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This study aimed to identify and prioritize maintenance strategies for
production systems based on sustainability principles in the automotive parts
industry. The present study is applied in terms of purpose and descriptive-
survey in terms of data collection. Using literature review and expert opinions,
sustainability criteria were identified and confirmed via the Delphi method
within four dimensions: economic, social, environmental, and technical. The
weights of the main criteria and sub-criteria were then calculated using the
FUCOM multi-criteria decision-making method. Finally, seven maintenance
strategies were ranked using the SAW and TOPSIS techniques. The statistical
population consisted of four automotive parts manufacturing companies, and
data were collected through questionnaires and surveys from 10 experts. The
findings revealed that among the sustainability dimensions, the social
dimension held the highest priority, followed by the economic, technical, and
environmental dimensions. Among the sub-criteria, "Decommissioning worn-
out equipment and replacing it with green equipment" ranked first, followed by
"Compliance with safety and environmental standards" and "Employee
expertise." Regarding the maintenance strategies, the Preventive Maintenance
(PM) strategy ranked first, the Total Productive Maintenance (TPM) strategy
ranked second, and the Predictive Maintenance (PreM) strategy ranked third.
Given the high priority of the social and economic dimensions, it is
recommended that managers in the automotive parts industry focus on
preventive and total productive maintenance strategies to enhance both
productivity and the sustainability of their operations.
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1. Introduction

Maintenance has evolved from a mere supportive
function to a critical strategic imperative in modern
production systems. It is instrumental in ensuring
equipment reliability, sustaining product quality,
and enhancing operational efficiency (Shakerikenari
et al, 2019). In today's intensely competitive
industrial landscape, the traditional perception of
maintenance as a cost center is obsolete; it is now
unequivocally recognized as a profit-generating
function vital for long-term organizational success
and competitiveness (Sabet Motlag, 2018).
Concurrently, escalating global pressures—ranging
from stringent environmental regulations to growing
societal expectations for corporate responsibility—
have rendered sustainability a non-negotiable pillar
of industrial operations. The concept of sustainable
maintenance, which seeks an optimal balance
between economic prosperity, social equity,
environmental  responsibility, and technical
feasibility, has consequently emerged as a
paramount strategic objective for industries
worldwide (Ighravwe & Oke, 2019). The automotive
industry, a cornerstone of many national economies,
epitomizes this dual challenge. It operates with
complex, capital-intensive machinery that demands
meticulous maintenance, all while being under
constant scrutiny to adhere to ambitious
sustainability goals (Ighravwe et al., 2019; Chen et
al., 2019; De Campos & Simon, 2019; Kumar et al.,
2018; Mahmoud et al., 2024; Sadeghi et al., 2012;
Sahoo, 2018; Sahoo, 2019). Within this sector,
automotive parts manufacturing faces wunique
pressures due to its position in the supply chain,
requiring robust and rational frameworks to select
maintenance strategies that align with these
multifaceted objectives (Shahrjerdi & Ghorbanpour,
2023; Shakerikenari, & Safaei Ghadikalai, 2019;
Shams et al., 2025). While Multi-Criteria Decision-
Making (MCDM) methods have been extensively
applied in maintenance management, their
application integrated with
a comprehensive sustainability framework within the
automotive parts industry remains notably limited
(Taghipour & Awkh Darestani, 2018). Previous
studies often focus on one or two dimensions of
sustainability, typically economic and technical,
while treating social and environmental aspects as
secondary concerns or neglecting them altogether.
Furthermore, many existing models rely on older
weighting methods that require a large number of
pairwise comparisons and can suffer from
consistency issues, potentially compromising the
reliability of the results.

This study aims to bridge this critical gap by
developing and applying an integrated, robust
MCDM model explicitly designed for sustainable
maintenance strategy selection in the Iranian
automotive parts industry. The research is guided by
the following primary questions:

1. What is the relative priority of sustainable

maintenance criteria (across economic, social,

environmental, and technical dimensions) in

the automotive parts industry?

2. How are these four sustainability dimensions

prioritized against each other in this context?

3. How are common maintenance strategies

ranked based on these weighted sustainability

criteria?
The novelty and contribution of this work are
threefold. First, it introduces aholistic four-
dimensional sustainability framework tailored to the
specific context of maintenance in the automotive
parts sector. Second, it employs the FUCOM (Full
Consistency Method) for criteria weighting—a
method chosen for its significant advantage of
requiring fewer pairwise comparisons from experts
while guaranteeing high consistency, thus
enhancing the reliability of the derived weights
(Pamudar et al., 2018). Third, it integrates FUCOM
with two well-established ranking techniques, SAW
(Simple Additive Weighting) and TOPSIS (Technique
for Order Preference by Similarity to Ideal Solution),
to provide a robust and cross-validated prioritization
of maintenance strategies. This hybrid FUCOM-
SAW-TOPSIS framework is applied to a real-world
industrial case study, offering actionable insights for
managers and  contributing a  validated
methodological tool to the body of knowledge.

