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Abstract

Supplier evaluation plays a pivotal role in the success of modular
megaprojects, as these projects require capable suppliers due to the
necessity for complex coordination among various subsystems and the
precise integration of modules. This study proposes an integrated
framework for the evaluation of suppliers in modular megaprojects. For
the first time, this research applies a novel integrated approach based
on the LOPCOW and ARTASI methods, extended using spherical
fuzzy sets (SF-LOPCOW and SF-ARTASI) for supplier evaluation.
Based on this approach, 31 sustainability-oriented criteria have been
identified for evaluating suppliers in modular megaprojects. The
criteria are first weighted using the SF-LOPCOW method.
Subsequently, in a case study, 12 suppliers identified for a modular
megaproject are evaluated and prioritized using the SF-ARTASI
method. A comparison of the SF-ARTASI results with other existing
multi-criteria decision-making methods in the literature, along with a
sensitivity analysis, demonstrates the effectiveness of the proposed
approach and the robustness of its results under different scenarios.
Introduction
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With the rapid expansion of the global economy, investment in large-
scale projects worldwide has increased markedly over the past few
decades. Projects with costs of one billion dollars or more are
recognized as megaprojects. Megaprojects are inherently associated
with growth, development, and competitiveness, acting as the
infrastructure of globalization. Modularization is a key driver for
reducing the time and cost of megaprojects. With the modularization of
megaprojects, the evaluation and selection of suppliers acquire
particular importance. The question therefore arises: how can suppliers
for modular megaprojects be evaluated in the long term while
concurrently reducing project delays? The present study concentrates
on this critical issue, which can assist project and megaproject managers
from a sustainable development perspective. First, it is essential to
collect core criteria from various dimensions—economic,
environmental, and social—to evaluate a sustainable supplier; then, by
employing a multi-criteria decision-making (MCDM) method, the
relative importance of these criteria is determined, and suppliers are
subsequently evaluated and prioritized. The supplier evaluation
problem is complex and involves uncertainty across all sustainability
dimensions (economic, environmental, and social).

The main objective of this study is to evaluate and prioritize
suppliers of modular megaprojects by proposing a novel approach
under uncertainty. This study intends, for the first time, to apply the
developed SF-LOPCOW-ARTASI method to the supplier evaluation
problem. This method is capable of handling both uncertainty and group
decision-making simultaneously. In this research, the supplier
evaluation problem for megaprojects is, for the first time, conducted
based on sustainability dimensions within a spherical fuzzy
environment. The approach is presented for the first time by using the
LOPCOW method developed on the basis of spherical fuzzy sets (SF-
LOPCOW) to weight the criteria, and the ARTASI method developed
on the basis of spherical fuzzy sets (SF-ARTASI) to prioritize suppliers
of modular megaprojects.

Method

The present study employs an integrated approach. In the first stage,
supplier evaluation criteria are identified and, after defining the
alternatives, data derived from the judgments of the decision-making
team are collected as linguistic variables based on spherical fuzzy sets.
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Subsequently, following the evaluation of suppliers against the
identified criteria, the criteria weights are calculated using the SF-
LOPCOW method. Finally, by implementing the SF-ARTASI method,
suppliers are assessed according to the criteria and prioritized. Using
purposive sampling, the decision-making team consisted of eleven
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 eight and fourteen years of
professional experience.

Discussion and Results

To illustrate the applicability of the proposed approach, suppliers for
modular megaprojects were evaluated and prioritized using this
approach. In this study, twelve suppliers were assessed and ranked
using 31 evaluation criteria. First, each supplier was evaluated by the
decision-making team according to the identified criteria using
linguistic 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 LOPCOW method based on
spherical fuzzy sets. According to this method, cost, strategy and
organization, and the amount of waste generated received the highest
importance weights of 0.087, 0.083, and 0.079, respectively.
Subsequently, using the proposed approach, suppliers were evaluated
and prioritized by applying the developed ARTASI method based on
spherical fuzzy sets, taking into account the evaluation criteria and their
importance degrees. The results indicate that S3, S9, and S7 ranked first
through third, respectively.

