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ABSTRACT 
 
In today's bus+ness landscape, susta+nable suppl+er select+on has ga+ned strateg+c s+gn+f+cance, not only due 
to eth+cal respons+b+l+t+es but also as a key factor +n enhanc+ng compet+t+ve advantage and manag+ng long-
term r+sks. Stakeholders such as consumers, +nvestors, and regulatory agenc+es +ncreas+ngly expect 
compan+es to adopt susta+nab+l+ty pr+nc+ples throughout the+r supply cha+ns. Consequently, +ntegrat+ng 
env+ronmental, soc+al, and governance (ESG) cr+ter+a alongs+de trad+t+onal econom+c +nd+cators has become 
essent+al. Th+s study focuses on a large-scale reta+l organ+zat+on’s suppl+er evaluat+on process by 
+ncorporat+ng susta+nab+l+ty-or+ented dec+s+on-mak+ng cr+ter+a. Bu+ld+ng on a comprehens+ve l+terature 
rev+ew, ex+st+ng evaluat+on cr+ter+a were rev+sed and expanded to +nclude ESG d+mens+ons, form+ng a 
hol+st+c framework of 18 sub-cr+ter+a across four pr+mary categor+es: econom+c, env+ronmental, soc+al, and 
governance. To determ+ne the +mportance of these cr+ter+a, the Fermatean Fuzzy SWARA method was 
appl+ed, and suppl+er alternat+ves were pr+or+t+zed us+ng the Fermatean Fuzzy WASPAS techn+que. The 
f+nd+ngs prov+de act+onable +ns+ghts for pract+t+oners seek+ng to enhance susta+nable procurement pract+ces. 
 
Keywords: Susta+nable Suppl+er Select+on, Fermatean Fuzzy Sets, SWARA, WASPAS. 
 
 

SÜRDÜRÜLEBİLİR TEDARİKÇİ SEÇİMİ İÇİN BÜTÜNLEŞİK 
FERMATEAN BULANIK SWARA-WASPAS YÖNTEMLERİ 

 
ÖZET 
 
Günümüz +ş dünyasında sürdürüleb+l+r tedar+kç+ seç+m+, yalnızca et+k sorumluluklar neden+yle değ+l, aynı 
zamanda rekabet avantajını artırmak ve uzun vadel+ r+skler+ yönetmek açısından da stratej+k b+r önem 
kazanmıştır. Tüket+c+ler, yatırımcılar ve düzenley+c+ kurumlar g+b+ paydaşlar, ş+rketler+n tedar+k 
z+nc+rler+n+n tamamında sürdürüleb+l+rl+k +lkeler+n+ ben+msemeler+n+ g+derek daha fazla beklemekted+r. Bu 
nedenle, geleneksel ekonom+k göstergelere ek olarak çevresel, sosyal ve yönet+ş+m (ÇSY) kr+terler+n+n 
entegre ed+lmes+ artık b+r gerekl+l+k hâl+ne gelm+şt+r. Bu çalışma, büyük ölçekl+ b+r perakende kuruluşunun 
tedar+kç+ değerlend+rme sürec+ne odaklanmakta ve sürdürüleb+l+rl+k odaklı karar verme kr+terler+n+ 
+çermekted+r. Kapsamlı b+r l+teratür taramasına dayanarak mevcut değerlend+rme kr+terler+ gözden 
geç+r+lm+ş ve ÇSY boyutlarını +çerecek şek+lde gen+şlet+lerek ekonom+k, çevresel, sosyal ve yönet+ş+m 
olmak üzere dört ana kategor+ altında 18 alt kr+terden oluşan bütüncül b+r çerçeve oluşturulmuştur. Bu 
kr+terler+n önem düzeyler+n+ bel+rlemek +ç+n Fermatean Bulanık SWARA yöntem+ uygulanmış, tedar+kç+ 
alternat+fler+ +se Fermatean Bulanık WASPAS tekn+ğ+yle öncel+klend+r+lm+şt+r. Elde ed+len bulgular, 
sürdürüleb+l+r tedar+k uygulamalarını gel+şt+rmek +steyen uygulayıcılara yönel+k uygulanab+l+r +çgörüler 
sunmaktadır. 
 
