 2006). Several
researchers suggested various t Alphawlhes tlaterfodvel s
indicates higher consistency of data reliabilit.y
mi ni mum threshold value of data reliability (Nun
alpha value less than®is considered poor, in the rangeddfto be acceptable, and more than 0.80 to

be good (Sekaran, 2003) . Hai r et al ., (2006) c
coefficient is 0.70, In exploratory research, the value may decline td@e6rule of thumb on the

coefficient value as suggested by Hair, Babin, Money and Samouel (2003) is shown inJ.able 3
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Table35Rul e of thumb for wusing Cronbachoés al pha

Alpha coefficient range | Strength ofassociation

<0.6 Poor

0.6t0<0.7 Moderate

0.7t0<0.8 Good

0.8t0<0.9 Very Good

0.9t0 1.0 Excellent
Based on the result of this pilot study, t he C
minimum threshold of 0.60. Theesul t recorded that the | owest Cr

highest was 0.966. The following table are the s

construct in sustainable supplier selection criteria.

Table36Sampl e main criteria of Cronbachbés al pha co

Main Criteria Cronbachos al
Government policy 0.954
Financial position 0.966
Quality management 0.947
Process performance 0.930
Cultural factors 0.334
Green practice 0.947
Cooperate social responsibility 0.847
Business ethics 0.755

Based on the result of the pilot study, there are some ciitatievould need to be purged due to low

item correlations (individual score less than 0.4) which did not meet the reliability criteria. Leech and
Barret (2010) indicated that items with moderately high to high correlation value (i.e., 0.4 and above)
will become good components of a summated rating scale. On the contrary, items with score of lower
than 0.4 should beemoved

3.7 Data collection

The final questionnaires were sent out to every respondent, together with a peedaiffdial

covering letter ashown in Appendix 1. To make sure that a full coverage of the respondents was
achieved, a guide was utilized when the distribution of questionnaires was conducted listing all the
current record of employees' names and emails that was obtained from thpaotes Human
Resources Division. Some of the respondents in the headquarters were personally given a questionnaire

by hand. Regional and state office respondents were contacted by telephone and questionnaires were
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sent afterwards via email. This effort neasure that all respondents understood the significant of the
survey. A total questionnaire was distributed to all personnel from purchasing and procurement, finance
and engineering department in 22 tyre rubber companies in Thailand. This study adppsstithst
philosophy and deductive approach. Thus, it employed the mixed method of research design which
combined the qualitative and quantitative methods. Therefore, this study is principally quantitative
research, but initially some qualitative inptrh the interview was used at the beginning in order to

improve the effectiveness of the quantitative research. The item and variable development were mainly

based on the existing literature and the main data were collected from the survey.

3.8 Summary of research approach

Table 37 displays the summary of the research approach for this study.

Table 3 7 Summary of research approach

Focus Selected approach

Philosophies Positivist

Choices Deductive

Strategies Survey andCase study

Approaches A mixed method (Quantitative + Qualitative)

Time horizon

Cross sectional study

Technique and procedures
Unit of analysis

Population

Sampling frame and target

Sampling method

Data collection method

Suppliers in tyre rubbéndustry in Thailand

Large and smainedium tyre rubber companies in
Thailand(from 50 companies)

22 companies with procurement, purchasing, financ
engineering, and related departments
Non-probability sampling (5 groups) asttatified
random samplings0 respondents from 78 responder]

Interviews, online guestionnaires
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4. A Combined DecisioAMaking Model and Development of the Current Research
Mathematical Model

This chapter outlines the first of two decisioraking models employed in thithesis. A schematic

representation of the approach using the parsis presented belom Figure 41.

Fuzzy AHP Fuzzy TOPSIS
r - 3 r - 3
Ist Part 2nd Part
Selecting sustainable Applying Applying Fuzzy TOPSIS
criteria lists Fuzzy AHP

Identify Calculate weight Collect data on Calculate score on Rank
sustainable for sustainable sustainable suppliers sustainable the sustainable
criteria criteria by questionaire suppliers suppliers

Figure 4 1 Steps of Fuzzy AHP and Fuzzy TOPSIS

The first partis usedto determine the significant factors which influence the choice to select and
evaluate suppliers in sustainability ways where apply to the Tyre Rubber industry in Thailand. The
second part of thehapter presents from a theoretical point of vieetruzzy AHP method whichas
beenapplied to weighfactors previously selected. Finally, the combined method application to achieve
the final rank of factors from the most to the least important one for interviewed managers. This result
is essential to apply, in the next chapter, the Fuzzy TOPSIS methiod discoves the companies

where it is most selected to implement for Thai Tyre rubber companies.

4.1 Sustainability factors for supplier selection and evaluation problem

In the recent past, attempts have been made to incorporate sustainability iotibetiee supplier
selection and evaluation process. Strategic benefits achieved by firms through the sustainability
program are centrality, specificity, voluntarism, and visibility (Spangenberg, 2004). Consideration of
sustainability issues in this probtealso helped organisations attain other benefits suotpasvement

in their economic financial performance (partly in an economical dimension), fairness to the suppliers
and customers, corporate reputation, social change, good human relations, aodyantisational
learning (partly in a social dimension).

Studes on the Dutch firms, Graafland and Ven (2006) found no significant relationship between the
management 6s strategic and moral vi ewofaffrméssust ai n
practice with respect to supplier selection. Murphy and Poist (2002) identified the strategies that have
been used by managers for managing social responsibility issues in the logistics discipline. Anderson
and Larsen (2009) presented a conceptaah&work for analysing the corporate social responsibility

practices in global supply chains. They also explained WA involves in implementing and
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managing corporate soci al responsibility practi

cautiored that suppliers must implement sustainable issues rigorously, rather than put up mere symbolic
implementation, to get certification. Aguilera et al. (2007) emphasized that firms are pressured to
engage in social responsibility initiatives by multiple trdnutors, each driven by instrumental,
relational, and moral motives. Laws protect the employees from discrimination and harassment in the
workplace based on elements including racdour, religion, sex, sexual orientation, marital status,
nation, disalhity, and age. Discrimination includes sexual harassment, hate speech, verbal abuse, and
obscene telephone calls (Jay, 2010). Abuse of human rights includes health and safety violations in the
workplace, murder, torture, and forced displacement at thdshah military and security forces
protecting company facilities (Caroline, 2008). To prevent daitebur, manufacturers and suppliers
should follow policy and procedure for identifying workers below the minimum age, taking corrective
actions, and maintaing personal records (including evidence of the birth date of each worker).
Sustainability is the development approach that meets the needs of the present generation without
compromising the ability of future generations to meet their own needs (WECD). O&porate
sustainability is defined in terms of aspects such as econgmickjctresponsibility, human rights,

labour practices, decent work, society and environment (GRI, 2010) which are in turn expressed by
various criteria. A list of the aspectsditheir corresponding criteria in shown in Tablé.4

Table 4 1 Sustainability criteria and sub criteria

Main Criteria Sub Criteria levell (Code) Sub Criteria level2 (Code)
Economic Cost and price (EC1) Bid price (EC1.1)
dimension (EC) Discounts (EC1.2)

Logistics cost (EC1.3)

Product cost (EC1.4)

Ordering cost (EC1.5)

Financial stability (EC2) Profits (EC2.1)

Cashflow issues (EC2.2)

High loan capital (EC2.3)
Takeover potential (EC2.4)
Clientso6 (ECRP)end
Service (EC3) Reliability of delivery service
(EC3.1)

Lead time (EC3.2)

Accuracy of product and quantity
delivered (EC3.3)
Warranty/Returns (EC3.4)
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Responsiveness communication
(EC3.5)

Quality (EC4)

Control of products defe¢EC4.1)
Return rate (EC4.2)

Certificate of quality (EC4.3)
Quality management capability
(EC4.4)

Social dimension
(SC)

Empl oyeeds heal t | Healthcaredelivery (SC1.1)
Safety measures (SC1.2)
Empl oyeeds wel f al Equity (SC2.1)

Gender discrimination (SC2.2)
Equality (female vs male wage
(SC2.3)

Job security (SC2.4)

Child labour(SC2.5)

Working condition (SC3)

Wages (SC3.1)

Working hours (SC3.2)
Contractiabour(SC3.3)
Training programs (SC3.4)

Ethics(SC4)

Supplier ethics (SC4.1)
Ethical environment (SC4.2)
Disclosure of information (SC4.3)

Social commitment (SC5)

Support for the local communit
(SC5.1)
Stakeholder involvement (SC5.2)

Environmental
dimension (ENV)

Green productENV1)

Recycle/reuse (ENV1.1)
Green packaging (ENV1.2)

Green competencies (ENV2)

Green design of products
(ENV2.1)

Green technology capability
(ENV2.2)
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Environmental management (ENV3)| Environmental standard
certifications (ENV3.1)
Regulatory compliance (ENV3.2)
Pollution control (ENV4) Waste disposal schemes (ENV4.

Pollution reduction capability
(ENV4.2)

Energy consumption (ENV4.3)
Hazardous substances (ENV4.4)
Air emissions (ENV4.5)

Green image (ENV5)

From Tabled-1, Thecode name in various sustainable criteria it can explain in the following.

AAAA (BB x.y» y = subcriteria level 2

e s / ~Sa
riterion name X = subcriteria

Criteria
level 1

dimension

For example, Bigrice (EC1.1)

Criterion name Bid price

Criteria dimension = EC (Economic dimension)

x = 1 (subcriteria level 1 in ¥ main criteria or economic dimension)

y = 1 (subcriteria level 2 in 1 sub-criteria level )

Severalstudies have included environmental craidri supplier selection and evaluation decisions
(Handfield et al., 20025ekhar et al2017) found thasocial diversity, safety, and human rights as part

of the sustainability criteria for supplier selection in the healthcare indiRtg (2002) desdred

insights in the greening process that inspire government and business communities in the region of
Thailand. Some studies have also examined the relationships between green supply chain management,
environmental and economic performance, using stalstechniques (Zhu and Sarkis, 2004). The
results of these studies suggest that the main criterion, which positively correlates with environmental
concern, is pollution. Pollution is generally understood as the introduction of contaminants into an
enviromment that causes instability, disorder, harm, or discomfodntecosystem. In thighesis,
discrimination, abuse of human right, chilabour long workinghours, unfair competition, and

pollution are used as indicators of industry sustaingbilit
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4.2 The Fuzzy Analytical Hierarchy Process Model

Yahya and Kingsman (1999) examined different methods for degisaking problems and from the
analyses in their study, they found that the Analytic Hierarchy Process (AHP) method is more practical
and flexble than any other method for solving complex decisi@king problems. Due to the
complexity of the current world system, Wong and Li (2008) stated that there is a need to arrange
priorities to be able to deal with unstructured and complex problems/systednto have a clear
agreement that one objective exceeds another in its importance. However, according to Kabir and Hasin
(2001),the AHP model has some shortcomings. It is mainly used in crisp definition applications and
AHP ranking is sometimes imprasei. In addition, two other weaknesses are necessary to mention. On
the one hand, uncertainty of subjective preferences of the decision maker is not considered, even if they
have a great influence on the AHP results and, on the other hand, human assassjuatitative
attributes is sometimes imprecise, containing vagueness. Since these elements have a considerable
impact in AHP resu# the conventional method is not able to reflect human thinking style and capture
decision maker s d .j2006)inetraditional ISP, theQuweights assignedad criteria

and the scores assigned to alternatives are based on the judgment of the decision maker. However, the
subjectivity of the decision maker's preferences introduces bias and uncertainty inexitiend

making process, potentially leading to suboptimal decistouszy AHP can help to address this issue

by allowing decision makers to incorporate the uncertainty and vagueness of their preferences into the
decisionmaking process. Fuzzy numbers d¢snused to represent the decision maker's preferences,
allowing for a more flexible and nuanced representation of their judgments. This can help to ensure that
the decisiormaking process is more accurate and robust, particularly in cases where thendecisio
involves a range of qualitative attributes that are subject to human juddmadtition, fuzzy AHP

can help to account for the imprecision of human assessment on qualitative attributes by allowing
decision makers to assign fuzzy scores to the alteesatThis can help to ensure that the imprecision

and vagueness of the human assessment are accounted for in the-dehkéignprocess, resulting in

more accurate and reliable decisiom®. model this kind of uncertainty, fuzzy séteory can be
incorporated as an extension of AHPe Fuzzy AHP (FAHP)providesa more accurate description of

the decisiormaking procesm casea of uncertaintyFrom a procurement perspectiwein green supply

chain management, the main sources of uncéytairsupplier selection can include:

(1) Inaccurate or incomplete informatioecision makers may not have access to
complete or accurate information on criteria and alternatives, leading to uncertainty in the decision
making process.

(2) Subjectivityand bias: Decision makers may have different perspectives or preferences,
leading to subjective and potentially biased judgments.

According to Srichetta and Thurachon (2012), there are five main phases for applying Fuzzy
AHP. These steps are briefly exjplad below

D Identify the criteria that can be used as evaluators for supplier selection purposes, then
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rearrange the decision problem factors into a hierarchical representation

(2) Create the pairwise comparisons of the criteria relative to their importaaceigve

the research objectiye

3) Calculate the weights of the criteria based on these datéotitisethem

4) Test the degree to which each supplier meets the selection ciitegia check the
satisfaction with the input data, then commit the data to the test of consistency to ensure that
they reflect a systemic pattern. If the consistency test is not satisfied, repeat the pairwise
comparisons.

(5) Ranking the criteria

The whole process of Fuzzy AHP is shown as the following flowchart in Figi2eFdzzy AHP

flowchart.

Problem
recognition

Select group of

Planning —
experts
Decompose the problems
into hierarchy
. . [ Define membership
Fuzzification t function and make a scale}
Perform pairwise
comparison at each level
Fuzzy  _] l
operations

matrix by using fuzzy number

|

Defuzzification — {Trans[‘ormalion with degreeJ

( Solving eigenvalues ]—

Use sensitivity

Construct the fuzzy comparisonJ

Analysis . .
and | Is the consistency analysis
) ratio (CR) < 0.17 to determine
Confimation

the source of variance
A

Ranking the criteria }—

Figure 4 2 Fuzzy AHP flowchart
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With respect to the above processes, the current research started FAHP by establishing hierarchies. The
first hierarchy derived the overall objective of the research. Then, the next level in the hierarchy
contained the main criteria and the hierarchy dedee to the subriteria and so on, until the lowest

level in the hierarchy was established. According to Saaty (1990) and Bello (2003), there is no specific
rule or standard for constructing a hierarchy. Meanwhile, these scholars stated that usingheAHP, t
complex decisioimaking problem is rearranged in a way that all the important factors and alternatives
are listed first; they are then arranged in a hierarchy to conduct a comparison of the factors of the lower
levels with some or all the factors in thext level up.

Chang (2010) explained that one of the advantages of Fuzzy AHP is that it is a creative method that
enables the decision maker to simplify the problem by splitting it into basic elements consisting of the
overall goal, the criteria, and tladternatives. This arrangement allows large quantities of data to be
incorporated into the problem structure, thus building up a complete system for the dmeikiog

problem. Figure 48 shows the FAHP structure.

Goal

Main

| | Criteria

Sub
criteria

[ ] [ ] [ J Alternatives

Figure 4 3 Guidelines for Constructing Hierarchy (Adopted from ChadChan, 2004)

I n general, the personbés experience and their
hierarchy. Based on that, they can select what is to be included and winehede it in the hierarchy
Likewise, identifying the attributes that contribute to the solution and the contributors related to the
problem are important steps in developing an FAHP hierarchy (Saaty), T9@6FAHP hierarchy of

the current researes developed by the researctogmmain criteria, sueriteria level 1, and subriteria

level 2is shown in the following Figure-4.
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Calculate the overall criteria weight
of main criteria, sub-criteria level 1,
and sub-criteria level 2

Economic (EC)

Social (SC)

Employee's

. . Employee's .
. Wi
Cost and price [—mar,lc.lal Service Quality health and welfare and Orl:“.ng Ethics Social
slab1lny condition commitment
sdfet\ rluht A
¥ Reli bl H h ¥ S local
o eliability of ealth care orl oca
[ Bid price Profits I i IControl def‘ectJ [ I I—,qulty Wages ISuppller E:thICSI upp }
delivery service delivery community
. Gender . Ethical Stakeholder
[ Discounts  |Cashflow issues| I Lead time I Return rate J Safety mea\ure{ o Working hours I }
discrimination environment J_involvement
L High loan Accuracy of [Certification of . , Disclosure of
Logistics cost . Equality Contract labor | .
= capital quantity quality information
; W 7 : —
[ Product cost Takem.er arranty/ Quality ] [ Job security Training ]
potential Returns management programs
. lients' .
[ Ordering cost Clients Commummum} Child labor
dependency

Environment

ENV

Green Environmental Pollution .
Green product . Green image
competencies management control
Green design Emlronmental Waste dlsposal
Recycle/ reuse )
products standard schemes
Green Green Regulatory Pollution
packaging technology compliance reduction
Energy

consumption
Hazardous
substances

Alr emission
Figure 4 4 The current research hierarcth main criteria and sub criteria levehhd 2

After creating the above FAHP hierarchy, the questionnaire based on pairwise comparisons were
developed. As presented before, the final FAHP hierarchy for the current study includes three main
criteria, ¥ subcriteria level 1 and 46 sutriteria level 2. The questionnaire, therefore, contains a table
for the comparison of the main criteria and the-stiteria. Figure 4 displays the sub level of each
criterion below.

In the current research questiomeaithe objective was to establish the relative importance of the
different criteria which affect different decision makers in their supplier selection and evaluation. In
doing so, the decision makers (the research participants) were asked to give sepatenisity of
importance number, which reflects the relative importance of any two criteria-origria.However,

for tackling the issues of vague and uncertainty in traditional pairwise compahgamsgt of triangular

fuzzy numbers in pairwise ogparison matrices in fuzzy decisiomaking has been shown to improve

the accuracy and consistency of decigiaaking processes, particularly when dealing with complex
and uncertain decision problen@ne study by Wang and Lee (2009) compared the performance of

triangular fuzzy numbers with traditional pairwise comparison methods in a supplier selection problem.
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The results showed that the use of triangular fuzzy numbers led to more consistent aaig accur
decisions, particularly when dealing with multiple criteria and uncertaidtiegther study by Khan et

al. (2017) also compared the performance of triangular fuzzy numbers with traditional pairwise
comparison methods in a healthcare decisiaking ppblem. The results showed that the use of
triangular fuzzy numbers improved the accuracy and consistency of deniglamg, particularly when
dealing with incomplete and uncertain informati®he reason for this improvement is that triangular
fuzzy numbes allow decisiormakers to express their preferences in a more flexible and nuanced way,
by allowing for the possibility of partial agreement or disagreement between criteria. This can be
particularly useful in decision problems where criteria are inpend@ent or where there is a high degree

of uncertainty or ambiguityOverall, the use of triangular fuzzy numbers in pairwise comparison
matrices has been shown to be an effective tool in fuzzy decisiing, particularly in complex and
uncertain decisio problems.The different intensities of importance are shown in the pairwise

comparison scale in Table2dbelow, with a specific explanation of each intensity.

Table 4 2 The Scale of relative importance in the pairwise comparmatrix

Linguistic variables Fuzzy number Triangular fuzzy scales | Reciprocal fuzzy scales
Equally important p (1,1,1) 1,.1,1)

Weakly important o (2, 3,4) (1/4, 1/3, 1/2)

Fairy important v (4,5, 6) (1/6, 1/5, 1/4)
Stronglyimportant X (6,7,8) (1/8, 1/7, 1/6)
Extremely important w (8,9,9) (1/9, 1/9, 1/8)

You can also assignq, T ,¢, andy to express intermediate values.

Following the above scale for pairwise comparison, the decision makers were asked to fill in the
guestionnaire tables with their preferences for the relative importance of the different criteria-and sub
criteria that affected their choice of suppliés the research was conducted across various regions of
Thailand, it provided an opportunity to gain a clear understanding of the influence of decision makers'
factors, such as type of ownership, company size, and authorized capital, on their supplien selectio
decisions based on the survegr instance, the type of ownership affect the decisiaking process,

with public or stateowned companies potentially having different considerations than privately owned
companies. Similarly, company size impact thditsid implement sustainable supply chain practices,
with larger companies typically having more resources to devote to sustainability initiatives. Authorized
capital can also be an important factor, as companies with higher authorized aspitabetier
positioned to invest in sustainable practices and have greater influence in the Byaekgtioring the
impact of these factors on sustainable supplier selection decisim$h#siscan provide decision
makers with insights into the unique challemgad opportunities faced by different types of companies.

This information can be used to develop more effective sustainable supply chain strategies that take
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into account the specific circumstances and requirements of different types of compaeniesion,

this can help to promote greater collaboration between decision makers and suppliers, as decision
makers can use the insights gained from the research to identify areas where they can work with
suppliers to promote sustainable practices and adaingsshallenges that arig@verall, the exploration

of the factors of type of ownership, company size, and authorized capital in the research conducted
across various regions of Thailand can help to provide decision makers in the tyre rubber industry with
a more nuanced understanding of the factors that influence sustainable supplier selection decisions,
which can ultimately lead to more effective and sustainable degisaiing in this important area.

It wasnoted that there is a possibility that there would be differences between the comparison results
and the decision during the pairwise comparison pro¢asang (2010said that FAHP requires an
inconsistency ratio, which is defined as the degree of censigtof the judgement of the decision
maker. Therefore, the consistency is determined by using the Eigersradyeand by computing the
consistency index (Cl). According to Saaty (1980), the Cl is calculated after finishing the FAHP matrix,
using the fdbwing equation 4.1.

Cl=@max1 n) [/ (n 1 1) 4.1)
whereamaxis the maximum Eigenvalue of the matrix and n is the number of criteria in the model (matrix

size).

The CI value is compared with the same index obtained aseaage over many mutual matrices of
the same order that were entered randomly. After the CI, the consistency ratio (CR) is calculated to

check the matrixds consistency using the foll owi

CR =CI/RI (4.2)

where Rl is theandom index shown in Tablet

Table 4 3 The random consistency ind€&aaty and Kearns, 1985

Size (n) | 1 2 3 4 5 6 7 8 9 10
RI 0.00 [0.00 |052 |0.89 |1.11 |1.25 |1.35 | 1.40 | 1.45 | 1.48

According toHuang and Ho (2013), the accepted value for the CR is less than 10%. If the CR is greater
than 10% then the consistency of the data collection result is not accepted, and the judgement matrix is
inconsistent. Therefore, any results collected in this resesith CR greater than 10% were removed
before proceeding with the analysis. In the current research, consistency is enhanced by examining and

repeating the judgements.
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Figure 4 5 Components of the main criteria and <switeria

4.2.1 Application of Fuzzy AHP method

To determine the importance criteria for selecting and evaluating sustainable supiylierritbber

industry in Thail

and,

the steps to achieve the

Ayhan (2013), Soberi et al. (2016) and Soltani et al. (2013) papers.

Step 1. Decompose the initial problentoiigoal, criteria, and alternativés constructa hierarchical

structure. Then determine the pailse comparison matrix. It is composed @Gyamhich indicates the

Mdecision
fitil ded indicates

ma k e ' @iwriopavesr f ceiteriem \dathe fuzfy triangular number. The

the triadbguéepresnembertidé médasi

preference ofhefirst criterion over the second one.

p E
o= é E &
O E ©

;0 is represented a triangular fiyzvalue

(4.3)
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If there is more than one decision maker, preferences of each decision maker are averaged.

Step 2. The geometric mean of fuzzy comparison values of each criterion is calculated through, where
6 still represents triangulaailues.

6=6 & (4.4)

0 =6x6 068 6 (4.5)

Step 4. Applying dfuzzified values method

0 =(I0 +mO +uv )/3 (4.6)

Define |, m and u describe respectively the smallest, the most promising and the largest possible values

related to a fuzzy event.

Step5. Normalizedoreference or weight vads.

0=0/B 0 (4.7)

Once performed these five steps, criteria and alternatives normalized weights are found. In the end,
each alternative weight is multiplied with the related criteria. Done this, it is possitbentoute the

scores for each alternative. One of them with the highest score is suggested to the decision maker.

