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Purpose: Supplier evaluation plays a crucial role in the success of modular megaprojects, as these projects
necessitate capable suppliers due to the complex coordination required among various subsystems and the
precise integration of modules. In this context, this study aims to propose a novel approach for evaluating
suppliers in modular megaprojects.

Design/methodology/approach: This study employs a novel approach. In the first stage, supplier evaluation
criteria are identified, and data derived from the judgments of the decision-making team are collected as
linguistic variables based on spherical fuzzy sets. Subsequently, the criteria weights are calculated using the
developed SF-CIMAS method. Using purposive sampling, the decision-making team consisted of seven experts
with experience and specialization in management systems implementation consultancy, engineering, and
project and megaproject management. Information on the members indicates that the majority of the expert team
have between six and eleven years of professional experience.

Findings: To illustrate the applicability of the proposed approach, supplier evaluation criteria were assessed and
prioritized using the SF-CIMAS method. In this study, 31 criteria were evaluated and ranked from a
sustainability perspective. First, each criterion was assessed by the decision-making team using linguistic
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variables based on spherical fuzzy sets. Given the uncertainty inherent in the evaluation criteria, spherical fuzzy
sets were employed to address this uncertainty. The relative importance of the criteria was then determined
using the developed CIMAS method based on spherical fuzzy sets. According to this method, cost, strategy and
organization, and the amount of generated waste received the highest importance weights, respectively.

Research limitations/implications: The limited number of experts in the field of megaproject management and
the absence of objective weighting methods in the prioritization process are among the limitations of this study.
Employing objective methods for calculating criteria weights alongside subjective weights, to mitigate potential
cognitive bias effects in experts’ opinions during decision-making, as well as developing and comparing multi-
criteria decision-making methods in uncertain environments — such as Pythagorean fuzzy, q-rung, and
Fermatean fuzzy — and contrasting their results with the methods developed in this study, are suggested
directions for future research. Regardless of the specific case used to implement the proposed approach in this
study, the approach can be applied to various decision-making problems for prioritizing and determining the
importance degree of criteria. We will extend our future research to evaluate and prioritize suppliers of modular
megaprojects by applying the identified and assessed criteria.

Practical implications: Selecting the right supplier in the management of modular megaprojects is a strategic
choice with significant consequences. The megaproject manager must ensure alignment between the project’s
overarching objectives and the supplier evaluation process, referencing key performance indicators in
contracts—such as on-time delivery and waste management. The prominent role of the “amount of generated
waste” criterion in the weights derived from the SF-CIMAS method in this study highlights the need for focused
managerial attention on sustainability-related measures. The megaproject manager should establish joint waste-
reduction programs with suppliers, set clear contractual targets, and promote innovations in material efficiency
and the adoption of circular-economy principles. Finally, periodic reviews of the criteria and recalculations of
their weights using updated data and insights, along with regular supplier assessments, will ensure that the
supplier network remains aligned with the megaproject’s goals.

Originality/value: Given the necessity for complex coordination among subsystems and precise integration of
modules, the success of modular megaprojects heavily relies on the evaluation and selection of competent
suppliers. This study aims, for the first time, to apply the developed SF-CIMAS method to the challenge of
identifying and prioritizing supplier evaluation criteria. This method can effectively address uncertainty and
facilitate group decision-making. In this research, also for the first time, the identification and prioritization of
supplier evaluation criteria for megaprojects are conducted according to sustainability dimensions based on
spherical fuzzy sets.

