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Abstract:With growing awareness of environmental issuesergasing regulatory pressure to reduce carbdpiiobs,
organizations are being forced to integrate greawtiges into their procurement processes. In tadsystainability-
driven business environment, it is now crucial nitegrate changing customer preferences into therG8upplier
Selection (GSS) process. This enables companiendare customer satisfaction and loyalty and atapharket
fluctuations. Indeed, by understanding customefepeaces, companies can choose suppliers who masgtetn
expectations while complying with environmentalnstards. However, existing literature reveals aifiggmt gap in
considering changing customer preferences whenatad) suppliers. The variability of customer prefees over time
and the uncertainty in the GSS process, includiagueness in expert judgment and insufficient datal to the
complexity of decision-making. The need for a coafygnsive customer-based GSS model is thereforeniaide. To
fill this gap, this paper aims to introduce an ivative hybrid GSS model. This model uses the Martaain to track
and predict the evolution in customer preferenses time, then applies an improved and simplifierzy BWM method
to establish a connection between selection aitend customer preferences. Next, the fuzzy TOR&®od ranks
suppliers. To validate the effectiveness of theopsed model, a real-life case study is conductatiiating three Green
Suppliers of an industrial company, completed lopaparative analysis to verify the results obtaifiégde aim of this
study is to evaluate suppliers and identify thet lne® able to meet customer requirements whilenialigwith the
company's economic and environmental objectives.

1 Introduction expectations, or to a poor market needs analysis or

In the current environmental context, integratingegy  inadequate understanding of customer requireméits [
practices into supply chain management has becdmg a This interplay between these two actors—supplied an
criterion for enhancing the overall performancetisé Cconsumer—underscores the importance of studying the
company and its brand image in the market, enaliitgg relationship between supplier selection criteriad an
differentiate itself from competitors [1]. This dazan be customer requirements. This interrelationship nmastbe
achieved by improving the supply chain and adoptieyy neglected and should be thoroughly considered by
practices with a lesser environmental impact. As tHesearchers for a deeper understanding and weliiefd
supplier evaluation and selection process is odpaunt ~decision-making [6-8]. The literature review shothst
importance [2] in Supp|y chain management' pdﬂmu few S-tudles h-ave focused .On CUStomer- nee.dsl when
attention must be paid to integrating environment&i€lecting suppliers, however in real-world situasiothis
concerns into this process [3]. Green supplierctiele Problemis very comment and is very important toseder
(GSS) is one of the most important aspects ofitiangg  [5]- [7] proposed a model combining the use of MCDM
to a more environmentally-friendly supply chain. @e techniques and the QFD model for GSS. The mainc&im
other hand, suppliers play a crucial role in théhe proposed modelis to clarify and explain thergction
manufacturing process and directly influence thaliuof ~ relationships between customer requirements anlisup
the final product [4]. Additionally, customer sdgistion Selection criteria. The proposed approach is sradt
levels are heavily dependent on the quality of ¢nel around two main phases: the firstis based on dttion
product they consume. In some cases, despite aacgymp0f methods (DEMATEL and QFD) to obtain the final
being well-advanced with a high level of technolpthe ~ Weights of the .selection criteria, while takingoiraiccoqnt
final product it offers may fail to achieve the exfed customer requirements. Secondly, the COPRAS meghod

success. This can be attributed to an excessiwesfon Used to classify and rate suppliers. This studigslight
certain criteria that may not align with customeghe central importance of customers in the evasnatif
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supply chains. However, a significant limitation tbese green supplier that best meets the requirements of
studies is that they neglect the dynamic and englaature the decision makers and satisfies the customer's
of customer requirements, as well as the unceytaind desires.

the fuzziness associated with this decision-making

processes. The remainder of the paper is structured as follows

The conventional method of discerning customeBection 2 presents the findings of the literatieeiaw,
preferences involves gathering information throughighlighting the most important studies conductedhis
surveys and interviews [9]. However, this approscho field of study. Section 3 is dedicated to descadlifre steps
longer adequate as the information collected maty nof the proposed approach. In Section 4, a casey stud
accurately reflect the real-time needs of the custo conducted to test the proposed approach, andshkgare
Indeed. Customers tend to constantly change theialidated in Section 5 through a comparative stdde
preferences; they may easily alter their prefererafeer results are then, analyzed and discussed in Seétion
experiencing a product or service, or due to esernfollowed by a conclusion in Section 7.
influences. Few studies in the literature have pétiehtion
to the fluctuation in customer preferences. 2 Rdated works

