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Abstract
A well-established maintenance management system is key in improving the operational performance within agricultural 
production systems. In this paper, we investigated the major criteria influencing effective maintenance management in agro-
industries. To that end, we started by presenting a hierarchical structure of criteria and their Critical Success Factors (CSFs) 
after reviewing related studies and dividing the criteria into the categories of organization management, human-related, and 
organizational aspects. To assess the weight of the criteria and their cause-effect relationship, we collected the opinions of 
maintenance experts working in different agro-industries in Iran, using several online questionnaires which were based on 
Multi-criteria decision-making (MCDM) techniques such as Best-Worst Method (BWM) and Decision-Making Trial and 
Evaluation Laboratory (DEMATEL). The results of the BWM revealed that top management support, and fund allocation 
and inventory resource management are the most important CSFs in the proposed maintenance model with the global weights 
of 0.108 and 0.075, respectively. According to the DEMATEL, five CSFs such as top management support, training and 
education, fund allocation and inventory resource management, maintenance strategies and policies, and adequacy of the 
maintenance crew, were recognized as causal variables of maintenance management within Iranian agro-industries. The 
proposed methodology in this paper could help agro-industries in ensuring an effective maintenance management system.

Keywords Agricultural fleet · Maintenance management · Critical success factors · Agro-industry · Multi-criteria decision-
making

1 Introduction

High operational machinery reliability and availability are 
required to supply agricultural products in the food and 
agro-based industries (Zhou et al. 2017; Bottani et al. 2014; 
Tsolakis et al. 2014; Sørensen and Bochtis 2010; Tsarouhas 
2007). Proper agricultural fleet operation with the purpose of 
timely agricultural activities would have a substantial influ-
ence on the overall productivity and availability (Soltanali and 
Rohani 2016; Najafi et al. 2015; Mousavipour et al. 2012). 
Whilst around 35% of primary machinery, such as tractors 
and harvesters, have exceeded their specified service life, 
mainly in developing countries, resulting in poor agricultural 

operatizing performance (Terentyev et al. 2020). Furthermore, 
high machinery availability and maintainability in agro- 
industries are challenging due to a lack of timely access and 
supply of critical spares (Afsharnia et al. 2014; Wireman 2010; 
Terminology 2010; Nik et al. 2009; Rohani et al. 2009).

In such circumstance, a proper maintenance management 
principle, which comprises a variety of policies, strategies, 
and advanced hardware and software, are quite effective at 
dealing with the above issues in agricultural production systems 
(Holweg et al. 2018; Soltanali et al. 2019, 2020; Parida and 
Chattopadhyay 2007). Maintenance management is a key 
process that involves decision-making at various stages of 
operations. Poor decision-making results in a direct loss of 
resources. Maintenance costs can account for up to 40% of 
operating costs and could increase even higher if not properly 
planned (Amrani et  al. 2020). Maintenance management 
regimes are classified as operational (short-term), tactical 
(medium-term) and strategic (long-term) levels (Tubis and 
Werbińska-Wojciechowska 2015; Bochtis et al. 2014; Anthony 
1965; Pintelon and Gelders 1992). Appropriate maintenance 

 * Hamzeh Soltanali 
 ha.soltanali@mail.um.ac.ir

1 Department of Biosystems Engineering, Ferdowsi University 
of Mashhad, Mashhad, Iran

2 Institute for Manufacturing, University of Cambridge, 
Cambridge, UK

http://orcid.org/0000-0002-1972-1030
http://crossmark.crossref.org/dialog/?doi=10.1007/s12063-023-00348-1&domain=pdf


 H. Soltanali et al.

1 3

strategies and resource allocation are provided at the tactical 
level. The operational level is deals with day-to-day planning, 
which is achieved through the deployment of schedules 
to various resources (Pintelon and Gelders 1992; Pinjala 
et al. 2006; Hassanain 2002; Fredriksson and Larsson 2012; van 
Horenbeek and Pintelon 2014). Likewise, at the strategic level, 
defining visions, missions, and goals as well as integrating 
technical, organizational, and commercial challenges are all 
handled to achieve an effective maintenance business model 
(Al-Turki et al. 2014; Thomas 2005; Murthy et al. 2002).