2. Methodology
The research was conducted in three main phases.

2.1. Phase 1: Identification and Validation of
Criteria

Through a comprehensive literature review, 30 sub-
criteria across four main sustainability dimensions
were identified (Economic: 10, Social: 8,
Environmental: 6, Technical: 6). These criteria were
validated over two rounds of the Delphi method with
a panel of 10 experts. The reliability of the
questionnaire was confirmed with a Cronbach's
Alpha of 0.893. A high consensus was achieved,
leading to the final confirmation of all criteria.

2.2. Phase 2: Weighting Criteria using FUCOM

The FUCOM method was employed to determine the
objective weights of the criteria and sub-criteria,
significantly reducing the number of pairwise
comparisons and ensuring full consistency (Pamucar
etal., 2018). The steps are as follows:

1. Ranking of Criteria: Experts ranked the criteria
based on their importance.

2. Determination of Comparative Priorities (¢): The
priority of criterion Cj over C(j+1) was determined.

3. Calculation of Final Weights:The final

weights (w1, wa, ..., wy) were calculated by solving
the following optimization model:

min ¥

subject to:
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[wi/w(j+1) - (/(+1)) |= X, for allj

Iwi/w(i+2) - @(/(+1))*@((+1)/(+2))|=, for all j
Swj=1,wj=0

This model was solved using LINGO software.

2.3. Phase 3: Ranking Strategies using SAW and
TOPSIS

Seven common maintenance strategies were
evaluated:
e Breakdown Maintenance (BM),
Preventive Maintenance (PM),
Corrective Maintenance (CM),
Reliability-Centered Maintenance (RCM),
Total Productive Maintenance (TPM)
Condition-Based Maintenance (CBM), and
e Predictive Maintenance (PreM).
Experts rated these strategies against the
validated sub-criteria. The SAW and TOPSIS
methods were then used for final ranking,
providing a robust comparison.

3. Results and Discussion
3.1. Weighting of Dimensions and Sub-Criteria

The weights of the main sustainability dimensions,
calculated via FUCOM, are presented in Table 1. The
social dimension was found to be the most critical.
The top three sub-criteria by their final global
weights are shown in Table 2. "Replacing worn-out
equipment with green equipment” was the most
influential factor overall.

3.2. Ranking of Maintenance Strategies

The rankings of the seven maintenance strategies,
obtained through both SAW and TOPSIS methods,
are summarized in Table 3. Both methods
consistently identified PM as the top strategy,
followed by TPM and PreM.

4. Conclusions

This study successfully developed and applied a
structured MCDM framework to integrate
sustainability into maintenance strategy selection.
The finding that thesocial dimension holds the
highest priority underscores a shift in managerial
focus towards human capital, psychological well-
being, and organizational culture as foundational
elements for sustainable operations in the Iranian
automotive parts sector. The top rank of Preventive
Maintenance (PM) aligns with its proactive nature,
which  effectively  balances cost, resource
consumption, equipment reliability, and safety,
making it a cornerstone of sustainable practice. The
high global weight of sub-criteria like "Replacing
worn-out equipment with green
equipment"” and "Employee expertise" signals that
strategic, long-term investments (in both technology
and people) are perceived as more critical for
sustainability than short-term operational controls.
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The theoretical and practical implications of this
research are as follows.
1. Theoretical: This research enriches the
sustainable = maintenance literature by
introducing a validated, hybrid FUCOM-SAW-
TOPSIS model. It demonstrates the efficacy of
FUCOM in complex, multi-dimensional
decision environments.
2. Practical: The framework provides
managers with a clear, actionable tool to
prioritize resources and select maintenance
strategies  that align  with  broader
sustainability goals. The results guide
managers to focus on social factors and
employee well-being while not neglecting
strategic technological upgrades.
In conclusion, this paper presents a robust and
replicable model for selecting sustainable
maintenance strategies. The integrated use of
FUCOM, SAW, and TOPSIS ensured a rigorous and
reliable outcome. For the automotive parts industry,
the recommended path is to prioritize Preventive
(PM) and Total Productive Maintenance
(TPM) strategies, supported by investments in green
technologies and employee skill development.
Future research could explore the application of this
framework in other industries or use other emerging
MCDM methods for comparative analysis.