The variability in customer preferences over timela  |n this section, a brief presentation of the firggifirom
the uncertainty associated with GSS process, imgud the literature review regarding the most commoacgiin
vagueness and ambiguity in expert judgment, as agll criteria and approaches proposed by the authoveglhas
insufficient available data, accentuates the Cowmf the importance of Considering the customer's metm‘s
this Decision-Making. Therefore, the main objectf¢his i, GSS Problems.
study is to support Decision-Makers by proposing a |n the last decade, the literature on (GSS) has
comprehensive model for GSS in an uncertaigjgnificantly increased, highlighting the growing
environment. This model considers both changingnportance of this field of study [2,10-12]. Howeyvsome
customer preferences and environmental factorspgito  studies have focused solely on assessing suppliers'
provide a holistic approach to supplier selectibtt enyironmental performance, thereby limiting thepecof
addresses the challenges posed by uncertaintywahd®  their findings. [13] extended the (AHP) method unde
customer preferences. This model is based on s nterval type-2 fuzzy environment and proposed &GS
Markov chain in combination with two popular MCDM model based on environmental criteria. This modas w
methods and fuzzy theory. To the best of our kndgde then applied in a real case study involving a home
no method combines Markov chain, the Fuzzy BWM angppliance manufacturer and the findings indicas the
the Fuzzy TOPSIS method for assessing green supplie criteria: green product, cleaner production, gredesign,
the current literature. Markov Chain in appliedrack and  and green package has a substantial positive inopeattte
predict changes in Customers’ Preferences, the yFuzgerformance of green suppliers. [12] proposed an
BWM is used to connect selection criteria with thentegrated approach using fuzzy MCDMs to selecegre
customers’ requirements and find their optimal Wesg syppliers based on their green capabilities. Topgsed
and finally the Fuzzy TOPSIS is used to rank amtiize  model identified nine criteria which can assistisien-
green supplier alternatives. The proposed appraschmakers in distinguishing the key criteria for seleg
validated by conduction a real-world case study anglrategic green supplier§l4], in this work, authors
comparing the results with another existing GSSet®d  proposed three-phase method to help Khouzestarn Stee
The following are the major contributions of thiscompany decision-makers assess their suppliersdiogo
research f[hat distinguish it from other studieatesl to the to their green innovation ability, seven main aiiteand
same topic: o _ o thirty-eight environmental sub criteria were sudgéds
- To propose a decision-making tool combining themphasizing ecological considerations. GSS is aptem
use of Markov chain, an Improved fuzzy BWMdecision, as it depends on various factors that can
and Fuzzy TOPSIS methods for the evaluatiogometimes be contradictory. Indeed, prioritizinglegical
and selection of green suppliers. _ criteria can be more costly than prioritizing comienal
- The yve|ght of each criterion is calcul_ated whilesyppliers [15]. Finding a suitable supplier therefo
considering customer preferences in a fuzzyolves reconciling economic and environmental
environment objectives. Research has underlined the importarice
- Taking into account the uncertainty associateglonsidering both economic and ecological critertzem
with customer preferences involves tracking th@valuating suppliers, to ensure informed and baldnc
evolution of these preferences and predicting @ecision-making [10]. In the literature, [16] praeo an

new model independent of the initial one. integrated approach to develop a (GSS) model fath
- Dealing with uncertainty in both customer needsiiter industry by focusing on both classic and egre
and expert judgment. criteria. In this study, a modified two-phase fuzgyal

- This paper contributes to helping researchers amnglogramming model is proposed to provide a solution
practitioners to choose more effective and suitablgatisfying the optimization of both classic and egre
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supplier scores derived from the Intuitionistic Fyz
TOPSIS. [2]'s study focused on the textile secte @ its

significant environmental impact, highlighting
necessity of (GSS) for stakeholders. To addressrtainty
in GSS, the study proposed an integrated model itongp

(IT2 FAHP) was applied to prioritize alternativepgliers.
Later, [18] proposed a new customer-oriented approach to

theexplore supplier relationship management in suppains

and identify suitable technical criteria for evaing the
organization's supply chain needs. The proposedemod

two (MCDM) methods, BWM and TODIM, within an combines QFD and AHP to determine the weights of

enhanced fuzzy concept using Interval Type-2 Fi&&ip
(IT2FSs). Recently, [17] introduces a novel apphotx
GSS for food business packaging operations. Itrefée
comprehensive set of key selection criteria derivech a
literature review encompassing both green andtiosdil

technical criteria, after which the suppliers asmked
using the simple additive weighting (SAW) method.
Most of the previously cited studies consider con&no
requirements as a constant parameter, which lithits
results of their research. In reality, human beitegsl to

aspects. Suppliers are evaluated using the proposmhstantly modify their priorities and preferencasd this
Pythagorean Fuzzy TOPSIS method. As evident fran tlevolution should not be ignored, but rather tracked

literature survey, the use of fuzzy theories isobsag
increasingly widespread. This trend underscoresitility
and effectiveness of this tool in addressing uadet and
ambiguity within GSS problems leading to bettewrimnied
and more reliable decisions. We can therefore caecl
that, although MCDMs have proven their effectivenies
solving multi-criteria problems, relying solely dhese
methods limits the findings. The current trenaiptopose
hybrid models combining different techniques inesrtb
capitalize on the advantages of each [18-20]. isygaper
we propose a hybrid model that combines the ugbeof
Markov chain with two Fuzzy MCDM techniques.

In an increasingly demanding and sustainabilitydmi
business landscape, integrating customer prefesante
the GSS process is of paramount importance. Thisnip
enables companies to meet
sustainability regulatory requirements but alsersjthens

anticipated. It is therefore crucial to recognibattthese
preferences are not static, but rather dynamiclvawp
over time in response to factors such as marketisrand
technological advances. To the best of our knovdethgs
study is the first to address the problem of GS&Hdan
changing customer requirements in a fuzzy envirartiog
introducing an integrated model that combines the af
Markov chain analysis with an improved Fuzzy BWM
method and the Fuzzy TOPSIS approach.

