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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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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
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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 QA PRYA D) CONY VAT
E2 El (/8 /N /Y) VAL AR
E3 SMI IV /ey CYFY VARR
E4 VHI (/8 /N /Y) VAAL /YO
ES VHI (/8 /¥ /f) VARYZ e 5¥
E6 HI AVARRAY Vinis YARR
E7 SMI (IA /YY) </ONY 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 SLI 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

El 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) (0 O D) (/O O /D) (LY YY)
o B CYAARYAWIRYA 1 I CVZNPTVA PREVA RN CYAZFIVAWIVA 1) IR CVZ/ANPLYA PREVA B IR CVZNPIVA PIEVA O BN CVARLYA FIRVA B CV/ LY/ ARV
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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
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E1 E2 E3 E4 ES E6 E7
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Table 8- Normalized input data matrix

El E2 E3 E4 E5 E6 E7
c1 /100 Y R /9 /0 33 VA
(¢} ey /N /000 33 R%: eYY R
C3 AR vy AR 3 JOVA eYY 00F
c4 /100 R /000 /9 R%: YA Y
cs AR vy AR eE Y JAYA Y
c6 AR vy AR eYY Y /9 R
c7 Y o /1OY AR JAYA Y YA 08
cs TR /1OY AR Y JOVA Y e0F
9 e\ A AR YA Y AR Y
C10 YO /N 0 YA /o] eYY Y
c1 ey el AR /eYY ¥ Y Y
c12 YO vy N YA B eE Y
c13 YO /N AAY JAYA s JAYA Y
Cl14 ey o /1OY R Y YN Y R
Cis /100 B us oA Y /0 JAYA Y
C16 el B us e R B%: eYY 00
c17 AR vy R AYA e YA R
c18 ey /N /000 eYY s eYY TR
C19 /100 R N0 eE e eYY Y
C20 RS Y AR XY eed YA Y
c21 /100 B us /PAY /a8 ey YA R
2 Yo /N AAY Y YN /eYY AN
23 0 /N R Y A Y e
24 YO AL W Y AL Y AN
C25 ey vy R s ey YA R
C26 ey eed R R s R Y
c27 /A AY AL AN /oYY A% AYA Y
28 ey /1OY AR R B 3 R
29 e By /000 Y A4 /eYY AN
C30 R vy e Y /] eYY Y
c31 YO eed e s o0 YA Y
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Table 9- Weighted matrix

El E2 E3 E4 E5 E6 E7
c1 oA AN ey VY YOy s JOA
C2 ey Y1 s YO a0 YO a0
3 ey Yy YO YO YO YO A
C4 A AN s VY a0 ot YOy
cs ey ¥y YO YO ey ¥ ooy
C6 ey ¥y YO /44) e /004 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 AV YO YO YO
c11 ey YN YO /44 e YO YO
c12 o0 Y A AV a0 s YOy
c13 YR vy A OV YO ey YOy
C14 ey o/eVE ey Ve e YO VIR
ci15 RV ¥y YO Ve ey et YO
C16 YO ¥y YO ¥ a0 YO A
c17 ey ¥y ey AV e et VIR
C18 ey Yy g /44) YO YO VIR
Cc19 A AN YO YO YO YO YOy
C20 YO YA YO /24 YO ey YOy
c21 A A o% Y YO YO ey RN
c22 ey YA1Y Y Ve YO YO RN
c23 YO Yy YO Ve YO YO e
C24 en0 V1Y YO ¥ YO YO VIR
C25 ey ¥y YO vy YO et VIR
C26 ey AN YO ¥ YO YO ooy
c27 Y Yy ey +/44) a0 et ooy
C28 ey VS YO N ¥S e Y e
C29 YO % Y ¥ YO YO e
C30 e ALY YO Ve YO YO YOy
C31 /o0 Ny YO vy e et YOy
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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 (VAR VAR A A \%
3 YO o) /Y4 3 ¥
Cc4 YVY VIR YV /24 \
C5 YO Y VYA S s
C6 /44 o/ /240 o/eYY V&
c7 YAINY AR AINN /YA 'Y
Cs Yt o/ Y'ad A Yo
Cc9 YAINY AR VAINS /YA Ve
C10 NV o/en) LVATNY /YA q
C11 /0q) e /24 /Yy \Y
C12 (VATNY ARAN V0¥ /YA 'Y
C13 (VATNY (VAR /00 /YA AN
C14 +/2 VY (VARR v/eVY /A \4
C15 Ve o/ /054 Y Y0
C16 o/ ¥V (VAR (VR ¢4 VAR \te
Cc17 N0V VARE] N0V /2 YA A
C18 +/04) (VAR AV 2/0YY Vv
C19 /Y0 (VAR ARZA AN o
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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 EIl EIl EIl EIl EIl EI
Sc. 4 HI SMI SMI HI AMI VHI SMI
Sc. 5 SMI VHI AMI VHI HI SMI HI

2l gl b e s ot ol el i b Ll O35 D L, O e el

AT 03 (S s oS Glael plad Sl Comal 3 4 550 e a8 S L 53 Jaul 15 s (5 sl
| OB S el il lasbins 055 Slets O K canlsl 3l 0L bajlins (a5l 5 O35 (e
Sl gl 7SS pimen a3 o UL Combo s il (sla gl bl r J¥ 53k (glae s oK o
aglie ol oo s (sla syt ol 1 Y5 slaess 5lSe 3 08 AS el sl sla s
et 5 Laolans 035 00 et sloml Cslio ot a la ol i o ot xS bl ]y S e
PIEEPRTPE [N PRSNGSR AN N (0 S P55 | JRCH JSVES S PR R VS IR N CHCO P



Hc.fj'::’li Y L}'w'l?i Fooled NP ooy cCJL:L».F_;J:.S}J S pde 2 J“.“A-’}’:/H‘.