Finally, a sensitivity analysis was designed in the form of multiple
scenarios to examine the relationship between the outcomes produced
by the proposed approach under varying conditions and the study’s
findings. This analysis investigated the variation in the final utility
function and the resulting ranking of alternatives as the values of ¢ and
a changed; in both cases, the ranges of variation were negligible and
not statistically significant.

Conclusion
Due to the need for complex coordination among subsystems and
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precise integration of modules, the success of modular megaprojects
largely depends on the evaluation and selection of capable suppliers.
The present study introduces an integrated approach for supplier
evaluation in modular megaprojects. Accordingly, a comprehensive list
of sustainability criteria for evaluating and prioritizing suppliers of
modular megaprojects was identified. The relative importance of these
criteria was then determined using the SF-LOPCOW method.
Subsequently, following the proposed approach, suppliers were
evaluated and prioritized according to the criteria and their importance
weights by applying the SF-ARTASI method. The limited number of
experts in the field of megaproject management and the absence of
weighting expert judgments according to their knowledge and
experience represent limitations of this study. The use of aggregation
operators to integrate expert judgments, such as the spherical weighted
arithmetic mean (SWAM) operator, and the development and
comparison of multi-criteria decision-making methods in other
uncertain environments (e.g., Pythagorean fuzzy, g-rung, and
Fermatean fuzzy sets), and comparing their results with the methods
developed in the present study, are suggested for future research.
Regardless of the case used to implement the proposed approach, the
method is applicable to various supplier evaluation and selection
scenarios for megaprojects. In future work, we will extend our research
to optimize scheduling and reduce the completion time of modular
megaprojects through the employment of appropriate suppliers.

Keywords: Megaproject management, Modular megaprojects,
Supplier evaluation, Multi-criteria decision-making, ARTASI,
LOPCOW, Spherical fuzzy sets.
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0.5) 0.4) 0.2) 0.4) 0.5) 0.5)
c13| 04,06, [ (07,03, [ (07,03, | (03,07, [ (06,04, | (04,086,
0.4) 0.3) 0.3) 0.3) 0.4) 0.4)
c1a| 04,06, (02,08 | (06,04, | (0802 | (0307, | (03,07,
0.4) 0.2) 0.4) 0.2) 0.3) 0.3)
c1s| 03,07, (03,07, [ (02,08 | (04,06, | (0505, | (04,086,
0.3) 0.3) 0.2) 0.4) 0.5) 0.4)
c1g| 08,02 (08,02, | (05,05, | (05,05 | (04,06, | (03,07,
0.2) 0.2) 0.5) 0.5) 0.4) 0.3)
c17| 08,027 (06,04, | (07,03 | (07,03 | (0802, | (02,08,
0.2) 0.4) 0.3) 0.3) 0.2) 0.2)
c1g| (05,05, (08,02, | (02,08, | (07,03, | (03,07, | (06,04,
0.5) 0.2) 0.2) 0.3) 0.3) 0.4)
c1g| (08,02, (08,02, | (05,05, | (08,02 | (02,08, | (07,03,
0.2) 0.2) 0.5) 0.2) 0.2) 0.3)
coo| (05,05, (02,08 | (07,03, | (05,05, | (0802, | (05,05,
0.5) 0.2) 0.3) 0.5) 0.2) 0.5)
coq| 07,03 (0505, [ (03,07, | (03,07, [ (0802, | (05,05,
0.3) 0.5) 0.3) 0.3) 0.2) 0.5)
C22| (05,05, | (0.3,0.7, | (05,05, | (0505, | (02,08, | (0.2, 0.8,