In the literature strategic challenges related to integration of 
maintenance paradigms in agro-industries have received less 
attention than tactical and operational concerns. For example, at 
the operational level numerous failure analysis techniques have 
been developed to predict the degradation trends of agricultural 
fleets. Different types of advanced knowledge and data mining 
techniques have been utilized in this direction to address the 
issues of uncertainty and variability (da Silva et al. 2019; Naji 
et al. 2019; Kumar et al. 2019; Kurochkin et al. 2017; Hu et al. 
2015; Jong et al. 2013). Moreover, performance measurement and 
continuous improvement (Soltanali et al. 2020; Parida and Kumar 
2006; Tsarouhas 2007), reliability and availability assessment 
(Soltanali et al. 2022; Mishra and Satapathy 2021; Afsharnia et al. 
2020), impact of information technology (Patel and Sayyed 2014; 
Sørensen and Bochtis 2010), maintenance cost modeling (Rohani 
et al. 2011; Lips and Burose 2012)., etc. have been studied in food 
and agriculture sectors which principally correspond to the tactical 
and operational supplies of the maintenance model.

In particular, the current study focuses on investigat-
ing major factors that strategically affect the maintenance 
activities in agro-industries. Meanwhile, understanding 
the underlying critical success factors in the maintenance 
management enables mechanisms to support tactical and 
operational requirements. However, the current study's key 
contribution was to identify the major criteria and meas-
ure their influence to provide a solution for future agro-
industry maintenance projects. To that end, we proposed a 
framework with three key steps to identify, prioritize and 
comprehend interrelationship of the different criteria that 
influence on effective maintenance management in agro-
industries. To dealing with identifying major criteria con-
tributing to successful maintenance management in agro-
industries as well as cause-effect analysis of sub-criteria or 
Critical Success Factors (CSFs), well-known Multi-Criteria 
Decision-Making (MCDM) techniques such as Best-Worst 
Method (BWM) and Decision-Making Trial and Evaluation 
Laboratory (DEMATEL) were performed (Rezaei 2015, 
2016; Gabus and Fontela 1972). It is worth noting that the 
proposed framework could be quite useful in assisting agro-
industry managers in upgrading current maintenance man-
agement models. Bearing in mind the significance of the 
above stated arguments and the literature, the main objec-
tives of this study are as follows:

• Identify and categorize the influencing criteria and 
related CSFs contributing to effective maintenance man-
agement from the library survey and experts’ opinion.

• Propose a framework of criteria categorized into organization 
management, human-related, and organizational aspects.

• Perform the BWM-DEMATEL to prioritize key criteria 
influencing to maintenance management and analyze the 
cause-effect relationship between CSFs.

• Employ the proposed framework in Iranian agro-industries  
to ensure an effective and robust maintenance manage-
ment system.

Moreover, the main research questions are provided as follows:

• What are the major criteria and related CSFs contribut-
ing to a basic maintenance management model as well 
as specifically in agro-industries?

• What is the relationships between criteria and related 
CSFs to achieve a successful maintenance management 
model within agro-industries?

• What are the benefits of research outputs in upgrading the 
current maintenance management within agro-industries?

The remainder of the paper is laid out as follows: Sec-
tion 2 reviews relevant literature and proposes a new hier-
archical structure of maintenance management criteria. The 
proposed framework in this study is introduced in Section 3, 
which is supported by MCDM techniques. The major find-
ings and discussion are provided in Section 4. Section 5 pre-
sents the main recommendations for improving the current 
maintenance system in agro-industries. Finally, Section 6 
summarizes the findings and provides recommendations for 
further research.

2  Literature review

To identify the major criteria and associated Critical Suc-
cess Factors (CSFs) that contribute to effective maintenance 
management in agro-industries, relevant strategic mainte-
nance models and frameworks have been reviewed. It is 
worth noting that the literature does not only address main-
tenance models in agricultural systems but also all available 
fundamental models in other industrial and service sectors, 
resulting in the hierarchical structure shown in Table 1. For 
instance, Jonsson (2000) introduced a maintenance model in 
the industry based on criteria including maintenance strate-
gies, soft interaction, and hard interaction. A field study was 
carried out in Swedish companies to evaluate the mainte-
nance programs using such criteria. The results showed that 
the proactive maintenance strategies and intra-group interac-
tions in the maintenance sector were the most important fac-
tors in competitive processes. In another research, to create a 
successful business model in the field of maintenance, four 
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strategic criteria were provided: service delivery alterna-
tives (outsourcing of maintenance activities), organizational 
design, maintenance techniques and policies, and support 
systems. This research also looked at conceptual rules for 
implementing the strategic criteria and the core success fac-
tors for establishing the change processes (Tsang 2002). A 

management framework was developed based on criteria 
such as IT system, maintenance performance measurement, 
technical skills, and production management system. The 
proposed model could integrate the maintenance department 
with other divisions to increase the competitiveness of smart 
firms (Marquez and Gupta 2004).