The Markov chain is a mathematical model that
describes a stochastic process in which a systemesno
from one state to another according to certainsttiom
probabilities. In the context of changing customer
preferences, this can be interpreted as the tramgiom
one preference state to another over time [19]hEtate

increasingly stringeaf the Markov chain could represent a specific aet

customer preferences at a given time, and theitiars

their brand image and fosters customer loyalty. Blgetween these states would reflect changes in roesto

understanding customer preferences,

companies gqaeferences over time. Markov chains have recdrggn

choose suppliers that offer products that meet etarksuccessfully applied to capture the changing behnaf

expectations while adhering to environmental stedgla
However, the literature on this subject remainsitéoh
with few studies specifically addressing the coesation
of customer preferences in GSS. [5] is one of daglihg
authors to take customer attitudes into accountha
supplier evaluation process.

consumers and users [4,9,19,22,23]. [5] is a pioinethe
consideration of customer preferences in suppdilecsion
problems, being the first to integrate Markov chaith
MCDM methods in this area. However, his model cdagd
improved by taking into account the uncertaintyoaisged

Authors proposed awith this decision-making process, also by consider

integrated and innovative model based on the usbeof environmental factors.

SWARA and QFD method to weight supplier selection Based on the preceding discussion, it is evideat th
factors while giving greater importance to customemumerous MCDM based approaches have been introduced
requirements, then the WASPAS method is applied io the literature to aid managers in supplier salac

evaluate suppliers. In another study, [6] proposed
integrated approach for GSS by considering bottoouer
and supplier criteria to investigate the influenoé
customer satisfaction indices on the supplier selec

However, these approaches often lack one or motleeof
following essential characteristics: the ability take
account of changing priorities in customer requigata
when selecting suppliers, integration of customers’

process. The author applied DEMATEL and QFD to Wweigrequirements into the weighting of selection cidter
the decision criteria based on the importance gicen consideration of both economic and environmentibfs,
customer requirements, and then applied COPRAS &nldressing uncertainty and fuzziness in the degisio

classify and rate suppliers. In order to meet custo
expectations, [21] proposed an integrated apprdach

making process, and ensuring precise consistency in
pairwise comparisons. This paper presents an sugr

GSS while considering both customer requirements amodel for GSS and evaluation, exploiting Markoviota

environmental performance criteria. The authora¢d the

track and predict the evolution of customer prafees.

combined (DEMATEL-QFD) method to examine theThis approach is complemented by an enhanced and

interrelations between customer requirements appligu
selection criteria. Subsequently, interval typer2zly AHP

simplified Fuzzy BWM method, surpassing conventiona
Fuzzy BWM for criteria weighting. Additionally, the
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Fuzzy TOPSIS method is employed to effectively ran#
prioritize suppliers based on their performance.

Identification of Green Suppliers to be evaluated

A 4

h 4

Expert opinion

Selection Criteria and Customer Requirements (CR) identification |« Literature review

A 4
Collection of customer preferences and construction of the transition matrix

A 4

Finding a pattern of changing Customers’ Preferences using Markov Chain

A 4
Select one Customers Requirements CR
By

Calculate the weight of the selection criterion relative to the selected
(CR) using Fuzzy BWM

No

Repeat for all Customers
requirements

Yes

Connect selection criteria with customer requirements and find their final weight

X

Experts assess suppliers according to each criterion to create a decision matrix
using Fuzzy TOPSIS

\ 4

Weighting of the decision matrix by multiplying it by the previously
calculated criteria weightings

A 4

Calculate the distance between Suppliers and ideal solutions

A4

Find the final ranking of Green Suppliers

Figure 1 Flowchart of the proposed approach

3 Methods 3.1 Data collection

In this paper we propose an integrated framework fo This step aims to identify the list of potentiappliers
GSS. This approach uses Markov Chain combined with be evaluated, relevant selection criteria todesidered,
Fuzzy MCDM methods to evaluate the ecologicaind the customers' initial preferences. It is irbguarto
performance of suppliers based on changing custonféete that these preferences are not always stabdlenay
preferences. Markov chain is applied to track aretligt evolve over time. Therefore, through a questiomnair
customer preferences. This Markov-generated mcglel Survey among customers, we collect their initial
then integrated with the Fuzzy BWM method to findoreferences and need to monitor the evolution egeh
weights for the selection criteria while takingdraiccount preferences over time, as customers reassess their
customer requirements. These weights are then tsedpriorities. To develop the questionnaire, we fratried
rank the alternatives using the Fuzzy TOPSIS method out a literature review to identify the relevantstmer

The main steps of the proposed approach proposed ggquirements to be assessed. Next, we formulated th
illustrated in the flowchart in Figurel. questions in collaboration with experts in the digb

ensure their relevance and validity. The questivanaas
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pre-tested on a pilot sample to refine the list ofvherek =1, 2,3, ... max is the number of multiplications.
requirements and ensure clarity. The questionnaae Due to the inherent convergence of stochastic o®etriit
validated by a panel of experts comprising reseaschnd is anticipated that the matrices will convergehte same
practitioners in the field of supply chain managatne values after three to five multiplications. As sthin [4],

In order to collect their initial preferences, thg19], the adjusted priorities generated by the Marghain
company's customers are asked to rate Custontepresent a more robust model of future customer
Requirements (CR) on a 5-point Likert scale. Thesgreferences, and are independent of initial custome
questionnaires are then regularly redistributechtmitor preferences, suggesting the importance of condargra
changes in customer preferences. The questionimaireefforts on the development of a transition matather
distributed once the purchase has been made, egablihan on recording consumers' initial preferences.
customers to fully grasp their needs at that poilitte
questionnaire was distributed electronically videsa 3.3 Connecting Customers’ Requirements and

department e-mails to a targeted sample of the aayip Selection Criteria using Fuzzy BWM

customers. In order to obtain the optimal weight of selection
_ criteria with respect to the selected (CR), thezZyt(BWM