To apply the above equation (Equation-4.3), the pairwise comparison results are used. From Table
4-4 to Table 46, they present ,0 ,and0  whichare the weights achieved from the FAHP for
selecting and evaluating suppliertyme rubber industry in Thailand.
where:0 is the weight criteria officriteria,

0 is the relative weight of the stdriteria j ofthe criteria i,

and0 s the relative weight of the stditeria k of the suleriteria j of the criteria i

The scores depend on the decision maker 6s- judger
criterion is important to the deston makers, they will give it a high score during the evaluation process

and vice versa.
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Table 4 4 Main Criteria weights for Tyre rubber firms (FAHP Outputs)

Main Economic Social Environmental
criteria dimension (EC) | dimension (SC) | dimension (ENV)
Weight 0.41 0.27 0.32

Table 4 5 Subcriteria level 1 weights for Tyre rubber firms (FAHP Outputs)

Main Criteria Subcriteria level 1 Weight
Cost and price (EC1) 0.36
Financial stability (EC2) 0.27
Economic dimension (EC)
Service (EC3) 0.17
Quality (EC4) 0.20
Empl oyeeds heal t| 0.16
Empl oyeebs wel fal 0.20
Social dimensioffSC) Working condition (SC3) 0.19
Ethics (SC4) 0.31
Socialcommitment (SC5) 0.14
Green productENV1) 0.19
Green competencies (ENV2) 0.12
Environmental dimension (ENV)| Environmental management (ENV3  0.41
Pollution control (ENV4) 0.18
Green image (ENV5) 0.10

Table 4 6 Subcriteria level 2 weights for Tyre rubber firms (FAHP Outputs)

Main Criteria Subcriteria level 1 Subcriteria level 2 Weight

Bid price (EC1.1) 0.32
Discounts (EC1.2) 0.17

Cost and price (EC1) Logistics cost (EC1.3) 0.15
Product cost (EC1.4) 0.20
Ordering cost (EC1.5) 0.16
Profits (EC2.1) 0.15
Cashflow issues (EC2.2) 0.31

Financial stability (EC2 High loan capital (EC2.3) 0.24
Takeovermotential (EC2.4) 0.18
Clientsdéd depen| 0.12

Service (EC3) Reliability of delivery service
(EC3.1) 0.40
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Economic dimension Lead time (EC3.2) 0.20
(EC) Accuracy of product and quantit
delivered (EC3.3) 0.17
Warranty/Returns (EC3.4) 0.13
Responsiveness communicatiot
(EC3.5) 0.10
Control of products defect
(EC4.1) 0.31
_ Return rate (EC4.2) 0.16
Quality (EC4) _ :
Certificate of quality (EC4.3) 0.26
Quality management capability
(EC4.4) 0.27
Emp | o health ansl Health care delivery (SC1.1) 0.52
safety (SC1) Safety measures (SC1.2) 0.48
Equity (SC2.1) 0.15
Gender discrimination (SC2.2) 0.06
Empl oyeebs :
_ Equality (SC2.3) 0.17
right (SC2) :
Job security (SC2.4) 0.51
Child labour (SC2.5) 0.11
Wages (SC3.1) 0.28
Social _ N Working hours (SC3.2) 0.16
_ . Working condition (SC3)
Dimension (SC) Contract labour (SC3.3) 0.34
Training programs (SC3.4) 0.22
Supplier ethics (SC4.1) 0.53
_ Ethical environment (SC4.2) 0.12
Ethics (SC4)
Disclosure of information
(SC4.3) 0.35
Support for the local community  0.43
Social commitment (SC5)| (SC5.1)
Stakeholder involvement (SC5.7 0.57
Recycle/ 0.41
Green product
reuse (ENV1.1)
Environmental (ENV1) :
_ . Greenpackaging (ENV1.2) 0.59
dimension (ENV) : :
Green competencies Green design of products 0.54

(ENV2)

(ENV2.1)

58




Green technology capability 0.46

(ENV2.2)
Environment standard 0.52
Environmental certifications (ENV3.1)
management (ENV3) Regulatory compliance 0.48
(ENV3.2)
Waste disposal schemes 0.20
(ENV4.1)
Pollution reduction capability 0.25

Pollution control (ENV4) | (ENV4.2)
Energy consumption (ENV4.3) 0.17
Hazardous substances (ENV4.4 0.18
Air emissions (ENV4.5) 0.20

4.2.1.1 Maincriteria weight from interviews

In order to test the decisianaking model an interview guide was designed to gather input data to the
top ranked criteria, see Append2x After a comprehensive screening, which encompagset®
companies in the tyre rubber industry considesgithble for an interview about sustainable supplier
selection, interviews were conducted either on site, via email or by telepfuoeigh the paiwise
comparison rounds carried out during the weightings for sustainable criteria were obtained, see
Apperdix 3. Figure 46 shows the relative weightings tfe main categories as a result of the puiise
comparisons. Traditional criteria, Economjiavas still ranked significantly higher than any other
category with a weight of 41% within Tier 1 Pure Thaidigys and Tier 2 local suppliers while
Foreign JV assembler, Supplier Tier 1 Foreign majority suppliers and Tier 1 Thai majority suppliers
identified that environmental and social dimensions are more concerned for being sustainability. The
second most iportant category according to the assigned weights was environmental dimension with
32% which increased rapidly. Least concern criteria was social dimension with a weight of 27%.
However, this research investigates the supplier's in depth analysis natitbrgspecto economis,

andenvironment, but also social aspects.
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Main criteria

32%
Environmentd| 41%,
dimension Economic

dimension (SC

Figure 4 6 Main criteria weights for sustainable supplier selection

42.1.2 Top priority in sub-criteria level weights from interviews
Thebelow from Figure 47 to Figure 412 presents subriteria level 1 and 2 in the sustainable supplier

selection fottyre rubber industry involved in this research.

Economic dimension (EC) Weight
36%

27%

20%
17%

Costand  Financial Service (EC3puality (EC4)
price (EC1) stability
(EC2)

Figure 4 7 Subcriteria level 1 weights in economic criteria

Social dimension (SC) Weight
31%

20% 19%

0,

Emp | o yEenepdl so y &Verkirgg Ethics (SC4) Social
health and welfare and condition commitment
safety (SC1)right (SC2)  (SC3) (SC5)

Figure 4 8 Subcriteria level 1 weights in social criteria
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Environmental dimension (ENV) Weight

41%

19% 18%

I 12% L0%

Green product  Green Environmental  Pollution Green image
(ENV1) competencies managementcontrol (ENV4)  (ENV5)
(ENV2) (ENV3)

Figure 4 9 Subcriteria level 1 weights in environmental criteria

Sub-criteria level 2 - Economic dimension

Service (EC3) Financial stability (EC2

Cashflow issues (EC2.2),
Reliability of delivery service 31%
(EC3.1), 40%

: Quality (EC4)

Control of products
defect (EC4.1), 31%

Figure 4 10 Top subcriteria level 2 weights in economic criteria

Sub-criteria level 2 - Social dimension

Social commitment (SC5) Employee’s
welfare and
right (SC2)

Stakeholder involvement
(5€5.2), 57%

Ethics (SC4)
lob security
(SC2.4), 51%

Working condition (SC3)

Supplier ethics (SC4.1),
53% Contract labor (SC3.3), 34%

Figure 4 11 Top subcriteria level 2 weights in social criteria
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Sub-criteria level 2 - Environmental dimension

Environmental
management (ENV3)

Environment standard
Green competencies (ENV2) certifications (ENV3.1),
52%

Pollution control

(ENV4)
Pollution reduction

Green design of products (ENV2.1),  capability (ENV4.2),
54% 25%

Figure 4 12 Top subcriteria level 2 weights in environmental criteria

42.1.2.1 Cost and price (EC1)

Cost and price has been identified as a pertinent supplier selection criterion in their dualsiog
process by all of the cases involved in this stddsr 2 local suppliers states that cost is one of the most
important factors when considering a supplier. Foreign majority, Thai majority, and Pure Thai supplier
from Tier 1, are all identified as project based companies who all consider cost to be aantmpo
supplier selection criterion. They all state that the cost of rubber materials from the supplier impacts on
their productwith respect to the cost in which they sell to their manufacturers or customers. If the cost
of the rubber material purchasedrr the supplier is high, the customer can then go to their competitor.
However, for local suppliers, cost is seen as being as important as quality.

42.1.2.2 Financial stability (EC2)

Financial stability is identified as a pertinent supplier selectidiermn in the supplier selection
decisionmaking process for Tierfbreign majority suppliers and Tier 2 local suppliers. The other cases
involved in this study do not mention financial stability as a pertinent criterion in the supplier selection
decision-making process. For Tier fbreign majority suppliers, financial stability is referred to as
company performance, and this criterion is related to the reliability of the company. This factor looks
into the financial debt, and in general, to ensure thatsupplier is a viable business partner for Tier 1
foreign majority suppliers. Tier 2 local suppliers, similar to Tidiotkeign majority suppliers, also
mentions financial stability as a pertinent criterion for the supplier selection decisking praess.

Both cases, integrate assessing the financial stability of a supplier in their initial assessment during the
supplier selection process. Tier 2 local suppliers assesses the financial stability in their nine stages of
supplier selection. A supplier iequired to submit financial reports for three years so that debt ratios

and collection ratios can be assessed by Tier 2 local suppliers. Although this is a criterion for Tier 1
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foreign majority suppliers, this structured process does not exibigiofl Foreign majority suppliers.

Tier 2 | ocal suppliers, also explains that asses
if a company is high risk or not. High risk suppliers are viewed as dependent, and this is not a supplier

that Tier 2 local suppliers will shortlist for their approved supplier list.

42.1.2.3 Ethics (SC4)

Ethics isthemostoftenmentioned criteria in social dimension as a pertinent supplier selection criterion

for sustainability in the decisiemaking process foTier 1 and Tier 2 suppliers. There was no mention

of Ethics being a pertinent supplier selection criterion for Tier 1 Foreign majority suppliers and Tier 1
Thai majority suppliers. Tier 1 Pure Thai suppliers mentions thatmdpyauthority is a critéon that

cannot be measured or assessed without conducted a large experiment on how people react when being
obliged to act strictly as they are told without considering their own values and consaigiiee

pricing and pollution control, which is a factthat can be defined before purchase. Tier 1 Pure Thai
suppliers also states that interpersonal behaviors is one of the factors that have the most problems in the
supplier selection process, specifically purchasing manager or top management level lesisaves
ethical. Tier 1 Pure Thai suppliers uses reviews from interview questionaires to make an informed
decision with regards to the service of the supplier, but in some cases, there is no information about this
or the information is not consistent with tegperience of Tier 1 Pure Thai suppliers. Tier 2 local
suppliers is similar to Tier 1 Pure Thai suppliers that provides guidelines for code of conduct on how
employees should behave under different circumstances. However, Tier 2 local suppliers vl have
wait until after finishing the assessment tests to evaluate their behaviors. Similar to Tier 1 Pure Thai
suppliers, itthetrack ethical riskarenot acceptable, the supplier will not be used and will be placed in

the inactive supplier list. It can m®ted that this factor relates to the emerging theme of sustainability

in social aspects. Tier 1 Thai majority suppliers speaks about rewards for ethical behavior and
punishmenbf unethical behavior. Ethical behavior is mentioned as a legal factor wahdseto Tier

1 Thai majority suppliers.

42. 1. 2. 4 Empl oyeebs welfare and right (SC2)
Welfare and right has been currently identified as one of the main supplier selection criteria in the
decisionmaking process for social aspects. Tier 1 and Tieplgus identif welfare measures with

their suppliers to be an issue in their supplier selection process. The other suppliers in this study did not
identify employee welfare as an issue or problem in their supplier selection process. However, in this
study, Tier 1tyre rubber suppliers express that for new employees, physical and mental health to

workers is always a concern with regards to a healthy work environment.
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42.1.2.5 Green product (ENV1)

Green product for a sustainable line of products aetioned as a pertinent supplier selection criterion

to the decisiommaking process btyre rubber suppliers. Tier 1 Pure Thai suppliers did not mention
technological attributes for designing reclycle and refigeeen products as supplier selection criterion
considered in the decisianaking process. Tier fbreign majority suppliers state that green product
packagingis important, as their suppliers need to be knowledgeable of different requirements for
productsthey require. Tier Xoreign majority suppliers explaéd that this is important to them to

operate in a niche market and for Supplier A to meet the needs and demands of their customers. Tier 1
Thai majority suppliers is similar to Tier 1 Foreign majogtyppliers, in identifying green design as a
sustainable supplier selection criterion in their decisi@king process. Tier 1 Thai majority suppliers

state that the research and development team is important to the purchasing process, as they need
assurane that the rubber materials supplied by the supplier can produce the green product for the
customer. The supplier must be knowledgeable so they can #ukispartment. Supplier F is similar

to Tier 2 local suppliers in identifying sustainable attribates pertinent supplier selection criterion.

The rubber materials supplied by the suppliers will need to be able to conform to different elements of
the green design and packaging requirements. Ti e
1 foreign majority suppliers and Tier 1 Thai majority suppliers. However, technology in green product

to reuse and recyle still highlighted as a pertinent supplier selection criterion for the deemsaiing

process. Although the type of the business difféhe reason for highlighting technical design is the
same. It is necessary for their suppliers to have knowledge in how their products are capable of

producing a sustainable product for Tier 2 local suppliers.

42.1.2.6 Environmental management (ENV3)

Tier 2 local suppliers id not mention any protocols and procedures adhered to environmental
management system that corresponds to the sustainability of their product. Tier 1 suppliers state that
they are ISO certified compis Due to this, Tier 1 supiglrs states that the ISO 14001 (environmetal
standard certification) impacts on many processes in their business, for instance, their supplier
evaluation process, their record keeping process, where a hard copy is required to be kept, and for every
purchag order to suppliers is seen as a legally binding document, where a stamp needs to be placed.
These processes allow them to follow the ISO 14001 requirements and allow Supplier B to preserve
their ISO certification. Tier 1 Pure Thai suppliers mentionsitigortance of documentation as an
important factor for the upkeep of the ISO 14001 standard. Similarly, to Tier 1 Thai majority suppliers,
documentation is mentioned as an important factor for the ISO 14001 standard.

However, Tier 2 local supplierddinot mention the 1ISO 14001 standard as a part of their supplier
evaluation process. Tier 1 Pure Thai suppliers, similar to Tier 1 Foreign majority suppliers and Tier 1
Thai majority suppliers, mentions the ISO 14001 certification and the impact on the psoufetdse

company. Tier 1 Pure Thai suppliers state that this procedure impacts on the supplier selection process
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of some of their suppliers; it is according to the product or service that is being provided by the supplier.
Tier 2 local suppliers also stdteat for some of their suppliers ISO 14001 certification is necessary and

in some cases ISO certification is not necessary for some of their suppliers. Tier 2 local sugpliers d
not mention the ISO 14001 certification, unlike Tier 1 suppliers. Tier gigiomajority suppliers
mention legal agreements with their suppliers and their nine stages of the supplier selection process. It
can be noted that due to the nature of their business and their relationship to their parent company, ISO
14001 is not mentied or required. Tier 1 Pure Thai suppliers did not mention any protocols or
procedures as part of their supplier selection process. It can be noted that the 1ISO 14001 is another
method of ensuring a top quality product or service, and for Tier 2 locdlexgpps their suppliers are

mostly friend or family association, this can be a reason for not incorporating the ISO 9001 certification

as part of their supplier selection process.

4.2.2 Numerical Example of a combined decision making model (Fuzzy AHP)

A numerical example is presented to show how the weights of priorities for the criteria anridesidh
are computed and to validate the mathematical model used in the current research.

For example, OEM Tyre company 1 compare among fivecsitdria levell in Social dimension. The
following table highlights the pairwise comparison matrix and assigns fuzzy triangular numbers.

Table 4 7 Pairwise comparison between five satiteria level 1 in Social dimension

Social dimension SC1 SC2 SC3 SC4 SC5
Employeegl |1 |1 (16|15 142 |3 |4 |1/9[1/9|1/9|1/4|1/3]|1/2
health and safety
(SC1)
Employee4 [5 |6 [1 |1 |1 |6 [7 |8 |16|1/5|14]2 |3 |4
welfare and right
(SC2)

Working 4113121817161 |1 (1 |(1/9[1/9|1/9|1/6|1/5|Y
condition (SC3)
Ethics(sC4) |9 |9 |9 (4 |5 |6 |9 (9 |9 |1 |1 |1 (6 |7 |8
Social 2 |3 |4 |14|1/3|12(4 |5 |6 |(18|L7|16(1 |1 |1
commitment
(SC5)

Then it is possible to continue wiBhu ¢ k 1(1985&teps.

For each company, calculate the geometeamo . Forexample, for Social dimension:
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6= p - ¢ - - hp - o - - hp - 1 - - =[0.392 0467, 0.561]

Then, once computed the same passages for atirgalia lewel 1 in Social dimension, sum column
values, take the reciprocal and finally sort the obtained values in increasing order. The geometric mean
of fuzzy comparison values of each criterion is shown in Tal8le 4

Table 4 8 The georetric mean of fuzzy comparison values

Social dimension 0

Empl oyeeds heal t0.392 | 0467 | 0.561
Empl oyeebs wel f g1516 |1.838 |2.169
Working condition (SC3) 0.225 | 0.254 | 0.297
Ethics (SC4) 4.547 | 4904 | 5.223
Socialcommitment (SC5) 0.758 | 0.935 | 1.149
SUM 7.438 | 8.398 | 9.399
P(-1) 0.134 [ 0.119 | 0.106
INCR (manually) 0.110 | 0.1 | 0.1D

Compute the fuzzy weights of each criterion, For example, for Social dimension: Tabk® 4hows

the result from comptuing thiep.

0 = ((0.32*0.110), (0.0467*0.1B), (0.561*0.18) = (0.042, 0.056, 0.075)

Table 4 9 The fuzzy weights of each criterion

Social dimension 0
Empl oyeebs heal t|0.042 | 0.056 | 0.075
Emp | o wealfaréaad right (SC2)| 0.161 | 0.219 | 0.292

Working condition (SC3) 0.024 | 0.030 | 0.040
Ethics (SC4) 0.484 | 0.584 | 0.702
Social commitment (SC5) 0.081 | 0.111 | 0.154

The last two steps, on the one hand the calculation efuray weight of eaclriterion (M) by taking
the average of fuzzy numbers for each criterion SC and on the other hand thesatiomaif them.

For example, for SC1.:

0 = (0.042+0.056+0.075)/3 = 0.058 and

0 =0.058/1.018 = 0.0565 where 1.018 is the column summation iof Table 410
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Table 4 10 Ranking sukcriteria weights from OEM Tyre company 1 in Social dimension

Social dimension 0 0 Rank
Emp | o health ansl safety (SC1) 0.068 | 0.067 4

Emp | o wealfaréasd right$C2 | 0.224 | 0.220 2
Working condition §C3 0.03L | 0.0 5
Ethics SC9 0.5 | 0.579 1
Social commitment3CH 0.115 0.113 3

Finally, rank assigns a specific weight to each firm based on its Social dimension in sustainable
supplier selection and evaluation. Tablé®are ranked from the one with the highest weight to the
least one. In particular, considering Social factors assessmennastipassage, questionnaire answers

of OEM company 1 in SC4 will have a greater influence with regard to the others. The opposite happens

for SC3 which has the lowest value.

4.2.3 Consistency Check
The consistency check is a significant considenatelated to the quality of the final decision in terms
of the consistency of judgements made by the decision maker during the set of pairwise comparisons.

As discussed earlier in this chapter, five steps are followed to check the consistency of theuitsa

Step 1. In the pairwise comparison matrix, the relative priority of thecstdsia level 1 weights of
Social sukcriteria level 1 in Table-41 is multiplied by each value in the first column in Tabl&24

andthis isrepeagdfor all other items.

Table 4 11 The weighted sum for the selected -wumiberia in Social dimension.

Subcriteria level 1 Weight sum

Empl oyeeds heal {112

Empl oyeeds wel f {1.03

Working condition (SC3) 0.97
Ethics (SC4) 0.97
Social commitment (SC5) 0.88

To find the vector of the values, calculate the summation of all values within the rows. This vector is
called 6the weil®hted sumbé (Table 4
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Table 4 12 Priority subcriteria level 1 weight in Social dimension

Subcriteria level 1 Weight

Empl oyeebs heal {0.16

Empl oyeebs wel f {020

Working condition (SC3) 0.19
Ethics (SC4) 0.31
Social commitment (SC5) 0.14
Sum 1.00

Step 2. Calculate the average of the division of the weighted sum and the priority Vaksesvalues
werefound in the previous step. Tablel8 displays the weighted sum divided by priority-suiteria

level 1 weights.

Table 4 13 Weighted sum/Priority weights

Subcriteria level 1 Values

Empl oyeebs heal {7.05

Empl oyeebs wel f {516

Working condition (SC3) 5.15
Ethics (SC4) 3.15
Social commitment (SC5) 6.29

The calculated average is expressegas as shown below:

Amax= (7.05+5.16+5.15+3.15+6.29)/5 = 5.36

Step 3. Calculate th@onsistency IndexQl) using Equation 4.1:

Cl = @maxi n)/(n-1)

Where n is the number of criteria, which 5. (eg.-8riteria level 1 in Social dimension)
Cl = (5.365)/(5-1) = 0.091

Step 4. Calculate theéonsistencyRatio (CR) using Equation 4.2:
CR =0.36/1.12 =0.081 or 8.1%

CR =0.081, which is less than 10%, meaning that the consistency of the data result is accepted, and

the judgement matrix is considered to be consistent.
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4.3 The Fuzzy TOPSIS Decision Making Model

The combined decisiemaking model, Fuzzy TOPSIS focused on the description of the Fuzzy and
TOPSIS methogthis method was applie® find the most suitableyre rubber suppliersy Thailand

using themplemen sustainable criteria. Till now, on the one hand, Chapter three lists the numbers of
Tyre rubber firmghat wereconsideedsolving theThesis problem and, on the other hand, Fuzzy AHP
provides the weighted most influential sustainable factors vettw.Fuzzy TOPSIS (FTOPSIS)
methodconsider these two results as the inputs for its application. This highlights the link between the
two methods. The first paragraph starts with the descriptitimedactors and in particular stfactors
(subcategories bfactors) needed tbe consideed Nextit continues with the presentation of the
FTOPSIS method usedthne Thesis case study. ThdATOPSISs applied tahecollected data. As the

last step, the final Tyre rubber firms ranking is presented betweeliesapiier 1 and Local Tier 2.
Therefore, this part ends by identifying which should be the most selected to implement for Tyre rubber
companies in Thailandhis section follovs the evaluation methodologgs describe in Figure -43

below.

[ Determination of tyre rubber ] / N
suppliers
{ Determination of sustainable
criteria Phase 1
Tyre rubber
Construction of decision hierachy] suppliers and

sustainable criteria

Determination of sustainable criteria weight by] 4 ™
Phase 2
Fuzzy AHP
(FAHP)
e -/
Evaluation of sustainable suppliers selection by
FTOPSIS
v Phase 3
[ Determination of ranking ] Fuzzy TOPSIS
T (FTOPSIS)
[ Selection of optimal tyre rubber }
suppliers \ J

Figure 4 13 Evaluation methodology of sustainable supplier selection

43.1 Subcriteria description

The aiteria list in the prior section hsbeen analyedthroughthe Fuzzy AHP model to understand
which should behe criteria thatinfluence a managenostin the case he/she would like to implement
sustainability intyre rubber suppliers and those that less influence the alternative.

Table 41 provides some examples @istainablecriteria these examples can be categgdias sub
factors (sukcriteria) and turn out to be useful to conclude the analysis. Intlee&uzzy TOPSIS

model usethese sulzriteria todeliverthe final solution othis Thesis case study.
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Values and data collected frothe surveys and questionaires for each-erteria are reported in
Appendix4. They will be necessary to apply the Fuzzy TOPSIS method in the next paragraph. For the
moment, Figure-44 provides an overview of the sustainablupplier selection and evaluation problem,

considering criteria, subriteria and alternative suppliers.

Goal Main criteria Sub-criteria (levell) Sub-criteria (level2) Tyre rubber suppliers
ECl | Ecii | ECl2 | ECL3 | ECl4 | ECLS |
% o EC2 | EC21 | EC22 | EC23 | EC24 | EC25 |
' EC3 | EC31 | EC32 | EC33 | EC34 | EC3S | Tier] Tier2
EC4 | EC41 | EC42 | EC43 | EC44 suppliers  suppliers
— { sc1 —f sci1 [ sci2 |
Determine the sc2 ——f sca1 | sc22 | sc23 | sc24 | scas
best sustainable -{ SC SC3 SC3.1 SC3.2 SC3.3 SC3.4 [ Ti6 |
supplier SC4 SC4.1 SC4.2 SC4.3 [ TI'7 J
— scs | scs.a scs2 | -
J T18 || T28 |
TLO T2.9
TI.10 T2.10 |
o ENVLL [ ENVI2 |
——{ ENV2.1 | ENV22
{ ENV o ENV3I [ ENV32

J—»[ ENV4.1 | ENV42 [ ENV43 [ ENV44 | ENVAS |
L

Figure 4 14 Problem structure

4.3.2 The Fuzzy TOPSIS method for ranking of alternatives

The TOPSIS (technique for order preference by similarity to ideal solution) has wide applicability and
is used for tackling ranking problems due to its simplicity. TOPSIS was developed by Hwang and Yoon
(198)). Due to the presence of ambiguous and vaguessin the performance evaluation of friction
composite materials, Fuzzy TOPSIS (FTOPSIS) is employed for performance evaluation which use
linguistic values rather than numerical values, which means that the rankings in the performance
evaluation are evwaated by linguistic variables. Linguistic value can deal with ambiguities,
uncertainties, and vagueness.

It is necessary to underline an importéattor, i.e. cost, quality, finarg the aspect of the criteria
differensamong he criteria Managers ortakeholders will look for suppliers with the lowest costs and
highest benefits. For this reason, it is important to understand whietrigeria should have a high
numerical value (benefit/gain to the select a tyre rubber suppties)also necessarg tdentify which
sub-criteria are costs pwhich of them haveeflecta negat i v e ndsfar essisibétterh o st a

These criteria are costs or have a negative effect on the procurement, so it is better if their v@dues are
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lowasp o0 s si b | endsfdr vharg i6 bettet".a he criteria are benefits or have a positive effect on
the procuremenso it is better if their valuemreashigh aspossible.

The numerical values assigned to each-@itbrion in this thesis are confidential. As a result, a
guestionnaire has been developed to provide suppliers with alternative ratings based o Wagjuésti

in relation to the sustainable supplier criteflia convert the confidential numerical values associated
with each sukeriterion into linguistic values, a linguistic rating system was employed. The researcher
designed a questionnaire with a sklirmguistic terms, such as "vehjigh', "high", "mediunt, "low",

and "verylow", which were associated with specific numerical ranges. The supplier was asked to rate
their performance in each sghterion by selecting the appropriate linguistic term thest described

their performance, as per the given numerical range. For instance, a supplier may be asked to rate their
environmental performance on a scale of 1 to 10, with 1 beingwhestimportanceand 10 being the
highest importancerhe supplier ould then rate their environmental performance as "wigly' if their
numerical score was between 8 and HigH' if their score was between 6 and mediunt if their

score was between 4 and BmwW" if their score was between 2 and 3, or "vieny" if their score was
between0O and 1. This process allowed for the conversion of numerical values into linguistic values,
making it easier for suppliers to provide ratings based on the sustainable supplier Thigesialection

of suppliers are transformeddnlinguistic variables which are giventimefollowing Table 414. This

gives the linguistic values in terms of fuzzy number.