Table 1  A hierarchical structure of the main criteria and CFSs in maintenance management

Criteria Critical success factors (CSFs) Reference

Strategies and policies (Jonsson 2000; Meixner et al. 2001; Tsang 2002; Adebiyi 
et al. 2004; Garg and Deshmukh 2006; Bengtsson and 
Salonen 2009; Salonen 2008, 2009; Sharma 2013; 
Karia et al. 2014; Arslankaya and Atay 2015; Campbell 
et al. 2015; Gomes et al. 2020; Gandhare and Akarte 
2020; Gandhi et al. 2021)

Top management support (Meixner et al. 2001; Salonen 2008, 2009; Campbell 
et al. 2015)

Organization management Workflow management and standardization (Meixner et al. 2001; Garg and Deshmukh 2006; Sørensen 
and Bochtis 2010; Karia et al. 2014; Arslankaya and 
Atay 2015; Gomes et al. 2020)

Fund allocation and inventory resource management (Meixner et al. 2001; Salonen 2008, 2009; Sørensen and 
Bochtis 2010; Barberá et al. 2012; Karia et al. 2014; 
Milana et al. 2017; Campbell et al. 2015; Gomes et al. 
2020; Gandhare and Akarte 2020; Gandhi et al. 2021)

Awareness of maintenance and safety activities (Campbell et al. 2015; Bokrantz et al. 2020; Gomes et al. 
2020)

Performance measurement and monitoring (Marquez and Gupta 2004; Sørensen and Bochtis 2010; 
Karia et al. 2014; Arslankaya and Atay 2015; Arslankaya 
and Atay 2015; Branská et al. 2016; Bokrantz et al. 2020; 
Campbell et al. 2015; Gomes et al. 2020; Gandhi et al. 
2021)

Training & education (Salonen 2008, 2009; Barberá et al. 2012; Sharma 
2013; Karia et al. 2014; Milana et al. 2017; Campbell 
et al. 2015; Bokrantz et al. 2020; Gandhi et al. 2021)

Participation and commitment (Barberá et al. 2012; Sharma 2013; Karia et al. 2014; 
Milana et al. 2017; Campbell et al. 2015; Bokrantz et 
al. 2020; Gomes et al. 2020)

Human-related Adequacy of the maintenance crew (Meixner et al. 2001; Marquez and Gupta 2004; Salonen 
2008, 2009; Bengtsson and Salonen 2009; Barberá et al. 
2012; Sharma 2013; Karia et al. 2014; Milana et al. 
2017; Campbell et al. 2015; Gomes et al. 2020)

Employee awareness of maintenance goals and strategies (Barberá et al. 2012; Sharma 2013; Karia et al. 2014; 
Milana et al. 2017; Bokrantz et al. 2020; Gomes et al. 
2020; Gandhare and Akarte 2020)

Documentation of maintenance works (Sørensen and Bochtis 2010; Milana et al. 2017; Campbell 
et al. 2015; Arslankaya and Atay 2015; Branská et al. 
2016; Bokrantz et al. 2020; Gomes et al. 2020)

Organizational aspects Well-established organizational structure (Tsang 2002; Horyovy 2007; Barberá et al. 2012; Sharma 
2013; Campbell et al. 2015; Branská et al. 2016; 
Bokrantz et al. 2020; Bekar et al. 2020; Gandhare and 
Akarte 2020; Gandhi et al. 2021)

Adequacy of IT infrastructures and facilities for operations (Tsang 2002; Marquez and Gupta 2004; Garg and 
Deshmukh 2006; Horyovy 2007; Pintelon and Parodi-Herz 
2008; Bengtsson and Salonen 2009; Sørensen and Bochtis 
2010; Barberá et al. 2012; Salonen 2008, 2009; Sharma 
2013; Karia et al. 2014; Branská et al. 2016; Bokrantz et 
al. 2020; Campbell et al. 2015; Bekar et al. 2020)

