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Abstract
Suppliers 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
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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

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 hovel 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.
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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. 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
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Due to the need for complex coordination among subsystems and 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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C14 SLI VLI SMI VHI LI LI
C15 LI LI VLI SLI El SLI
C16 VHI VHI El El SLI LI
C17 VHI SMI HI HI VHI VLI
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(0.4,0.6,0.4)
(0.4, 0.6, 0.4)
(0.5, 0.5, 0.5)
(0.4, 0.6, 0.4)
(0.6, 0.4, 0.4)
(0.4,0.6,0.4)
(0.4, 0.6, 0.4)
(0.4,0.6,0.4)
(0.5, 0.5, 0.5)
(0.4, 0.6, 0.4)
(0.3,0.7,0.3)
(0.4, 0.6, 0.4)
(0.3,0.7,0.3)
(0.2,0.8,0.2)
(0.6, 0.4, 0.4)
(0.7,0.3,0.3)
(0.5, 0.5, 0.5)
(0.5, 0.5, 0.5)
(0.2,0.8,0.2)
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C23 (0.8,02,02) (0.3,07,03) (05 05 05) (0.3, 07, 03) (0.4, 06, 04) (0.8 02 02)
C24 (0.8,02,02) (0.3,07,03) (0.4,06,04) (0.4,06,04) (0.2 0802 (0.3 0.7 0.3)
C25 (0.2,08,02) (0.3,07,03) (080202 (0.3,0.703) (0.8 0202) (0.6, 0.4,0.4)
C26 (0.4,0.6,04) (0.3,07,03) (0.4,06,04) (050505 (0.8 02 02) (0.5 0.5, 05)
C27 (0.7,03,03) (0.7,03,03) (0.7,03,03) (0.5 05,05) (0.6 0.4, 04) (0.8 0.2 0.2)
C28 (0.6,04,04) (050505 (0.208,02) (080202 (0.2 0802) (0.5 0.5 05)
C29 (0.2,08,02) (0.2,0802) (0.604,04) (0.7,0.3,03) (0.20802) (0.5 0.5, 05)
C30 (0.3,07,03) (0.2,08,02) (0.208,02) (0.7,03,03) (0.5 05,05) (0.7, 0.3, 0.3)
C31 (0.4,06,04) (0.4,06,04) (0.2,08,0.2) (0505, 05) (0.4,06,04) (0.4, 0.6 0.4)