Keywords: Megaproject management, Modular megaprojects, Supplier evaluation, Suatainability, Multi-criteria
decision-making, SF-CIMAS, Spherical fuzzy sets
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Table 2. A review on supplier evaluation
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Pythagorean fuzzy sets TOPSIS L\e\ OLKen 5 5
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Intuitionistic fuzzy TOPSIS ﬂ O 5 (g lens
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Table 3. Information of decision making team
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Fig. 3- Proposed approach based on SF-CIMAS method
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Table 4. Linguistic terms and their corresponding spherical fuzzy numbers

U5 ks S35 S5 aue

n v T
AMI e e o
VHI A T A
HI WE Y oy
SMI g NE i
EI O O o
SLI NE e i
LI Y OV oY
VLI e e oY
ALI A VA o

S35 3B sldel 4 63555 esls sl s (8 rlf
LS))SLSJD )‘J\_G‘A_v:\ J)J\_’>—)‘ obl.@.\'_w\\.’wj:u LSLAAJ”‘); ‘J‘“'; rgj_} g_)\_ﬂ_;Jﬁg_‘:,_'; u—'ij;l-"‘““"fL
.Juj&a Cewd 45 (53 (550 slel glaw s L (OWY) daly o 5le 5395 0 1S

(M11,V11,T11) (|J-1p' V1p» 7T1p)
A= : : AY)

(uqlqulfnql) (llqp'vqp'”qp)

$3505 Sbesls L Sle il wl Al (V o8

2 o los (V1) Al o3l b (3555 (sloosls o Lo Slel b plS o
Sc(xij) =wjx (1—v;) x (1 —m;) (v
2505 sbesls o Sl (g3ledle i (A o8

el O adaly Sl esleal Ly s Sl ol (s3ladle 5 c25,55 slaesls s Sl Slitel wb dsloes 51 s

St

X = =g Ji=12,..,¢,j=12,..,p (\Y)
05558 Al Al (4 oIS

el Osis oAl i ol a5 s e b Olianasits D1l b sl dle i jolie o8l s
(V) kel Sheslinad U5 (ol o8 55 sddanslons) ot 2l ol & 53 L sdidle 5 olie oy ol
3 g g0 denles

X =xpxwhli=1,2,..,q¢j=12..,p (\¥)

Shre o Bl 5 Sl pslis e (11 1S
(%) 9 ) 'b—."ﬁ) )‘ ealeul L g,_::JJ “ )l.:;u A (ijm) J.;‘Jo- 9 (ijax) JJS‘J&- ﬂ;Uu ‘le Lﬁ‘ BE

LS s



WY/ 0K g SL 5 alene o /i ol s 51 Y50 6"‘“5.’}.“,& olf.\.SwiS bl ssesls s Jyl 5 aluls

o = miax?l-j,j =1,2,..,p (\0)
i = miin?l-j,j =1,2,..,p (%)
Bl 5 5Slas slie o Dt dulons (V) 1S

L s 0 OV) daly 5hoslizad b (By) slns pn Bl 5 Slas slis oy 3Dt
Bj = ijax - ijin’j = 1, 2, P (\V)

Loslms (o sl 5 Comnl )3 Al (VY 8
wLM:‘J_g LA)L:&O 6@%}}}‘ o3 4..\..&[?:.0 (\/\) :tk.’b )‘ osleiul L. Lﬁ)[::&é g:,.:A.A‘ :&?.-)b ‘J"T rg))
b}&t;o rL>u‘ o.,\,aT Cwd @ LQLAQ)‘}
B:

Li=—2—,j=1,2..,p (\A)
] p ) ) ) )
2:j=1BJ'

bl 5 g3, 90 anlllas —F

St ol 5 i) L cl OF o e (G 53 0lenig 5,50 55 Skl oy sy o

o2 LE Y Ceal i aalllan ol 3 35 plnil s Sl Sl eslinad b Y55k slasss 5l&e QS AS pals

Al DB sl 5l (slalnn L pd o e (s s Y p5le (glno 5 K0 DS el 5
ol o @ F S s 6l sl

P ———
s
e
PR v
- -2
'=:| I_I_|
a5 esy
-1 |
e | e | it | e | gt
| e o | o9
Bl | 86 | pae| ot | W
e Gs | sdh
e e | e
€21 z sl
‘-- 22 | " |
1028
. - | e
V¥
| 352
— =
- pers-
& P
o, =