3.2 Markov Chain is applied. The main steps of the improved simgtdifiuzzy

The Markov chain is a mathematical model thaBwM according to [24] are described as follows:
describes a stochastic process in which a systemesno

from one state to another according to certainsttiam Step 1. From the set of criteria to be evaluated, the
probabilities. In the context of changing custometiecision-maker is tasked with discerning the most
preferences, this can be interpreted as the tiamgiom  favorable and unfavorable criteria from the sesaéction
one preference state to another over time. Eatthatdéhe criteria. The variablesfandn, respectively represent the
Markov chain could represent a specific set of@ust  counts of criteria identified as the best and worss in
preferences at a given time, and the transitionwd® the decision-making process.
these states would reflect changes in customeegedes
over time. Step 2: The decision-maker express his preferences
Transition matrix construction procesghe transition ysing linguistic terms to carry out comparisonstiué
matrix is constructed by estimating the probabiity user “best" criteria against the remaining criteria. 3de
transitioning from one requirement to another a¥®e. preferences are then translated into triangulazyfuz

This is done by observing customer's prioritiesra¥®e  numbers (TFN) and represented in the AB vector (3).
and identifying the proportion of customers whoatega

particular requirement as their most important aisgh to AB = (g, 5y, ..., dgy) 3
switch to another requirement. The probability bist
transition is then calculated using (1) that comssithe Where dBi represents the preference of the best

numberci of customers who initially placed a requiremengyiterion against théicriterion and logicallyzz; = 1.

(i) at the top of their priority list anbjx the number of

customers who wish to change their priority to Beot  gtep 3: similarly, the DM carries out a comparison in
requirementj) during the period. Once the probabilities |inguistic terms of all criteria over the worstteria. After

are estimated, they are used to construct theiti®ms converting these preferences into (TFNs), theyiste in
matrix. Itis a square matrix that represents toeabilities  the Aw vector (4):

of transitioning from one requirement to anothed a
used in the Markov chain analysis to track chariges AW = @y, Aoy, e Gy) )
customer’s requirements over time.

b Whered,,, represents the preference of theiiterion
Yijk = #’: (1) against the worst criteria and logicadly,,, = 1.

Step 4: Calculation of criteria weight relative best-
to-others vectodB and are denoted as (5), (6), (7):
~AB _ lAB mAB uAB)

(l. ’ [ )

wi - i

Finding the final Pattern procaesThe final pattern of
customer’s requirements prioritieBRCR) can be derived
by initially equating the values of this liBPCR to those
of the initial list of Customers’ requirementd®CR.
Subsequently, the iterative process involves
multiplication of the transpose of the vectBPCR) by the

the From WhB /WP = npdg, (5)

transition matrix TM), as illustrated in the following &nd xrwy =1 (6)
equation (2): )
we obtain: WhE = - (7)
FPCRWT = FPCR® DT xTM ) pop
~ 25 ~
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Replacing the value of4® in equation (3) we obtain R = [;] ,i=1,..m;j=12,...n where (14), (15):
the criteria weights relative teest-to-others vectotB (8): e

~ _ (% by oG . _ Lo
_ap _ _wh® g 7y, = (C,f = C,f) andc; = maxc;; (benefit criteria) (14)
Wit = —% (8) JC
np*dapi

~ a; a; aj — . . .
Step 5: Calculation of criteria weight relative to 7, = (##j) and aj’ = minay; (cost criteria) (15)
others-to-worst vectodW. and are denoted ag;" = T
", mf", uf"). Similarly, using equation (9) we  step3: Construction of the weighted normalized fuzzy
calculate the relative weight of the worst criteridhen  decision matrix by multiplying the previous matty the
replace its value in equation (10) to obtain cidteveight \yeights of each criterion calculated previouslyngsthe

relative toothers-to-worst vector Fuzzy BWM method.
g = T l*d_ 9) Step4: determine the Fuzzy positive ideal FPIS (A+)
wrtw and Fuzzy negative ideal FNIS (A-) (16), (17):
wi = Wy * Gy (10) At = (vFvi v (16)
2
Step 6: The final weighting of each criterion with
€p ghting A~ = (v{,vy ..,v7) a7

respect to the selected (CR) is determined by giregahe
previously calculated relative weights using thikofeing

equation (11): Where (18), (19):

~AB, =AW v = max(v,,) (18)
Wy =T (11) ! Y
and v = min(l;;) (29)

The selection criteria {C1...Cn} are evaluated with

respect to each customer requirement (CR). Whezesetr Step 5. Calculate the distance of each weighted

of weights for the criteria i_s calculated, thes@gh&;_form alternative from both (FPIS) and (FNIS) using the
the rows of thd CR-C)matrix. Now, the goal is to find the following equations (20), (21):

Wcr matrix (12) containing the final weights of the
selection criteria considering their relationshipish the .
customer requirements (CR). This matrix is deteeaiby df = {25‘:1(']17 - v }2 ,di=1..m (20)
the product of the previously calculated weightstrina
(CR-C) using the Fuzzy BWM method with the final ~ . N2y .
pattern of customer’'s requirements prioritieBPCR) d; Z{ j=1("if_"if)} i=1..m (1)
obtained by applying the Markov chain.
Step 6: Calculate the closeness coefficient, used to rank
Wcr= (CR-C)* (FPCR) (12) the alternatives using the following formula (22):