Table 4 14 Linguistics scale for each alternative (Jiang et al., 2008)

Linguistic Numerical values| Triangular Fuzzy Number| Fuzzy Numbers
variable (rating scale) (TENS)T (a,b,c) [0,1]
Very low (VL) 0-1 (0, 1, 3) (0, 0.10, 0.25)
Low (L) 2-3 1, 3,5) (0.15,0.30, 0.45)
Medium (M) 4-5 (3,5, 7) (0.35, 0.50, 0.65)
High (H) 6-7 (5,7,9) (0.55, 0.70, 0.85)
Very high (VH) 8-10 (7,9, 10 (0.75, 0.90, 1)

4.3.3 Application of Fuzzy TOPSIS method
In this section, the FTOPSIS modalextended by Chef2000)is usedor ranking the alternatives or
the suppliers. The linguistic assessment of the group decision makers on suppliers for each attribute

appledfuzzy logic. The proceduris described below.

Step 1. A decision matrix is created after ideimifythe performance defining criterion and alternatives
of the problem. If the number of alternatives is M and the number of performance definingisriNeri

then the decision matrixasan order of M x N is representedEq. 4.8.
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Dmxn =

(¢}
Mh.mp Mh

W
8 (4.8)
&

where an elemend (O 1 of the decision matrix [ represents the actual valueithe

alternative (supplier) in term ¢f attribute (sukcriteria).

Step 2. In order to transform the performance values to fuzzy linguistic variables, the decision matrix
is convertedinto a normaked decision matrixd ) by converting the performance values of the
decision matrix into a range of [0, 1]. The normadizalues of each element in the norsealidecision

matrix can be calculated by using Eq. 4.9.

i = , for benefit criteria, and = , for cost criteia (4.9)

Step 3. The linguistic valuesy(, i= 1, 2... M, j = 1, 2... N) are chosen for M alternatives with respect
to N criteria. These fuzzy linguistic values preserve the properties that the range of fuzzy numbers
belongs to [0, 1].

Step 4. A weighted normalized fuzzy decision matrix is calculated by using Eq. 4.10.

® =0 X (4.10)

Step 5.The determination ofa fuzzy positive ideal solution (FPIS, ) and a fuzzy negative ideal

solution (FNISY ) is made by using Eq. 4.11 and 4.12.

O =whohé,n)andd =@M hé,n), (4.11)
where
GG D00H 0L QROWD QO "0f ¢
T & Qi QOUNOE Dd QO Qi Q&
a Q¥ 000D 0E 00D Qi DEE .
= u eme [ R B O I ¢ | = 1,2, e N
a & 6w QAW E WO Q0 Qi NQ¢ ¢
(4.12)

Step 6.The Euclidian distaces between each of the alternatives and the fuzzy positive ideal solution

and the fuzzy negative ideal solution are calculated by using Eq. 4.13.
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o=-B O ©® , for i= 1, 2, 3 é& M (4.13)

Step 7 Finally, the overall preference or fuzzy closeness inded) (of the alternatives is calculated
with the help of Eq. 4.14.

i=1, 2, 3 é M (4.14)

On
(@]}
1]
—
o
-

The application othe Fuzzy TOPSIS method starts after weighting the criteria which collect the
linguistic scale value for sustainable supplier alternatives from various department of Tyre rubber
compmanies for each criterion. The linguistic vadumnsist of five values such as very low (VL), low

(V), medium (M), high (H), very high (VH). Table#5 and Table-46 show the summary of linguistic
fuzzy evaluation matrix for the supplier alternatives Tiend Local Tier 2 respectively.

Table 4 15 The summary of linguistic fuzzy evaluation matrix for the ranking Tier 1 suppliers

Criteria crigrti}a 1 crigrti; 2 Ti1 | T12 | T13 | T14 | T15 | T16 | T1.7 | T1.8 | T19 | T1.10
EC EC1 ECL.1 VL VH H M H L H L VH VH
EC1.2 VL H L VH M L VL VL H
EC1.3 H M H M VH VH VH M VH M
EC1.4 H M VL M M VH VL M VH VL
EC1.5 H L VH L M M VH L VH VL
EC2 EC2.1 M L L L L VH L H VL VH
EC2.2 L L VH H M L VL L H L
EC2.3 VL H VL VL H H H M VH
EC2.4 L M VH VH VL L M VL L
EC2.5 L H VH H VH M VH H VH VH
EC3 EC3.1 L VL VH VL VL H VH VL H VH
EC3.2 L H VL VH H H VL L L
EC3.3 VL L VL L VL VL VL H
EC3.4 L H H VL H H M VH M VH
EC3.5 VH M VL L VL VL L M VH
EC4 EC4.1 H VL M L H M M M VL
EC4.2 H M H M VL VL VL H M
EC4.3 VL VL VL L VH L M M L M
EC4.4 VH M L M L M M VH M M
SC SC1 SC1.1 VH L VL H VL VH L H L VL
SC1.2 VH VH M L H VL H VH VL VH
SC2 SC2.1 M VL VL VH L H L H M VH
SC2.2 H H VH VL M L VL VH
SC2.3 M VH VH H M VH M VL M M
SC2.4 H VL VH H H H M VH L
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SC2.5 H L VH H M VH VH VL M M
SC3 SC3.1 H VH VH H L H L VH M
SC3.2 VH M H VL M VH L L L H
SC3.3 M VH VH M L M L M H
SC3.4 VL VH H M L H H M VL
SC4 SC4.1 M VL H VH VL VL M L H
SC4.2 VH H VL L M M M VH H
SC4.3 VH L VL L VH VH VL VH H
SC5 SC5.1 VH VH M VL L H M VH H
SC5.2 H VL VH VH H VH VL VL H VH
ENV ENV1 ENV1.1 VL VH VL VL H H H
ENV1.2 L H VH VH VH VH H
ENV2 ENV2.1 VH H VL VL H VH L
ENV2.2 L VL VH L VL VH L VL VL
ENV3 ENV3.1 L L VH VL H VH L VH L
ENV3.2 M M H VL VL L L H H M
ENV4 ENV4.1 VH M VL M M VL L H VH VL
ENV4.2 M VH M H M H VH L VH VL
ENV4.3 L M VH L M VL L H VH VH
ENV4.4 H H H VH VH H L M
ENV4.5 VH L VH H M H M
ENV5 H VL H M VH H H L

Table 4 16 The summary of linguistic fuzzy evaluation matrix for the rankireg 2 suppliers

Criteria Sub Sub T2.1 T2.2 T2.3 T24 | T25 T2.6 | T2.7 T2.8 T2.9 T2.10
criteria 1 | criteria 2
EC EC1 EC1.1 M H L M H VL VH VH H
EC1.2 VL VH VH VL L H VH
EC1.3 VH L VL VH H VL M H VH
ECl1.4 L VH VH VL VL VL H VH L VL
EC1.5 L M VH H H L L L
EC2 EC2.1 M H H L L M VL H VL
EC2.2 VH VL H VL VL VL VH VH VH
EC2.3 VL H L H L L H H L VL
EC2.4 M H VL VH VH M M VL VL M
EC2.5 VH VL M M L VH L VL M L
EC3 EC3.1 H VH M VH L VL L H VL VL
EC3.2 VH M VH VH VH L H VH L VL
EC3.3 VL H VL L L VL L M L L
EC3.4 VH L H M VH M H H VL
EC3.5 VH H VH M L H VL H M VL
EC4 EC4.1 L M VL L H VH M L L VL
EC4.2 VL H H VH H M M M H
EC4.3 VH M VL M VH M L H VH
EC4.4 VH M L L M M VH M M
SC SC1 SC1.1 VH L VL H VL VH L H L VL
SC1.2 VH VH M L H VL H VH VL VH
SC2 SC2.1 VL VL VH L H L H M VH
SC2.2 H H VH VL M H L VL VH




SC2.3 M VH VH H M VH M VL M M

SC2.4 H VL VH L H H H M VH L

SC2.5 H L VH H M VH VH VL M M

SC3 SC3.1 H VH VH H H L H L VH M
SC3.2 VH M H VL M VH L L L H

SC3.3 M VH H VH M L M L M H
SC3.4 VL VH H H M L H H M VL

SC4 SC4.1 M M VL H VH VL VL M L H
SC4.2 VH H VL L M M M VH H M

SC4.3 VH L VL L VH VH VL VH H M

SC5 SC5.1 M VH VH M VL L H M VH H
SC5.2 H VL VH VH H VH VL VL H VH

ENV ENV1 ENV1.1 H VL VH VL VL H H H L M
ENV1.2 L L H VH VH VH H VH H

ENV2 ENV2.1 VH H VL VL H H L VH L M
ENV2.2 L VL VH L VL H VH L VL VL

ENV3 ENV3.1 L L VH VL H VH L VH L L
ENV3.2 M M H VL VL L L H H M

ENV4 ENV4.1 VH M VL M M VL L H VH VL
ENV4.2 M VH M H M H VH L VH VL
ENV4.3 L M VH L M VL L H VH VH

ENV4.4 H H M H VH L VH H L M

ENV4.5 VH L H L VH H M H M M

ENV5 H VL H H M L VH H H L

Then, the linguistic fuzzy evaluation matrix is creblby decision makers and various departraent
According to the scale we convert this linguistic value into the fuzzy number by thethss@ile in
Table 415. This Table 415 is follows by Jiang et al. (2008) which is related to linguistic values and
fuzzy number. So we also follow this fundartenn Table 415. Convession ofthe linguistic values
results invL = (0,0.10,0.25), L = (0.15,0.30,0.45), M = (0.35,0.50,0.65), H = (0.55,0.70,0.85) and VH

= (0.75,0.90,1).

By calculating from Eqg. 4.10, Table 47

evaluation matrix (T1.1 to T1.3) from the help of Tablé multiplying weighted criteria in each row

shows

Ti

er

1

S uuzzy weighteds 6

S

corresponding to criteria. For example, supplier alternative T1.1 (Tier 1 Supplier 1) the cost and price

weighting criteria (EC1.1) is 0.33nd T1.1 cost and price value in terms of fuzzy is VL (0, 0.1, 0.25)
then the value of fuzzy weighted evaluation matrix for T1.1 is calculated as [(0.32x0), (0.32x0.1),
(0.32x0.25). The value for T1.1 supplier is [0, 0.03, 0.08]. The overall resakiown in Appendix

4,
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of (TIMHE3) Fuzzy

Table417Ti er 1 suppliersd sampl e

Subcriteria 2 Weight SuppliersT1.1 SuppliersT1.2 SuppliersT1.3
EC1.1 0.32 (0,0.03,0.08) (0.24,0.29,0.32) (0.18,0.22,0.27)
EC1.2 0.17 (0,0.02,0.04) (0.09,0.12,0.14) (0.03,0.05,0.08)
EC1.3 0.15 (0.08,0.11,0.13) (0.05,0.08,0.1) (0.08,0.11,0.13)
EC1.4 0.2 (0.11,0.14,0.17) (0.07,0.1,0.13) (0,0.02,0.05)
EC1.5 0.16 (0.09,0.11,0.14) (0.02,0.05,0.07) (0.12,0.14,0.16)
EC2.1 0.15 (0.05,0.08,0.1) (0.02,0.05,0.07) (0.02,0.05,0.07)
EC2.2 0.31 (0.05,0.09,0.14) (0.05,0.09,0.14) (0.23,0.28,0.31)
EC2.3 0.24 (0,0.02,0.06) (0.13,0.17,0.2) (0,0.02,0.06)
EC2.4 0.18 (0.03,0.05,0.08) (0.06,0.09,0.12) (0.14,0.16,0.18)
EC2.5 0.12 (0.02,0.04,0.05) (0.07,0.08,0.1) (0.09,0.11,0.12)
EC3.1 0.4 (0.06,0.12,0.18) (0,0.04,0.1) (0.3,0.36,0.4)
EC3.2 0.2 (0.03,0.06,0.09) (0.11,0.14,0.17) (0,0.02,0.05)
EC3.3 0.17 (0,0.02,0.04) (0.03,0.05,0.08) (0,0.02,0.04)
EC3.4 0.13 (0.02,0.04,0.06) (0.07,0.09,0.11) (0.07,0.09,0.11)
EC3.5 0.1 (0.08,0.09,0.1) (0.04,0.05,0.07) (0,0.01,0.03)
EC4.1 0.31 (0.05,0.09,0.14) (0.17,0.22,0.26) (0,0.03,0.08)
EC4.2 0.16 (0.09,0.11,0.14) (0.06,0.08,0.1) (0.09,0.11,0.14)
EC4.3 0.26 (0,0.03,0.07) (0,0.03,0.07) (0,0.03,0.07)
EC4.4 0.27 (0.2,0.24,0.27) (0.09,0.14,0.18) (0.04,0.08,0.12)
SC1.1 0.52 (0.39,0.47,0.52) (0.08,0.16,0.23) (0,0.05,0.13)
SC1.2 0.48 (0.36,0.43,0.48) (0.36,0.43,0.48) (0.17,0.24,0.31)
SC2.1 0.15 (0.05,0.08,0.1) (0,0.02,0.04) (0,0.02,0.04)
SC2.2 0.06 (0.03,0.04,0.05) (0.03,0.04,0.05) (0.05,0.05,0.06)
SC2.3 0.17 (0.06,0.09,0.11) (0.13,0.15,0.17) (0.13,0.15,0.17)
SC2.4 0.51 (0.28,0.36,0.43) (0,0.05,0.13) (0.38,0.46,0.51)
SC25 0.11 (0.06,0.08,0.09) (0.02,0.03,0.05) (0.08,0.1,0.11)
SC3.1 0.28 (0.15,0.2,0.24) (0.21,0.25,0.28) (0.21,0.25,0.28)
SC3.2 0.16 (0.12,0.14,0.16) (0.06,0.08,0.1) (0.09,0.11,0.14)
SC3.3 0.34 (0.12,0.17,0.22) (0.26,0.31,0.34) (0.19,0.24,0.29)
SC3.4 0.22 (0,0.02,0.06) (0.17,0.2,0.22) (0.12,0.15,0.19)
SC4.1 0.53 (0.19,0.27,0.34) (0.19,0.27,0.34) (0,0.05,0.13)
SC4.2 0.12 (0.09,0.11,0.12) (0.07,0.08,0.1) (0,0.01,0.03)
SC4.3 0.35 (0.26,0.32,0.35) (0.05,0.11,0.16) (0,0.04,0.09)
SC5.1 0.43 (0.15,0.22,0.28) (0.32,0.39,0.43) (0.32,0.39,0.43)
SC5.2 0.57 (0.31,0.4,0.48) (0,0.06,0.14) (0.43,0.51,0.57)
ENV1.1 0.41 (0.23,0.29,0.35) (0,0.04,0.1) (0.31,0.37,0.41)
ENV1.2 0.59 (0.09,0.18,0.27) (0.09,0.18,0.27) (0.32,0.41,0.5)
ENV2.1 0.54 (0.41,0.49,0.54) (0.3,0.38,0.46) (0,0.05,0.14)
ENV2.2 0.46 (0.07,0.14,0.21) (0,0.05,0.12) (0.35,0.41,0.46)
ENV3.1 0.52 (0.08,0.16,0.23) (0.08,0.16,0.23) (0.39,0.47,0.52)
ENV3.2 0.48 (0.17,0.24,0.31) (0.17,0.24,0.31) (0.26,0.34,0.41)
ENV4.1 0.2 (0.15,0.18,0.2) (0.07,0.1,0.13) (0,0.02,0.05)
ENV4.2 0.25 (0.09,0.13,0.16) (0.19,0.23,0.25) (0.09,0.13,0.16)
ENV4.3 0.17 (0.03,0.05,0.08) (0.06,0.09,0.11) (0.13,0.15,0.17)
ENV4.4 0.18 (0.1,0.13,0.15) (0.1,0.13,0.15) (0.06,0.09,0.12)
ENV4.5 0.2 (0.15,0.18,0.2) (0.03,0.06,0.09) (0.11,0.14,0.17)
ENV5 0.1 (0.06,0.07,0.09) (0,0.01,0.03) (0.06,0.07,0.09)
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To normalse thduzzy decision matrix, the stdyiteria must be divided into positive and negative ideal
solutiors. The Fuzzy positive ideal solution arfelzzy negative ideal solution is calculated from Eq.
4.11 and Eqg. 4.12. The Fuzzy positive ideal solution (FPISFardy negative ideal solutiqiFrNIS)

for given criteria is shown in following Table18.

Table 4 18 Fuzzy negative ideal solutiod () and Fuzzy positive ideal solutio ()

Ideal solutions

Sub FNIS() | FPIS(+) | Sub FNIS() | FPIS(+) [ Sub FNIS() | FPIS(+)
criteria criteria criteria

(Lv.2) (LV.2) (LVv.2)

EC1.1 0.00 0.08 SC1.1 0.00 0.13 ENV1.1 0.00 0.10
EC1.2 0.00 0.04 SC1.2 0.00 0.12 ENV1.2 0.09 0.27
EC1.3 0.00 0.04 Sc2.1 0.00 0.04 ENV2.1 0.00 0.14
EC1.4 0.00 0.05 SC2.2 0.00 0.02 ENV2.2 0.00 0.12
EC1.5 0.00 0.04 SC2.3 0.00 0.04 ENV3.1 0.00 0.13
EC2.1 0.00 0.04 SC2.4 0.00 0.13 ENV3.2 0.00 0.12
EC2.2 0.00 0.08 SC2.5 0.00 0.03 ENV4.1 0.00 0.05
EC2.3 0.00 0.06 SC3.1 0.04 0.13 ENV4.2 0.00 0.06
EC2.4 0.00 0.05 SC3.2 0.00 0.04 ENV4.3 0.00 0.04
EC2.5 0.00 0.03 SC3.3 0.05 0.15 ENV4.4 0.03 0.08
EC3.1 0.00 0.10 SC3.4 0.00 0.06 ENV4.5 0.03 0.09
EC3.2 0.00 0.05 SC4.1 0.00 0.13 ENVS 0.00 0.03
EC3.3 0.00 0.04 SC4.2 0.00 0.03

EC3.4 0.00 0.03 SC4.3 0.00 0.09

EC3.5 0.00 0.03 SC5.1 0.00 0.11

EC4.1 0.00 0.08 SC5.2 0.00 0.14

EC4.2 0.00 0.04

EC4.3 0.00 0.07

EC4.4 0.04 0.12

Then the distance between each alternative flonandO is calculated from Eqg. 4.18. Ois the
closeness index which is calculated from Eq. 4614is given in following Table 4.9.

Table 4 19 Fuzzy closeness index and ranking of supplier alternatives

Tyre 0 (0] 060 Tier1 | Global Tyre 0 0 66 Tier2 | Global
rubber Ranking| Rankin | rubber Ranking | Rankin
supplier g supplier g
T1.1 3.667 | 2.277 | 0.617 3 3 T2.1 | 3.583| 2.326| 0.606 3 13
T1.2 3.779 | 2.426 | 0.609 8 10 T2.2 3.864| 2.611| 0.597 8 18
T1.3 4.044 | 2.551 | 0.613 6 T2.3 4.239| 2.977| 0.587 10 20
T1.4 3.518 | 2.198 | 0.615 4 4 T2.4 3.783| 2.481| 0.604 5 15
T1.5 4.462 | 2.877 | 0.608 9 11 T2.5 3.961| 2.584| 0.605 4 14
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T1.6 3.545 | 2.245 | 0.612 7 8 T2.6 | 4.155| 2.848| 0.593 9 19
T1.7 3.841 | 2.356 | 0.620 2 2 T2.7 | 4.064| 2576| 0.612 2 9
T1.8 4.358 | 2.821 | 0.607 10 12 T2.8 | 3.944| 2.606| 0.602 7 17
T1.9 4.093 | 2.567 | 0.615 5 5 T2.9 | 4.250| 2.807| 0.602 6 16
T1.10 | 3.809 | 2.284 | 0.625 1 1 T2.10 | 3.995| 2.529| 0.612 1 7

Likewise, the closeness coefficients for twenty Tyre rubber suppliers including Tier 1 and Local Tier 2
are computed and shown in Tablé@. The application of the combined mudtiteria decision making
methods (Fuzzy AHP and FuzZpPSIS) has demonstrated that the final result of sustainable supplier
selection alternatives time Tyre rubber industry in Thailand are shown in TabBO4vhich shows the

final ranking for suppliers alternatives, which is basethecloseness index.hE supplier T2.10 (Local

Tier 2 Company 10) and T1.10 (Tier 1 Company 10) are selected as thaltetiatives among twenty

suppliers for theyre rubbercomparnes. These values show the average values of nineteen appropriate

criteria for select supplie based on sustainability criteria.

4.3.4 Types of Thai Tyre rubber suppliers ownership in Tier 1 suppliers

The resulof rankingthetier 1 suppliers fronconsiderd6 subcriteria level 2 and types of Tyre rubber

suppliers are presented in Tabi2Gl

Table 4 20 Type of ownership in Tier 1 supplier

Tyre rubber supplier

Tier 1 Ranking

Type of ownership

T1.1 3 Foreign majority
T1.2 9 Thai majority
T1.3 10 Pure Thai

T1.4 6 Thai majority
T1.5 7 Pure Thai

T1.6 8 Thai majority
T1.7 2 Foreign majority
T1.8 5 Pure Thai

T1.9 4 Thai majority
T1.10 1 Foreign majority

As shown in Table 40, Tier 1 Foreign majority suppliers are the-tbpee highest rank scores. The

last three values consist of 1 supplier in Thai majority and 2 suppliers in Pure Thai ownership.

43.4.1 Foreign majority and Thai majority suppliers in Tier 1 Tyre rubber supplier
From the two types of ownership in Tier 1 supplier, interviewees identified many criteria and

government policy for engaging in sustainability initiatives. These large coegpstate that there is a
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difference in the way business is conducted in large firms, compared to small and mediuifhisms.

imply that large companies have different requirements or expectations when it comes to working with
suppliers and promoting dasmable practices:or instance, large companies have more resources and
capacity to implement sustainable supply chain initiatives and expect their suppliers to have similar
capabilities. On the other hand, small and medsirad firms face more signiéait challenges in
implementing sustainable practices, and as a result, require more support and guidance from their
customerskFurthermore, the statement also suggest that large companies have a greater responsibility
to promote sustainability due to thaiize and influence in the market. This involve taking a more
proactive approach to supplier selection and engaging with suppliers to promote sustainable practices
and address any issues that arf®@eerall, the statement suggests that large companiegnieeahat
sustainable supplier selection require different approaches depending on the size and capacity of the
supplier. It also highlights the importance of considering the unique challenges and opportunities faced
by different types of suppliers andiiag a collaborative approach to promote sustainability across the
supply chainMultinational companies, which is foreign majority shares, need to take a more active
role in influencing supplier integrity via procurement processes enforced acrosslthethains. This

is particularly important because only large companies have the financial resources to hire compliance
consultants and theuthority to influencelecisiondo access regulators as needed. Large multinationals
start by applying the thinkindpey have used to drive sustainability into their supply chains. By referring

to ranking results, it is concluded that by means of both external and internal stakeholders, the
government and through customer demats, rubber manufacturers have develd@n awareness

of sustainability. Our subritera level 2 weight show that stakeholders of a firm also have a positive
opinions on its sustainable practicethieThai Tyre rubber industry. From interviews, mayne rubber
manufacturers have enforcedtarn environmental evaluation and regulatory system for suppliers, so
the suppliers are forced to participate in the sustainable initiatives of the company. Therefore, supplier
invol vement in the focal companyo6sareynbvs rowmnaneait rac

practices.

4.3.4.2 Pure Thai suppliers in Tier 1 and Local suppliers in Tier 2 Tyre rubber supplier

Interviewing within 13tyre rubber suppliers (Pure Thai and Tier 2 local), the perception of
sustainablility related to 46 swdviterialevel 2 for choosing suppliexary. In the case of the perception

in these suppliers, the financial concerns are viewed as one of the issues arising for becoming the
sustainability theme of this research. Most of them explain that they view technofedute pollution

or design a new method for producing green pracamd employ green packaging when transpgrt

tyre rubber to upper level tieompaniesHowever, they also state that this hits their profiteddition,
providing a good welfare andgtits, health and safety to employees and balance between the financial
condition, social commitment and respect for the working condition indicate the awareness of the

existing shortcomings in these areas. Perception of the level of stakeholder involvaset highest
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values to concern in social aspects, which provokes some refledtmmnisistance, it may prompt an
organization to consider the level of involvement of its suppliers in promoting social sustainability. This
could include factors suchs the suppliers’ commitment to fair labgractices, human rights,
environmental protection, and community developmEmé obtained result is clearly the effect of little
commitment to social problems of the surveyed suppliers. This may be causedr®ral tpw level

of social capital in the case of the Thai society, which is also reflected in the actions and subsequently
the subjectiveof the surveyed suppliers. On the other hand, it is relevant that suppliers are aware of
their littleéenvemmi hmenn thefisocietyo.ove@mei ousl y
however, it indicates the poorest involvement in this area, which, in turn, the stakeholder themselves
are aware of. Inviting stakeholders to take part in the research relativegerteption of the discussed

areas can be regarded as the signal for the surveyed suppliers emphasizing the significance of the

discussed problems.

44 Sensitivity Analysis ofa Combined Decision Making Model

Sensitivity analysis is a method for tegtichanges of the final order by a modification of the original
input data or by a small deviation of the original weights of the crif€hig.is a fundamental concept

for the effective use and implementation of quantitative decision models (Dantzigy, I8é®bjective

of sensitivity analysis here is to find out when the input data (preference judgements and degrees of
fuzziness) are changed into new values, how the ranking of the alternatives will change. This study will
utilize sensitivity analysis taneasure degrees of fuzziness and will explain it in this section. The
sensitivity analysis of the proposed decisinaking model was conducted by varying the fuzzification
factor (U)naskrndgdeditsitaurde ( &) .