W | 01en 5 SUE e loms b 3 03limal b,V 55l laes s n &K 53 08 WS w3

s1 S2 S3 54 S5 S6
0.5) 0.3) 0.5) 0.5) 0.2) 0.2)
cp3| (08,02, (03,07, [ (05,05, | (03,07, [ (04,06, | (08,02,
0.2) 0.3) 0.5) 0.3) 0.4) 0.2)
coa| 08,02, (03,07, [ (04,06, | (04,06, | (02,08, | (03,07,
0.2) 0.3) 0.4) 0.4) 0.2) 0.3)
cos| (02,08, (03,07, | (08,02, | (03,07, | (08,02, | (06,04,
0.2) 0.3) 0.2) 0.3) 0.2) 0.4)
cog| (04,06, (03,07, [ (04,06, | (05,05 | (0802, | (05,05,
0.4) 0.3) 0.4) 0.5) 0.2) 0.5)
cp7| 07,037 (07,03, [ (07,03, | (05,05, | (06,04, | (08,02,
0.3) 0.3) 0.3) 0.5) 0.4) 0.2)
cog| (06,04, (0505, | (02,08 | (0802 | (02,08, | (0505,
0.4) 0.5) 0.2) 0.2) 0.2) 0.5)
cog| (02,08 (02,08 | (06,04, | (07,03 | (02,08, | (05,05,
0.2) 0.2) 0.4) 0.3) 0.2) 0.5)
o3| 03,07, (02,08 | (02,08 | (07,03 | (0505, | (07,03,
0.3) 0.2) 0.2) 0.3) 0.5) 0.3)
cap| (04,06, (04,06, | (02,08 | (0505 | (04,06, | (04,06,
0.4) 0.4) 0.2) 0.5) 0.4) 0.4)
s7 S8 S9 510 s11 S12
oy | 07,037 (02,08, | (07,03 | (06,04, | (08,02, | (0.7,03,
0.3) 0.2) 0.3) 0.4) 0.2) 0.3)
oy | 02,08 (07,03, | (07,03 | (06,04, | (04,06, | (06,04,
0.2) 0.3) 0.3) 0.4) 0.4) 0.4)
c3 | (07,03 [ (07,03, | (06,04, | (06,04, | (06,04, | (03,07,
0.3) 0.3) 0.4) 0.4) 0.4) 0.3)
s | (05,057 (05,05, | (04,06, | (0802, | (08,02, | (06,04,
0.5) 0.5) 0.4) 0.2) 0.2) 0.4)
o | (05,05 [ (07,03, | (02,08, | (06,04, | (06,04, | (06,04,
0.5) 0.3) 0.2) 0.4) 0.4) 0.4)
s | (06,04, (02,08, | (05,05 | (02,08, | (03,07, | (04,08,
0.4) 0.2) 0.5) 0.2) 0.3) 0.4)
o7 | (05,05 (06,04, [ (07,03 | (02,08, | (03,07, | (03,07,
0.5) 0.4) 0.3) 0.2) 0.3) 0.3)
cg | (06,04, (03,07, [ (08,02 | (06,04, [ (08,02, | (06,04,
0.4) 0.3) 0.2) 0.4) 0.2) 0.4)
o | (05,05, [ (07,03, | (06,04, | (06,04, [ (02,08 | (03,07,
0.5) 0.3) 0.4) 0.4) 0.2) 0.3)
c1o| 08,027 (02,08 | (06,04, | (06,04, | (0505, | (06,04,
0.2) 0.2) 0.4) 0.4) 0.5) 0.4)
c1q| (06,04, (06,04, | (0505 | (03,07, | (02,08, | (08,02,
0.4) 0.4) 0.5) 0.3) 0.2) 0.2)
c1p| (06,04, (0307, | (06,04, | (0802 | (0604, | (0208,
0.4) 0.3) 0.4) 0.2) 0.4) 0.2)
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s7 S8 S9 S10 s11 512
ci3| 07,03/ (03,07, | (07,03, | (06,04, | (0505, | (08,02,
0.3) 0.3) 0.3) 0.4) 0.5) 0.2)
c1a| 070370307, [ (03,07, | (0802 | (0802 | (07,03,
0.3) 0.3) 0.3) 0.2) 0.2) 0.3)
c1s| (03,07, (03,07, | (07,03, [ (07,03, | (08,02, | (0505,
0.3) 0.3) 0.3) 0.3) 0.2) 0.5)
c1g| (06,04, (07,03, [ (05,05, | (03,07, [ (05,05, | (04,06,
0.4) 0.3) 0.5) 0.3) 0.5) 0.4)
c17| 07,037 (08,02, [ (04,06, | (07,03 | (02,08, | (04,086,
0.3) 0.2) 0.4) 0.3) 0.2) 0.4)
cig| 04,06, (02,08 | (04,06, | (06,04, [ (0802, | (07,03,