3.4 Fuzzy TOPSIS approach for alternative CCi=—1—
prioritization S
The main steps of the Fuzzy TOPSIS approach Case study

according to [25] are described as follows: To assess the applicability and effectiveness af ou

) o ~_proposed approach, we conducted a real-world ¢adyg s

with m alternatives ana criteria by converting linguistic manufacturing of construction materials. This irtdps

(22)

preferences into (13) leading company is committed to reducing its eciofaig
footprint while providing high-quality products. has

TFNs:D =[%)] (13) already implemented Green initiatives such as teeaf

recycled materials, carbon emission reduction,aodess

where X, = (a;;, byj, ¢;j). optimization to minimize waste. This company h&ean

interest in our study and is convinced that thalifigs
Step2: Construction of the normalized fuzzy decisiorfould provide valuable recommendations to further
matrix after identifying the cost and benefit aiiefrom ~ €nhance its commitment to sustainability and safigfits
the set of selection criteria. The matrix is présdmas: customers’ requirements.
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Table 1 A brief description of selection criteria

Selection criteria Description
Cost (C1 Product cost, freight cost and cost reduction cidipe
Quality (C2 Refers to the level of excellence of the proc

The ability to meet specified delivery schedulesleo fill rate, the

availability of the product, lead time, order freqg)

Measures to reduce greenhouse gas emissions,llaitapts, and othef

harmful airborne substanc

The efficiency of wastewater treatment systems emrdpliance with

environmental regulations regarding water pollL

It assesses efforts to minimize or eliminate the efsharmful and toxid

substances and replace them with-friendly alternative:

Green packaging (C Use of sustainable packaging materials and prac

Recycle (C8) The implementation of recycling programs, the petage of materials
recycled, and the use of recycled mate

EMS and ISO 14001 The presence of an environmental management sy$EMS), a

certification (C9 regulatory compliance and environmental certifmatuch as 1S0140(

Delivery (C3)

Air emission (C4)

Waste water (C5)

Use of harmful materials (C6

Selection criteria: adopted in this study are based on previous rdsearc

The identification of Supplier selection criterequires conducted by author [24], which identified nineesgion
meticulous attention, taking into account the ctigndstics  criteria. Economic criteria include: Cost (C1), litygC2),
of the industrial sector under study and responttindpe delivery (C3), and Ecologic criteria include: Aiméssion
specific requirements of decision-makers. Studiaseh (C4), Waste water (C5), Use of harmful material§)(C
shown that, when selecting green suppliers, tlegration Green packaging (C7), Recycle (C8), Environmental
of sustainable practices should not be at the espefi Management Information System and ISO 14001
traditional criteria. Both aspects need to be taken certification (C9). A brief description of eachterion is
account in the decision-making process. The catergiven in Table 1.

Table 2 A brief description of customer requirersent

Customer Requirements Description

. This includes durability, resilience, and complianavith industry
Product Quality (CR1) standards and commonly adopted specifical
Price (CR2) I\/_Iarket-competltNe prices, ability to offer paymeffiaciliies and

discounts
Compllance with Materials that comply with environmental standandg)imize ecologica
environmental standards. . .
(CR3. impact and are manufactured in a sustainable manner
Technical support and after-Ability to provide technical advice and solutiorts gotential problems,
sales service (CR installation assistance, warranty, easy replaceinghe event of failur
Stock availability (CRE Ability to supply requested quantities within reaable lead time:
5 Results survey is implemented. Questionnaires are peritidica

The following section presents the results of aipgly redistr_ibuted to thg organization's customers ullu: the
the proposed approach, highlighting the data ceitband evolution of their preferences. By leveraging the
the analyses carried out. These results are thepaed duestionnaire results, the transition matriXMj is

with those obtained using different methods, tesssheir constructed following the steps outlined in Sec8¢h The
relative effectiveness and relevance. fallowing Set of Customer Requirements (CR) is aeldp

in this paper: (Product Quality (CR1), Price (CR2),

5.1 Results from the application of the proposed Compliance with environmental standards (CR3),
approach Technical support and after-sales service (CR4)ckSt
Data collection: availability (CR5)). Table 2 provides a brief degtion of

. N » h (CR).

The data collection process in this approach ieisia eac S I
with identifying customer preferences. Recognizihgt The; mlcllal .I'Stn\af (CR)b Pr|orc|;c|esf(I|IIDCR? and the
these preferences may evolve over time, a questignn transition Matrix (TM) are obtained as follows:
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CR1 CR2 CR3 CR4 CR5

CR1 035 0.22 0.09 011 0.23
_CR2 029 028 027 0.08 0.08
CR3 0.16 0.10 031 0.15 0.28
CR4 025 013 0.12 033 0.17
CR5 028 030 0.10 0.10 0.29

Quality CR1 0.39
Price CR2 0.14
IPCR= Env.stand CR3 0.16 and TM
Tech.supp CR4 0.12
Stock avail CR5 0.19

Finding a pattern of changing Customers’ To predict future customer preferences based tialini
Preferences using Markov Chain: preferences and the transition matrix, we applied t
Markov Chain, as outlined in Section 3.2.