STk S8 S9 S10 S11 S12

Cl (0.7,03,03) (0.2,0.8,02) (0.7,03,03) (0.6 04 04) (0.8 02 02) (0.7,0.3,0.3)
C2 (0.2,08,02) (0.7,0.3,03) (0.7,0.3,03) (0.60.4,04) (0.4,06,04) (0.6, 0.4,0.4)
Cc3 (0.7,03,03) (0.7,0.3,03) (0.6,0.4,04) (0.6,04,04) (0.6 04, 04) (0.3 0.7,0.3)
C4 (05,0505 (050505 (04,06 04) (080202 (080202 (0.6, 04,0.4)
C5 (05,05,05) (0.7,0.3,03) (0.2,08,02) (0.6 04, 04) (0.6 04, 04) (0.6, 0.4,0.4)
C6 (0.6,04,04) (0.2,0.8,02) (050505 (020802 (0.30703) (0.4,0.604)
C7 (05,0505 (0.6,0.4,04) (0.7,03,03) (020802 (0.3,0703) (0.3 0.7,0.3)
C8 (0.6,04,04) (0.3,0.7,03) (0.8,0202) (0.6 0.4, 04) (080202 (0.6, 04,0.4)
C9 (05,0505 (0.7,0.3,03) (0.6,0.4,04) (0.6 04, 04) (0.208,02) (0.3 0.7,0.3)
C10 (0.8,0.2,02) (0.2,0.8,02) (0.6,0.4,04) (0.60.4,04) (0.50505) (0.6, 0.4,0.4)
Cl1 (0.6,0.4,0.4) (0.6,0.4,04) (0.5,05,05) (0.3,0703) (0.2,0802) (0.8 0.20.2)
C12 (0.6,0.4,04) (0.3,0.7,03) (0.6,0.4,04) (0802 02) (0.604,04) (0.2 0.8,0.2)
C13 (0.7,03,03) (0.3,0.7,03) (0.7,0.3,0.3) (0.6,0.4,04) (0.50505) (0.8, 0.2,0.2)
Cl4 (0.7,03,03) (0.3,0.7,03) (0.3,0.7,0.3) (0.8,0202) (0.8,0202) (0.7,0.3,0.3)
C15 (0.3,07,03) (0.3,0.7,03) (0.7,0.3,03) (0.7,03,03) (0.80202) (0.50.5,0.5)
C16 (0.6,0.4,04) (0.7,0.3,0.3) (0.5,05,05) (0.3,0.7,03) (0.50505) (0.4,0.6, 04)
C17 (0.7,0.3,0.3) (0.8,0.2,0.2) (0.4,0.6,04) (0.7,03,03) (0.2,0802) (0.4,0.6, 0.4)
C18 (0.4,0.6,04) (0.2,0.8,0.2) (0.4,0.6,04) (0.6 04,04) (0.80202) (0.7,0.3,0.3)
C19 (0.6,0.4,04) (0.7,0.3,0.3) (0.4,0.6,04) (0505 05) (0.2,0802) (0.6, 0.4,0.4)
C20 (0.6,0.4,04) (0.2,0.8,02) (0.6,0.4,04) (02,0802 (0.80202) (0.7,0.3,0.3)
c21 (0.5,05,05) (0.4,06,04) (0.3,07,03) (04,06 04) (0.7,0303) (0.8 0.2,0.2)
C22 (05,0505 (0.3,0.7,03) (0.4,06,04) (020802 (0.7,03,03) (0.7,0.3,0.3)
C23 (0.6,0.4,04) (0.6,0.4,04) (0.8,02,02) (0.3,07,03) (0.2,0802) (0.2 0.8,0.2)
C24 (0.3,07,03) (0.8,0.2,02) (0.4,06,04) (0.30703) (0.30703) (0.30.7,0.3)
C25 (0.2,08,02) (0.8,0.2,02) (0.7,03,03) (0.3,07,03) (0.2,0802) (0.2 0.8,0.2)
C26 (0.4,06,04) (0.8,0.2,02) (0.4,06,04) (04,06 04) (050505 (0.8 0.20.2)
C27 (0.4,06,04) (0.2,0.8,02) (05,0505) (0.20802) (0.3,0703) (0.4,0.6 04)
C28 (0.3,07,03) (0.2,0.8,02) (0.7,03,03) (080202 (050505 (0.7,0.3,0.3)
C29 (0.2,08,02) (0.4,0.6,04) (0.8,0202) (0.7,03,03) (0.3,0703) (0.50.5,0.5)
C30 (0.6,0.4,04) (0.8,0.2,02) (050505 (0.30703) (0.208,02) (0.8 0.20.2)
C31 (0.8,0.2,02) (0.4,0.6,04) (0.2,08,0.2) (0.4 06 04) (0.3,070.3) (0.6, 0.4,0.4)

338 oo s SF-LOPCOW 55, 3 oslizal b ob 35 slajlas 05 canlsl s
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m

Z rijz o pY; Weight

i=1
C1 4321 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 2541  0.321 18.494 0.028
Cc7 3.040 0.342 21.162 0.032
C8 2.969 0.358 15511 0.023
C9 3.381 0.335 28.686 0.043
C10 4081 0.360 30.723 0.046
C11 2962  0.346 18.902 0.028
Ci12 2.7122 0.326 20.350 0.031
C13 2.818 0.325 22.640 0.034
C14 4.021 0413 16.29%4 0.025
C15 1.967 0318 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
Cc21 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 3579 0436  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 0330 6.012 0.009
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C30 3.070 0.382 10.727 0.016
C31 1.295 0.269 2.422 0.004

Slael ol OB aS b 5 ods |2l SF-ARTASIE isy Jolie 5T o
42::13 J}'&@ L;J..;C.{JJ)‘ sz_gj: Sy @ «(Y%) @b )‘ oslaial b odaT Cwds 'Ql

el 0 e T8 Jgidar 55 OB S sl (s sl 5 (ool 3,50 55 s 5wosly

SF-ARTASI iy, mls 5 b 8 Jpr

of % f@)  f@p o Rank

S1 81.077  83.252 0.493 0.507 82.165 5
S2 80.797 82.037 0.496 0.504 81.417 7
S3 85.997 87.969 0.494 0.506 86.983 1
S4 81.563 83.581 0.494 0.506 82.572 4
S5 80.656 82.361 0.495 0.505 81.509 6
S6 76.900 79.078 0.493 0.507 77.989 12
S7 82.851 85.301 0.493 0.507 84.076 3
S8 80.453  81.641 0.496 0.504 81.047 8
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 11
S12 78.861  81.258 0.493 0.507 80.059 10
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SF-MARCOS SF-ARTASI (sls 55 ool s SIS S by 5o ol lss & Jgor
SF-TOPSIS ; SF-MOORA

SF-ARTASI SF-MARCOS SF-MOORA SF-TOPSIS

Q; Rank  f(ky) 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 82.572 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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