Anahtar Kel(meler: Sürdürüleb+l+r Tedar+kç+ Seç+m+, Fermatean Bulanık Kümeler, SWARA, WASPAS. 
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1. INTRODUCTION 
 
In the face of grow.ng env.ronmental degradat.on, resource scarc.ty, and soc.al 
.nequal.ty, susta.nab.l.ty has become a cr.t.cal cons.derat.on across all doma.ns of 
bus.ness operat.ons. Supply Cha.n Management (SCM), as a strateg.c funct.on that 
l.nks upstream suppl.ers to downstream consumers, plays a p.votal role .n an 
organ.zat.on’s efforts to ach.eve env.ronmental and soc.al goals. Trad.t.onal supply 
cha.n models have pr.or.t.zed eff.c.ency, cost m.n.m.zat.on, and speed; however, 
these goals are no longer suff.c.ent .n .solat.on. Organ.zat.ons are .ncreas.ngly 
expected to adopt a tr.ple bottom l.ne approach—address.ng not only econom.c 
outcomes but also env.ronmental and soc.al performance. 
 
Susta.nable Supply Cha.n Management (SSCM) has thus emerged as a transformat.ve 
extens.on of convent.onal SCM, requ.r.ng bus.nesses to engage .n eth.cal sourc.ng, 
waste m.n.m.zat.on, energy eff.c.ency, and stakeholder .nclus.veness throughout the 
supply cha.n. The suppl.er select.on process, as the .n.t.al and arguably most 
.nfluent.al step .n the supply cha.n, .s central to these efforts. Select.ng suppl.ers that 
al.gn w.th susta.nab.l.ty values can enhance corporate reputat.on, ensure regulatory 
compl.ance, m.t.gate supply r.sks, and contr.bute to long-term compet.t.veness. 
 
However, susta.nable suppl.er select.on .s .nherently complex due to the need to 
evaluate d.verse and somet.mes confl.ct.ng cr.ter.a, such as cost, env.ronmental 
compl.ance, labor pract.ces, and governance standards. These evaluat.ons often 
.nvolve qual.tat.ve judgments and uncerta.n or .mprec.se data. As a result, dec.s.on-
makers .ncreas.ngly turn to Mult.-Cr.ter.a Dec.s.on-Mak.ng (MCDM) techn.ques that 
are capable of handl.ng such complex.ty. 
 
The l.terature reflects a grow.ng .nterest .n comb.n.ng trad.t.onal MCDM methods 
w.th fuzzy log.c approaches to better accommodate uncerta.nty and subject.v.ty .n 
susta.nab.l.ty assessments. Techn.ques such as AHP, TOPSIS, and ANP have been 
w.dely used, and recent stud.es have proposed hybr.d models .ntegrat.ng fuzzy sets 
w.th these methods to .mprove dec.s.on qual.ty. In part.cular, Fermatean Fuzzy Sets 
(FFS) have ga.ned attent.on for the.r ab.l.ty to represent uncerta.nty more effect.vely 
than earl.er fuzzy models. 
 
Th.s study contr.butes to th.s evolv.ng body of knowledge by propos.ng an .ntegrated 
MCDM framework us.ng Fermatean Fuzzy SWARA and Fermatean Fuzzy WASPAS 
methods to support susta.nable suppl.er select.on. The SWARA method .s used to 
determ.ne the relat.ve .mportance of each cr.ter.on based on expert .nput, wh.le the 
WASPAS method .s employed to rank suppl.er alternat.ves based on aggregated 
performance scores. The model .s appl.ed .n the context of a major reta.l company, 
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offer.ng pract.cal .ns.ghts .nto how organ.zat.ons can operat.onal.ze susta.nab.l.ty .n 
procurement dec.s.ons. 
 