Contracting out maintenance (Tsang 2002; Horyovy 2007; Salonen 2008, 2009; Branská 
et al. 2016; Söderberg et al. 2017; Bokrantz et al.2020)
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Garg and Deshmukh (2006) conducted review research on 
the major issues in maintenance models utilizing the criteria 
such as maintenance strategies, planning and scheduling 
processes, and information systems. The findings of this 
study were provided to academic and industrial research-
ers to gain a comprehensive understanding of the gaps and 
challenges in this field. In another study, the evaluation of 
maintenance activities was carried out in the manufacturing 
industry based on the criteria such as organization manage-
ment, contracting out maintenance, IT infrastructures, strat-
egies and policies, multiple skills, spare parts management, 
and training and education (Salonen 2008, 2009). Followed 
by, Bengtsson and Salonen (2009) designed a general model 
for maintenance management to reduce the gap between 
academic theories and the real industry environment. The 
most important criteria in the proposed model included the 
improvement of strategies, skills, maintenance organization, 
and technology. Following the previous research, Barberá 
et al. (2012) developed an advanced model for maintenance 
management that could interact with business model objec-
tives. The proposed model's most significant criteria com-
prised human resource management, inventory management, 
structure management, and information management. In 
another research, a new framework was offered to optimize 
the maintenance operations in industrial organizations. The 
primary criteria covered in the proposed framework were 
strategies and goals, human factors management, support 
mechanisms, maintenance policies, tools and techniques, 
and organizational structure (Sharma 2013).

Karia et al. (2014) investigated the current maintenance 
management model in educational organizations. Human 
resources, continuous improvement, financial issues, strat-
egy and objectives, organization management, policies, 
tools and techniques, support mechanism, planning and 
scheduling, and staff commitment were significant factors 
for assessing the exiting maintenance management sys-
tem. The developed model's most essential outcome was 
to provide constructive recommendations for physical asset 
managers to support business processes. Campbell et al. 
(2015) suggested a new model aiming at achieving excel-
lence in maintenance management consisting of leader-
ship, essentials, and choosing excellence factors. In this 
model, the major criteria included strategy, people and 
teams, work management, basic care, material manage-
ment, performance management, information systems, 
and continuous improvement. Another study proposed a 
knowledge-based model to improve the integration between 
operations and maintenance activities in manufacturing 
processes. The most important measures were workflow 
structure and resource management. The findings verified 
that the proposed model is capable of improving strate-
gic plans to achieve an appropriate maintenance system 
(Milana et al. 2017).

Bokrantz et al. (2020) developed a new model aimed at 
achieving smart maintenance based on four main criteria: human  
resources, internal integration, external integration, and data 
mining based-decision making. This study proposed a mainte-
nance structure by establishing a logical and correct relation-
ship between such criteria. On the agenda of another research, 
the most important criteria of maintenance performance from 
the perspective of industrial managers were investigated. Reli-
ability and proactive plans, service response system, effective-
ness and quality, failure and safety, energy and environmental 
issues, team efficiency, activity planning, budget management, 
and human resources were all crucial criteria in the proposed 
model (Gomes et al. 2020). A review study was conducted 
to conceptualize smart maintenance. Furthermore, additional 
research have identified the critical aspects influencing main-
tenance management (Vasudevan and Duan 2021; Bekar 
et al. 2020; Zhang et al. 2019; Wen et al. 2019; Kumar et al. 
2018; Gopalakrishnan 2018).

In particular, several empirical studies on Critical Suc-
cess Factors (CSFs) affecting maintenance management in 
food and agro-industries have been undertaken. For instance, 
Meixner et al. (2001) investigated the effectiveness of main-
tenance programs in Austrian food industries. Management 
and leadership, strategy and policy, process and resource 
management, and job competence were identified as the most 
important criteria. The results indicated that the proposed 
model could be used to evaluate maintenance quality and 
increase competitiveness in the food industry. In another 
research, to evaluate the maintenance activities in Nigeria's 
agricultural industry, asset maintenance formulations were 
surveyed based on several strategies. The results revealed 
that the overhaul strategy had the highest share of mainte-
nance activities (Adebiyi et al. 2004). The main problems 
and challenges in the production and maintenance units on 
Ukrainian agricultural units were investigated. This study's 
most important criteria included logistics structure, advanced 
cooperation between maintenance units and workshops, and 
information support (Horyovy 2007). Another study pre-
sented a new conceptual maintenance model for agricultural 
fleet to address the most pressing concerns of farmers and 
machinery contractors. The proposed model's most nota-
ble criteria were online monitoring of tools and equipment, 
resource allocation, operational planning, documentation, 
and hardware and software supports (Sørensen and Bochtis 
2010). Arslankaya and Atay (2015) investigated the mainte-
nance management system and the potential for lean produc-
tion in dairy farms. Prioritizing maintenance activities, pre-
paring and monitoring maintenance programs, maintenance 
strategies, and lean manufacturing techniques were among 
the most important planned activities. Likewise, improving 
maintenance management system in the Czech food and 
chemical industries was on the agenda. Maintenance perfor-
mance activities, preventive planning systems, information 
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systems, strategic goals, organizational aspects, and activity 
outsourcing were identified as the most important criteria 
in maintenance management system (Branská et al. 2016).