FPCR®WT = FPCROT x TM = (0.286 0.20 0.156 0.137 0.221) (19)
FPCR®T = FPCRMT x TM = (0.283 0.199 0.164 0.139 0.215) (20)
FPCR®T = FPCR®T x TM = (0.282 0.197 0.168 0.141 0.212) (21)
FPCR®T = FPCR®T x TM = (0.277 0.201 0.170 0.139 0.213) (22)
FPCR®T = FPCR@T x TM = (0.277 0.201 0.170 0.139 0.213) (23)

As demonstrated by (19), (20), (21), (22) and (2B& Connecting Customers’ Requirements and Selection
matrix stabilized after five multiplications, costntly Criteria using Fuzzy BWM:

yielding the same values thereafter. This stahibna The final pattern of customers’ priorities is dbed

illustrates the convergence of the model. The fpatern using the Markov Chain. This final list of priog8 is then
of customers’ preferences is as follows: used as an input to the Fuzzy BWM method in order t
connect the Customers’ requirements to the sefectio

rpcR—= CR1 CR2 CR3 CR4 CR5 criteria. For each chosen Customer RequiremenBése

0.277 0.201 0.170 0.139 0.213 and Worst criteria are identified, and pairwise panisons

are conducted. The weights of the selection cait@m then
computed following the procedures outlined in SBTB.

Table 3 Selection criteria comparisons with re$pge¢ CR1=ProductQuality"

Cil C2 C3 C4 C5 C6 C7 C8 C9
Quality CeC2 | (234 | (L1 | (567 | (567 | (67 | (345 | (456 (345 | (234
Cw.C3 | (678 | (789 | (@11 |34 | (34 | (345 | (456 (56,7 | (678
Optimal weights (0.094, | (0.211, | (0.030, | (0.040, | (0.040, | (0.058, | (0.063, (0.068, | (0.094,
0.140, | 0.267, | 0.041, | 0.064, | 0.064, | 0.090, | 0.093, 0.102, | 0.140,
0.214 | 0.329 0.054 0.097 0.097 | 0.138 0.136 0.153 | 0.214

Table 3 shows the values of the pairwise compasiso@€R5) and the criteria weights are retained for each
and the optimal weights for the selection critesaociated iteration.
with the customer requirement CR1. In a similar way The resultant weights are systematically organazed
pairwise comparisons are carried out for the oth@resented in the following Fuzzy matri@R-C)
remaining customer requirements: (CR2, CR3, CR4 aitR-C) =

— c1 c2 c3 ca cs C6 c7 cs c9
(CR1) (0.094,  (0.211,  (0.030,  (0.040,  (0.040,  (0.058,  (0.063,  (0.068,  (0.094,
0.140, 0.267, 0.041, 0.064, 0.064, 0.090, 0.093, 0.102, 0.140,
0.214) 0.329) 0.054) 0.097) 0.097) 0.138) 0.136) 0.153) 0.214)
(CR2) (0.245,  (0.095,  (0.095,  (0.029,  (0.03, (0.059,  (0.055,  (0.045,  (0.08,
0.299, 0.136, 0.136, 0.037, 0.037, 0.089, 0.082, 0.07, 0.113,
0.355) 0.192) 0.192) 0.047) 0.047) 0.129) 0.118) 0.133) 0.159)
(CR3) (0.022,  (0.057,  (0.033,  (0.061,  (0.061,  (0.183,  (0.076,  (0.067,  (0.183,
0.028, 0.082, 0.052, 0.089, 0.089, 0.225, 0.111, 0.100, 0.225,

0.035) 0.117) 0.078) 0.129) 0.129) 0.270) 0.168) 0.155) 0.270)

(CR4) (0.093.  (0.113.  (0.249.  (0.030.  (0.030.  (0.051.  (0.047.  (0.047.  (0.051.
0.134. 0.165. 0.309. 0.039. 0.039. 0.082. 0.075. 0.075. 0.082.
0.198) 0.252) 0.379) 0.049) 0.049) 0.126) 0.115) 0.115) 0.126)

(CR5) (0.107.  (0.107.  (0.234.  (0.029.  (0.029.  (0.060.  (0.045.  (0.031.  (0.065.
0.157. 0.157. 0.295. 0.037. 0.037. 0.091. 0.072. 0.054. 0.101.

_ 0.239) 0.239) 0.362) 0.047) 0.047) 0.136) 0.109) 0.085) 0.154)
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The final fuzzy weighting (Table 4) of the seleatio
criteria taking into account customer requiremesithen
obtained according to equation (9).

Table 4 final weights of selection criteria considg CR

Criteria Ci1 Cc2 C3 C4 C5 C6 Cc7 C8 (01°]

final (0.115, | (0.126, | (0.118, (0.038, (0.038, | (0.079, (0.058, (0.052, | (0.094,
aggregated | 0.156, | 0.172, 0.153, 0.054, 0.054, | 0.112, 0.087, 0.081, 0.132,
weights 0.215) | 0.236) 0.197) 0.075) 0.075) | 0.157) 0.129) 0.129) 0.188)

BWM method. The weighted normalized fuzzy decision
matrix is then calculated based on the multiplaratf the
evaluating green suppliers and determining theialfi normalized matrix and the criteria weights previgus
ranking. Each expert contributes individual lingigis calculated, the results are shownTiable 5. Finally, the
assessments, translated into triangular fuzzy nwnbecloseness coefficient is computed, relying on HeRiS
These assessments are aggregated into a conserzgys Fand FNIS, resulting in the final ranking of greempgliers
decision matrix, normalized with consideration teet showed in Table 6.