The rema.nder of th.s paper .s organ.zed as follows. Sect.on 2 presents the theoret.cal 
background and methodology. Sect.on 3 deta.ls the emp.r.cal appl.cat.on of the 
model. Sect.on 4 d.scusses the results and .mpl.cat.ons, wh.le Sect.on 5 concludes 
w.th suggest.ons for future research. 
 
2. MATERIAL AND METHODS 
 
Th.s sect.on presents fundamental .deas and operat.ons related to FFS. 
 
2.1. Fuzzy Fermatean Sets 
 
FFS, a un.que form of q-ROFS, was developed by Senapat. and Yager .n 2020. The 
un.que q-ROFS .dea, referred to as FFS, .s def.ned w.th q = 3. FFS prov.des dec.s.on-
makers w.th enhanced autonomy to vo.ce the.r evaluat.ons by .nd.cat.ng agreement 
(membersh.p) or d.sagreement (non-membersh.p) w.th perspect.ves regard.ng the 
current state of a spec.f.c top.c.  
 

 
 

F-gure 1. Some def(n(t(on related to FFS 
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2.2. Fermatean Fuzzy SWARA 
 
Kersul.ene et al. (2010) developed SWARA as a strategy based on subject.ve cr.ter.a 
we.ght.ng. SWARA enables dec.s.on-makers to set the.r pr.or.t.es by evaluat.ng 
preva.l.ng s.tuat.ons. The FF-SWARA techn.que .s del.neated as follows [Ayy.ld.z et 
al., 2022; Korucuk et al., 2022]. 
 

 
 

F-gure 2. Steps of the FF-SWARA method 
 
2.3. Fermatean Fuzzy WASPAS 
 
WASPAS .s a hybr.d method for mult.-cr.ter.a dec.s.on-mak.ng that uses the 
We.ghted Sum Method (WSM) and We.ghted Product Method (WPM) to evaluate 
alternat.ves more thoroughly (Zavadskas et al., 2012).  WASPAS .s appl.cable and 
prec.se, espec.ally .n mult.-cr.ter.a dec.s.on-mak.ng s.tuat.ons. WSM cons.ders l.near 
contr.but.ons, wh.le WPM cons.ders mult.pl.cat.ve cr.ter.a .nteract.ons. Thus, 
WASPAS comb.nes the benef.ts of both methods for more equ.table dec.s.on-mak.ng. 
The follow.ng steps compr.se FF- WASPAS: 
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F-gure 3. Steps of the FF-WASPAS method 
 
3. APPLICATION  
 
The study ut.l.zed three expert op.n.ons to ascerta.n the we.ght.ngs of the parameters 
relevant to the susta.nable suppl.er select.on process. Experts were chosen among 
persons w.th expert.se .n procurement, susta.nab.l.ty, and SCM, reflect.ng var.ed 
corporate v.ewpo.nts. Each expert evaluated the four pr.mary and e.ghteen secondary 
cr.ter.a based on the.r s.gn.f.cance and quant.tat.vely measured the .nfluence of these 
factors on the dec.s.on-mak.ng process.  
 
Th.s study presented a dec.s.on model for susta.nable suppl.er select.on by merg.ng 
the SWARA and WASPAS techn.ques under Fermatean fuzzy sets. In th.s context, the 
FF-SWARA method was employed to determ.ne the cr.ter.on we.ghts, wh.le the 
f.nd.ngs der.ved from the FF-WASPAS method were compared to assess the 
alternat.ves. 
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The study exam.ned susta.nable suppl.er evaluat.on based on four pr.mary cr.ter.a 
groups: Econom.c, Env.ronmental, Soc.al, and Governance. In the model, a total of 
18 sub-cr.ter.a were establ.shed under these pr.mary cr.ter.a. The organ.zat.on of the 
pr.mary and secondary cr.ter.a .s del.neated .n Table 1 below, accompan.ed by a 
succ.nct d.scuss.on of each sub-cr.ter.on. 
 