The fuzzificat i oreterfused induzzy lpgit)systens toacontpohtheadegree of
membership of an element in a fuzzy set. It determines the degree of uncertainty or vagueness associated

with the input data, where a higher Uonmakihgie repr

model s that wuse fuzzy 1|1 ogic, U determines the dc¢
used to describe the input data. For instance, i
linguistic terms will be highet han i f U is set to 0.1, as the | at

between the terms.

Thedecisiomma ki ng attitude ( &) -critedadecisipn@akingmedelstoreflec e d i n
the decision maker's preferences towards risk andurecernt y. & i s a weighting
the relative importance of the criteria in the decigimgking process, with higher values indicating a

more optimistic attitude towards the criteria, and lower values indicating a more pessimistic attitude.

values can range from 0 to 1, where a value of O indicateavesisebehaviour a value of 0.5 indicates

a neutral attitude, and a value of 1 indicates-siskingbehaviour The c¢choice of @& val
the decision maker's preferences, the matfrthe decision problem, and the level of uncertainty

associated with the input data.
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By varying the values of U and @& i-makingmedelshensi t i v
researcher can assess how the model's results change whegréeealduzziness and the decision
maker's attitude towards risk and uncertainty are varied. This allows for a more comprehensive

[

evaluation of the model's performance and can he

different decisiormaking contexts.

4.4.1 Sensitivity Analysis of Sustainable Criteria in FAHP DecisionM aking

The application othe FAHP model assumes that all managers' answers include an uncertainty level.

The fuzzy triangle (2,3,4) is a triangular fuzzy set with a left vertex at 2, a peak at 3, and a right vertex

at 4. It is defined by a membership function that assigns degreesmfership to each element in the

universe of discourse based on their proximity to the triangular shape. The function of the fuzzy triangle

(2,3,4) can be represented as follows:

o Q@ ¢

o ® ¢fo chQ® o o

o) T oft ohQ® & 1
Co Q@ Tt

Here, e€(x) represents the degree of member shi

This means that, if for example manager attributesahee3 to the comparison of two factors, Fuzzy
Saatybs scale assumes that this value could var
of pairwise comparison factors) to 4 in the best case (so having a higher valuation-wfspair
compaison factors) as shown in Figurel8. The answer given is not so precise due to subjectivity and

uncertainty typical of human judgments.

2 3 o4

Figure 4 15Example of fuzzy triangle with values equal to (2, 3, 4)
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Now, this assumption is no longer considered. If previously the width of the fuzzy triangle base varied
of +1 or-1 unit with respect to the mean value, now the width of the base can changejsaseBall.
(2019) proposes in their following formula Eq. 4.15

6= [x-|,x+ == — h— (4.15)

«findicates the possible values range of Saatyébs
Udescribes the uncertainty level of the responses provided by the five selected companies. According
to Balusa et al. (2019), the value of U can cha
model)The higher val ue sepresént mbre (ricertainty,anddhie mwee valties less )
uncertainty (Gorai et al., 2015).
More precisely:

xi U r e f/walus (thé snallest possible value relates to fuzzy triangle).

x + U refers to u value (thaeangldlargest possi bl

Before U = 1, it meant tithcansidelied thetpdssbilitpnthai thiguwldd s an
alsobe Dr4.No w, i f for example U = 0.2, it means that
pairwise comparison of two factorsishresponse could also be 2.8 or 3.2 as shown in Figliéehe
manager 6s answers are characterized by a | ower

reasoning is also applied when U = 0.4, 0.6 and

28 30 32

Figure 4 16 Example of fuzzy triangle with values equal to (2.8, 3.2)

TheFuzzy AHP method is applied againtb@three main criteria, 14 sutyiteria level 1 and 51 sub

criteria level 2 evaluation, according to compams 6 p r Petadedveluesare ot reported since

they are identical to those explained abmyve. Th
u) . The Jbvail uenlo fumdirte and Aunbwith regard oh Mmoo rvea |+ule, as T
42 shows, but this value can change based on u |
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The decisiommaking attitude was considered for three conditions (the optimistic, pessimistic, and

neur al ). The & values for optimistic, pess,jmistic
respectively When the decisiomaker is optimistic, they tend to be more willing to take risks and

pursue opportunities, even in the face of uncertairtis can be reflected in a decisioraking attitude

of & = 1, which i ndi cat e smaiingpForefamplegcancongany thatis opt i I
optimistic about its ability to innovate and develop new sustainable products may be more likely to
invest in a supplier that offers innovative sustainable solutions, even if the supplier's track record is
relatively unprovenWhen the decisicmaker is pessimistic, they tend to be more cautious and risk

averse, preferring to avoid losses rather than sgajains. This can be reflected in a decisitaking
attitude of & = 0, which i nd-makmd. Fosexamplg acemhpanye nc e
that is pessimistic about the reliability of its suppliers may prioritize working with estabfispptiers

with a proven track record of delivering sustainable products and seidhbes.the decisiomaker is

neutral, they aim to balance risk and reward, seeking to achieve a level of stability and predictability in

their decisioAamaking. This can beeflected ina decisiema ki ng atti tude of & = 0.
preference for balanced decisioraking. For example, a company that is neutral about its suppliers'
performance may weigh a range of factors, such as cost, innovation, and sustgitabiliake a

decision that balances the risks and rewards of working with different sup@hensll, the selection

of @& val ues f emaking attitules refectd the ihpartansei obcansidering the decision

maker's attitude towards risk andcertainty when making sustainable supplier selection decisions. By

taking these attitudes into account, companies can make more informed and effective decisions that
align with their overall sustainability goals and values.

I n gener al , sthétveenl and 4,land @ may benbigytional value in between 0 and 1.

The higher val uprepreseit mbie undertaimty and thellower ealuds tess uncertainty.
UsingEg. 4.15 the relative importance matrices of criteria-suiteriaandsustainable suppliers in Tyre
rubberwere converted into fuzzy matrices.

The sensitivity analysisusesli x sets (0, 0. 2, 0. 4, 0. 6, 0.8 and
range of 01 to analyse decision making resuliBhe fuzzy pakwise camparison matrices were
formul ated using di erent fuzzifi ccateria.dhecrismct or s

comparison matrices corresponding to each fuzzywiaie comparison matrix were derived for three

decisionmaking attitudes.lot her wor ds, the crisp comparison ma
(&= = 0, 0.5, I1spnsiiviyo mgp Eg. wds 1&ndhesed for each ¢c
W =_w +p _K (4.16)

@ and® inthe above eq. (4.16) are the upper and lower ®uesbectively, of relative importance
value® in the previously developed matrix. The defuzzified vatueeturns the crisp value for the

relative importancevalu® .InEq. 4. 16, daecisienmakiagatétude. $he valueaican
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be any value between 0 and 1. Crisp comparison matrices for the parameters at each level were
constructed.

The validation of the proposed decisioraking model was conducted with data of tes rubber

companies in Thailand. In the proposed study, thelfFF model was developed by considerthgee

main criteria, 14criteria level 1, and 46 sub criteria level 2.

The results indicated that the ranking or priorities of sustainable criteria were not altered by either
changing of the fuzzification factor from 0 to 1 or changing the deeisiaking attitude. Therefore,

for any value of @& aranhindithe samb.&herankrokeritesid is deadedbasedr i t e
on global weights. The higher the global weight of sustainable criteria, the higher is the rank or priority.

To demonstrate the sensitivity of the ranking of various criteria under different defreeertainty

(U) and di fniaekreernstd daetctiistiuodne s ( &) rmaKing esulssdonadli t i vi t
other parameters are showrFigure 417to Figure422. The gl obal weights of d
di erent | everl foufz zu nfciecrattaiomt yf ama koears' s( Ugt taintdu dteh
determined using Eq. 4.15, 4.16 and 4.17. The global weights afriséeiia correspond to under

di erent fuzzificati-makéatsonst { UlreshowdiaTablesat &c b §

41 20 to 421 respectively. The fuzzy global weiglft® ) can be computed from the local weight of
the K"level and the global weights of the- )" level using Eq. 4.1@nd show an example in Table 4
21

"0 =0 'O ,i 06U cho =uv O
"0 =0 0,0 =0 0 O (4.17)

Table 4 21 Example of Fuzzy global weight€X with k =2

Subecriteria Localfuzzy Main fuzzy Fuzzy global
_ Main criteria _ _
level 1 weightO weight0 weight"O
Criteria 1.1 0.5 o 0.15
_ Criteria 1 0.3
Criteria 1.2 0.5 0.15
Criteria 2.1 0.3 0.12
Criteria 2 0.4
Criteria 2.2 0.7 0.28
Criteria 3.1 0.2 0.06
_ Criteria 3 0.3
Criteria 3.2 0.8 0.24

Table4-22 shows the ranks dghreemai n criteria for six fuzzificati
and 1) in three decisiema ki ng atti tudes, these being pessi mi

optimistic (& = 1).
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Table 422Gl obal wei ghts of 3 maimakemigtatitatfudresdi( a¢r
fuzzification factors (U)

& = 0 (pessimistic
Main criteria u =|/Uu =0 =|U =|U =
Economic (EC) 0.4022| 0.4112| 0.4001 | 0.4102| 0.4111
Social (SC) 0.2677| 0.2561 | 0.2712 | 0.2714 | 0.2700
Environment (ENV)| 0.3110| 0.3202 | 0.3208 | 0.3102 | 0.3211

& = 0.5 (unbiased)
Main criteria u =|0 =|0 =|0 =|0 =
Economic (EC) 0.4101| 0.4111| 0.4124 | 0.4105 | 0.4001
Social (SC) 0.2710| 0.2669| 0.2701 | 0.2702 | 0.2711
Environment (ENV)| 0.3201| 0.3210 | 0.3205 | 0.3208 | 0.3209

& = 1 (optimistic)
Main criteria u =|Uu =|0 =|U =|U =
Economic (EC) 0.4105| 0.4100| 0.4103 | 0.4211 | 0.4099
Social (SC) 0.2689| 0.2696 | 0.2702 | 0.2701 | 0.2711
Environment (ENV)| 0.3215| 0.3112 | 0.3105 | 0.3228 | 0.3223

The trend of global weights for different fuzzification factors indicates that economic criteria is most
appropriate for choosirtgre rubbers suppliers in sustainability, irrespective of the fuzzification factors

and decisiormaking attitudes.
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U =0 U = 0.20 = 0.60 = 0.80 = 1
=@=—Economic (EC) Social (SC) Environment (ENV)

Figure4- 17 Sensitivityof main criteria in a pessimistic attitubie different level of uncertainty
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Figure 4 18 Sensitivityof main criteria in an unbiased attituide different level ofuncertainty
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Figure 4 19 Sensitivityof main criteria in an optimistic attituder different level of uncertainty

From Rgure 417 to Figure 419, the sensitivity results are implied thetnking of economic,
environment and social criteria is newaryingwh en c¢changing the values of
observed that though the global weights of each criterion were altered due to changeaintheev o f U

and o, the rank of the main criteria never chang

Similarly, Table4-23shows theranksof 14sabr i t er i a | evel 1 for six fuz
0.4,0.6,0.8and 1) inthreedecisimma ki ng attitudes, thleseumlei age ¢ e
0.5), and opt i mdirialeel1l( = = 1) with sub
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Table 4 23Global weightsof 14subr i t er i a | evel -hakiomg dat teirteinde o e
fuzzification factors (U)

Economic criteria
> fpekssimistic)/ & = 0.5 (
Sub criteria level 1 u =|U = |U =|U0U =|0 =
Cost and price (EC1) | 0.3611| 0.3601 | 0.3615| 0.362 | 0.3559
Financial stability (EC2 0.2712| 0.2669 | 0.2699 | 0.2701 | 0.2713
Service (EC3) 0.1697| 0.1705 | 0.1711| 0.1689| 0.1701

Quality (EC4) 0.1998| 0.2010 | 0.2001 | 0.1999 | 0.2002

Social criteria

& = 0 (pessimistic)/ & = 0.5

Sub criteria level 1 u =|/U =|U =|U =1|U =
Empl oy e e 6 ssafdtyg SCll){ 0.1599| 0.1601 | 0.161 | 0.1589 | 0.1610
Empl oyeedbds wel f {0.2005/0.1998 | 0.2001 | 0.2010 | 0.2012

Working condition (SC3) 0.1901| 0.1909 | 0.1895 | 0.1899 | 0.1903
Ethics (SC4) 0.3105| 0.3112 | 0.3101 | 0.3099 | 0.3089
Social commitment (SC5) 0.1412| 0.1402 | 0.1399| 0.1401 | 0.1389
Environment criteria
& = 0 (pessimistic)/ & = 0.5
Sub criteria level 1 u =|0 =|0 =0 =|0 =
Green product (ENV1) 0.1901| 0.1950 | 0.1901 | 0.1911 | 0.1899
Greencompetencies (ENV2) 0.1209| 0.1199 | 0.1206 | 0.1210 | 0.1186
Environmental management (ENV3 0.4099| 0.4105| 0.4201| 0.4101 | 0.4087
Pollution control (ENV4) 0.1810 | 0.1797| 0.1787| 0.1811 | 0.1801
Green ImageENV5) 0.0900| 0.1100| 0.1020| 0.1090 | 0.0999
The trend of gl obal weights for di erent fuzzifi

(SC4), andhe environmental management system (ENV3) are most suitable for selecting sustainable
suppliers inthe three bottom line dimensions irpextive of the fuzzification factors and decision

making attitudes. Here, also, the rank of cost and price (EC1) is always at the top and never alters when
changing the values of Ualth@ughl theaglobal lweights af ®ackaduls 0 o b s
citerion | evel 1 were altered with critcedategebls i n tF

neverchangedas shown in Figure-20to Figure 422.
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Figure 4 20 Sensitivityof economic suferiteria fordifferent level of uncertainty
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Figure 4 21 Sensitivity of social sueriteria for different level of uncertainty
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Figure 4 22 Sensitivity of environmental sttriteria for different level of uncertainty

In the same way, overall global weightsof 46-sub i t er i a | e v el -n2akirfgattitudesi eren
(e@hpdf uzzi fication factors (nth)scaseyhidpsceE@LA), dashflow u st a i
issues (EC1.2), reliability (EC3.1), and quality management (EC4.4) exhibit the highest global weight

in economic criteria. Health care (SC1.1), job security (SC2.4), cotatamir(SC3.3), supplier ethics

(SC4.1) and stakeholder involvement (SC5.2) show the highest global weight in social criteria. Here,

al so, the global weights of each sub criteria | e
but the rank of the sutriteria level 2 nevechanged Therefore, the subriteria level 2 above was

al ways at the top and did not alter when changin
In conclusion, the sensitivity in decisiomaking for the criteria of selection of a Tyre rubbers suppliers

in sustainability using thEAHP model. The results indicate that the proposed FAHP degisadimg

model could be robustly used for the sustainable supplier selection, as the factor's uncertainty levels do

not inpuence the final deci sion.

4.4.2 Sensitivity analysis of sustainablsuppliersin FTOPSIS decisionmaking

This original approach is very slow and computationally demanding in the case of a change of the value
of any attribute Many methods have been developed for determining the weights of the criteria.
FTOPSIS does notgethe effect of the weight settindggowever sensitivity analysis is one of the ways

to test the impact of weight adjustments.

To investigate the sensitivity of FTOPSIS for selecting sustainable supplier to the weights of 3 main

criteria, 14 sukrriteria level 1 and 46 sutriteria level 2, 20 suppliers were selected from the Tyres
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rubber industry of Thailand’he process of the investigation of SA on FTOPSIS is given as in Figure
4-23 below.

makers is determined by FAHP

( 1) The influential criteria/ decision- )
(13 sub-criteria level 2)

2) Use Alinezhad et al. (2011) theorem
to change systematically the weight of
criteria in FTOPSIS

vy

Y

3) An experiment on several changes
of criteria weight is conducted

4) Analyse numerically and graphically
the effect of changes in weight of
criteria and decision makers towards
the final ranking of FTOPSIS

Figure 4 23the procedur#o investigatesensitivity analysis on FTOPSIS

Stepl:Determinea decision matrix of evaluation of tB€ supplierswith respect to th&3 sustainable

sub-criterialevel 1under consideratioaf decision makers

Step 2:The vector of attribtes weights iV = (0 h0 880 ) wherein weights are normseid
(B 0  p). Assuming thatV changes, the weight of the other attribussfainable factorsased

on Thesis case) change accordingly. So, the new transformed weight vt (& 0 D ).
Assuming g™ attribute , the new weight o™ attribute changes as:
0 e 0 y (4.18)

So, according tthe Alinezhad et al. (2011) theorem, it is possible to state that if the weight pf the
attribute changes by , then the weight of other attributes change® hywhere:

o Yy
Y =—;j=1,2,€, np j (4.19)
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So,the weight of the other attributes would change as follows:

Dee 0O VY:j=1,2é, np |j (4.20)
In particular,
Ve U Y =0 + = *u ;)j=1,2,e, np |

The new vector foattributes weights will b&v6= (0 0 8D ), that is:
oy Kol
(4.21)

DT R ® oy B oBn B picesi
with, B 0e pwith j = 10, €é, n, as for

Step 3:0nce understood as the weights of attributes change, it is possipfdydhe FTOPSIS method
to data changing weights values, calculate the relative closenbegi®al solutionand sort the results

in decreaing order.

In Figure 44, there are three primary criteria and festy level 2 sukcriteria. To perform a sensitivity
analysis, the weights assigned to each criterion in Tablaré adjusted incrementally by 20%, 40%,
60%, 80%, and 100%-0or examplethe cost factor bid price (EC1.1) can change its value five different
times, increasing its weight by 20%, then by 40% and so ¢ime EC1.1 weight calculated by Fuzzy
AHP model is 0.3Q, increasing its weight of 20% means that EC1.1 (1 + 20%) 4088 easing its
weightby 40% means that EC1.1 (1 + 40%) =484nd so on.

The same reasoningasapplied to all the other stfiactors level 2. Changing factor value each time

showshow this variation influences the values of the other remaining factors.

Step4:0Onceonegets the new normated weights vector, it is possible to apiye FTOPSIS method
steps and notic&hetherthe final ranking of the countries is equal to the initial one (Tald®)4r not.

As before,it is assumd that the bid price factor (EC1.1) increases its value by 20%. This change
influencesthe final ranking anthe FTOPSIS method select a sustainable supplier different tiyeen
rubber.In the example, this means ttibe bid price factor (EC1.1) changes its weigimd the other
factors, influenced by this variation, change their weightsToe. FTOPSIS method appliedto all
possi bl e scenaBiido,prdtceaerot iQuigCtlf. fl@ m tf & rodm ARGIEOA )
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controb
19).

f act o+ 1006N e result in asustainable supplieanking (as done for Table 4

The researcheppliesthe FTOPSIS method to all possible scenario, starting from case EC1.1 + 0% till
ENV4.2 + 100% and obsertiee suppliers ranking (as done for Tadi&9).

Forex ampl e, Bich nriideeo fif act or
(1 +0%) =0.3R, EC1.1 (1 + 20%) = 0.38BEC1.1 (1 + 40%) = 048 and so onThis influences also
weights of other factors change, according to Eq. 4.21.
To clarify, in EC1.1 (1 + 20%) case, it is considered EC1.1 value = 0.32hiandhlue is increases

by20% (EC1.16 = 0.384). The
0 & *0 = 1 and |j 2,
0 &= 0O0gae

So, fa instance,

0bgar 8 xy g = * 0.310 = 0.281
Doing the same ©6BNVA2ECL1 S8 N,

Appendix5.

( Eedweighted valuesmof EC&.2 s i n g

new

v al

ues

of

ot her

t BEL e 4 Nji t | sedoneighf i v e

vectors (from an increment of 20% to 100%) for each ofthimeen different factorsas shown in

Table 4 24 Bid price (EC1.1) ample \aluesvariation of normalized weights in Sensitivity analysis

0

0 e EC EC EC EC EC EC

U e Z L:jae = * 0 | 1.1+40% | 1.1420% | 1.1+40% | 1.1+60% | 1.1+80% | 1.1+100%
0320 | 1.000 EC | 11 0.320 0.384 0.448 0.512 0.576 0.640
0.384 | 0906 EC | 22 0.310 0.281 0.252 0.222 0.193 0.164
0448 | 0812 EC | 31 0.400 0.362 0.325 0.287 0.249 0.212
0512 | 0718 EC | 41 0.310 0.281 0.252 0.222 0.193 0.164
0576 | 0624 sC | 11 0.520 0.471 0.422 0.373 0.324 0.275
0.640 | 0529 sC | 24 0.510 0.462 0.414 0.366 0.318 0.270
sC | 33 0.340 0.308 0.276 0.244 0.212 0.180
sC | a1 0.530 0.480 0.430 0.380 0.330 0.281
sC | 52 0.570 0.516 0.463 0.409 0.355 0.302
ENV' | 1.2 0.590 0.534 0.479 0.423 0.368 0.312
ENV' | 21 0.150 0.136 0.122 0.108 0.094 0.079
ENV' | 31 0.280 0.254 0.227 0.201 0.175 0.148
ENV' | 4.2 0.120 0.109 0.097 0.086 0.075 0.064
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Finally, FTOPSIS method is appliecbnsidering every different situation. The final scorsyad rubber
sustainable suppliers might change or remain unvaried.

This procedure is intuitive to apply ancconvenientlyhighlights the changes that could occur in the
ranking obtained. The comments and considerations on the results obtained from this sensitivity
analysis are presented below.

4.4.3 Final considerations with sensitivity analysis results

In the proposed study, the FTOPSIS model was developamrsidering 46 subriteria level2.
However, sensitivity analysisasconducted based on 13 sdiiteria level 2 due to the decision makers

high priority scores rankinigpy Table 46, these being: bid price, cashflow issues, reliability of delivery
service control of products defect, health care delivery, job security, contract labour, supplier ethics,
stakeholder involvement, green packaging, green design of products, environment standard

certifications, and pollution reduction capability.

44.3.1 Bid pice (EC1.1)

The first factor analyses bid price factor. This criterion appears to be the most inflaemdiaj the
economic suferiteria level 2. The bid price factor has a weight not so distant from the average, showing
no differences with most tier 1 jgpliers. Concerning thauthorised capitand type of ownershim

tier 1 supplier the weight of bid price appears to be one of the lowmeathigh capital and foreign
majority ownership in tier 1 supplieunlike a lower authorised capital and Thai @iy ownership
supplier, are particular high importance weight.

In tier 1 supplier rankingsigure 424,if the weight of EC1.1 increases by 10086thforeign majority

s u p p lowrenshipsfrom Rayong provindg@1.1 and T1.10move from & to 5" and %' to 8"
respectively.This shows that bid prices is not an element of their strategy to win jobs in competitive
tendersDifferently, tier 1 supplier T1.4 in Samutprakarn moves frdi®3¢ place.T1.4 gains three
positions due taonceris aboutlow bid pricesand high profits

In tier 2 suppliers, the bid price attribute appears to be an imporiamionfor among theSMEs tyre
rubber suppliers because they required to aetdenaximum profit from low bid prices.