Funding

This research received no external funding.
Author contributions

All authorshave contributed equally to the
conceptualization, methodology, investigation,
writing, and review of this manuscript.

Conflicts of interest
The authors declare no conflicts of interest.
Acknowledgments

The authors are grateful to the industry experts who
participated in the surveys and the anonymous
reviewers for their valuable insights.

References

Chen, C., Liu, Y., Sun, X., Di Cairano-Gilfedder, C., &
Titmus, S. (2019). Automobile maintenance
prediction using deep learning with GIS data.
Procedia CIRP, 81, 447-452.
https://doi.org/10.1016 /j.procir.2019.03.077

De Campos, R. S., & Simon, A. T. (2019). Insertion of
sustainability concepts in the maintenance
strategies to achieve sustainable
manufacturing.  Independent  Journal  of
Management & Production, 10(6), 1908-1931.
https://doi.org/10.14807/ijmp.v10i6.939

Ighravwe, D. E., & Oke, S. A. (2019). A multi-criteria
decision-making framework for selecting a



https://doi.org/10.1016/j.procir.2019.03.077
https://doi.org/10.14807/ijmp.v10i6.939

Integrating Sustainability into Maintenance Strategy Selection: A FUCOM-based Case Study from Automotive Parts Industry

Yar

suitable maintenance strategy for public
buildings using sustainability criteria. Journal of
Building Engineering, 24, 100753.
https://doi.org/10.1016/j.jobe.2019.100753

Kumar, A., Shankar, R., & Thakur, L. S. (2018). A big
data driven sustainable manufacturing
framework for condition-based maintenance
prediction. Journal of computational science, 27,
428-439.
https://doi.org/10.1016/].jocs.2017.06.006

Mahmud, I., Ismail, I., Abdulkarim, A., Shehu, G. S.,
Olarinoye, G. A., & Musa, U. (2024). Selection of
an appropriate maintenance strategy using
analytical hierarchy process of cement plant.
Life Cycle Reliability and Safety Engineering,
13(2), 103-109. https://doi.org/10.1007/s41872-
024-00249-7

Pamudar, D., Stevié, Z., & Sremac, S. (2018). A new
model for determining weight coefficients of
criteria in mcdm models: Full Consistency
Method (FUCOM). Symmetry, 10(9), 393.
https://doi.org/10.3390/sym10090393

Sabet Motlaq, M. (2018). Applying the Concept of
Rough Set Theory in Multi-Attribute Decision
Making Methods for Evaluating and Selecting
the Most Appropriate Maintenance and Repair
Strategy. Strategic Management Research,
24(70), 65-89. (In Persian).
https://doi.org/10.22059/jitm.2017.61419

Shahrjerdi, R., & Ghorbanpour, M. (2023).
Evaluation of maintenance strategies of
physical assets of service companies with a
green approach using fuzzy analytic hierarchy
process, case study: Tehran Province Water and
Wastewater Company. Water and Wastewater

Science and Engineering, 8(4), 70-84. (In
Persian).
https://doi.org/10.22112 /jwwse.2023.378307.13
40

Shakerikenari, E., & Safaei Ghadikalai, A.H. (2019).
Determining  Maintenance and  Repair

Strategies Using a Multi-Stage Fuzzy Inference
System (Case Study: Shahid Salimi Neka Power

Table 1. Weights of the main sustainability dimensions

Plant). Industrial Management Studies, 17(54),
291-325. (In Persian).

https://doi.org/10.22054 /jims.2017.21543.1754

Shakerikenari, E., Valipour Khatir, M., & Safaei

Ghadikalai, A.H. (2019). Determining
Maintenance and Repair Strategies Using a
Multi-Stage Fuzzy Inference System. Industrial

Management Studies, 17(54), 291-325. (In

Persian).

https://doi.org/10.22054 /jims.2017.21543.1754
Shams, H., Hashemzadeh Khorasgani, G. R,

Taghipour,

Abbaspour Esfadan, G., Farsijani, H.,, &
Shahmansouri, A. (2025). Presentation of a
mathematical model to examine the economic
advantages of maintenance strategies. System
Engineering and Productivity, 5(2), 17-33. (In
Persian). https://doi.org/10.22034/sep.2025.20
51634.1264