0.4) 0.2) 0.4) 0.4) 0.2) 0.3)
c1g| (06,04, (07,03, [ (04,06, | (05,05 | (02,08, | (06,04,
0.4) 0.3) 0.4) 0.5) 0.2) 0.4)
coo| (06,04, (02,08 | (06,04, | (02,08, | (0802, | (07,03,
0.4) 0.2) 0.4) 0.2) 0.2) 0.3)
co1| (05,05, (04,06, | (03,07, | (04,06, | (07,03, | (08,02,
0.5) 0.4) 0.3) 0.4) 0.3) 0.2)
cop| (05,05, (03,07, [ (04,06, | (02,08 | (07,03, | (07,03,
0.5) 0.3) 0.4) 0.2) 0.3) 0.3)
o3| (06,04, (06,04, | (08,02, | (03,07, [ (02,08, | (02,08,
0.4) 0.4) 0.2) 0.3) 0.2) 0.2)
coa| 03,07, (08,02, [ (04,06, | (03,07, [ (03,07, | (03,07,
0.3) 0.2) 0.4) 0.3) 0.3) 0.3)
cos| (02,08 (08,02, | (07,03 | (03,07, [ (02,08, | (02,08,
0.2) 0.2) 0.3) 0.3) 0.2) 0.2)
cog| (04,06, [ (08,02, | (04,06, | (04,06, | (0505 | (0802,
0.4) 0.2) 0.4) 0.4) 0.5) 0.2)
cp7| (04,06, (02,08 | (05,05, | (02,08 | (03,07, | (04,086,
0.4) 0.2) 0.5) 0.2) 0.3) 0.4)
cog| 03,07, (02,08 | (07,03, | (08,02 | (0505, | (07,03,
0.3) 0.2) 0.3) 0.2) 0.5) 0.3)
cog| (02,08 (04,06, | (08,02, | (07,03 | (03,07, | (05,05,
0.2) 0.4) 0.2) 0.3) 0.3) 0.5)
o3| (06,04, (08,02, [ (05,05, | (03,07, [ (02,08, | (08,02,
0.4) 0.2) 0.5) 0.3) 0.2) 0.2)
cap| (08,02 (04,06, | (02,08 | (04,06, | (03,07, | (06,04,
0.2) 0.4) 0.2) 0.4) 0.3) 0.4)
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i=1
C1 4.321 0.345 55.300 0.083
C2 3.754 0.336 33.676 0.051
C3 5.542 0.368 43.837 0.066
C4 7.774 0.379 57.851 0.087
C5 2.634 0.281 33.776 0.051
C6 2.541 0.321 18.494 0.028
C7 3.040 0.342 21.162 0.032
C8 2.969 0.358 15.511 0.023
C9 3.381 0.335 28.686 0.043
C10 4.081 0.360 30.723 0.046
Cl1 2.962 0.346 18.902 0.028
C12 2.722 0.326 20.350 0.031
C13 2.818 0.325 22.640 0.034
Cl4 4.021 0.413 16.294 0.025
C15 1.967 0.318 6.879 0.010
C16 2.592 0.366 6.474 0.010
C17 4.862 0.383 33.332 0.050
C18 3.211 0.364 17.741 0.027
C19 5.060 0.385 34.915 0.053
C20 3.246 0.363 18.561 0.028
C21 7.229 0.386 52.492 0.079
C22 2.420 0.349 7.819 0.012
C23 3.362 0.408 8.646 0.013
C24 2.078 0.361 3.100 0.005
C25 3.579 0.436 5.093 0.008
C26 3.084 0.415 2.656 0.004
C27 2.521 0.324 17.175 0.026
C28 3.103 0.375 13.122 0.020
C29 2.084 0.330 6.012 0.009
C30 3.070 0.382 10.727 0.016
C31 1.295 0.269 2.422 0.004
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o i f@D | f@D 0, | Rank
S1 81.077 83.252 0.493 0.507 82.165
S2 80.797 82.037 0.496 0.504 81.417
S3 85.997 87.969 0.494 0.506 86.983
S4 81.563 83.581 0.494 0.506 82.572
S5 80.656 82.361 0.495 0.505 81.509
S6 76.900 79.078 0.493 0.507 77.989
S7 82.851 85.301 0.493 0.507 84.076
S8 80.453 81.641 0.496 0.504 81.047
S9 83.792 86.004 0.493 0.507 84.898