By analysing EC1.1 througdensitivity analysis in Figure-25, 40% of tier 2 suppliers show that tier 2
suppliers obtain benefit from increase weight 100% by gaining about 2 to 4 positioies two tyre
rubber suppliers lose positions. This happens because T2.7 and T2.8 Ilgateerfopartners with tier

1 supplier T.5 and T.6. Therefore, they do not consider the bid price at first priority.
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4.4.3.2 Cashflow issues (EC2.2)

anal ysi s

of

m+0%
H+20%
= +40%
+60%
= +80%

m+100%

tier

®+0%

m+20%
+40%
+60%

= +80%

®+100%

toi

er

1

2

suppl i

suppl i

In the financial criteria, there was need to ideuhe cash flow issues criterion since it affects the

selected tyre rubber supplieBased on interviewed decision makers and FAHP model rethdtsash
flows criterion is the dominant criteriaand accounts for orhird of the financial stability attribute.
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Figure 4 26 Sensitivity analysis of tier 1 suppliersrankingn A Cashf |l ow i ssues:

Between Figure 46 and Figure 47, the cashflow issues (EC2.2)tar 1 and tier 2 suppliers ranking
showing no differences with most suppligemking except for T1.7When cash flows criterion
increased importanceT1.7dropsto 8" position,due to a company does have a problem with extended

payment terms.
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Figwe4 27Sensi tivity analysis of tier 2 suppliel

4 4.3.3 Reliability of delivery service (EC3.1)
The third criterion considerghe reliability of delivery servicbetweentyre rubber supplierand car
manufacturers through truck travel. In the case in which problems arise in tier 1 and tier 2 companies,
more easily accessible and-tbme delivery suppliers will be preferrelearly 50% oftyre rubber
suppliers are located ihe eastern province such Rayong, Chonburi, Pragatburi. This advantage
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supporteach suppliereached more easind have moreeliability in ontime deliverysince most of
automotivemanufactures are also located in eastern part in Thailmfile more distant tyre rubber

suppliers (for example, the central provinces, and the western provinces)
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Figure 4 28 Sensitivity analysis of tier 1 suppliersrangi n A Rel i abil ity of del

Whenthe weight of EC3.1 changing in the sensitivity analysis between Fige8eardd Figured-29,

T1.1, T1.6 and, T2.5 which located in eastern part in Thailand gain three and five positions respectively
because of thgeographicaproximity to car manufacturers. Differently, T2.9 and T2.10, which suffer
from difficult truck travel with the westerrapt in Thailand due to their extreme proximity, moves from

1stand 4" to 6" and &, respectively.
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Figure4 29Sensi tivity analysis of tier 2 suppliers

4.4.3.4 Control of products defect (EC4.1)
The next analyis is control of product defect factofhe control of defects represented the best single
indicator of analytial quality, as perceived by car manufacturers. Small and mesizedsupplierdn

tier 2find it difficulty with effectively measuringroducts defedbecause of small budget investment
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While, largerorganizationsvith foreign firmssuch as tier 1 supplis have invested higher amounts of
capital in building out these competenca@snpare with tier 2 suppliersvhich are instrumental to

controlling a defect data to all levels of the organization.
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Figure4 30Sensi tivity analysis of tier 1 suppliers

During sensitivity analysis, &final tier 1 suppliers ranking highlights no many positions changes once
EC4.1 weight changing from +20% td60% as shown in Figure3D. On the contrary, T2.10 in tier

2 supplier loses four positiorss shown in Figure-81 owing tosmall investment in quality control

management.
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Figure4 31Sensitivity analysis of tier 2 suppliers

4 4.3.5 Health care delivery (SC1.1)
The realth care delivery criterion analyses the consistency of service delivery in the form of health care
service an employe@ Bisurane, and preventive camn the basis of social factoo§thesuppliers

97



SC1.1

m+0%
= +20%
= +40%
+60%
m +80%
I I . m+100%

T11 T1.2 T1.3 T14 Ti15 Ti1.6 T1.7 T1.8 T1.9 T1.10
Tier 1 Supplier

[y
o

Ranking

OFR, N WMo N 0O

Figure4 32Sensitivity analysis of tier 1 supplier

In sensitivity analysis results as shown in Figu@24ind 433, when the weight increasésm +20%
to +100%, T1.2and T2.2gain many positionshanks to policy direction of Provincial Governor of
Samutsakornwhile T1.10 and T2.1@bsesfive positiondue toless concern in sociagésponsibility
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Figure4 33Sensitivity analysis of tier 2 supplier

4.4.3.6 Job security (SC2.4)
According to the decision makers interviewed, job secusitthe top prioritysubfactor level 2 of
empl oyeeds wsg(SC2xn This attaibutdaffects thehnmost selected tyre rubber suppliers

relating to social aspects.
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Figure4 34Sensitivity analysis of tityol suppl i e

In the sensitivity analysis, the suppliers ranking of job security stibat there are no differences with
most tier 1 suppliers as shown in Figur84once the weight is increased to significance +108%0
opposed tmther tyre rubber supplier§1.9 pure Thai ownershipoves from 1 to 8" due tohigh
turnover rates.In addition the results ogensitivity analysis in tier 2 supplishow thatherearelow

incentives but also high pressures.
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Figure4 35Sensitivity analysis of tier 2 supplie

4.4.3.7 Contract labour (SC3.3)
The factor describing contract labauraracteristics is now analysed. Eastern province in Thailand has
one of the lowest salary rates of employees compared with the central province of Thailand. However,
despite the low rate of salary, the level of unemployment is not sabighown in Fige 435.
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Figure4 36Sensitivity analysis of tier 1 supplie

During sensitivity analysis results in Figure@, whenthis social factor increases its weight100%,

T1.8 loses six positiondt soars from 8 to 9". This shows a significance shifue to the central
province Bangkokvhich is supplier located ashigher rate of unemploymeittigher salary rate, and
higher ost of daily lives This issimilar with tier 2 supplief2.8 because of high level of salary rate
located in the central provine®mpare with other tier 2 suppliers which mostly located in the eastern

of Thailandandhave mostlymaintain aankingas shavn in Figure 437.
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Figure4 37Sensi tivity analysis of tier 2 supplie

4.4.3.8 Supplier ethics (SC4.1)

The next step analyses supplier ethioge rubber suppliers in Thailand have lessicern in ethics

standardnostly in SMEs This can be seen as the low percentages of social aspects from FAHP results
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except for tier llarge enterprises having foreign majority ownershipese suppliers hawe plan to
introducewith ethical training ppgrams andhanage the risk of supplieather thaitmeeting acceptable
workplace standards.

Through sensitivity analysiesultsin Figure 438, The tier 1 supplier ranking points out little positional
changeswhen adjusting a weight of SC4.1 from +20%+b00% except for T1.9. When ethical
principles for suppliers increase in importance, suppliers with sumtainablerganisational structures
such as T1.10 gains more positions, causeddnymgpanies' commitment to promote ethical standards
and more investment in ethical politan other suppliergor examplea small authorised capitaR.7

in tier 2 supplierdoses six positions whean incement the weighis increasedo +100%as shown in

Figure 439.
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Figure4 38Sensi tivity analysis of tier 1 supplie
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4.4.3.9 Stakeholder involvement (SC5.2)

The last social attribute to analysetekeholder involvement his factor seems to have the most impact

on social commitment, accordit@theresults from the Fuzzy AHP model and interviews with decision
makers.

Thesensitivity analysis resul{seeFigure 440and 441) shows thatif this criterionincrease weight

from +20%to +100%, TL.7 and T1.8 lose many positions due to lowesocial responsibilityfrom

internal stakeholde@mndexternalstakeholdes. This is also less concern in tier 2 T2.7 and T2.8 due to

no funding organizatioto sustain the engagemaenttiatives in social communityThes up pl i er 6 s

ranking is also related to the interview from decision makers.
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44.3.10 Green packaging (ENV1.2)

Green packaginturns out to be the most important criberof the first sukcriteria level 2 of a green
product according to the decision makers interviewed (result of the application of Fuzzy AHP method).
In Thailand, ther@are government incentives alaavs on recycling package materitdsenhance tyre

rubbersuppliers to participated with environmental awareness.
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The result from sensitivity analysis in Figurd2and Figurel-43 showsthatwhen thegreen packaging
factor increasefrom +20% to 400%, there is no significant difference in each suppHemvever,

T1.1 loses six positions from“3o 9" due tothe high investment fooutsourcingthe packaging
manufacturerthatadaptedd new greemechnology While, T1.3 gain six positions from %@ 4" and

T2.3 gains four positionahen changing weight to +100%. This happens since Prachinburi province

has datest support policy incentiieom governmento implement package recyajn
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44.3.11 Green design of products (ENV2.1)

The percentage of tyre rubber suppliers that have established a green product design in order to
incorporate ecological care is low in tier 2 suppliers. Nevertheless, theier dsuppliersand medium

size suppliers in tier that have a big concernrfenvironmental issues and have actually established a
plan to respond to regulations and environmental compliance. From the results of FAHP model, the
larger the company, the greater the interest in integrating a green product design.

Between Figure 44 and 445 in sensitivity analysis results,h@nthe changing weight dENV2.1

attributesoardrom +20% to 400%, there is no difference significantly in each supplier
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4 4.3.12 Environmerall standard certifications (ENV3.1)

This factor appears to be the majority relevant in the case of environmental management system,
according to decision makers who were interviewed and the findings of the Fuzzy AHP model.
FromFigure4-46 to 4-47, it showsthe ranking comparison of tier 1 suppliers and tier 2 suppliers from
differentdecision make poi nt  osénsitivilyanalysis shidwed that the changing in weight

of ENV 3.1did not have a significant effect on the rankifigis implies that all qupliers consider
environmendl standard certifications is the importance of standard compliarggte of the weight
changing from +20% to +100% in ENV3.1
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4.4.3.13 Pollution reduction capability (ENV4.2)

Pollution reduction capability is an important parameter which should be accomplished to get priority
selected as sustainable supplier. From interviewers, tier 1 and tier 2 suppliers are obligatory that the
wastes should be controlled and regulated byiqudat programs and directives. The use of harmful
material has also to be limited.

From Figure 448 and 449, if the weight of ENV 4.2 changing from +20% to +100%, the sensitivity

analysis results show that the final rankifaes not significantly
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4.4.4 Summary of sensitivity analysis result& tyre rubber suppliers ranking

In this section, a sensitivity analysis was conducted to analyse the imp#ttm@nt criteria on
ng. The
Table 425 shows the details of considered decision criteria.

supplierdéds ranki researcher investigated

Table425Results of sensitivity analysis for supplie

The ranking of The ranking of
Changing a decision | Top three tier 1 | tier 1 suppliers | Top three tier 2 | tier 2 suppliers
criterion supplier ranking | has completely | supplier ranking| has completely

changed changed

No change (Original

. T19>T1.8>T1.1 - T2.9>T2.7>T28 -
ranking)
Bid price (EC1.1) T1.8>T1.9>T1.4 (@] T2.10>T2.9>T2.1 o
Cashflow issues (EC2.2] T1.8>T1.1>TL1.9 0] T2.8>T2.9>T2.7 o
Reliability of delivery
, T1.1>T19>T1.7 @) T2.7>T25>T23 O]
serviceyEC3.1)
Control of products defeg
T1.9>T11>T1.8 O T2.9>T2.7>T2.8 0]
(EC 4.1)
Health care delivery
T1.7>T12>T1.9 @] T2.7>T2.9>T22 o
(SC1.1)

Job security (SC2.4) | T1.10>T1.4>T1.8 O T2.10 >T2.4>T2.8 @)
Contract labour (SC3.3)] T1.9>T1.1>T1.7 O T2.7>T29>T2.1 0]
Supplier ethics (SC4.1)| T1.10>T1.4>T1.8 O T29>T28>T2.1 O
Stakeholder involvemen

T1.9>T11>T15 O T2.9>T21>T25 @)
(SC5.2)
Green packaging
T1.8>T1.7>T1.10 @] T2.7>T2.10>T2.8 o
(ENV1.2)
Green design of productt
T1.9>T1.7T1.8 O T2.9>T2.7 >T2.10 o
(ENV2.1)
Environment standard
o T1.9>T1.1>TL17 (0] T2.7>T2.9>T2.10 @)
certifications (ENV3.1)
Pollution reduction
. T1.9>T1.8>T1.1 O T2.9>T2.7>T2.8 @)
capability (ENV4.2)

RemarksO = not having tier 1 and 2 completely charmges having tier 1 and 2 completely change

It can be seen from sensitive for the changes appeared in different dfiteeaanking ofsupplieran

tier 1and tier 2has completely changed after applying sensitivity analysis, it means that the weights
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assigned to the criteria and saiteria were adjusted, and as a result, the order of the suppliers in the
ranking has undergone significant changes. &8s implies that the sensitivity analysis has had a
significant impact on theelection ancevaluation process, potentially leading to a défe set of
suppliersHowever, from Table-25, he result showthat the rankings of both tier 1 and tier 2 suppliers

have changed to some extent after applying sensitivity analysis in sustainable supplier selection, but not
completely. Despite some chges in the order of supplier ranking, the overall rankings have not
undergone a significant transformatidrherefore, lis capability of the Fuzzy TOPSIS method can
assist decision makers when the nature of criteria is very subjective, and judgement is no

straightforward.
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5. Discussion

Based on the quantitative survey, the interview,taadase study introduced in Chapter 4, the supplier

selection in sustainability aspects have been explored among the Tyreindboiséty in Thailand and

discussed under the theoretical framework of sustainability which was introduced in Chapter 2. The

discussion on the interconnections between the criteria ancrisetia, and a combined mathematical

model is provided in this chigr.

5.1 Sustainable main criteria and subcriteria

The decision criteria were derived from the Tyre rubber industry interviews and the review of the

literature. The commonly accepted attributes of supplier selection were included in theresgarth
framework alongside sustainable supplier crit@rithe Thesisas shown in Table-% and Table &

PN

below.

Table51Summary of the Tier 1 Tyr-eiterauppl i erso
Tier 1 Main criteria | Economic Social Environment
suppliers Ranking 2 1 3
Subcriteria | 1% criteria Cost and price Social commitmen{ Environmental
level 1 management

2" criteria Financial stability | Emp | oy e e ¢ Green product
welfare and right
34 criteria Service Empl oy e e { Green competencies
and safety
Subcriteria | 1% criteria Bid price Support for the Environmental
level 2 local community | standard certifications
2" criteria Profits Supplier ethics Regulatory compliancg
3" criteria Cashflow issues | Job security Waste disposal
schemes

Table52Summary of the Tier 2 Tyre suppl-crienas 6
Tier 1 Main criteria | Economic Social Environment
suppliers | Ranking 1 3 2
Subcriteria | 1% criteria Cost and price Ethics Environmental
level 1 management

2" criteria Financial stability | Emp | oy e e ¢ Green product
welfare and right
3 criteria Quality Working condition | Pollution control
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Subcriteria | 15 criteria Bid price Supplier ethics Environmental
level 2 standard certifications
2" criteria Cashflow issues | Job security Green packaging
3 criteria Reliability of Health care Green design of
delivery service delivery products

Although some of these factors have been considered before in different supplier selection models, there
were limited supplier selection models that addressed all the identified criteria collectively. There was
an assumption in this research that thereewather attributes of suppliers that could influence
purchasing decisions that had not been previously considesegplier selection criteria. This was

based on the idea that not only economic criteria, environmental criteria, but also, currently social
criteria could influence the decisions that are made regarding suppliers. Importantly, the current
research includktwo different tier suppliers from diverse company $izbe Tier 1 and the Tier 2

(local suppliers)Overall, the results show that there were both similarities and significant differences
among various suppliers in terms of the importance of selexti@nia.

5.2 The important selection criteria

From the results of the current research, it become evident that there is a difference in the decisions
made by Tier 1 and Tier 2 suppliers about social dimension and economic dimension in main criteria.
The social dimension was the most important criterion for the Tier 1 decision makers, followed by
economic dimension in the second place. Conversely, economics was most important for the Tier 2
decision makers, followed by environment dimension in secome pé&spectively.

These results agreed with much of the literature about supplier criteria, where economics is the most
important criterion followed by environment criteria (Zimmer et al., 2016). However, the high level of
importance attributed to socialteria by the Tier 1 managers in this research contradicts some research
that revealed the existence of negative attitudes in the economic criteria towards choosing a sustainable
criteria (Mansour & Jakka, 2013). This can be attributed to the fact thataemakers in the Tier 1

are more concerned about their suppliers applying economic criteria and environmental criteria in
sustainability. The social dimension is a necessary consideration because it directly affects the choice
of tyre rubber suppliersiisustainability aspects.

For the Tier 2 decision makers, the economic dimension was the most important criterion when
choosing their suppliers. This includes cost and price in acquiring supplier products, which are
considered in the literature to be theshimportant concerns for the purchase decision makers (Cengiz

et al., 2017; Pal et al., 2013) because they are closely associated with savings (Chang et al., 2011) and
competitiveness (Dargi et al., 2014). The present research involvégéheibber idustry, which
purchases involve sustainablilty. Furthermdyee rubber suppliers are mostly restrained by cost and

price considerations (Olawale & Sun, 2010).
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5.3 Decision similarities

For a number of the swdriteria level 1, there was agreement betwéee two tiers about their
importance. Specifically, there was agreement about the importance of cost and price, ranked at 1st out
of the four criteria in the economics dimension. Although there was a difference in the decisions made
by thetier 1 andtier 2 suppliers over the sustainable guiteria level 1, both tiers ranked the main
criterion economic as first. Similarly, for the environmental management criterion, both ranked this
criteria 29 out of the fourteen criteria. Financial stability wasked by bothas4 Empl oyeeds we
and right came in I0position and the green product criteria were ranked jpogition. These findings
contradict some of the literature that has reported differences in supplier selection. For example, Carter
et al. (2010) highlighted that decision makers from different tieryii@ rubber firms do not make

similar business decisions. Carter et al. (2010) also noted that, basedhoguitienteach organisation

needs to consider the specific internal and esesustainble factors which transcend the linearity of
culture in the identification of efficient business models to realise continuity. Such reality is important
as it augments the efficiency of the steps that have been undertaken to ensure thatyttudbhanpp

indeed meets the needs of the organisation at different stages of production.

This research has revealed definite trends in the sustainable supply chain criteria concept. For example,
the agreement between the two groups of various suppliersverakeriteria The little importance

given to social commitment attributes in tiexs 2 shows that the stakeholder involvement, that comes
from a social dimension founded on support local community actions, recieves less attention in local
companies inThailand. Therefore, this could be an acknowledgment of the fact that the social
responsibility inthe Thai tyre rubber industry in the Tier 2 are not concerned as explained by Wu and
Jia (2018), ElSaid (2013) and Srinual et al. (2020). Meanwhile, impadrtant that in generatiger 2
suppliersreflect local supplier selection values in Thailand. It would be reasonable to expect that there
is merit in this idea because tier 2 depends heavily on an outsourced workforce and low daily wages,

for both tre management and unskilled labour levEhe following paragraphs show saliteria level

1 and sukxriteria level 2 that were agreed upon by the decision makers from both the Tier 1 and Tier 2

regarding their sustainable supplier selection.

5.3.1 Sub-criteria

5.3.1.1 Cost and price

Cost and price was found to be equally important for both Tier 1 and Tier 2 decision makers when
choosing sustainable suppliers. In the literature, the bid price is an attribute of suppliers considered in
supplier sedction in the rubber industry (Patil et al., 2016). Also, a total cost including logistics, product
and ordering cost has been one of the most important selection criteria for many decades and has become

more important in recent time (Aguezzoul, 2011).
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5.3.1.2 Financial stability

Historically, financial stability has been claimed to be one of the most important attributes of a supplier
(Chen, 2011), and for the Tier 1 decision makers this was shown to be the case, as it wa¥ rauked 5

of the fourteen criteria. However, it was a slightly less important attribute for the Tier 2 decision makers
when choosing suppliers, as they ranked financial stabffigu8of the fourteen criteria. The difference

was only small, so it can stlle said that the two different groups (Tier 1 and Tier 2) decision makers
were close in their opinions of the importance of financial stability when making decisions regarding
sustainable supplier selection. However, considering thedaia level 1 wihin financial stability,
expertise was found profits in financial stability to be the most important subcriterion for Tier 2 decision
makers but less important for the Tier 1 decision makers. This is because high loan capital are the first
criteria that he Tier 1 decision makers considered when defining the financial stability. Also, Tier 2
suppliers are Thai local firms with a small business. Therefore, thiafivaspriority criteria to make

the company survive. It absolutely are cashflow issuegpeofids. The difference shows that decision

makers from the Tier 1 and Tier 2 define financial stability differently.

5313Empl oyeebs wel fare and right

To select sustainable suppliers from Tier 1 and Tier 2 procurement managers (buyers), thi®atidy sh

t hat empl oyeebds wel fare and right is one of the
makers found this sutxiterion the least important, equity, gender, equality job security and child labour

are of high concern ithe Thai labourmarketas claimed by Srinual et al. (2019). In addition, Livanis

et al. (2016) mention that suppliers in a small business (in this case Tier 2) are less concerned in social
responsibility aspects. Tier 1 suppliers, which have a bigger company sizefrarglgdiocusing on

more social responsibility. This is in agreement with Darrat (2011).

5.3.1.4 Environmental management

Environmental management is an important part of selecting sustaiyableubber supplier in
Thailand and this sufactor was fond to be prioritised by both Tier 1 and Tier 2 decision makers. This

is reflected, in the fact that both of the decisinaking groups ranked environmental management in
2"4place in order of importance out of the fourteen criteria. This suggests thatafiérTier 2 decision

makers have a similar agreement to increase environmental standard about ISO certificates in Thailand
and also, comply with Thai regulatory plans to concern about sustainability, which has an impact on
how management considers enwimeental criteria, as noted by Srinual et al. (2019). A similar inference

is made by Gurel et al. (2015), who argue that environmental management system goals influence

supplier selection processes globally.
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5.3.1.5 Green product

The results of this stly show that both Tier 1 and Tier 2 procurement managers (bweygngssed

that green product possesses moderate importance when choosingldestappliers it was ranked

as ™ out of the fourteen criteria. This conclusion agrees with the respegsbnted by Wang and
Zhong (2009), which highlighted the importance of the recycle/reuse and green packaging of the supply

chain in supplier selection.

5.4 Decision discre@ncies

The current research noticed that there were two criteria that had cdrdgrescbetween the two groups

of decision makers (Tier 1 and Tier 2) about sustainable supplier selection. These are Ethics and
Pollution control.

54.1 Sub-criteria

54.1.1 Ethics

There was a hugdiscrepencyin the importance of ethiowiteria to the Tier 1 and Tier 2 decision
makers. For the Tier 2 decision makers, it had very little importance, even though ethics is seen as an
important attribute because it is important for the reputation of the organisation (Moghaddam, 2015),
and geerally is a major concern for most organisations. It is not just a matter of reputation, but
neglecting supplier ethics, ethical environment, and disclosure of information can lead to loss of revenue
(Chen & Baddam, 2015) through a perception of unethiehhviour (Goebel et al., 2012). Therefore,

the results of this study for the Tier 2 decision makers deviates from the prevailing business dynamics
which suggest thahe ethics criterion is a compelling concern. The Tier 2 decision makers valued the
preséice and application of ethics, but they did not think that having more ethics behaviour would
increase suppliersd chance of being chosen. Al so
not mean that it is not important to the Tier 2 decisitakers. They viewed it simply as less important

than other criteria. In reflecting on the criticality of ethics in influencing the supply chain selection
process. Chiouy, Chou & Yeh (2011) suggested that it does play a crucial role in higher tierssupplie
settings. Nonetheless, this may not be replicated in the Tier 2 because of the differences in the company
size, revenue, and production capacity that are reflected in the two tiers.

The Tier 1 decision makers considered ethics to be much more imgotbayt ranked it in % place

out of fourteen criteria. These results could reflect Thai regulatory and legal starGidodgy( 2014

in sustainability aspects. This | egal and regul a
consideratia of the importance of ethics. Therefore, it might be reasonable to deduce that the lack of
importance attributed by the Tier 2 decision makers to ethics is egflefca less established legal and
regulatory sustainability framework in Thailand. Furtherej although there is now greater awareness

of ethics in the Thailand, the emphasis on complying with mandatory legislation, both social and

environmental, is limited. Similarly, there is less concern about legislation that is not mandatory and
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there is aneed to promote contribution to community activities (Al Tamimi & Hussein, 2014). These
explanations might have been reflected in the results of the present research concerning-three sub
criteria in ethics (supplier ethiosthical environment, disclosuoé information). The results show that

for Tier 2 decision makers, environmental and economic sustainability was more important than social
responsibility. In reference to social responsibility, the results of the current research disagreed with the
literature, because some small businesses now are following the Thai sustainability plan especially in
ethics criteria as explained by de Waal & Frijns (2016). However, this is the case fignethabber

industry but not all industry sectors in Thailand.

5.4.1.2 Pollution control

One of the majodifferencesn the findings between the two tiers was the importance of the pollution
prevention solutions of the supplier during the sustainable supplier selection process. Although it
pointed out that air pollutiofrom Tyre rubber industries are the main source for the hostile environment
in the nearby area of production, it was of very little importance to the Tier 2 decision makers, ranked
12" in terms of importance, but was considered important by the Tdecision makers, ranked'6

out of the fourteen criteria. The Tier 1 decision makers placed considerable importance on this criteria.
This study found that the development of joint efforts between the buying firm and its Tier 1 suppliers
motivates changeas pollution control to meet environmental requirements. Similary, Gualandris et al.
(2014) found that the implemenation of pollution prevention systems helped to improve the
sustainability performance of the buying firm when colloborating with suppksrd to have large

company size and strong financial stability.

55 Mathematical model

In terms of the methodology of the approach, the contribution of this study stems from the use of multi
criteria decision making model (MCDM) using combined method. In this study, the MCDM model
represents a collection of two fuzzy techniques with theadivgoal to determine a preference ordering

in sustainable criteria amortgre rubber suppliers decision in Thailand. A combined ruitéria

decision making model is a model for analysis that has not been previously utilised in any study of
sustainablesupplier selection in Tyre rubber industry. In fact, only a few supplier selection studies
adopted the single multiriteria technique but none of the previous studies used a hybridanitdtia

decision making techniques with Fuzzy set theory in trei dnalysis. Fuzzy logic has the advantage

of being able to formulate very complex models with a combination of all constructs and variables.
Furthermore, combing more than single mukgriteria decision making model can handle the entire
measurement nael and reduce the level of ambiguity from a decisitbak er 6 s opi ni on. Tt
present research, a considerable methodological approach contribution has been made by using a
combined AHPTOPSIS multcriteria decision making model and Fuzzy set theomgeal with ayre

rubber respondents from a different types of companies.
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There are many mathematical models propounded by some scholars such as Thanki et al. (2016),
Beikkhakhian et al. (2015) and Saaty (1980). These models did not focustgrethndber industry.

Thus, the current research examined different models and found that the Fuzzy AHP and Fuzzy TOPSIS
model could be useful for the Tyre rubber industry. The Fuzzy AHP and Fuzzy TOPSIS were applied
to the current research framework. Then, a@hédm Bello (2003) and Saaty (1980, 1990) was used

to develop a mathematical formula based on the current research framework criteciéesab the

weights, and ranking of Tier 1 and Tier 2 suppliers derived from the Fuzzy AHP and Fuzzy TOPSIS
outpus. This formula can be used to find the overall score of a sustainable supplietyreamypber
company located in Thailand or other countries. When applying this formula, the decision maker has
the right to exclude any criteria or saliteria or altenatives (suppliers) based on their requirements

and needs. It will offer not only quick decisiomaking and reduce the time and effort but also reduce
individual bias during the sustainble supplier selection process.

In addition to this, theurrent study combines the qualitative and quantitative techniques of data
collection. Semstructured key informant interviews enabled the exploration of the concept of
sustainable supplier selection in Thai Tyre rubber industry, which had not beerupheexamined,

and to refine the research framework. This was later followed by a quantitative phase, with the survey
results analysed via a hybrid decisimaking modelling using Fuzzy AHP anfd Fuzzy TOPSIS. This
particular combination had not been prexly adopted in this area of research. With this in mind, such

an attempt has set a new benchmark for future researchers in this field.

The present study also provides reliable and valid measurement scales for all constructs which can be
used for future rgearch by employing sensitivity analysis to measure degrees of fuzziness to find out
when the input data (preference judgements and degrees of fuzziness) are changed into new values, how
the sustainable criteria and ranking of the alternatives will chakige, the results of the sensitivity

testing revealed that all the factors and the proposed FAHP and FTOPSIS dmeiking decision

making model are robustly used for the sustainable supplier selection, as the factor's uncertainty levels
do not thefipaldedsioreon different areas of supplier selection inytleerubber industry.
Therefore, this study contributes predictive factors which influence supplier selection in sustainability
dimensions as well as the desired outcomes from implemethisg in a particular context, namely
sustainble supplier selection in ttyee rubber industry. In conclusion, the combined Fuzzy AHP and
Fuzzy TOPSIS has brought about significant contributions in terms of a combineecnbedia

decision making modéh this area.
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6. Conclusion and future work

In this chapter, the main arguments of thigesis are combined and the significant conclusions that

have been reached are presented. The contributions of this research are also presented, as well as the

research limitations, and recommendations for possible future research.