Va3l slaeis Ko s OB uS el 95,1 sl lns —F JSS

Fig. 4. Suppliers evaluation criteria in modular megaprojects
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Table 5- Calculation of the importance of each experts’ opinion

Experts Skills SFN Score Weight
El VHI (N eI Y) 2 /OVY /NON
E2 El (L TVAPRYAD! AAL AR
E3 SMI (QAATVANRYAD) +/YYY ARR
E4 VHI (VL STVAPRYAD! VAAL ARIN
ES VHI QU ATVATRYAD) VARYS o/ f¥
E6 HI (QATYANRYAD) ARAN VAR
E7 SMI (C/VATRYAD! C/ONVY AT
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Table 6- Input data matrix based on spherical fuzzy linguistic terms

El E2 E3 E4 ES E6 E7
Cl1 HI VHI SMI VHI HI HI AMI
C2 EI EI HI HI VHI EI SMI
C3 EI SMI EI HI EI EI HI
C4 HI VHI HI VHI VHI SMI EI
C5 EI SMI EI HI HI SMI EI
C6 EI SMI LI EI EI VHI SMI
C7 AMI HI EI SMI HI SMI HI
C8 SMI HI EI SLL EI SLI HI
Cc9 LI SLI LI SMI EI LI SLI
C10 SMI EI SLI SMI LI EI SLI
Cl1 EI VLI EI EI VLI SLI SLI
Cl12 SMI SMI VHI SMI VHI HI EI
C13 SMI EI VHI SMI SMI SMI EI
Cl4 EI HI SMI SLI SLI SLI SMI
C15 HI SMI LI SLI HI SMI EI
Cl6 LI SMI VLI LI VHI EI HI
Cl17 EI SMI SMI SMI VLI SMI SMI
C18 EI EI HI EI SMI EI SMI
C19 HI VHI SLI HI SMI EI ElI
C20 VLI SLI EI EI LI SMI EI
C21 HI SMI VHI HI SLI SMI SMI
C22 EI EI VHI SLI SLI EI SMI
C23 SLI EI LI SLI EIl SLI VLI
C24 SMI EI SLI LI SLI LI SMI
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Table 7- Input data matrix based on spherical fuzzy linguistic numbers