S10 79.389 81.600 0.493 0.507 80.495

S11 78.457 79.857 0.496 0.504 79.157

S12 78.861 81.258 0.493 0.507 80.059

== =
SlE|e|N|o|w|Ko] s ||~ o

08 S el SF-ARTASI 5 Sy wlool 45 355 0 0talie & Jgdr 4 4> 55 L
LﬁJ‘ d_g‘ éuﬁﬁ}b‘ B AF,'V‘;‘ _9/\?,/\*/\ c/\;‘,%/\r L;LA)‘.:IA‘ \; g‘,.:fj? @ S7 9 S9 S3
4S5y o odalie oolgiin 5SSy mlS nl 4 4 5 b e 1B S 513 0 g
Co ol g3 ol Jle s 54 5515 2Ty Jsl 53 VWAAR SLael L SB oS s

..\)‘-L;)‘J.;ojjj;&a).’ LS)&QA

Ladl o 4 o0

b (b gl e B s Sl e coolgiin S ol e 12
Ll s 55 ool 3,500, leasly Sl o b gl o daly s 0 L gl
s S ol Sl L, Jedows b 53 510 o G Gla il 9 Doglaze
a3 i b by 8 T ed 5 @ MR S L by S
IB s 3s3m 26 @S ml5 e o (@) JTosluss 5 JTous! sla Jo-el,
.(Pamucar et al., 2024) 5,5

BB 3@ el Sk 0T 53 a8 s w8 8 s ol oy i 1 pl 3



WY 01en 5 SLE e loms funn 3 03bimal b,V 55l laes s n e 53 08 WS cmel b3

Sl 253 5V L ol @ Sle Uil ol 53223 5 515 oy 3550 LS
E5 2l Role 55 DL 8L RIHI00 sde by oty &5 0T Hltie (s
,m%fdbtic\}s,(p,m,goﬁuiwlﬁJi:. sl S e Ll
Celip €[V, 400) o3k 55 P lhe Sl i g as o DL 1y S b s e
A Ay s Amd ek ey B s sl 53 6 Sl 358 o oS I s
o @ el )l Sl i L ol e gdle dile SL ol gyl B0 a ys oS b
i aals |5 et labime (LT L5 bl o o o L I8 (0 55 b

GOV R 0F 1 L VO

P bl il i pll 3 s S LIS il Sl ki S

1
49 50 2 3
48 4
47 87 5
46 o5 6 e—S |
45 7

44 8 — G0

43 9 S3

42 10 sa

41 11
40 12 =55
39 13 — 56
38 14 —G 7
37 15 S8
36 16 9
35 17
34 18 — 510
33 19 —
32 20 st
31 21 —
30 29 23 22 S12
28 97 25 24

J:.Abti_;—:‘és Q@JSF'ARTASI d.l.n ;,..:wLM" c@b Ll".’j‘*ﬂ_}’.g )" r)} a .)_:
&‘)Kc\j&‘ﬂug.\')bguuiﬁﬁ)‘._wob)‘.iJﬁ?@ﬂ}w)jb)ya