Table 1. Ma(n and Sub-Cr(ter(a for Susta(nable Suppl(er Select(on 
 

 
 
Step 1-2. Dec.s.on matr.x .s establ.shed as g.ven Table 2:  
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Table 2. Expert judgments based on l(ngu(st(c var(ables 
 

 
 
Step 3. The aggregated dec.s.on matr.x .s obta.ned as shown Table 3: 
 

Table 3. Aggregated dec(s(on matr(x. 
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Step 4-5-6-7. It .s est.mated the score value for each cr.ter.on, the cr.ter.a’ relat.ve 
s.gn.f.cance (〖rs〗_j), the coeff.c.ent (d_j), and the .mportance we.ght for each 
cr.ter.on as g.ven .n Table 4. 
 

Table 4.  Results of FF-SWARA 
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F-gure 4. We(ghts of the cr(ter(on 

 
Step 6. Each expert evaluates n cr.ter.a ut.l.z.ng the l.ngu.st.c terms l.sted .n  
Table 5-6. 
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Table 5. FF-dec(s(on matr(x 
  

 
  

Table 6. The evaluat(ons of suppl(ers by each expert. 
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Step 7. The aggregated dec.s.on-mak.ng matr.x .s est.mated by us.ng FFWA 
aggregat.on operator, as g.ven .n Table 7. 
  

Table 7. The aggregated dec(s(on-mak(ng matr(x. 
 

 
 
Step 8. It .s generated the normal.zed aggregated FF-dec.s.on matr.x as shown .n 
Table 8. 
 

Table 8. The normal(zed aggregated dec(s(on matr(x. 
  

 
 
Step 9-10-11. The WSM and the WPM values are calculated by us.ng Equat.ons (14) 
and (15). Then, the WASPAS metr.c .s est.mated w.th λ = 0.5 ut.l.z.ng Equat.on (16). 
F.nally, the alternat.ves are ranked accord.ng to the Z_. values. As shown .n Table 9, 
the outcomes of th.s stage cons.st of the f.nal ranks, scores, and WSM, WPM, and 
WASPAS measurements. 
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Table 9. The results of the Fermatean fuzzy WASPAS. 
 

 
Accord.ng to the results, Suppl.er 2 was selected as the best alternat.ve, w.th Suppl.er 
3 .n second place and Suppl.er 1 .n th.rd place. 
 
4. CONCLUSION 
 
The .ncreas.ng emphas.s on susta.nab.l.ty .n global supply cha.ns necess.tates more 
soph.st.cated and comprehens.ve approaches to suppl.er evaluat.on. Th.s study 
contr.butes to the grow.ng body of l.terature by develop.ng an .ntegrated dec.s.on-
mak.ng model that .ncorporates Fermatean Fuzzy SWARA and Fermatean Fuzzy 
WASPAS methods for the purpose of susta.nable suppl.er select.on. The proposed 
model prov.des a robust framework capable of handl.ng complex dec.s.on 
env.ronments where l.ngu.st.c assessments, uncerta.nty, and expert judgment play a 
central role. 
 
Unl.ke trad.t.onal suppl.er select.on models that pr.mar.ly emphas.ze econom.c 
eff.c.ency, the framework developed .n th.s study .ntegrates env.ronmental, soc.al, 
and governance (ESG) d.mens.ons .nto the dec.s.on process. Through a 
comprehens.ve l.terature rev.ew and expert .nput, 18 sub-cr.ter.a were .dent.f.ed 
under four ma.n categor.es: econom.c, env.ronmental, soc.al, and governance. The 
FF-SWARA method enabled the determ.nat.on of relat.ve .mportance for each 
cr.ter.on .n a structured and transparent manner, wh.le the FF-WASPAS method 
allowed for the effect.ve rank.ng of alternat.ves by comb.n.ng add.t.ve and 
mult.pl.cat.ve scor.ng perspect.ves. 
 