E1 E2 E3 E4 E5 E6 E7
o BT TATRYAD BN CVZ VA PR YA D RN 2NV FRVA 5 BN CYZNPTVA PRV 5 MR CYAARYA v A 1 N CVAARCYA Wi ¥ ) BRI CYL SR VA PIRVAD)
C2 GO /O /D) (IO /D) N /) GV YY) A ST Y)Y G0 /0 0) (378 e /E /T
C3 (/O /O D) (/8 ST IO O /O) IV /YY) (D /O 0) (/O O /O) (LY YY)
o B CYAARYAIR YA I CVZNPTVA SRV RN CYAGFLVA W VA1) BN CYZANPLYA PREVA § BN CVZSPIVA PIEVA DR CVARLYA FIVA NI CV/ LY/ ARV
C5 (/O /O D) (/8 S E) (IO D) IV /YY) (Y YY) (8 Y E) (10 /D /0)
o I VI I/ ~FEY/+) B CVC SNTVA AUV  BER CVASRTVAPIRYA 1 NI CV/A RV FRRV/AD RN QU FEVIAPEYI D RER CVZ NPLVA PIEVA D BN OV JRTVA FRVA D!
o/ 2NN CYL N VATIEYA D R CVAARTYA oY 1 R €/ IRTV/A FRY/nD BRI OV SrCVA PRIVA © BRI CVAARYVA AEVA DRI CV SRV PVA BN CVAZY) oRVA |
e B PUATRYA D NN CYAARTYA W YA B (U ARTVA S VA O BN CVA SRTV/ VA NI Y/ REV/ R ) N (VA ROV PR YA 5 BN CYA YA YA o)
CO G/ aNGN)  GIE /) G N YY) (I8 a/San/S) (/0 /0 /O) (Y VY)Y (S /80 )F)
C10 /8 /S /E) (/0 /O /0) (/F /8 v /E) (/8 ST G N YY) (0 /0 D) (/E /B Y)
CI1 (/0 /O /) (Y /A /Y) (/0 /O /D) (/0 /O /O) (/Y A YY) (/E /BT (B /F /P Y)
(o} VIR QU 2rCYA PRVA 5 NENN €V VA FIEVA O NEN CV/.NTVA SRrVA RN CVEJNTYA S VA D BN CV/NPTYA PINVA © RN CVA VA gArVA 1 NI G IRV /s ARV o))
[0} & IR QY 2rCVA FIVA & NN G/ WY/ REY/+ ) NN CVV.NTVA SRCVA D R CVLJRTVA PR VA O BN OV JRTVA PIVA S BENN €V VA FITVA & NI Y/ RN/ Vo))
o} VN QY IRV TRV ) B CYA AR VAR VA 1 NI €2 ANt VA SV S U CVA SRLYL PR YA RN CVA SOV FRVA O NI CVA SRV DIV S BN CYI VA PRVA 9
(o} SRR CYAZPCYA wikVA o R O JIUVA FIEVA O IR CVA witVAZ5rYA o N VA SRTVZ AR VA O BN CVA2TYA Wik VA o N OV SIUVA FINVA & N O/ IRV /s Vo))
C16 G/ aNa/M)  G/F o/Sa /) G/Y WACY) o G N Y)Y CIANG/YY) (/0 /D /) (LY /YY)
C17 (/0 /O /) (/8 /S /E) (/B S E)  (UF TSR (IY IAC YY) (518 IR E) (58 /Y
C18 (/0 /0 /0) (/0 /O /) (N /N /) (/0 /O /D) (3 S E) (/D O /0) (/8 /%)
C19  CN o) GINGIYCY)  GIE /8 /E) G oM ) G a/Ea /) (U0 /02 /) (/0 /00 +/0)
C20 /Y IACY) IR /ECIE) (/0 /O /D) (/0 IO /D) (Y NG Y) (/8 IR E) (/0 /O v /0)
o7} B CARTATRYAS B QY YA TRYA D BN CVZ VA PR VA D RN €Y. ARYA R Vo 1) BRI QVA SRLV: PR VA O WA V. IRYA PRV o NI OV INVA PRVA D
(07 2 Q> YV TREVIn) NN G/ /A TREY/o RN V7NV SUCVA RN CVA SRTY. VA O BN CVA RUY: UYL S BEN O A IR/ Y/ ) NI CV VA PRVA O
C23 (/Y w/E ) (D /O O) Y NG (S e/ E) (U0 /0 /0) (Y /B YY) (/Y e ACHY)
o7V SR QY 2RTYA SIVA © RN €/ WE/ATRRY/ ) NN €A STV AV S BENNE CVA uRTYA 2 YA 1 BENN CVA SRCY: PIVA S RN €V Wit VAP YA o BEN CVC JRTVA SVA O
o7 X I GV IV PRV YRR GV VA PRVA O NI €V JPVA PRVA S NI CVA SFOV/ VA O NI CVA GOV, PR VA O NI €V JRVA PRVA O BN OV VA PRVA )
C26 (/0 /O /) (IS IN) U8 e ST Y NG Y) (8 S ) Y VYY) (10 /D 4 /0)
C27 N GIYC YY) (0 /O /D) (/8 /S /E) (0 /O /O) (I YY) (8 Y E) (10 /O 4 /0)
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E1 E2 E3 E4 ES E6 E7
C28 GO /0 /0) (I /¥ ) (/0 /04 /0) (QANTYAZRYAD) (QZNTYAPRVAD) (QAATYARRVAD) QU TYATRVAD)