A5 E Vb e @ s g yliw ol 55 54 d e deoy @ Ok s



VEF Ol | VY 03l | p g 9 G Sl | inio Sy pite lWillas | V1A

‘5|)\§c|}:}a,w,goﬁ§.“4,a‘}.<.: WL a5l Aoty 0 ) OT e (gl
s o O @ el yl Sl ok o gyl 033 b 1 [ SuSK b i > Ly 5

ajﬂ‘)liha::uﬁ:uﬁwb‘ﬁ\AQ;;b\Sa‘jQ‘nﬁ' OJSJ

0

—s1
—_—S2
s3
—_—S
—S5
—S6
—S7
—S8
s9
—510
—s11
—s12

0.9

0.8

0.7

0.6 0.5

bl g DL |y (il lin 4y o a7 (guloy sl s Dl 7 IS
RO S roman ool ol @ galyly 85 4 Comed SF-ARTASH Jos (el
4 bgeglbay S da= 1Y) i gl Sl 350 A e a, bl
bl e 238 15 0t 8 sl 5382 el bl pxia 5 0t b slaad,
5 dTed 1ol ooy Comnl el 53 o clo OT (ginzy sl 03 o 5 s w8
ST i3 S ol el ol il LIS 5 s 0L 53 JTo s
S a3 o O gl (ol 00 U bl 4 5 g kS 30 5 0355 laline

(23 8 w3 Ol g om0l Aa s ol G by S Sy 3 e 5 BB Ol



W 01er 5 SUE e loms funn 3 03limal b,V 55l laes s n &K 53 08 WS cmel b3
e Il @ 5 P sla a5l 55 O i 4 ol (93l 3,555,

@ falsly e polie ol basiy 35 gy Jl O ks £ S5

12 O

=751
——52
S3
—— 5S4
—@— S5
=@ S6
=957
=058
S9
—0=—510
=0—7S11

1 ——512
0 01 02 03 0.4 05 06 07 08 09 1

11

10

X

N W OO N 00 ©

2l b @aletn 5,55 55 Ll by i Sl glamlie sl o (tow opl 5
Calisee sla b g (s5lmesly mls & Jgtr 335 alie Slosl y3 5 50 sla s,
Y5l Glaess 58 WS al (cuny Jol 5 2l Sl esbani ‘gﬁfws
5 SF-MOORA (SF-MARCOS ,LS™ ;5 SF-ARTASI i, ks das oo OL23
SF- sy 53t lodd &1yl laay 5 (gduasy 548 8,515 o3l 3,40 SF-TOPSIS
(mal (63,5 (556 slade sazme wlwl 5 ARTASI iy, I glaaw s < ARTASI
S el 0T 51 S =B AT oo Cnns (oS E9) Qplie ol ol
Ssba 13 (s 3550 Sl by (aled el 1y Shee 0y 2 S3 oS s
553 ol 55 oy 3550 Sl oS (S3lwesly gl bl SO calia
cod sl sl iy, b SFARTASI b (Ss5 (v JSK—8) ol @i S

ub&‘)d[i))\kb&ﬁfwfawéh%A)J‘)QT@%}‘}&_,&J{.)JUK



VI E Ol | VY 05l | p g 9 G Sl | irio Sy e Slaillas [ VY
..L.S‘SA HL:E )Y}jl.o Lg\.hojjj;\.{» ugwwt

SF- SF-ARTASI a2, polul 3 O84S el stuca sl ulss & Jstr
SF-TOPSIS ; SF-MOORA MARCOS

SF-ARTASI SF-MARCOS SF-MOORA SFE-TOPSIS
Q; Rank | f(k;) | Rank | Score; | Rank Cl; Rank
S1 | 82.165 5 0.537 7 0.134 7 0.511 7
S2 | 81.417 7 0.540 6 0.138 5 0.531 5
S3 | 86.983 1 0.689 1 0.206 1 0.631 1
S4 | 82572 4 0.595 3 0.147 4 0.532 4
S5 | 81.509 6 0.553 5 0.126 8 0.478 8
S6 | 77.989 12 0.419 12 0.087 12 0.461 9
S7 | 84.076 3 0.564 4 0.158 3 0.572 3
S8 | 81.047 8 0.526 8 0.134 6 0.524 6
S9 | 84.898 2 0.640 2 0.177 2 0.586 2
S10 | 80.495 9 0.483 10 0.112 9 0.458 10
S11 | 79.157 11 0.488 9 0.098 11 0.433 11
S12 | 80.059 10 0.456 11 0.107 10 0.431 12
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SF-MOORA 0.94
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