previously obtained criteria weights through thez&u

Green Supplier Assessment using Fuzzy TOPSIS:
In this section, we utilize the Fuzzy TOPSIS metfard

Table 5 The Weighted and Normalized fuzzy decisanx

C1 Cc2 C3 C4 C5 C6 C7 C8 C9
Gsl (0.018, (0.054, (0.056, (0.006, (0.004,0. | (0.023, (0.032, (0.021, (0.066,
0.036, 0.123, 0.113, 0.012, 007, 0.051, 0.068, 0.049, 0.123,
0.092 0.236 0.197 0.028 0.011 0.157 0.129 0.104 0.188
GSs2 (0.038,0. | (0.024, (0.051, (0.004, (0.006, (0.016, (0.009, (0.008, (0.010,
156, 0.041, 0.087, 0.007, 0.01, 0.029, 0.016, 0.016, 0.015,
0.215) 0.067) 0.137) 0.013) 0.017) 0.049) 0.029) 0.041) 0.035)
GS3 (0.013, (0.018, (0.015,0. | (0.009,0. | (0.01,0.0 | (0.021,0. | (0.036, (0.027,0. | (0.073,0.
0.02, 0.074, 033, 023, 32, 043, 0.074, 062, 132,
0.038 0.168 0.094 0.075 0.075 0.112 0.129 0.129 0.188
Table 6 The final ranking of the three Green Sugupli
d+ d- CcC Ranking
GSL 0,19¢ 0,51¢ 0,72¢ 1
G 0,528 0,182 0,256 3
GS3 0,28 0,42( 0,59¢ 2

5.2 Comparison with other methods other existing methods in terms of consistency and
To assess the effectiveness of the proposed model delevance of the results obtained. Additionallye th

validate the obtained results, a comparative stigdy combination of the well-known Fuzzy AHP and Fuzzy
conducted. TOPSIS methods is chosen as another comparative

approach. The comparison results are presented in
Comparing criteria_weightings: This study involvegrigure 3.
calculating the weights of selection criteria irotdifferent
ways: using the methodology proposed in this paper 6 Discussion and implication
using the Fuzzy BWM method without considering In this paper, we propose a hybrid approach combini
customer requirements. The aim of this comparativdy Markov Chain, fuzzy theory and MCDM techniques to
is to evaluate the impact of customer requirementthe address GSS. This approach takes into accountnsesto
criteria weighting process in the context of GS®eT requirements, and pays particular attention tofabethat
comparison results are presented in Figure 2. customer priorities are constantly changing oveetiThe
application of Markov chain enabled us to track tthiange
Comparing green suppliers ranking: Beyond thand predict a pattern of customer preferences.
methodology proposed in this paper, three othestieg
GSS models from literature are considered for coiapa. After applying the Markov chain to initial customer
Specifically, the Fuzzy TOPSIS method. [24] progoae preferences, the resulting pattern shows an adgumtin
novel model combining the use of an improved angustomer preference priorities over time. Initiatipality
simplified Fuzzy BWM and Fuzzy TOPSIS. Authors havevas the dominant priority with a weighting of 0.3t
demonstrated the superiority of the proposed modet according to the Markov model, this weighting deses
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to 0.277. In contrasgtock availability, initially at 0.19, higher price for quality and environmentally-frigynd
increased to 0.213, indicating a shift in priotiiyvards this products. These results underline the importance of
criterion. These results suggest a shift in customenderstanding and responding to changing custoseda
preferences towards a greater focus on stock &ildija and preferences in the supplier selection process.
while quality has become relatively less dominast.for
the "Technical support and after-sales service" criterion, These criteria have practical implications for
initially it had a weighting of 0.12, but according the environmental policy makers and for companies segid
Markov model, this weighting increased slightly0td39. improve their sustainable supply chain. Our
This could indicate a growing recognition of therecommendations include adopting strategies togthen
importance of technical support and after-salegseifor performance on each of these criteria in ordemptinoze
customers over time. Indeed, in this industriak@medhe overall sustainability results.
purchase of building materials is often a majoestment
for customers, and they are keen to ensure thianttamey The Markov chain has been successfully used in
is well spent. Customers often need technical sigpo previous studies to predict the evolution of custoneeds
the installation and use of materials, particulafty [4,9,19,23]. However, after reviewing the existing
complex or specialized products. An effective afiales literature, few articles combine the use of the hdarchain
service can ensure that customers receive thetaassis with MCDM techniques when selecting suppliers. The
they need to resolve potential problems and maxeriiz only existing supplier selection model in the kiere that
value of their purchases [26]. This interpretatiighlights  integrates Markov chain with MCDM techniques doet n
the importance of monitoring trends in custometake into account the uncertainty associated wliis t
preferences to proactively adjust supplier selactioselection process [5]. Our approach, which takgeamtdge
strategies. of fuzzy set theory, offers an effective resporsehis
uncertainty, thus establishing a robust framewask f
After obtaining the new pattern of customers' faturmanaging ambiguous or imprecise information. Moegpv
preferences, a connection between these preferamcks the model proposed by [5] evaluates supplierssolethe
the selection criteria is established by applyimg Fuzzy basis of economic criteria. Our study demonstrated
BWM method to obtain the final weights of the sélmt importance attached by customers to environmentally
criteria. These results indicate ti@mnality (0.175) is the friendly products, underlining the need to integrat
most important criterion, followed byCost (0.159), ecological criteria into the supplier selectiongass.
Delivery (0.155) andEMS (0.140), suggesting that
customers attach great importance to the qualipidding After obtaining the weights of the selection ciaer
materials. We conducted a comparative study wittefim  these weights are then integrated into the FuzzS16
of obtaining the weights of the selection criteinatwo method to rank the suppliers. The ranking resultshe
different ways: using the methodology proposedhiis t following order: GS1, followed by GS3, then GS2otder
paper, and using a criteria weighting method engsith the to validate the results obtained, we carried out a
literature without considering customer requireraefihe comparative study in which we ranked the 3 supplier
results of this comparative study reveal a diffeeeim the using four different methods. Figure 3 shows thrkireg
weights of the selection criteria between the twoesults based on the proposed framework and thes thr
approaches. When customer requirements are taken imethods involving the same data used in the casly.st
account, the weights assigned to certain criteigh as According to Figure 3, the results of the four nogih are
Cogt, Delivery andUse of Harmful Materials, increase quite similar. All methods ranke@S1 as the best green
considerably compared to the method that doesaket t supplier. AndGS3 is ranked second in all methods, with
these requirements into account. This suggests thhe exception of the Fuzzy TOPSIS method, wheis it
customers attach greater importance to these aspg@at ranked last. Thus, it can be concluded that theltses
the other hand, criteria such@sality andEM S see their obtained are consistent and can be considered aatid
weights decrease slightly when assessed agairtsinoers  robust, reinforcing the reliability of the propossgbroach
requirements. This may indicate that customersclattaand its applicability in the decision-making prages
great importance to these criteria, and are wiltmgay a
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Comparison of selection criteria weightings