C29 (CTARTYZ/YRVA S BN CV/ 2PV FRVA D) (QAATYANRYAD) (QANTYAZRYAD) QU TYATRVAD) G/ /0 /D) QU TYATRVAD)
C30 (V2 TYAPRYA S B CV/ VA FRVA D) (QANTYAZRYA®) (QARTYRVAD) (QANTYAZRYAD) G/ /0 /D) GO /0 /D)
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Table 8- Normalized input data matrix

E1l E2 E3 E4 ES Eé6 E7
C1 +/00 v/rVY 2/ Y0 +/+4) LAY o/ 8 LVARVA
C2 AR VAL /200 ya YB%i XY YO
C3 YO Y8 ax YD ya A o/eYY /0
C4 +/00 VANA% 0/ 00 +/+4) +/eVY¥ /2 YA VAR
Cs YO Y8 ax YD ya /0 /OFA YO
C6 AR Y YOE XY A /44 YO
C7 VAR o/ OY o/rYe o/ YA (AIND /2 YA 2/ 0F
C8 +/2 Y0 +/2OY VAR ARNY /A VARNY 2/00F
C9 VARR) /Y ARK /2 YA VARV LVERR VARV
C10 /Y0 /N N0 YA /0aq o/eYY EY
c11 AT N VAR o/eYY Y Y Y
C12 o/AY0 2/0YY v/YAY +/2YA +/2VY¥ VAT VAR
C13 /Y0 DAL AUN /YA /Y /YA /oY
C14 VAR +/2OY +/AY0 /Y /0N Y VARRY /2 Y0
C15 /00 oYY o/ /Y /e 00 /YA o/aYe
C16 YR Y s a0 YO Yt Yy /e 0f
Cc17 /e /A YY /Y0 /YA /a0 /YA /Y0
C18 o/aYe /N /200 oYY ¥y o/eYY YO
C19 /200 AVY /N0 /a8 AT /Yy Y
C20 VAR VY /eYe o/eYY ARL /YA /oY
C21 o+ 00 /YT /o AY /o8 /oY /YA o/AY0
Cc22 oeYe /N YN Y% VAN o/eYY /Y0
C23 /N0 YA ey Y A Y /a0
C24 /Y0 /N /N0 YO YN YN /Y0
C25 AT oYY YO o/aes YR YA Y0
C26 o/aXs /24 YO YO a4 YO /Y
C27 o/ AY /N YD /XY /AVE /OFA e
C28 AT /2 0Y YAE YO YB%i 3 Y0
C29 /D Y8 ay /00 YN Y84 o/eYY /Y0
C30 Y0 ATV YR Y% /req /Yy YO
C31 /Y0 YARL AR AR LVARYN /YA /oY
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Table 9- Weighted matrix

El E2 E3 E4 E5 E6 E7
c1 A AN ey VY YOy s JOA
c2 ey Y1 s YO a0 YO a0
C3 ey Yy YO YO YO YO A
c4 A AN s VY e ot ey
cs ey ¥y YO YO ey ¥ ooy
C6 ey ¥y YO /44) e YO VIR
C7 A Y% YO AT\ ey ¥ A
c8 /a0 VY YO Ve e YO A
9 YO /AT YO AT\ e e YO
C10 YR vy YO OV YO YO YO
c11 ey ey YO +/44) e YO YO
c12 o0 ALY Y OV e s YOy
c13 YR ALY VRV OV YO et YOy
C14 ey OV ey eV e /ey VIR
ci15 RV Y oo eV ey et YO
C16 YO ¥y Y /0¥ VRN YO A
c17 ey ¥y ey OV s et VIR
ci18 ey Yy VY +/+4) YO YO VIR
C19 A AN YO YO ey YO YOy
C20 YO YO YO +/44) YO et YOy
c21 A YR e% A YO YN et RN
c22 ey Yy RV Ve YO YO RN
c23 YO Yy e oV e YO e
C24 en0 ALY YO Y 2 YO YO VIR
C25 ey ¥y ey vy YO et VIR
C26 ey AN YO ¥ YO YO ooy
Cc27 Y Yy ey +/44) a0 et ooy
28 ey VS YO N ¥S e Y /00
C29 YO % Y ¥ YO YO /00
C30 e ALY YO Ve YO YO ooy
C31 /o0 OVt YO vy e et ooy
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Table 10- Calculations and results of the SF-CIMAS method