6.1 Conclusion

The availability of several scholarly articles on the current research topic shows that scholars have been
discussing it for decades. The work of Dickson (1966) disws that the choice of supplier selection
criteria has been an important issue for decades. Similarly, recent works, such as Salam and Khan
(2018), Rojniruttikul (2017), Trapp and Sarkis (2016), Polat and Eray (2015) and Waris et al. (2014),
show that mulple selection criteria have sparked scholarly debates recently. Likewise, the works of
Saaty (2001) and more recent works from Carter et al. (2010), and Roshandel et al. (2013) show that
proposing a combining model for sustainable supplier selectionas@interesting research areas for
schol ar s. Meanwhi |l e, these previous works did
sustainability. The previous works also did not focus on the large sizes angr@dalm sizes of the
sustainable sypier selection decision maker. Finally, the previous works have not yet considered the
tyre rubber industry in Thailand.

The aforementioned gaps propelled the current research. As shown in previous works, several criteria
are needed. However, not all theteria would be significant for every position or every decision
makers, as shown in the results of the current research. The current research revealed that some key
criteria are relevant only to some supplier selection decision makers in a specifitnéapand
company size, even they operate in the same industry. Similarly, the current research revealed that
projects or products combining some key economics, environmental and social trends determine the
most significant criteria to be used for selegtisuppliers in developing country. Thus, it can be
concluded that identifying and focusing on the most important criteria is essential for sustainable
supplier selection decisiemaking.

Although the previous works, which include Livanis et al. (2016)teCa&t al. (2010) and Liu et al.

(2010), considered economic and environmental factors in their studies and models, the current research
found that there is a social influence in decisioaking. The current research revealed that social
criteria influened Tier 1 supplier decision makers in the Tyre rubber industry. Additionally, the current
research pinpointed that combining environment with social influence is beyond economics dimension
for some decision makers. It is shothat decision makers currepthot only focus on cost and price

or profits but also, they focused on employees and environmental issues. The current research noticed

thatemp |l oyeeds wel fare and right aspects are sti

discuss thenopenly Meanwhi |l e, the current research emphasi

and social commitment of social dimension might influence decision makerstymetmabber industry
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in selecting their suppliers. Hence, it can be concluded that the curreatcteshrows more light on

the social influences on selection of sustainable suppliers.

Previous works have examined many industrial sectors, as shown in the work of Amorim et al. (2016)
and Banaeian et al. (2016) for the food industry, Dweiri et al. (2@lifakubo and Kublin (1998) for

the electronics industry, Gupta et al. (2015), and Shahroudi and Tonekaboni (2012) for the automotive
industry, Feurtey et al. (2016) for the packaging industry, Rojniruttikul (2017) for motorcycle spare
parts, and Lee (2M) for the Production of TFLCD sector. Meanwhile, very few previous works
considered théyre rubber industry in sustainable ways. Chanchaichujit (2014) considered only green
criteria for Thai natural rubber industry, and Sembiring et al. (2019) coadidaly economics criteria

for selecting suppliers in rubber industry cases in Indonesia. The current research investigated all three
dimensions in sustainability in the Tyre rubber industry from large sizes andmspwillm sizes in
different regions imhailand. Therefore, it can be concluded that the current research contextualises the
scholarly discussion on sustainable supplier selection.

In respect to the above, it can be concluded that the current reseatcthéaecided by the reviewers
identified and prioriti®dthe most important sustainable supplier selection criteria and atirdéaba

related to Tyre rubber organisations in Thailand. It can be concluded that the current research attained
its aim by identifying the similarities and differences in how the Ti@ arge size companies) and Tier

2 (Thai local smatmedium size companies) decision makers evaluated suppliers. Similarly, it can be
concluded that the current researstas able to outlinethe effects of combining economics,
environmental, and socialrdension on the decisiemaking process of sustainable supplier selection.

This research not only considered the economics attributes of the decision makers, but also the role of
the social and environment attributes of the suppliers.

The current researatieveloped a combined muttriteria decisiormakingmodel for evaluating and
selecting sustainable suppliers in ttyee rubber industry in Thailand. The model is based on a
comprehensive literature review to find a suitable list of sustainable supjdieticse criteria and sub

criteria relevant to thiyre rubber industry. The model also includes the traditionally accepted criteria,

as well as new criteria such as social factors and factors intersected with economics and environmental.
The model can beustomised to reflect on specific criteria that are under analysis and an effective
mathematical model can be generated to test thegpablished criteria structure. Therefore, it can be
concluded that the current research achieved its goal in providihgraposing a mathematical model

for sustainable supplier selection in tigee rubber industry.

The goals of the current research were achieved through a mixed research method. It collected its data
from decision makers who have more than three yeaming experience. These decision makers

are working with large companies which have more than 1,000 employees and Thai loeadesath
companies irtyre rubber industry less than 1,000 employees are presently engaging in Automotive
industry in Thailad. The collected data were analysed quantitively and quantitatively. Therefore, it can

be stated that the current research achievedsearch objective
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6.2 Contribution of this research

This study is structured in novelty by theposingf a combineanulti-criteria decisioamakingmodel

that studies the significardriteria influencing the sustainable supplier selection for Tyre rubber
companies in Thailand. In prior studies, it appears that research has not been conducted with focus on
economic, envonment, and social criteria when studying at supplier selection criteria in sustainability,
but rather on supply chain management in the more commonly recognised areas that are deemed
influencing factors. Therefore, it can be claimed that this reseatih fgst study which empirically
proposed and examindaese multicriteria decisiormakingmodel framework irtyre rubber industry.

As far as the researcher is aware, this research study is the first work that focuses at the combination of
economic ctieria (cost and price, financial stability, services, and etc.), social criteria (social
commi t ment , empl oyeebs wel fare and right, empl o)
criteria (environmental management system, green product, polhatituction capability, and etc.)

together with other influencing factors in the supplier selection criteria.

This section summarises the contributions and implications of this study to research and highlights
implications for practice in several walyslow.

1. The current research provides the most important criteria for selection of sustainable suppliers
in Tier 1 and Tier 2 Thai local suppliers. This information has not yet been provided by previous
scholars and practitioners. Thus, this reseawstiributes to a further understanding of the factors of
sustainability that influence the decisioraking process in supplier selection in the Tyre rubber
industry. More specifically, the current research contributes the finding that the Cost and igrice, B
price, Ethics, Employeebds welfare and right, Env
key criteria in the Tyre rubber industry in Thailand.

2. There is a gap in the supplier selection literature in research based specially in susgamabilit
Thailand. Most existing literature is based on countries, for instance, United States of America, United
Kingdom, and European countries. Thailand is identified by the literature as a developing country in
the South East Asian region and highlightssteong presence in the manufacturing industry
(Boonsiritomachai et al., 2016).

3. Current studies in the area sfistainablesupplier selection, mostly use secondary data to
conducttheir studies (Hajidimitriou and Georgiod,0 R Zhis research project buiddon existing
literature to make an empirical contribution,dmjding rich data derived from-ohepth interviews with
Thai companies.

4. Sustainable supplier selection methods are defined and classifiedesa¢hech andre defined
to be process driven. Furthermore, pricing, quality, product and service is defined as the criteria used
by these methods (Hadi and Mastor, 2005). The research provides empirical evidence that the supplier

selection method varies in these casdong with the supplier selection criteria.
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5. The study introduces the influence of the Thai culture on the supplier selection decikiog
process for the first time, by identifying the importance of social issues. Relevant literature in supplier
selection criterion excludes social aspects as an influential factor in the decisking process
(Srinual et al., 2020). This research builds on the supplier selection deuiskimg literature by
considering the social responsibility in Thyie rubber mnufacturing literature.

6. Sustainability is perceived by the literature to be incorporated in the supplier selection decision
making process (Efthymiou et al., 2016). The decisi@mking technique is also viewed as one that
solves the supplier selection iidon-making problem (Hadi and Mastor, 2005). The relevant literature
highlights many studies dedicated to the sustainable supplier selection detioig process (Sarkar
and Mohapatra, 2006) However, this study provides empirical evidence that therprissence of a
combined FAHPFTOPSIS multicriteria decisiormaking model supporting the sustainable supplier
selection decisiomaking process in Tyre rubber manufacturing.

7. To the best of the aut hor 6s knowaiivestudies,in t he ¢
Tyre rubber industry. It examined two scale economies with diverse company size. It also applied a
mixed method with several participants from the large and SMEs companies. Its findings revealed the
areas of similarities and discrepancidgen making sustainable supplier selection decisions. All these
make the current research contribute to a better understanding of supplier setect@mism with
respect tesustainability aspects of supplier selection literature.

8. The current research mduced a combined multriteria decisiormaking model that can
enable scholars to understand the importance of different selection criteria. This model can also enable
practitioners to rank their selection criteria. The model contains the main critdriaubcriteria. The
model can facilitate supplier selection decisinaking. Thus, the current research contributes to the
scholarly models of sustainability for choosing supplier.

9. The current research introduced a list of main andcsitéria that can & used in selecting
suppliers in théyre rubber industry. The list was based on previous scholarly works. This effort reduces
fragmentation in the literature and contributes to the -stiaitee-art knowledge in sustainable supplier
selection and evaluatio

10. The current research employed Fuzzy AHP and Fuzzy TOPSIS to the decision making of three
main dimensions for sustainable supplier selection and evaluation. The combination of these is not
commonly used in scholarly works for selecttyge rubber suppéirs. The application of these models
enriched the current research. Therefore, the current research contributes to the theory and practices of
sustainability.

11. Sustainability in global supply chain mentioned in the established literature is identified as
needing to be developed in developed countries (Hadi and Mastor, 2005). This research adds to the
limited area of sustainability in supplier selection by establishing that there is a decédiorg model
for choosing sustainable supplier selection beingeliged in Thailand for Thatyre rubber

manufacturers.
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12. Srinual et al., (2020), points out that green and social aspects have become an important aspect
of a f i r-maksg taoks,andssimoshbeneficial for manufacturing firms. Relevant literature
both environment and social responsibility criteria seldom mentiom adoption of these tools in
Thailand (Srinual et al., 2020). Countries such as France, Australia and the United States of America
are the most mentioned countries in other aspettsmiyp economic point of view. This research adds
empirical evidence to social dimensions literature by identifying the criteria used in Tyre rubber
industry.

13. The implementation and use aMmulti-criteria decisioamaking modelrean integral part of
supporting the sustainable supplier selection decisi@king process. Within the established literature
relative to Thailand manufacturing, Sngle-model approachin multi-criteria decision making in
literature is mostly presented as a decision model ussdpimort supplier selection (Mahmut, 2006).

This researciproposed and validatedcombined multcriteria decisiormakingmodel by identifying
the application of Fuzzy AHP and Fuzzy TOPSIS to support the supplier selection drt&iog

process.

6.3 Limitation of the research

6.3.1 Limitations of this study

One of the limitations of this research is that the-auieria were bound to the main criteria. This
research used just three main criteria and 14csitdria level 1 and 46 sutriteria level 2 related to
sustainable supplier selection. Thus, the @$tcriteria could be expanded to achieve a more
comprehensive framework by reviewing more literature.

Another limitation was the research participants. Even within the same company, the decision makers
surveyed had different technical backgrounds, andatagsnot taken into consideration when making
priority calculations. Similarly, the participants had different previous working experience. This might
influence their responses or interview answers. There were difficulties in arranging the personal
interviews, as they were conducted with managéeizt| employees and the nature of the questionnaire
guestions (pairwise comparison) were not straightforward to understand and had to be explained to the
interviewees before they answered the questions. Thistrtedata collection took a very long time

to complete. These challenges influenced the outcome of the current research, though they did not
reduce the quality of the findings.

The current research was also limited by its coritéx¢ Thaityre rubbermdustry in the Tier 1 suppliers

and Tier 2 local suppliers. This limit resulted in generalisation of the framework and model of the
research. The application of the model migke precision or accuraggspeciallywhenintegraedinto

a companywith sigrificantly differentsize. Essentially, since only twenty Tyre rubber suppliers were
considered for the research, it may not be feasible to generalise the findtimgst approximation

errors to the whole oFhailand.
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Meanwhile, the above limitations do tnaffect the quality of the current research. The limitations

provide opportunities for future studies that are presented in the following subsection.

6.3.2 Limitations of the Research Approach

The initial data collection method for this study was toalsggescale questionnaire method, to gather
informationfrom 22 Thai tyre rubber companies on their supplier selection decisiaking process,
Economic dimension, social dimension, and environmental dimensions, this would have allowed a more
generalisedverview of Thai Tyre rubber manufacturing. However, due to a low respondeorate
decision makersand limited time, the data collection method was changed to-stemtured
interviews.

For each interview the interviewees were singatardidate. The research would have benefited from

more than one interviewee, as the responses given from each interviewee could be bias. However, the

interviewees were very knowledgeable.

6.4 Future research

Although the research confirms that economécyvironmental, and social aspects have been
appropriately covered in the field, a misalignment between these three aspects still exists. This analysis
shows that economic criteria are considered more in the evaluation and selection process compared with
environmental criteria. However, this difference is negligible. Oppositely, the difference between
economic and social aspects is more tangible, where the analysis shows that considering economic
criteria is far more than social variables in evaluatinglsupe r s 6 sustainability pe]
main reasons behind this, in the researcher opinion, is the existence ofdafimeltl justification for

considering environmental variables based on their undeniable effects on economic efficiency,
particulaty cost and price and quality defect. Thus, it is advantageous to conduct more research and

investigate how tyre rubber companies can benefit from social sustainability performance.

Future research could consider below:

1 Future research may include morertiggpants within Tyre rubber suppliers in Southern
Thailand or North, NortfEastern and Eastern areas. Given the difficulties related to collecting
data from SMEs in the Thai context, a larger sample would make for acom@ehensive
study, as long amore time can be allocated for data collection.

1 It can be noticed from the study by Winter et al. (2016) that the nature of organisational culture
affects decisionmaking, a future study can consider both organisational and national cultural
factors in satainable supplier selection decisimraking.

9 Future studies could consider a comparative study between decision maketygéronbber
industry and other industries in Thailand and/or other countries that have less of a relationship

with the sustainabity.
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A future study could examine the effect of
sustainable supplier selection decisions. The managers in this study had different backgrounds
and expertise, and this needs to be considered in future research.

A comparison of developed countries and developing countries, in the context of the sustainable
supplier selection decisiemaking process, to highlight differences in the supplier selection
decisionmaking process.

The influence of the Thai culture on thepplier selection decisiemaking process should be
further explored. As highlighted in the findings of this study, the Thai cultural influence plays
an impacting role on decisiemaking, due to trust. Future research should explore the trust
factor in spplier selection decisiemaking.

Future research can employ a different data collection instrument, for instance-schlege
guestionnaire to investigate the supplier selection deeisimking process in other
manufacturing industries, for complete regentation of the sector.

It would be beneficial to duplicate this study in different developing countries to compare the
findings.

For practitioners in the respective fields, this decisimking model can be developed to reflect

the specific needs of ddrent industries. Data collection can be conducted to understand
managerial needs to be integrated into sustainability assessment tools.

A study into the area of sustainability criteria in other developing countries to compare if the
usage and presencetbfs combined decisiomaking model are the same or different.

The findings of the research show there are no government interviewees present involved in
this study. Using a different data collection instrument and a larger sample, would be beneficial
to practitioners to understand the usage and presence, and to ascertain what the issues or

problems are, in order to provide solutions.
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Appendix 1 Interview decision makers

Sustainable supplier evaluation and selection for selecting Tyres rubber suppliers in Thailand

Interviews forAcademician.

Interview Protocol folSustainable supplier evaluation and selection problem.

1. Your contact details:
Name:

Company:
Department/Position:

Email:

2. In youropinion, doeghe Tyres company need to hatie formal sustainableriteria for selectig
suppliers?)? If yes, how? If no, why? and please suggest any sustainable criteria for choosing
suppliers(Please rate the degree of importance from 1, with 1 being the most important.)

Main criteria in Economic Environmental Social dimension
Sustainable dimension dimension
Supplier selectio
Ranking (1 to 3)

Do you have any suggestioimsyour traditional criteria or sustainable criteria to choosing

supplier®

3. In youropinion, doeghe company need to associate the sustainability in supplier selection with
the company competitive strategy? If yes, how? If no, why?

4. In your opinion, dole Tyres rubber industry need to differentiate the sustainability in their
suppliers with other industry (Manufacture and other service industry)? If yes, how? If no, why?

5. In your opinion, is the sustainable criteria in choosing suppliers important éagscthe company
competitiveness? If yes, how? If no, why?

6. In your opinion, how Tyres rubber firm concern about or awareness of sustainability?

142



Appendix 2 Survey questionnaire

Part one: General information

Please indicate your curresipartment

President/CEO

Procurement/Purchasin

General Manager

Production/Quality

Finance

Logistics/Engineer

For how long you have been in this position?

Less than 3 years

3-6 years

7-10 years

More than 10 years

How many employees do you have in your company?

Less thari,000

1,00%1,500

More than 1,500

Please indicate the age of your company

Less than 3 years

3-6 years

7-10 years

More than 10 years

Part two: Sustainable supplier selection criteria

This part is further divided into three sections, A, B and C.

1 Insection A, you are kindly asked to compare the main criteria.

1 In section B, you are kindly asked tongpare the sugriteria level 1.

1 Insection C, you are kindly asked to compare thecsiteria level 2.

Weights of criteria indicate which criterion is more important and then indicate the relative importance of the

selected criterion on a scale frod 9 (please see the table provided below).

Section A: Main criteria pairwise comparison

Main criteria

Importance scale 1 to 9

Importance scale 1 to 9

Main criteria

Economic (EC)

Environmental (ENV)

Economic (EC)

Social (SC)

Environmental (ENV)

Social (SC)

Section B: Sub criteria level 1 pairwise comparison

1 Economic dimension (EC)

Sub criteria level 1

Importance scale 1 to 9

Importance scale 1 to 9

Sub criteria level 1

Cost and price (EC1)

Financial stability (EC2)

Cost and pricéEC1)

Service (EC3)

Cost and price (EC1)

Quality (EC4)

Financial stability (EC2)

Service (EC3)

Financial stability (EC2)

Quality (EC4)

Service (EC3)

Quality (EC4)
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1 Environmental dimension (ENV)

Sub criteria level 1

Importance scale 1 to 9| Importance scale 1to 9

Sub criteria level 1

Green product (ENV1)

Green competencies
(ENV2)

Green product (ENV1)

Environmental

management (ENV3)

Green product (ENV1)

Pollution control
(ENV4)

Green product (ENV1)

Green image (ENV5)

Greencompetencies
(ENV2)

Environmental

management (ENV3)

Green competencies
(ENV2)

Pollution control
(ENV4)

Green competencies
(ENV2)

Green image (ENV5)

Environmental

management (ENV3)

Pollution control
(ENV4)

Environmental

management (ENV3)

Green image (ENV5)

Pollution control
(ENV4)

Green image (ENV5)

1 Social dimension (SC)

Sub criteria level 1

Importance scale 1 to 9| Importance scale 1to 9

Sub criteria level 1

Empl oyeeds
safety (SC1)

Empl oyeeds
right (SC2)

Empl oyeeos
safety (SC1)

Working condition
(SC3)

Empl oyeebs
safety (SC1)

Ethics (SC4)

Empl oyeeds
safety (SC1)

Social commitment
(SC5)

Empl oyeeds

Working condition

right (SC2) (SC3)

Empl oyeeds Ethics (SC4)

right (SC2)

Empl oyeeds Social commitment
right (SC2) (SC5)
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Working condition

Ethics (SC4)

(SC3)
Working condition Social commitment
(SC3) (SCb5)

Ethics (SC4)

Social commitment
(SC5)

Section C: Sub criteria level 2 pairwise comparison

1 Economic dimension (EC)
o Cost and price (EC1)

Sub criteria level 2

Importance scale 1 to 9

Importance scale 1 to 9

Sub criteria level 2

Bid price (EC1.1)

Discounts (EC1.2)

Bid price (EC1.1)

Logistics cost (EC1.3)

Bid price (EC1.1)

Product cost (EC1.4)

Bid price (EC1.1)

Ordering cost (EC1.5)

Discounts (EC1.2)

Logistics cost (EC1.3)

Discounts (EC1.2)

Product cost (EC1.4)

Discounts (EC1.2)

Ordering cost (EC1.5)

Logistics cos{EC1.3)

Product cost (EC1.4)

Logistics cost (EC1.3)

Ordering cost (EC1.5)

Product cost (EC1.4)

Ordering cost (EC1.5)

o Financial stability (EC2)

Sub criteria level 2

Importance scale 1to 9

Importance scale 1to 9

Sub criteria level 2

Profits (EC2.1)

Cashflow issues (EC2.2

Profits (EC2.1)

High loan capital
(EC2.3)

Profits (EC2.1)

Takeover potential
(EC2.4)

Profits (EC2.1) Clientsdé de
(EC2.5)

Cashflow issues (EC2.2] High loan capital
(EC2.3)

Cashflow issues (EC2.2] Takeover potential
(EC2.4)

Cashflow issues (EC2.2] Clients6 de
(EC2.5)

High loan capital
(EC2.3)

Takeover potential
(EC2.4)
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High loan capital Clients6 de
(EC2.3) (EC2.5)
Takeoverpotential Clientsdé de
(EC2.4) (EC2.5)

0 Service (EC3)

Sub criteria level 2

Importance scale 1 to 9

Importance scale 1 to 9

Sub criteria level 2

Reliability of delivery
service (EC3.1)

Lead time (EC3.2)

Reliability of delivery
service (EC3.1)

Accuracy of product and

quantity delivered

(EC3.3)
Reliability of delivery Warranty/Returns
service (EC3.1) (EC3.4)
Reliability of delivery Responsiveness

service (EC3.1)

communication (EC3.5)

Lead time (EC3.2)

Accuracy ofproduct and

quantity delivered

(EC3.3)

Lead time (EC3.2) Warranty/Returns
(EC3.4)

Lead time (EC3.2) Responsiveness

communication (EC3.5)

Accuracy of product and
quantity delivered
(EC3.3)

Warranty/Returns
(EC3.4)

Accuracy of product and

quantity delivered

Responsiveness

communication (EC3.5)

(EC3.3)
Warranty/Returns Responsiveness
(EC3.4) communication (EC3.5)

0 Quality (EC4)

Sub criteria level 2

Importance scale 1 to 9

Importance scale 1 to 9

Sub criteria level 2

Control of prodicts
defect (EC4.1)

Return rate (EC4.2)

Control of products
defect (EC4.1)

Certificate of quality
(ECA4.3)

Control of products

defect (EC4.1)

Quality management
capability (EC4.4)
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Return rate (EC4.2)

Certificate of quality
(EC4.3)

Returnrate (EC4.2)

Quality management
capability (EC4.4)

Certificate of quality
(ECA4.3)

Quality management
capability (EC4.4)

1 Environmental dimension (ENV)
o Green product (ENV1)

Sub criteria level 2

Importance scale 1 to 9

Importance scale 1to 9

Sub criteria level 2

Recycle/reuse (ENV1.1)

Recycle/reuse (ENV1.1)
Green packaging
(ENV1.2)

o Green competencies (ENV2)

Sub criteria level 2

Importance scale 1to 9

Importance scale 1to 9

Sub criteria level 2

Green design of product
(ENV2.1)

Green technology
capability (ENV2.2)

o Environmental management (ENV3)

Sub criteria level 2

Importance scale 1to 9

Importance scale 1to 9

Sub criteria level 2

Environmental standard
certifications (ENV3.1)

Regulatory compliance
(ENV3.2)

o Pollution control (ENV4)

Sub criteria level 2

Importance scale 1to 9

Importance scale 1to 9

Sub criteria level 2

Waste disposal scheme
(ENV4.1)

Pollution reduction
capability (ENV4.2)

Waste disposal scheme Energyconsumption
(ENV4.1) (ENV4.3)

Waste disposal scheme! Hazardous substances
(ENV4.1) (ENV4.4)

Waste disposal scheme!
(ENV4.1)

Air emissions (ENV4.5)

Pollution reduction
capability (ENV4.2)

Energy consumption
(ENV4.3)

Pollution reduction
capability (ENV4.2)

Hazardous substances
(ENV4.4)
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Pollution reduction
capability (ENV4.2)

Air emissions (ENV4.5)

Energy consumption
(ENV4.3)

Hazardous substances
(ENV4.4)

Energy consumption
(ENV4.3)

Air emissions (ENV4.5)

Hazardous substances
(ENV4.4)

Air emissions (ENV4.5)

1 Social dimension (SC)

o Empl oyeebs

heal th

and

safety

(ScC1)

Sub criteria level 2

Importance scale 1to 9

Importance scale 1to 9

Sub criteria level 2

Health
(SC1.1)

care delivery

Safety measures (SC1.2

o Empl oyeebsrightd3CR)ar e

and

Sub criteria level 2

Importance scale 1to 9

Importance scale 1to 9

Sub criteria level 2

Equity (SC2.1)

Gender discrimination
(SC2.2)

Equity (SC2.1)

Equality (female vs male
wages) (SC2.3)

Equity (SC2.1)

Job security (SC2.4)

Equity (SC2.1)

Child labour (SC2.5)

Pollution reduction
capability (ENV4.2)

Equality (female vs male
wages) (SC2.3)

Pollution reduction
capability (ENV4.2)

Job security (SC2.4)

Pollution reduction
capability (ENV4.2)

Child labour (SC2.5)

Energy consumption
(ENV4.3)

Job security (SC2.4)

Energy consumption
(ENVA4.3)