0,250

0,200

0,150 —7
0,100 /.
0,050
0,000
c1 c2 c3 ca cs 6 c7 s o

=@ Sériel . 0,159 0,175 0,155 0,054 0,054 0,114 0,089 0,084 0,135
Série2| 0,117 0,214 0,132 0,045 0,027 0,102 0,074 0,08 0,214

—@-—Proposed approach F.BWM

Figure 2 Comparison of selection criteria weighting

Green Supplier rankings comparison

3,
2,
1, l
0, || || || ||
FUZZY AHP EL The Proposed
FUZZY TOPSIS +FUZZY BETTIOUI,W A ropach
TOPSIS etal, PP
mGS1 1 1 1 1
mGS2 3 2 3 3
GS3 2 3 2 2
EGS1 mGS2 mGS3
Figure 3 Green Supplier rankings comparison
7 Conclusion To test the effectiveness of the proposed model, we

GSS presents crucial challenges in today&onducted areal-life case s_tudyinvolving the @aﬁbn of
sustainability-driven  environment. Taking customekree green suppliers, taking into account fivetamsr
requirements into account in this process has becomgduirements and nine selection criteria. To vatidhe
essential, as it helps to ensure that the chospplists results obtained, we conducted a comparative study
meet customers' Specific expectations for enviro’ﬂmg- invoIving the calculation of selection criteria \ghts in
friend|y products_ However, customer preferencesrm[ two different ways: one in which customer requiretBe
static; they evolve over time. This dynamic regeisn Were integrated into the supplier evaluation precesd
anticipatory approach to predicting future custome®ne in which these requirements were not taken into
preferences. Understanding how customers can char@fgount. In addition, we compared the ranking efegr
their minds and adapt their preferences becomesya Kuppliers using three different supplier selectinodels
element in more accurate Supp"er Selection' djgmmh eXIStlng in the literature. The results obtainedhis work
market trends and consumer expectations. demonstrate that the proposed hybrid frameworkery v

In this paper we propose an integrated framework féonsistent, overcomes the uncertainty associattfttiis
GSS. This approach uses Markov Chain combined wifkecision-making and is capable of proactively tig
Fuzzy MCDM methods to evaluate the ecologicafustomer requirements.
performance of Supp"ers based on Changing customer This research aims to enrich the current literaituthe
preferences. Markov chain is applied to track aratligt area of GSS. Despite its advantages, our methau als
customer preferences. This Markov-generated maslel Rresents some critical limitations that need to be
then integrated with the Fuzzy BWM method to fincconsidered. Firstly, a sensitivity analysis of fireposed
weights for the selection criteria while takingdrtccount model is required to test different scenarios oty
customer requirements. These weights are then tesedvarious situations that decision-makers may facenwh
rank the alternatives using the Fuzzy TOPSIS method €Vvaluating suppliers. This could involve modifyithg list
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of customer requirements or the list of alternatite https://doi.org/10.1016/j.eswa.2018.08.017
ensure the consistency of the results obtainedsébend [9] ASADABADI, M.R.: A Markovian-QFD approach in
limitation concerns the non-generalizability of the addressing the changing priorities of the customer
proposed model, as it is based on a specific ¢ady and needs/nternational Journal of Quality and Reliability
may not be applicable to all GSS problems. In vifhe ManagementVol. 33, No. 8, pp. 1062075, 2016.
limitations raised, we propose to add a new petsgeto https://doi.org/10.1108/IJQRM-07-2014-0091
the scientific literature by considering differgmbssible [10] GOVINDAN, K., RAJENDRAN, S., SARKIS, J.,
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selection: a literature reviewlournal of Cleaner
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