R; R B, W(eLijg)ht Rank
C1 o /YVY (VARAY AR ALY Y
C2 2/Y0r v/eny VAR A A \%
C3 2/Y0r o/en) ARRY o/ 8 ¥
C4 +/YVY (ARAN VYV AR \
Cs5 2/Y0r v/enY /YA Vg 4
Cé6 +/+4) (VARR ALY o/eYY \#
C7 VATNY (VAR V00 o/ YA \Y
Cs Yt o/ Y A Yo
Cc9 (VATNY o/en) VAT o/ YA Vo
C10 NOV o0 NV o/ YA q
C11 +/+4) (VAR +/+ Q) o/ YY V¥
c12 OV oy oY JOFA W
C13 VAT o/ Y /00 /2 YA AN
Cl4 Y% o/ VY VJOA 14
C15 Ve /e ! Y Y0
C16 3% o/ YA {2 YN s
Cc17 YAINY e VAINY C/AYA A
C18 (VAR (VAR AV o/ Y A%
C19 /Y0 v/enY /YYA Ve g o
C20 +/+4) (VAR +/+4) o/ YY \O
c21 YO e WAsL! 3 v
Cc22 oAV o/ /259 /Y Y¥
C23 o[V o/en) o/0f4 v/e\V yY
C24 Y2 e R0 YN Y4
C25 Y% o/ Y {2 YO YA
C26 /¥ o/ /E0 YO T
C27 /+4) oJeey </ AA /oY VA
Cc28 YB%i /ey /vy Y )
C29 Y% e ¥ YN YV
C30 /eVe o/ L Y% YY
C31 Yy s o/eYY s g
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Table 11- Sensitivity analysis based on various scenarios for the importance of each experts’ opinion

E1 E2 E3 E4 ES E6 E7
Current VHI AMI HI AMI SMI HI VHI
Sc. 1 HI HI AMI VHI HI SMI AMI
Sc. 2 AMI VHI HI HI SMI VHI HI
Sc. 3 EIl El EIl El El EIl EI
Sc. 4 HI SMI SMI HI AMI VHI SMI
Sc. 5 SMI VHI AMI VHI HI SMI HI
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Fig. 5- Variations of suppliers evaluation criteria weights in modular megaprojects based on various scenarios of the sensitivity

analysis
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Fig. 6- Comparison of suppliers evaluation criteria in modular megaprojects prioritization based on various scenarios of the
sensitivity analysis
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Fig. 7- Pairwise correlation heat map based on the results of various scenarios of the sensitivity analysis
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Table 12- Results of evaluation and prioritization of suppliers evaluation cirteria in modular megaprojects based on SF-CIMAS, F-

CIMAS and CIMAS methods
CIMAS F-CIMAS SF-CIMAS
Weight Rank Weight Rank Weight Rank
Cl ARIN Y LARR Y o/0 Y
Cc2 NN ARl /20 \% /e Y
C3 NN A /20 4 A ¥
C4 ARIN \ LARR \ o/0 \
Cs LRI q /PO 4 Ve 7
C6 o[\ E \& o/e Y \& o/eYY V&
Cc7 AN q /YA Y VYA \Y
C8 o0 Yo v/ Y /A Y
C9 o0 4 /YA \ f/YA Ve
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C17 o0 Y /YA A /2 YA A
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C23 LVARIN A% v/e0q A% /Y Yy
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Fig. 8- Suppliers evaluation criteria prioritization in modular megaprojects based on SF-CIMAS, F-CIMAS and CIMAS methods
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