Child labour (SC2.5)

Hazardous substances
(ENV4.4)

Child labour (SC2.5)

o Working condition (SC3)

Sub criteria level 2

Importance scale 1 to 9

Importance scale 1 to 9

Sub criteria level 2

Wages (SC3.1)

Working hours (SC3.2)
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Wages (SC3.1)

Contract labour (SC3.3)

Wages (SC3.1)

Training programs
(SC3.4)

Working hours (SC3.2)

Contract labour (SC3.3)

Working hours (SC3.2)

Training programs
(SC3.4)

Contract labour (SC3.3)

Training programs
(SC3.4)

o Ethics (SC4)

Sub criteria level 2

Importance scale 1 to 9

Importance scale 1to 9

Sub criteria level 2

Supplier ethics (SC4.1)

Ethical environment
(SC4.2)

Supplier ethics (SC4.1)

Disclosure of
information (SC4.3)

Ethical environment
(SC4.2)

Disclosure of
information (SC4.3)

o0 Social commitment (SC5)

Sub criteria level 2

Importance scale 1to 9

Importance scale 1to 9

Sub criteria level 2

Support for the local

community (SC5.1)

Stakeholder involvemen
(SC5.2)
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Appendix 3 Fuzzy AHP results
Main criteria

1 Table Appendix 3L Fuzzy AHP output weights of the main criteria

Decision maker | Economic (EC) | Social (SC) | Environmental (ENV)
from each

company

1 0.44 0.13 0.43
2 0.11 0.36 0.53
3 0.57 0.29 0.14
4 0.41 0.11 0.48
5 0.44 0.29 0.27
6 0.43 0.32 0.25
7 0.49 0.09 0.42
8 0.45 0.16 0.39
9 0.41 0.20 0.39
10 0.10 0.18 0.72
11 0.57 0.13 0.30
12 0.60 0.15 0.25
13 0.13 0.70 0.17
14 0.75 0.05 0.20
15 0.36 0.50 0.14
16 0.34 0.49 0.17
17 0.27 0.6 0.13
18 0.43 0.14 0.43
19 0.55 0.15 0.30
20 0.31 0.44 0.25
Average Weight| 0.41 0.27 0.32

Sub-criteria level 1

I Table Appendix 2 Fuzzy AHP output weights of tiseib-criteria level 1 in Economic dimension

Decision maker | Cost and priceg Financial Service Quality
from each (EC1) stability (EC2) | (EC3) (EC4)
company

1 0.43 0.10 0.24 0.23

2 0.37 0.24 0.13 0.26

3 0.39 0.35 0.06 0.20

4 0.42 0.33 0.12 0.13

5 0.33 0.32 0.17 0.18

6 0.39 0.35 0.13 0.13
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7 0.34 0.22 0.16 0.28
8 0.37 0.22 0.20 0.21

0.37 0.40 0.14 0.09
10 0.36 0.11 0.13 0.40
11 0.35 0.21 0.15 0.29
12 0.46 0.33 0.16 0.05
13 0.29 0.12 0.17 0.42
14 0.31 0.28 0.16 0.25
15 0.27 0.26 0.28 0.19
16 0.38 0.22 0.28 0.12
17 0.34 0.40 0.13 0.13
18 0.29 0.33 0.18 0.20
19 0.30 0.15 0.28 0.27
20 0.35 0.11 0.24 0.30
Average Weight| 0.36 0.27 0.17 0.20

I Table Appendix 83 Fuzzy AHP output weights of the saliteria level 1 in Social dimension

Decisionmaker | Emp |l oyee(Empl oy e e| Working Ethics | Social
from each and safety (SC1) | welfare and right condition (SC4) | commitment
company (SC2) (SC3) (SCbh)
1 0.19 0.13 0.18 0.27 0.23
2 0.15 0.18 0.25 0.25 0.17
3 0.16 0.13 0.11 0.42 0.18
4 0.17 0.29 0.09 0.39 0.06
5 0.16 0.21 0.19 0.39 0.06
6 0.28 0.10 0.18 0.25 0.19
7 0.13 0.28 0.23 0.20 0.17
8 0.13 0.19 0.28 0.34 0.06
9 0.19 0.19 0.17 0.27 0.18
10 0.12 0.26 0.20 0.25 0.17
11 0.17 0.10 0.17 0.43 0.13
12 0.13 0.38 0.18 0.25 0.06
13 0.15 0.26 0.07 0.24 0.28
14 0.16 0.25 0.11 0.20 0.28
15 0.17 0.19 0.12 0.39 0.13
16 0.17 0.13 0.21 0.39 0.11
17 0.13 0.18 0.12 0.40 0.17
18 0.17 0.13 0.18 0.30 0.22
19 0.13 0.23 0.33 0.25 0.06
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20 0.16 0.21 0.33 0.25 0.06

Average Weight| 0.16 0.20 0.19 0.31 0.14

1 Table Appendix 34 Fuzzy AHP output weights of the sahteria level 1 in Environmental dimension

Decision maker | Greenproduct | Green Environmental | Pollution Green
from each (ENV1) competencies | management | control image
company (ENV2) (ENV3) (ENV4) (ENV5)
1 0.17 0.13 0.44 0.14 0.13
2 0.18 0.18 0.35 0.19 0.10
3 0.23 0.08 0.41 0.15 0.13
4 0.28 0.09 0.38 0.16 0.09
5 0.18 0.13 0.41 0.17 0.11
6 0.21 0.13 0.43 0.13 0.10
7 0.12 0.08 0.54 0.16 0.10
8 0.18 0.19 0.36 0.18 0.09
9 0.07 0.13 0.41 0.28 0.11
10 0.11 0.20 0.39 0.24 0.06
11 0.11 0.13 0.51 0.15 0.10
12 0.09 0.12 0.55 0.16 0.08
13 0.28 0.12 0.31 0.17 0.12
14 0.17 0.10 0.55 0.13 0.05
15 0.18 0.16 0.41 0.16 0.09
16 0.07 0.14 0.46 0.20 0.13
17 0.11 0.12 0.44 0.14 0.18
18 0.33 0.10 0.26 0.18 0.13
19 0.33 0.04 0.29 0.28 0.06
20 0.33 0.11 0.2 0.24 0.12
Average Weight| 0.19 0.12 0.41 0.18 0.10
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Appendix 4 Fuzzy TOPSIS results

sub- Weight sub Weight
Criteria Weight eriterla 1 level 1 criteria2 levelz 7111 m u T2l m wu T30l m u T4l m u TSI m u T6l m u TPl m u  TL8 m ou T8l m oy T m u
EC 0.1 EC1 0.36 ECL1 032VL 000 010 025VH 075 0.90 100H 055 070 0.85M 035 05D 065H 055 070 085L 05 030 045 H 055 070 0851  0.15 030 045VH 075 090 100 VH 075 090 1.00
ECL2 017VL 000 010 025H 055 0.70 0851 015 030 045L 015 030 045VH 075 0.50 1L00M 035 050 0.65L 015 030 0.45VL 0.00 010 0.25VL 000 010 025 H 055 0.70 085
EC13 01SH 055 070 085S M 035 050 065H 055 070 085 M 035 050 06SVH 075 090 100VH 075 090 100 VH 075 090 100 M 035 050 065VH 075 090 100 M 035 050 065
ECLa 02H 055 070 08SM 035 050 065VL 000 010 0.25M 035 BS0 065M 035 050 065VH 075 090 100 VL 000 D10 025 M 035 050 065VH 075 090 100 vl 000 0.10 025
ECLS 016H 055 070 085L 035 0.30 045VH 075 030 100L 015 030 04SM 035 050 065M 035 050 0.65VH 075 090 100L 015 030 045VH 075 090 100 VL  0.00 010 0.25
E2 027 EC21 015M 035 050 0651 015 030 04501 015 030 045L 015 030 045L 015 030 045VH 075 080 1001 015 030 045H 055 070 085VL 000 010 025 VH 075 050 100
EC22 031L 015 030 0451 015 030 045 VH 075 090 100H 055 070 08SM 035 050 065L 015 030 045 VL 000 010 0250 015 030 045 H 055 070 085 L 015 030 045
EC23 024 VL D000 010 025H 055 0.0 085VL 000 010 0.25VL 000 D0 025H 055 0.70 085 H 055 070 085 H 055 070 0.85M 035 D50 065 M 035 050 065 VH 075 050 100
B2 0IBL 015 030 0.45M 035 050 0.65VH 075 0.90 1L.00VH 075 090 100VL 000 0.10 0251 015 030 045 M 035 050 0.65M 035 D50 0.65 VL 0.00 010 0.5 L 0.15 030 045
EC25 0121 015 030 045 H 055 0.70 085 VH 075 050 100H 055 070 085 VH 075 0.90 100 M 035 050 0.65 VH 075 090 1LO0H 055 070 0.5 VH 075 090 100 VH 075 090 1.00
EC3 017 EC3.1 041 015030 045VL 000 010 025VH 075 090 1L.00VL 000 G.10 025VL 000 010 025 H 055 070 085 VH 075 090 100Vl 000 010 025H 055 070 085¥H 075 0.90 100
EC3.2 0201 015030 045H 055 070 0.85VL 000 0.10 025VH 075 090 100K 055 070 085 H 055 070 085 VL 000 0.10 0251 015 030 0451 0.5 030 045H 055 0.70 085
EC33 0i7VL 000 010 025L 035 0.30 045VL 000 0.10 0.25L 015 030 045VL 000 0.10 025VL 000 010 025 VL 000 010 025H 055 070 085 H 055 070 085 H 055 070 085
2= 013L 015 030 045 H 055 0.70 085 H  0.55 070 085VL 000 010 025H 055 070 085 H 055 070 085 M 035 050 065 VH 075 050 100 M 035 050 065 YH 075 050 100
21 O1VH 075 090 100M 035 050 065VL 000 010 0.25L 015 030 045L 015 030 045VL 000 010 025VL 000 010 0351 015 030 045 M 035 050 065VH 075 0.80 100
ECa 02 2.1 O3LL 015 030 045 H 055 0.70 085VL 000 010 0.25M 035 05D 065L 015 0.30 045H 055 070 0.85 M 035 050 065 M 035 D50 065 M 035 050 065 VL 000 010 0.5
ECa2 016 H 055 070 085 M 035 050 065H  0.55 070 085 M 035 D30 065VL 000 0.00 025M 035 050 0.65 VL 000 010 025VL 000 0I0 D25 H 055 070 085 M 0.35 050 065
EC43 026 VL 000 0.0 025VL 000 0.0 025VL 000 0.10 0.25L 015 0.30 045VH 075 0.90 100L 0.5 030 045 M 035 050 065 M 035 050 0651 0.5 030 045 M 0.35 050 0.65
Ecad 027VH 075 090 100M 035 050 0650 015 030 045M 035 05D 065L 015 030 045M 035 050 065 M 035 050 065VH 075 090 100 M 035 050 065 M 035 050 065
sC 0.27 5€1 0.6 5C1.1 ©52VH 075 0.0 1.00L 015 0.30 045VL 000 0.10 025 H 055 070 085VL 000 0.10 025VH 075 090 1.00L 015 0.30 045H 055 070 0.85 L 0.5 030 045VL  0.00 010 0.25
5C12 048 VH 075 090 100VH 075 090 100 M 035 050 065L 015 030 04SH 055 070 085VL 000 010 025H 055 070 085 VH 075 050 100VL 000 010 025¥H 075 050 100
sc2 02 sc21 01SM 035 050 065VL 000 010 025VL 000 010 025VH 075 090 100L 015 030 045H 055 070 085 L 015 030 045H 055 070 085 M 035 050 065 ¥H 075 090 100
sc22 0O6H D055 070 DBSH 055 0.70 085 VH 075 050 100VL 000 D10 025M 035 050 065 H 055 070 085 L 015 030 045 M 035 050 D65 VL 000 010 025 VH 075 050 100
sc23 017M 035 050 0E5VH 075 0.90 100 VH 075 050 100H 055 070 0.85M 035 050 065 VH 075 090 100 M 035 050 065 VL 000 00 025 M 035 050 065 M 0.35 050 065
scas O5LH 055 070 085 VL 000 010 025VH 075 050 100L 015 030 045 H 055 0.70 085 H 055 00 0.85 H 055 070 0.85 M  0.35 050 065 VM 075 090 100 L 015 0.30 045
5C2.5 O1LH 055 070 0851 015 0.30 045VH 075 030 100H 055 070 0.85M 035 050 065 VH 075 090 100 VH 075 090 100 VL 000 010 025 M 035 050 065 M 0.35 050 0.65
sC3 019 5C3.1 028 H 055 070 085VH 075 0.90 100 VH 1075 030 100H 055 0.0 085 H 055 0.70 085L 015 030 045 H 055 0.70 0851  0.15 030 045VH 075 090 100 M 035 050 065
3.2 0A6VH 075 090 100 M 035 0.50 065H  0.55 070 0.85VL 000 010 025M 035 050 065VH 075 090 1001 015 030 045L  0.15 030 0451 0.5 030 045H 055 070 085
3.3 034M 035 050 065 VH 075 090 L00H 055 070 0.85VH 075 090 100M 035 050 0.65L 015 030 045 M 035 050 0.65L 015 030 045 M 035 050 0.5 H 055 070 0.5
scaa 022V 000 010 025VH 075 090 100H 055 070 085 H 055 070 08SM 035 050 065L 015 030 045H 055 070 085H 055 D70 085 M 035 050 065 VL 000 010 0.25
s5C4 031 5¢4.1 053 M 035 050 065 M 035 0.50 065VL 000 010 0.25H 055 070 0.85VH 075 080 100VL 000 010 0.25 VL 000 010 025M 035 050 0651 0.5 030 045 H D55 070 085
542 012VH 075 050 100H 055 070 085VL 000 D10 0251 015 D30 045M 035 050 065M 035 050 065 M 035 050 065VH 075 0S0 100H 055 070 085 M 035 050 065
543 035VH 075 090 100L 015 0.30 045 VL 000 0.10 0.25L 015 030 045 VH 075 090 100 VH 075 080 100 VL 000 010 025VH 075 0S80 100 H 055 070 085 M 0.35 050 0.65
sC5 014 5C5.1 043M 035 050 0G5 VH 075 090 100VH 075 050 100 M 035 050 065WVL 000 010 0250 0.5 030 045 H 055 070 0.85M 035 D50 065 VH 075 090 100H 055 070 085
5¢5.2 O57H 055 070 0.85VL 000 0.10 025VH 0.5 030 1.00VH 075 DSD 100H 055 0.70 085 VH 075 090 100 VL 000 010 025VL 0.00 010 025 H 055 070 0.85 ¥H 075 050 100
ENV 0.32 ENVL 019 ENVLL 041 H 055 070 0BSVL 000 010 025VH 075 090 100VL 000 010 025VL 000 040 025H 055 070 085 H 055 070 085 H 055 070 0851 015 030 045M 035 050 065
ENVL2 0591 015 030 0451 015 030 045H 055 070 085 VH 075 0.90 100VH 075 0.90 100 VH 075 090 100 H 055 070 0.85H 055 070 085VH 075 090 100K 055 0.70 085
ENvZ 012 ENV2.1 051 VH 075 090 100H 055 0.70 085VL 000 010 025VL 000 010 025H 055 0.70 085H 055 070 0.85L 015 030 045 VH 075 00 1001 015 030 045 M 0.35 050 065
ENV2.2 0461 015 030 045VL 000 0.10 025VH 075 090 1.00L 015 030 045VL 000 0.10 025H 055 070 0.85 VK 075 090 100L 015 030 045VL 000 010 025 VL 000 010 0.25
Env3 0.1 ENVIL 052L 0I5 030 0451 015 030 045VH 075 090 100VL 000 010 025H 055 070 085VH 075 090 100L 015 030 045VH 075 080 1001 015 030 045 L 015 030 045
ENV32 048 M 035 050 065M 035 0.50 065H  0.55 070 0.85VL 000 DI0 025 VL 000 0.0 0251 05 030 045L 015 030 045H 055 070 085 H 055 070 085 M 0.35 050 065
ENVe 0.18 ENVA.1 D2VH 075 090 100M 035 050 065VL 000 010 0.25M 035 D50 065 M 035 050 065 VL 000 010 0250 015 030 045 H 055 0J0 085 VH 075 080 1L00VL 000 0.10 025
ENVA.2 025M 035 050 0.65VH 075 0.90 100 M 035 050 0.65H 055 0.70 0.85M 035 050 065 H 055 070 0.85 VH 075 090 1.00L 015 030 045 VH 075 090 100 WL 0.00 0.0 0.25
ENVA3 017L 015 030 045 M 035 0.50 065VH 075 050 100L 015 030 045M 035 050 065 VL 000 010 0251 015 0.30 045H 055 070 085 VH 075 090 100 VH 075 080 100
ENvad 018H 055 070 085 H 055 0.70 085 M 035 050 065H 055 070 08SVH 075 090 100L 0.5 030 045V 075 090 100 H 055 070 0851 015 030 045 M 035 050 065
ENVAS D2VH 075 050 100L 015 030 045H 055 070 0.85L 015 0.30 CASVH 075 0.90 100 H 055 070 085 M 035 050 Q.65 H 055 070 0.85M 035 050 065M 035 050 065
ENVS 01 O1H 055 070 0BSVL 000 010 025H 055 070 085H 055 070 085M 035 050 0651 015 030 045VH 075 090 100H 055 070 085H 055 070 0851 015 030 045

Figure Appendix 41 The summary of fuzzy numbers evaluation matrix for the ranking Tier 1 suppliers

T21 1 m u T22 1 m u T23 1 m u T24 | m u T25 | m u T26 | m u
M 0.35 050 0.65 055 0.70 085 L 0.15 030 045 M 035 0.50 0.65 H 055 0.70 0.85 VL 0.00 0.10 025
VL 000 010 0.25 075 0.90 1.00VH 075 0.90 1.00 VL 000 010 0251L 0.15 0.30 045 L 0.15 030 045

m u T28 | m u T29 | m u T2.10 | m u
075 090 100 VH 0.75 090 1.00 055 0.70 085 L 0.15 0.30 045
0.55 070 0.85 VH 0.75 0.90 1.00 0.15 030 045 H 0.55 0.70 0.85

E
x

27 1
VH
VH H
VH 075 050 1.00L 015 030 045VL 000 010 025VH 075 090 100H 055 0.70 085VL 000 010 025 M 035 050 065H 055 0.70 0.85 VH 075 0.0 1.00 H 055 0.70 0.85
L 015 030 0.45VH 075 090 100 VH 075 050 100 VL 000 010 025VL 000 0.10 0.25VL 000 010 025 H 055 070 0.85VH 075 090 100 L 015 030 045 VL  0.00 0.10 025
L 015 030 0451 015 030 045M 035 050 065VH 075 090 1.00H 055 0.70 085 H 055 070 0.85L 015 030 0451 015 030 0451 015 030 045 L 0.15 030 045
M 035 050 0.65H 055 070 0.85L 015 030 045H 055 070 0.85L 015 030 0451 015 030 045 M 035 050 0.65VL 000 010 025 H 055 070 0.85 VL  0.00 0.10 025
VH 075 090 1.00VL 000 0.10 025H 055 0.70 0.85 VL 000 0.10 0.25VL 000 0.10 025VL 000 010 0.25VH 075 090 1.00L  0.15 D30 045VH 075 090 100 VH 075 0.90 1.00
VL 000 010 0.25H 055 070 0.85L 015 030 045H 055 070 0.85L 015 0.30 0451 015 030 045 H 055 0.70 085 H 055 070 0.85L 0.5 030 045 VL  0.00 010 0.25
M 035 050 0.65H 055 070 0.85VL 000 010 0.25VH 075 090 100VH 075 0.90 1.00M 035 050 0.65M 035 050 0.65VL 0.00 0.10 025VL 000 010 0.25M 035 0.50 0.65
VH 075 050 1.00VL 000 0.10 025M 035 050 065M 035 050 0.65L 015 0.30 045VH 075 090 100 L 015 030 045VL 000 0.10 025 M D035 050 065 L 0.15 030 0.45
H 055 070 0.85VH 075 090 1.00M 035 050 0.65VH 075 090 1.00L 015 030 045VL 000 010 025L 015 030 045H 055 070 0.85 VL 000 010 0.25VL  0.00 0.10 025
VH 075 0590 1.00 M 035 050 0.65VH 075 0.90 1.00 VH 075 090 1.00 VH 075 0.90 100 L 015 030 045 H 055 0.70 0.85VH 075 090 100 L 0.5 030 045VL 000 0.10 0.25
VL 000 010 0.25H 055 070 0.85VL 000 010 025L 015 030 045L 0I5 0.30 045VL 000 010 0.25L 015 0.30 045M 035 050 0.65L 015 030 045 L 015 030 045
VH 075 090 1.00L 015 030 045H 055 0.70 085 M 035 0.50 0.65VH 075 0.90 1.00L 015 030 045 M 035 050 065H 055 D70 085 H 055 0.70 085 VL  0.00 0.10 0.25
VH 075 050 1L.00H 055 070 0.85VH 075 0.90 100 M 035 0.50 0.65L 015 0.30 045H 055 070 0.85 VL 000 0.0 025H 055 070 0.85M 035 050 065VL 000 010 0.25
L 015 030 045M 035 0.50 065VL 000 010 0.25L 015 030 045H 055 0.70 0.85VH 075 090 100 M 035 050 0.65L 015 030 0.45L 015 030 045VL  0.00 0.10 025
VL 000 010 0.25H 055 070 0.85H 055 0.70 0.85VH 075 090 1.00M 035 0.50 0.65H 055 070 0.85 M 035 0.50 065 M 035 050 0.65 M 035 050 065 H 0.55 0.70 0.85
VH 075 090 1.00M 035 050 0.65VL 0.00 010 0.25M 035 0.50 0.65VH 075 0.90 1.00L 015 030 045M 035 050 065L 015 030 045H 055 0.70 085 VH 075 0.90 100
VH 075 080 1.00 M 035 050 0.65L 0.5 030 045 M 035 050 0.65L 015 0.30 045 M 035 050 0.65M 035 050 065 VH 075 090 1.00 M 035 050 065 M 035 050 085
VH 075 090 1.00L 015 030 045VL 000 010 025H 055 070 0.85VL 000 0.10 0.25VH 075 090 L00L 015 030 045H 055 070 0.85L 0.5 030 045VL  0.00 0.10 0.25
VH 075 0.90 100 VH 075 0.90 100 M 035 050 065L 015 030 0.45H 055 0.70 0.85VL 000 010 0.25H 055 0.70 0.85 VH 075 090 1.00 VL 000 0.10 025 VH 075 0.90 1.00
M 035 050 0.65VL 000 0.0 025VL 000 010 0.25VH 075 090 1.00L 05 030 045H 055 070 0.85L 0.5 030 045H 055 0.70 0.85 M 035 050 0.65 VH 075 0.90 1.00
H 055 070 0.85H 055 070 0.85VH 075 090 1.00VL 000 010 0D25M 035 050 0.65H 055 070 0.85L  0.15 030 045 M 035 050 0.65VL 000 010 0.25 VK 075 090 1.00
M 035 050 0.65VH 075 090 1L00VH 075 090 1L00H 055 070 0.85M 035 0.50 0.65VH 075 030 100 M 035 050 0.65VL 0.00 010 025 M 035 050 0.65M 035 0.50 065
H 055 070 0.85VL 000 010 025VH 075 090 100L 015 030 045H 055 0.70 085 H 055 070 085 H 055 0.70 0.85 M 035 0.50 0.65 VH 0.75 090 1.00 L 0.15 030 045
H 055 070 0.851L 015 030 045VH 075 090 100H 055 070 0.85M 035 050 0.65VH 075 080 100 VH 075 090 1.00 VL 000 0.10 025 M 035 050 0.65M D35 0.50 065
H 055 070 0.85VH 075 090 1.00 VH 075 090 100 H 055 070 0.85H 055 070 0.85L 015 030 045 H 055 070 0.85L 0.5 030 0.45VH 075 090 100 M 035 0.50 065
VH 075 090 1.00M 035 050 065H 055 070 0.85VL 000 0.0 0.25M 035 050 065VH 075 090 100L 015 030 045L 015 030 045L 0.5 030 045 H 055 0.70 0.85
M 035 050 0.65VH 075 090 1.00H 055 070 0.85VH 075 090 100 M 035 050 0.65L 015 030 045 M 035 050 0.65L 0.5 030 045 M 035 050 0.65H 0.55 0.70 0.85
VL 000 010 025VH 075 090 100 H 055 0.70 085 H 055 070 0.85 M 035 (.50 0651 015 030 045 H 055 0.70 085 H 055 D70 0.85 M 035 050 065 VL 000 0.10 0.25
M 035 050 0.655M 035 0.50 065VL 000 010 0.25H 055 070 0.85VH 075 0.90 1.00VL 000 010 025 VL 000 010 0.25M 035 050 0651 015 030 045 H 0.55 0.70 0.85
VH 075 0.90 100 H 055 0.70 0.85VL 000 010 0251 015 030 0.45M 035 0.50 065 M 035 050 0.65M 035 050 065 VH 075 D90 100 H 055 0.70 085 M 035 050 085
VH 075 050 1.00L 015 0.30 045VL 000 010 025L 015 0.30 0.45VH 075 0.90 1.00 VH 0.5 090 100 VL 000 0.0 025VH 075 090 100 H 055 0.70 085 M 035 050 0.65
M 035 050 0.65VH 075 090 1.00 VH 075 090 1.00 M 035 050 DE5VL 000 0.10 0.25L 015 030 045 H 055 070 0.85 M 035 0.50 0.65 VH 075 090 1.00 H 0.55 0.70 0.85
H 055 070 0.85VL 000 0.0 025VH 075 090 100 VH 075 090 100 H 055 0.70 0.85 VH 075 090 100 VL 000 010 0.25VL 0.00 0.10 025 H 055 070 0.85 VH  0.75 0.90 1.00
H 055 070 0.85VL 000 0.10 0.25VH 075 090 100VL 000 010 025VL 000 0.10 0.25H 055 070 0.85H 055 0.70 0.85 H 055 070 0.85L 0.5 030 0.45 M 035 0.50 065
L 015030 045L 015 030 045H 055 0.70 085 VA 075 0.90 1LODVH 075 090 100 VH 075 090 100 H 055 070 0.85H  0.55 0.70 0.85 VH 0.75 0.80 100 H 055 0.70 0.85
VH 075 050 L00H 055 070 0.85VL 0.00 0.0 025VL 000 0.10 0.25H 055 0.70 085 H 055 070 0.85L 015 0.30 045VH 075 090 100 L 0I5 030 045M 035 050 065
L 015 030 045VL 000 0.10 025VH 075 080 100L 015 030 045VL 000 010 025H 055 070 085 VH 075 090 1.00L 0.5 030 045 VL 000 010 025 VL  0.00 010 025
L 015030 0451 015 030 045VH 075 090 1.00VL 000 010 025H 055 0.70 0.85VH 075 030 100 L 015 030 045VH 075 090 100 L 015 030 045 1L 015 030 045
M 035 050 0.65M 035 0.50 065H 055 070 0.85VL 000 010 025VL 000 0.10 0.25L 015 030 045L 015 030 045H 055 070 085 H 055 070 0.85 M 035 0.50 065
VH 075 050 1.00 M 035 050 0.65VL 000 010 0.25M 035 050 0.65M 035 0.50 0.65VL 000 010 0.25L 015 030 045H 055 070 0.85 VH 075 080 100 VL  0.00 0.10 0.25
M 035 050 0.65VH 075 090 1.00 M 035 050 065H 055 070 0.85M 035 050 0.65H 055 0.70 0.85 VH 075 0.90 1.00L 0.5 030 0.45VH 075 050 100 VL  0.00 0.10 025
L 015 030 0.45M 035 0.50 065VH 075 090 1.00L 015 030 045M 035 050 0.65VL 000 010 025L 015 030 045H 055 0.70 0.85 VH 075 090 1.00 VH 075 0.90 1.00
H 055 070 0.85H 055 070 0.85M 035 050 065H 055 070 0.85VH 075 0.90 1.00L 015 030 045VH 075 0.90 100 H 055 070 0.85L 0.5 030 045 M 035 0.50 0.65
VH 075 090 1.00L 015 030 045H 055 070 0.85 L 015 030 0.45VH 075 0.90 1.00 H 055 070 0.85 M 035 050 065H 055 D70 085 M 035 050 065 M 035 050 065
H 055 070 0.85VL 000 0.10 0.25H 055 070 0.85H 055 070 0.85M 035 050 0.65L 015 030 0.45VH 075 0.50 100H 055 0.70 0.85 H 055 0.70 0.85 L 0.15 030 045