The model was appl.ed to a real-world case .nvolv.ng f.ve suppl.ers .n the reta.l sector. 
Based on expert evaluat.ons, the analys.s revealed that "Cert.f.cat.ons and Standards" 
and "On-T.me Del.very" emerged as the most cr.t.cal factors .n susta.nable suppl.er 
performance. These f.nd.ngs underscore the dual .mportance of regulatory 
compl.ance and operat.onal rel.ab.l.ty .n ach.ev.ng susta.nab.l.ty object.ves. Suppl.er 
2 was .dent.f.ed as the most susta.nable alternat.ve, followed by Suppl.ers 3 and 1, 

Alternatives QiS QiP Qi T RANK 

Supplier1 0,672 0,248 0,645 0,289 0,659 0,268 1,001 3 

Supplier2 0,869 0,104 0,852 0,260 0,860 0,182 1,067 1 

Supplier3 0,744 0,169 0,724 0,331 0,734 0,250 1,004 2 

Supplier4 0,666 0,263 0,631 0,295 0,649 0,279 1,000 4 

Supplier5 0,608 0,317 0,572 0,371 0,590 0,344 1,000 5 
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.nd.cat.ng that a balanced performance across all ESG d.mens.ons plays a dec.s.ve 
role .n suppl.er preference. 
 
From a manager.al perspect.ve, th.s study offers a dec.s.on support tool that enhances 
the transparency, accountab.l.ty, and effect.veness of suppl.er select.on processes. The 
.ntegrated fuzzy MCDM approach allows procurement teams to systemat.cally 
.ncorporate qual.tat.ve judgments and susta.nab.l.ty cons.derat.ons, wh.ch are often 
overlooked or undervalued .n convent.onal models. Moreover, the Fermatean fuzzy 
log.c framework s.gn.f.cantly .mproves the model's capab.l.ty to capture the 
hes.tat.on and uncerta.nty commonly found .n expert assessments. 
 
In terms of methodolog.cal contr.but.on, the study demonstrates the pract.cal 
appl.cab.l.ty of Fermatean fuzzy extens.ons of both SWARA and WASPAS—two 
w.dely accepted MCDM techn.ques. Wh.le prev.ous stud.es have ut.l.zed class.cal or 
.ntu.t.on.st.c fuzzy vers.ons of these methods, th.s research .s among the f.rst to apply 
the.r Fermatean fuzzy counterparts .n an .ntegrated form w.th.n the susta.nab.l.ty 
context. Th.s not only enhances the prec.s.on of the dec.s.on-mak.ng process but also 
broadens the potent.al for future research us.ng advanced fuzzy set theor.es. 
 
There are several avenues for extend.ng th.s research. Future stud.es could 
.ncorporate dynam.c we.ght.ng mechan.sms to reflect evolv.ng pr.or.t.es .n 
susta.nab.l.ty, or employ larger expert panels to .ncrease the robustness of the results. 
In add.t.on, comparat.ve analyses w.th other fuzzy models such as spher.cal fuzzy 
sets, q-ROFS, or neutrosoph.c sets could offer .ns.ghts .nto methodolog.cal 
performance under d.fferent uncerta.nty env.ronments. Sector-spec.f.c appl.cat.ons, 
such as .n manufactur.ng, log.st.cs, or healthcare, may also reveal .ndustry-dependent 
susta.nab.l.ty pr.or.t.es that .nfluence suppl.er select.on d.fferently. 
 
In conclus.on, the proposed model offers both theoret.cal and pract.cal value by 
al.gn.ng suppl.er select.on w.th susta.nab.l.ty goals .n a structured, data-.nformed, 
and uncerta.nty-sens.t.ve manner. It .s hoped that th.s framework w.ll support 
dec.s.on-makers .n mak.ng more respons.ble, transparent, and susta.nable 
procurement dec.s.ons that extend beyond econom.c eff.c.ency to .nclude broader 
soc.etal and env.ronmental .mpacts 
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