R. & Awkh Darestani, S. (2018).
Maintenance Strategy Selection using Fuzzy
Hierarchical Approach. Quarterly  Scientific-
Research Journal of Industrial Management
Studies, 16(50), 193-228. (In Persian).
https://doi.org/10.22054/jims.2018.9111

Sadeghi, A, & Alborzi Manesh, R. (2012), The

application of fuzzy group Analytic Network
Process to selection of best maintenance
strategy- A case study in Mobarakeh. Procedia -
Social and Behavioral Sciences, 62, 1378-1383.
https://doi.org/10.1016 /j.sbspro.2012.09.236

Sahoo, S. (2018). An empirical exploration of TQM,

TPM and their integration from Indian
manufacturing industry. Journal of
Manufacturing Technology Management, 29(7),
1188-1210.  https://doi.org/10.1108 /JMTM-03-
2018-0075

Sahoo, S. (2019). Assessment of TPM and TQM

practices on business performance: a multi-
sector analysis. Journal of Quality in
Maintenance Engineering, 25(3), 412-434.
https://doi.org/10.1108/JQME-06-2018-0048

Dimension Weight Rank

Social 0.2568 1

Economic 0.2495 2

Technical 0.2473 3

Environmental 0.2464 4

Table 2. Top three sub-criteria by global weight
Sub-Criterion Global Weight Rank
Replacing worn-out equipment with green equipment 0.0469 1
Compliance with safety & environmental standards 0.0459 2
Employee expertise 0.0448 3
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Table 3. Final ranking of maintenance strategies

Strategy SAW Score SAW Rank TOPSIS Score TOPSIS Rank
PM 0.9050 1 0.8514 1
TPM 0.8304 2 0.6535 2
PreM 0.7907 3 0.4499 3
RCM 0.7548 4 0.2871 4
CM 0.7441 5 0.2842 5
CBM 0.7343 6 0.2574 6
BM 0.7273 7 0.2308 7
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Table 2. Dimensions of sustainability-based maintenance

Solab p (e Sl et 9 (6055 ol Y Jgue

&L

L ;lexo s Slayl

Nezami & Yildirim (2013)
Ighravwe & Oke (2017; 2019)
Ighravwe (2022)

Shahrjerdi & Ghorbanpour (2023)
Hosseinzadeh et al. (2019)

Nezami & Yildirim (2013)
Ighravwe & Oke (2017; 2019)
Ighravwe (2022)

Shahrjerdi & Ghorbanpour (2023)
Hosseinzadeh et al. (2019)

Nezami & Yildirim (2013)
Ighravwe & Oke (2017; 2019)
Ighravwe (2022)

Shahrjerdi & Ghorbanpour (2023)
Hosseinzadeh et al. (2019)

e Dl (9,5 03l g 009w B Sl (55 03,

Nezami & Yildirim (2013)
Ighravwe & Oke (2017; 2019)
Ighravwe (2022)

Shahrjerdi & Ghorbanpour (2023)
Hosseinzadeh et al. (2019)

L2l 5lwesly (5 liyg 2 Slbos 4z 08

el j Cu pae latiiy slapiunw

6318 bl Sl g i Sl oladl
&59ls

ouals) Lol

(211 Gy o33t

Ml g mle sladilony Co o

&5l B pae

SIS als s

et 5 SIS slasls 3 sl
Slabad el g (> o] s ol
oband cols; 5 cole> sz

ooy, L ey
s culs,

bl |

sl Sl o3,
a2 Jul

G5 Ghjsel

b lolsls el s s laimn

51 5 lae Bpae [0S
R PRV Tty

s ylasse 5 eul slao sl cole
Oeile (5590 540

O pond 5 (5,5l gllaz 25

s oy s 2l e

Slge g lehad ol

oSS Laass

&l Slidee

D N N N N N N N N N N N N N N N N N N N N U N N U N N NN

Jolo ojlmeniz Il aw 6l las il
S le.l)')l (GRA) Sl L sl Suss
®3059 b)) e el 5 (ARAS) ' xex

Silos St (SWARA) ¥ > ,05
Sl Sleni g IS b Lo ety slagiagyy
Jb 50 g abbarngs slo,gis ady i )0 (SMa)

! Additive Ratio Assessment
2 Step-Wise Weight Assessment Ratio Analysis
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Table 3. Descending order of economic criteria
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Table 4. Comparison of economic criteria with the most important criterion
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Table 6. Weights of economic sub-criteria
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Table 8. Final weights of sub-criteria
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Figure 2. Final weights and priorities of sub-criteria.
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Table 11. Final ranking of strategies using the
TOPSIS method
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