Figure Appendix £ The summary of fuzzy numbers evaluation matrix for#imking Tier 2 suppliers
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meg-  pos+  Dneg- Dpos+

Criteria  Weight  sub-criteri Weight  sub-criteri. Min Max T T2 L E] T4 s 6 7 T8 L] 0 T T T T4 ns e ny e e TLiD

EC 0.41 EC1 008 0131291 0.095107 0028721 0.095107 0.095107 0.059867 0131291 0.164298 0.164295 0164295 0.085163 0051433 0031038 0051433 0.051433 002444 0.086163 0.118539 0118539 0.118539
00425 0031804 0015258 0.015258 0.031804 0.015258 0.059748 0.031804 0087283 0015258 0069748 0.012984 0.016521 0016521 0.012984 0016521 0.045774 0012984 0.062974 0.016521 0.0M5774
00375 0077015 0077015 0.061543 0044581 0.077015 0061543 0.077015 0061543 0077015 0044581 0.055565 0.055565 0.040389 0.024109 0055565 0.040389 0055565 0.040389 0.0S5565 0.024109
005 0017951 0017351 0.082057 0059442 0037417 0017951 0037417 0.102686 0102686 0082057 0013437 0013437 0053852 0032146 0.015275 0013437 0.015275 0.074087 0.074087 0.053852
004 0082149 0082149 0.065646 0029933 0029933 0.029933 0029933 0029933 0082149 0029933 005927 005927 0043081 001222 001222 001222 001222 001222 005927 0.01222
00375 0028062 0061543 0.044581 0028062 0.044581 0013463 0.061543 0013463 0.013463 0044581 0011456 0.040389 0024109 0.011456 0.024109 0.014577 0040389 0.014577 0.014577 0.024109
00775 0027823 0027823 0.057996 0.127188 0.159164 0.150164 0.159164 0057996 0.1271B8 0159164 0.030127 0.030127 0023677 008347 0114835 0114835 0114835 0.023677 008347 0.114835
006 0098458 0.098468 0.021541 0.021541 0021541 0.021581 0.0449 0098468 0.07133 DOYBAEE 0.064622 0064622 0.023324 0023324 0023324 0023324 001833 0.064622 0.038STS 0.064622
0.045 0053498 0092418 0.033675 0092418 0.053498 0053498 0.016155 0016155 0016155 0.05396 0028931 0.066676 0.013748 0.066676 0028931 0.028931 0017493 0.017493 0.017493 0.028931
003 0061612 0.035665 0.02245 0.049234 0061612 002245 0035665 001077 0061612 002245 0.044452 0019267 0.009165 0032311 0.044452 0.009165 0.019287 0.011662 0.044452 0.009165
0.1 0205372 0205372 0.074833 0.035501 0.164114 0.035501 0035801 0.164114 0164114 0074833 0148174 0148174 0030551 0038873 0.107703 0038873 0.038873 0.107703 0107703 0.030551
005 0017951 0.102686 0037417 0.102686 0.102686 0.017951 0037417 0.102686 0037417 0082057 0.019437 0074087 0.015275 0074087 0.074087 0013437 0.015275 0.074087 0.015275 0.053852
00425 0015258 0031804 0015258 0031804 0015258 0.031804 0.031804 0050526 0.063748 0031804 0.016521 0012984 0016521 0012984 0016521 0.012984 0012984 0.027324 0.045774 0.012984
00325 0038637 0038637 0.024321 0011668 0.066746 0.011668 0.053337 0053337 0038637 0038637 0020895 0.020895 0.009929 0.012634 D.OM4B157 0.012634 DO3SO04 0.035004 0.020895 0.020895
0025 0008975 0029721 0.051343 0018708 0.051343 0008975 0.029721 0041028 0029721 0008975 0009718 0.016073 0037044 0.007638 0.037044 0.009718 0016073 0.026926 0.016073 0.009718
00775 0082135 0057996 0.057996 0032135 0.057996 0.027823 0.057996 0057996 0.092135 0092135 0049826 0.023677 0.023677 0.049826 0.023677 0.030127 0023677 0.023677 0.049826 0.049826
004 001436 0.082149 (.0B5646 0.047553 001436 0.065646 0047553 0.047553 D.065646 DO47553 0.015549 0.05927 0.043081 DO25716 0.015549 0.043081 0.025716 0.025716 0.043081 0.025716
0.065 0077274 0077274 0.023336 0.048642 0.133492 0133492 0.106674 0048642 0.048642 0077274 0.041789 0.041789 0025267 0.019858 0096313 0.096313 0070007 0.019858 0.019856 0.041789
01215 0057804 0057804 0.115432 0057804 0.115432 0.057B04 0.057604 0.11543z 0.057804 0057804 0.020622 0.020622 0.063423 0.020622 0063423 0.020622 0020622 0.063423 0.020622 0.020622
0.13 0097283 0213348 0.266984 0213348 0.266954 0.046671 0.097283 0.213348 0.097283 0097283 0.033716 0140014 0.192626 0140014 0.192626 0.050535 0.039716 0.140014 0.033716 0.039716
012 0196937 00898 0.246447 00895 0246447 0.246447 0043081 0.246447 0043081 0196937 0.129244 0036661 0.177809 DO36661 0.177809 0177809 0.046648 0177809 0.046648 0.129243
00375 0028062 0077015 0.043581 0077015 0.044581 0077015 0.044581 0061543 0044581 0028062 0.011456 0.055565 0.024109 0.055565 0024109 0055565 0024109 0.040389 0024109 0.011456
0015 0011225 0005385 0.024617 0005385 0.024617 0030806 0.005385 0017833 0005385 0011225 0004583 0.005831 0016155 0.005831 0016155 0.022226 0005831 0.009644 0.005831 0.004583
00425 0050526 0069748 0.050526 0.0B0748 0.050526 0.050526 0.050526 0015258 D.O0S0526 D0S0526 0.027324 0.045774 0027324 0.045774 0027324 0027324 0027324 0.016521 0027324 0.027324
01275 0200245 0095412 0209245 0095412 0209245 0095412 026185 0151577 0326185 0209245 0137322 0.038952 0137322 0.038952 0137322 0.038952 0188922 0.081971 0.188922 0.137322
00275 0056477 0.045131 0.045131 0.045131 0.045131 0032693 0.032693 0009873 0032693 0056477 0.040748 0.029616 0029618 0.029618 0029618 001768 001768 001089 0.01768 0.040748
0042 0126 009109 009109 009109 009109 009109 0.059944 0119707 0.031305 0.119707 0.09109 0.045004 D.045004 0.045004 DO45004 0.045004 0.021385 0.071994 0.031305 0.071994 0.045004
0 004 0029933 001436 0.082148 001436 0082149 0.065646 0.029933 0029933 0029933 0029933 001222 0015549 005927 0015549 005927 0043081 001222 001222 001222 0.01222
0051 0153 007279 0.145359 007279 045359 007279 0.110609 007279 0038013 007279 007279 0025968 0087421 0025068 0087421 0.025968 0.054647 0.025968 0.038013 0.025968 0.025968
0 0055 0090263 0090263 0.019746 0030263 0.019746 0019746 0.065386 0.0%0263 D.065386 0090263 0.059237 0053237 002138 0059237 002138 002138 003536 0.059237 003536 0.059237
sc4 031 5C41 0 01325 0047569 0.217451 0.157521 0217451 0.157521 0217451 0.099154 0157521 0.099154 0047569 0.051507 0.142707 0085186 0.142707 0085186 0142707 0040479 0.085186 0.040479 0.051507
5C4.2 [ 003 0035665 0.02245 0.061612 0.02245 0061612 0.035665 0.049234 0061612 0.049234 0035665 0.019287 0.009165 0.044452 0009165 0.044452 0.019287 0.032311 0.044452 0.032311 0.019287
sca3 0 00875 0031413 0065479 0.179701 0085473 0.179701 0.104023 01436 0179701 01436 0031413 0034014 0.026732 0129652 0.026732 0129652 0.056255 0.09424 0128652 0.03424 0.034014

o

0

o

EC2

EC3

ccooccooccocococoooeo

-

coceoocooo

sc3

5C34

sc5 0.4 5€5.1 01075 0176422 01278 01278 01278 01278 0176422 0220775 0.1278 0220775 0176422 0.115781 0.069113 0069113 0.069113 0069113 0.115781 0159287 0.069113 0.159287 0.115781
5C5.2 0.1425 0051159 0.292656 0.233862 0.292656 0233862 0.292656 0233862 0051150 0233862 0051159 0.055394 0211148 0153477 0211148 0153477 0.211148 0153477 0.055394 0153477 0.055394

ENV 0.32 ENVL 0.19 ENVL1 01025 0168217 0036799 0.166217 0.036799 0.168217 0.121856 0.076704 0168217 D.O76704 D.168217 0.110396 0.039845 0110396 0.039845 0110396 0065898 0031314 0.11039 0031314 0.110396
ENVL2 00885 0.2655 0.191939 025224 0.06596¢ 025224 0065954 0.191939 025224 0191939 0.25224 0191939 0.094829 0151701 0.065964 0151701 0.065964 0094829 0.151701 0.094829 0151701 0.094829

ENV2 0.12 ENVZ1 0 0135 0101025 0.048466 0.277253 0.048466 0277253 0.160493 0.101025 0277253 0.101025 0101025 0.041243 0.052479 0200035 0.052479 0200035 0.086793 0041243 0.200035 0.041243 0.041243

0.115 0236178 0086058 0.086058 0.0B6058 0.0B6058 0.041286 0.041286 0086056 0.041286 0236176 01704 0035133 0035133 0035133 0035133 0044704 0044704 0.035133 0044708 01704
013 0097283 0.046671 00872683 0.046671 0097283 0.097263 0097283 0.266984 0097283 0097283 0.039716 0050535 0.039716 0050535 0.039716 0039716 0.039716 0192626 0.039716 0.039716

012 00898 0.043081 014266 0.043081 014266 014266 0196937 0.196937 0.196937 0.0898 0.036661 D.046648 0.077149 0046648 0.077149 0.077149 0120244 0.129244 0129244 0.036661

005 0037417 0059442 0.102686 0.059442 0102686 0.017951 0102686 0.082057 0.102686 0037417 0.015275 0032146 0.074087 0032146 0.074087 0.019437 0.074087 0.053852 0.074087 0.015275
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Figure Appendix 43 The Euclidian distances between each of Tier 1 and the FPIS and FNIS solution
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Figure Appendix 4 The Euclidian distances between each of Tier 2 and the FPIS and FNIS solution
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Appendix 5 Sensitivity analysis results
1 Fuzzy TOPSIS

ECL1 032 wi 1 0905882353  0.811764706 0717647059  0.623529412  0.529411765
EC EC EC EC EC
wptdeltap w'p 1-w'p/1-wp W= 1-w'p/ l-wp*wj 1.1+20% 1.1+40% 1.1460% 1.1+80% 1.1+100%

0 0.320 1.000 £C 0.320 0.384 0.448 0.512 0.576 0.640
20% 0.384 0.906 £C’ 0310 0.281 0.252 0.222 0.193 0.164
40% 0.448 0.812 EC’ 0.400 0.362 0.325 0.287 0.249 0212
60% 0512 0.718 EC’ 0.310 0.281 0.252 0.222 0.193 0.164
80% 0576 0.624 sc 0.520 0471 0.422 0373 0324 0275

100% 0.640 0.529 sc' 0510 0.462 0.414 0.366 0318 0.270
sc' 0.340 0.308 0.276 0.244 0212 0.180

¢ 0.530 0.480 0.430 0.380 0.330 0.281

sc' 0.570 0.516 0.463 0.409 0.355 0302

ENV 1.2 0.590 0.534 0.479 0.423 0.368 0312

ENV 2.1 0.150 0.136 0.122 0.108 0.094 0.079

ENV' 3.1 0.280 0.254 0.227 0.201 0175 0.148

ENV' 4.2 0.120 0.109 0.097 0.086 0.075 0.064

EC22 0310 wj 1 0910144928  0.820289855  0.730434783 0.64057971  0.550724638

EC EC EC EC EC EC
wptdeltap w'p 1-w'p/1-wp W= 1-w'p/ l-wp*wj 2.240% 2.2+20% 2.2+40% 2.2460% 2.2+80% 2.2+100%

0 0.310 1.000 EC 11 0.320 0.291 0.262 0.234 0.205 0.176
20% 0372 0.910 EC 22 0310 0372 0.434 0.496 0.558 0.620
40% 0.434 0.820 EC 31 0.400 0.364 0.328 0.292 0.256 0.220
60% 0.496 0.730 EC 41 0310 0.282 0.254 0.226 0.199 0171
80% 0.558 0.641 s¢ 11 0.520 0.473 0.427 0.380 0333 0.286

100% 0.620 0.551 s¢ 24 0.510 0.464 0.418 0.373 0327 0.281
s¢ 33 0.340 0.309 0.279 0.248 0.218 0.187

s a1 0.530 0.482 0.435 0.387 0.340 0.292

s¢ 52 0570 0519 0.468 0.416 0.365 0314

ENV' 12 0.590 0.537 0.484 0.431 0378 0325

ENV' 2.1 0.150 0.137 0.123 0.110 0.096 0.083

ENV' 3. 0.280 0.255 0.230 0.205 0179 0.154

ENV' 4.2 0.120 0.109 0.098 0.088 0.077 0.066

EC3.1 0.400 1 0866666667  0.733333333 06 0466666667 0333333333

EC EC EC EC EC
wptdeltap w'p 1-w'p/1-wp Wj=1-w'p/ l-wp*wj 3.1420% 3.1440% 3.1460% 3.1480% 3.14100%

0 0.400 1.000 0.320 0277 0.235 0.192 0.149 0.107
20% 0.480 0.867 0310 0.269 0.227 0.186 0.145 0.103
40% 0.560 0.733 0.400 0.480 0.560 0.640 0.720 0.800
60% 0.640 0.600 0.310 0.269 0.227 0.186 0.145 0.103
80% 0.720 0.467 0.520 0.451 0.381 0312 0.243 0173

100% 0.800 0333 0510 0.442 0.374 0.306 0.238 0.170
0.340 0.295 0.249 0.204 0.159 0.113
0.530 0.459 0.389 0318 0.247 0.177
0.570 0.494 0.418 0.342 0.266 0.190
0.590 0511 0.433 0.354 0.275 0.197
ENV' 2.1 0.150 0.130 0.110 0.090 0.070 0.050
ENV 3.4 0.280 0.243 0.205 0.168 0131 0.093
ENV' 4.2 0.120 0.104 0.088 0.072 0.056 0.040
EC4.1 0310 1 0910144928  0.820289855 0730434783 0.64057971  0.550724638
EC EC EC EC EC
wptdeltap w'p 1-w'p/1-wp W= 1-w'p/ 1-wp*wj 4.1420% 4.1+40% 4.1460% 4.1480% 4.14100%

0 0310 1.000 0.320 0.291 0.262 0.234 0.205 0.176
20% 0372 0.910 0310 0.282 0.254 0.226 0.199 0171
40% 0.434 0.820 0.400 0.364 0.328 0.292 0.256 0.220
60% 0.496 0.730 0.310 0372 0.434 0.496 0.558 0.620
80% 0.558 0.641 0.520 0.473 0.427 0.380 0333 0.286

100% 0.620 0.551 0510 0.464 0.418 0373 0327 0.281
0.340 0.309 0.279 0.248 0.218 0.187

0.530 0.482 0.435 0.387 0.340 0.292

0.570 0.519 0.468 0.416 0.365 0314

0.590 0.537 0.484 0.431 0378 0325

ENV 2.1 0.150 0.137 0.123 0.110 0.096 0.083

ENV 3. 0.280 0.255 0.230 0.205 0.179 0.154

ENV' 4.2 0.120 0.109 0.098 0.088 0.077 0.066

FigureAppendix 52 normalized weights of economic dimension in Sensitivity analysis

155



5C1.1 0.520 wi 1 0.783333 0.566667 035 0.133333 0.02083333

SC SC sC sC sC sC
wpsdeltap w'p 1-w'p/1-w w'j = 1-w'p / 1-wp*wj 1.140%  1.1420% 1.1+40% 1.1+60% 1.1+80% 1.1+100%

0 0.520 1 EC' 11 0.320 0.251 0.181 0.112 0.043 0.007
20% 0.624 0.783333 EC' 22 0.310 0.243 0.176 0.109 0.041 0.006
40% 0.728 0.566667 EC' 31 0.400 0.313 0.227 0.140 0.053 0.008
60% 0.832 035 EC' 41 0310 0.243 0.176 0.109 0.041 0.006
80% 0.936 0.133333 sc' 11 0.520 0.624 0.728 0.832 0.936 1.040

100% 0.990 0.020833 sc' 2.4 0.510 0.400 0.289 0.179 0.068 0.011
sc' 33 0340 0.266 0.193 0.119 0.045 0.007

sc' 4.1 0.530 0.415 0.300 0.186 0.071 0.011

sc' 5.2 0.570 0.447 0.323 0.200 0.076 0.012

ENV' 1.2 0.590 0.462 0.334 0.207 0.079 0.012

ENV' 21 0.150 0.118 0.085 0.053 0.020 0.003

ENV' 31 0.280 0.219 0.159 0.098 0.037 0.006

ENV' 42 0.120 0.094 0.068 0.042 0.016 0.003

5C2.4 0.510 wj 1 0791837 0.583673 0.37551 0.167347 0.01632653

sC sC sC sC sC sC
wpsdeltap w'p 1-w'p/1-w w'j = 1-w'p / 1-wp*wj 2.440%  2.4420% 2.4+40% 2.4+60% 2.4+80% 2.4+100%

0 0.510 1.000 EC' 11 0.320 0.253 0.187 0.120 0.054 0.005
20% 0.612 0.792 EC' 22 0.310 0.245 0.181 0.116 0.052 0.005
40% 0714 0.584 EC' 31 0.400 0317 0.233 0.150 0.067 0.007
60% 0816 0376 EC' 41 0310 0.245 0.181 0.116 0.052 0.005
80% 0.918 0.167 sc' 11 0.520 0.412 0.304 0.195 0.087 0.008

100% 0.992 0.016 sc' 24 0.510 0.612 0.714 0.816 0918 1.000
sc' 33 0.340 0.269 0.198 0.128 0.057 0.006

sc' 4.1 0.530 0.420 0.309 0.199 0.089 0.009

sc' 5.2 0.570 0.451 0.333 0.214 0.095 0.009

ENV' 12 0.5%0 0.467 0.344 0.222 0.099 0.010

ENV' 21 0.150 0.119 0.088 0.056 0.025 0.002

ENV' 31 0.280 0.222 0.163 0.105 0.047 0.005

ENV' 42 0.120 0.095 0.070 0.045 0.020 0.002

5C33 0.340 wj 1 0.89697 0.793939 0.690909 0.587879 0.48484848

sSC sC sC sC sC sC
wp+deltap w'p 1-w'p/1-w w'j = 1-w'p / 1-wp*wj 3.340%  3.3420% 3.3+440% 3.3+60% 3.3+80% 3.3+100%

0 0.340 1.000 EC' 11 0320 0.287 0.254 0.221 0.188 0.155
20% 0.408 0.897 EC' 22 0.310 0.278 0.246 0.214 0.182 0.150
40% 0.476 0.794 EC' 31 0.400 0.359 0.318 0.276 0.235 0.194
60% 0.544 0.691 EC' 41 0310 0.278 0.246 0.214 0.182 0.150
80% 0.612 0.588 sc' 11 0.520 0.466 0.413 0.359 0.306 0.252

100% 0.680 0.485 sc' 2.4 0.510 0.457 0.405 0.352 0.300 0.247
sc' 33 0.340 0.408 0.476 0.544 0.612 0.680

sC' 41 0.530 0.475 0.421 0.366 0312 0.257

sc' 5.2 0.570 0.511 0.453 0.394 0.335 0.276

ENV' 12 0.590 0.529 0.468 0.408 0.347 0.286

ENV' 21 0.150 0.135 0.119 0.104 0.088 0.073

ENV' 3.1 0.280 0.251 0.222 0.193 0.165 0.136

ENV' 4.2 0.120 0.108 0.095 0.083 0.071 0.058

SC4.1 0530 wij 1 0.774468 0.548936 0.323404 0.097872 0.04042553

scC sC sC sC sC SC
wp+deltap w'p 1-w'p/1-w w'j = 1-w'p / 1-wp*wj 4.140%  4.1420% 4.1+440% 4.1+60% 4.1+80% 4.1+100%

0 0.530 1.000 EC' 11 0.320 0.248 0.176 0.103 0.031 0.013
20% 0636 0.774 EC' 22 0310 0.240 0.170 0.100 0.030 0.013
40% 0.742 0.549 EC' 3.1 0.400 0.310 0.220 0.129 0.039 0.016
60% 0.848 0.323 EC' 4.1 0.310 0.240 0.170 0.100 0.030 0.013
80% 0.954 0.098 sc' 11 0.520 0.403 0.285 0.168 0.051 0.021

100% 0.981 0.040 sC' 24 0.510 0.395 0.280 0.165 0.050 0.021
sc' 33 0.340 0.263 0.187 0.110 0.033 0.014

sc' 41 0.530 0.636 0.742 0.848 0.954 1.000

sc' 5.2 0.570 0.441 0313 0.184 0.056 0.023

ENV' 12 0.590 0.457 0.324 0.191 0.058 0.024

ENV' 21 0.150 0.116 0.082 0.049 0.015 0.006

ENV' 31 0.280 0.217 0.154 0.091 0.027 0.011

ENV' 4.2 0.120 0.093 0.066 0.039 0.012 0.005

5C5.2 0.570 wj 1 0734884 0.469767 0.204651 0.111628 0.03488372

sC sC sC sC sC sC
wp+deltap w'p 1-w'p/1-w w'j = 1-w'p / 1-wp*wj 5240%  5.2+420% 5.2+40% 52+60% 5.2+80% 5.2+100%

0 0.570 1.000 EC' 11 0.320 0.235 0.150 0.065 0.036 0.011
20% 0.684 0.735 EC' 22 0.310 0.228 0.146 0.063 0.035 0.011
40% 0.798 0.470 EC' 31 0.400 0.294 0.188 0.082 0.045 0.014
60% 0.912 0.205 EC' 4.1 0.310 0.228 0.146 0.063 0.035 0.011
80% 0.952 0.112 sc' 11 0.520 0.382 0.244 0.106 0.058 0.018

100% 0.985 0.035 sc' 24 0.510 0.375 0.240 0.104 0.057 0.018
sc' 33 0.340 0.250 0.160 0.070 0.038 0.012
sc' 4.1 0.530 0.389 0.249 0.108 0.059 0.018
sc' 5.2 0.570 0.684 0.798 0.912 0.952 0.985
ENV' 12 0.5%0 0.434 0.277 0.121 0.066 0.021
ENV' 21 0.150 0.110 0.070 0.031 0.017 0.005
ENV' 31 0.280 0.206 0.132 0.057 0.031 0.010
ENV' 42 0.120 0.088 0.056 0.025 0.013 0.004

FigureAppendix 52 normalized weights of social dimension in Sensitivity analysis
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FigureAppendix 53 normalized weights of environmental dimension in Sensitivity analysis
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