Current Sc. 1 Sc. 2 Sc. 3 Sc.4 e=—Sc.5

Cl1
1 C2
C30 @ho C3

29 c4
0.08
C28 cs
c27 0.06 C6
26 0.04 7
25 0. cs
24 9
23 c10
2 ci
21 c12
20 c13
19 cl4

C18 Cl15

C17 Cle

%JL-’- J,\:J it du."lJt"“ u*"”"ﬁ JYJS“' 6‘.&53})5& BL) b‘f-&'JSw‘U &‘.}_}J‘ QSL“JL;"" 0}3 Q‘,z.‘s —OJS.-’:-

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 ARR] Y o/0 Y
Cc2 NN 1) /20 \% /e Y,
C3 NN A /20 4 A ¥
C4 ARIN \ ARR] \ o/0 \
Cs LRI q /PO 4 Ve 7
C6 o[\ E \& o/ \& o/eYY \§
Cc7 AN q /YA Y VYA \Y
C8 o0 Yo v/ Y /A Y
C9 o0 4 /YA \ f/YA Ve




VEF ol FY b O opled OF 655 cSlhes 5 A5 e 55 iags Y

CIMAS F-CIMAS SF-CIMAS
Weight Rank Weight Rank Weight Rank
C10 o0 ¥ o/ YA q RAVA q
C11 VART4 V¥ +/e Y V¥ o/eYY V¥
C12 (VAT \Y o/ YA VY /YA VY
C13 /O \Y o/ YA VY o/ YA ARl
Cl4 /N0 \A v/ 4 /A 4
C15 /N0 Y¥ o/N YO /Y YO
Clé LARIN 4 o/ Yy VIR Ys
C17 o0 Y /YA A /2 YA A
C18 VART4 \V +/e Y \V /oYY \V
C19 (VAN 4 /PO ¥ O o
C20 VART4 V¥ VEAR! VO oYY 'O
C21 (VAN ¥ o/ YA Y v/ Y
C22 LVARIN YA v/e0q YA /Y Y¥
C23 LVARIN A% v/e0q A% /Y Yy
C24 LVARIN YA (AR 4 AL o/ AR
C25 ARIN 4 o/)) Y# VARR YA
C26 o/enY Y v/eY Y VARR Y
C27 LARY4 A o/e Y YA Y YA
C28 /N0 Y# v/ AR /Y AR
C29 +/0\0 4 o/ Yy o/ A%
C30 +/0\0 \A o/ Y¥ /Y Yy
C31 o/en) Y\ o/ ) (VARY4 )

5 65l Cl 5 (i 58) C4 slaslns CIMAS i, elil 5 558 o odaliie OY s 4 a5 5 L
e glac ol s Lajlas (0 B ob 51 A1 S 515 e 5 Jol glca Jl 5o w5 4 (asilesle
L 5o S i b (G 55 Blew Oliae) C21 5 (5 pdslanil) CI10 sl jlms Jlis (gl o . Llazs S 513
Cons5) €5 (ot ol 3 S i ) sbas (Sl slaslE Las) C19 5 (St 550 ,4) €9 cooler
53 Laslme 05,815 las S 13 g ol 3 S e by (Saead 5 I 5) CT (5155w o
22 s ol s e bl ol el Olsn el 53 OB LS sl (0353 o om0 (S 2l slacy 5l
Jol glca ol plal il ods G b ualal pis bl 2 oS b s 4 a5 LF-CIMAS 3y,
e3> 5 sl laca sl ss i 5w (a0bsle 5 512D Cl 5 (4 50) C4 glajlae F-CIMAS 25, 5
5 @) CL 5 (4 38) C4 slajloms SF-CIMAS iy, 51 Jol sl ol 5 aolsl s il 5 1 3
EE el o Laslme gl ol iclie . ilans § 015 e ss 5 sl slaco sl 0o 5w ((aa0besle
L ool 3,505, 55beonly ol ok o313 OLES A US55 SF-CIMAS 4 F-CIMAS (CIMAS (sls 3,

b AN (Kian i bt 5 A0S e o alin L e e sty Il 53 F-CIMAS i,



\YY/ bl,&a K] ‘;L:P JxJLo.u ‘;Lf— /... 6)",‘3.‘?, J]a.a }I )Y‘”"L« 6""‘5.’}.“,& O@uw% g;.“'i).)‘ ‘5\.&UA>'L§- G-L'.gg'.g‘_gjﬂ 9 ‘gLﬂu

!

el st el d SR S NN (O (SN (O (O (S RV RUS)
NN WPRAUNAINROOOD—NDWRARUAI0OO—

—_
—NWRAOUVAI0OO

Cl C2 C3 C4 C5 C6 CT7 C8 C9CIOCIICI2C13C14C15C16C17C18C19C20C21C22C23C24C25C26C27C28C29C30C31

ECIMAS = F-CIMAS uSF-CIMAS

CIMAS , F-CIMAS SF-CIMAS dhd.’&‘” U"'L""J'.' )y"jh dbajjjil{o BY ulf.\..sme‘l: c.f."ijﬂ 6‘.&)‘5&4 6'”‘3%}“3‘ —/\JS.&
Fig. 8- Suppliers evaluation criteria prioritization in modular megaprojects based on SF-CIMAS, F-CIMAS and CIMAS methods
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