Liu et al. (2018) developed a new framework of smart 
maintenance service system to support agricultural machin-
ery operations within agro-industries. The main key factors 
in the proposed framework were service capability and effi-
ciency, service recourse allocation and scheduling, knowl-
edge management and failure prediction process in the field 
of maintenance service. The findings of this study were 
quite useful in promoting the smartness and remote ser-
vice level of domestic agricultural machinery, which could 
indicate a more real-time, more accurate, and more effi-
cient maintenance service scheduling decision for service 
providers. Another study looked at the maintenance activi-
ties focusing on performance assessment and modeling 
within agro-based sugarcane industries. The main perfor-
mance metrics were defined as availability, reliability, time 
between failures (TBFs), and time to repairs (TTRs). The 
outcomes could extremely be useful in identifying agro-
based sugarcane industry authorities as well as important 
process bottlenecks in determining proper maintenance pri-
orities and so enhancing overall equipment performance 
(Sharma and Tewari 2019). Hu et al. (2020) developed a 
dynamic planning and scheduling technique to help agri-
cultural machinery maintenance services with demand 
uncertainty. Likewise, a real-life case study was used to 
demonstrate the applicability of the proposed model as well 
as the effectiveness of the designed approach. The findings 
of the proposed approach could meet the needs of service 
providers seeking the best balance of high maintenance ser-
vice quality and economical costs. Reis and Alves (2020) 
studied human resource management solutions for optimiz-
ing work intensity in Brazilian sugarcane agro-industries. 
They addressed about developing alternative strategies to 
boost operators' commitment to machine maintenance tasks, 
which need more physical and mental energy to be spent 
in the work process. Additionality, the level of complex-
ity and comprehensiveness of maintenance trainings for 
machine operators, as well as leadership training tactics, 
were investigated. Meanwhile, Mishra and Satapathy (2021) 
carried out a questionnaire study in Odisha (India) to inves-
tigate human-related aspects based-maintenance manage-
ment, concentrating on farmers' awareness of maintenance 
operations in agro-industries. Through the designed ques-
tionnaire, the knowledge of farmers’ operating regarding 
maintenance activities such as several types of inspections 
and checks for agricultural machineries was obtained. Then, 
the MCDM techniques was unitized to identify and prior-
itize the machinery maintenance plans. The findings of this 
study could assist the decision-makers, operators, and the 
agricultural farmers to upkeep the farm operated machinery 
in better working conditions. In another study, Gandhare 

and Akarte (2020) surveyed maintenance performance in 
agro-industries. The most important criteria were con-
sidered, including planning and scheduling, strategy and 
policy, spare parts management, organization, financial 
management, and human resource management. The results 
revealed that it is possible to identify the major production 
bottlenecks, weaknesses, and opportunities for improve-
ment in agro-industries. Another study looked at CSFs for 
managing maintenance at food snack centers in Indonesia. 
The proposed model's most important criteria were policy 
implementation and organizational affairs, planning and 
control, maintenance costs, continuous improvement, and 
human resource management (Gandhi et al. 2021).

2.1  The research gaps

Table 1 categories the influencing criteria identified as 
having an impact on effective maintenance management. 
The number of references for each criterion were used as a 
proxy for the importance of criteria and related sub-criteria 
(CSFs). We identified the major criteria in the maintenance 
models which were classified as organization management, 
human-related, and organizational aspects. From the litera-
ture review, we found some research gaps such as the fact 
that most studies have focused on the managerial aspects 
with less attention to human and organizational factors, 
while establishing strategic maintenance models in agro-
industries. Meanwhile in contrast to previous models, the 
suggested maintenance model in Table 1 leverages relevant 
factors related to management, organizational, and human 
activities through classified criteria and associated CSFs. 
Our refresh also contributed the problem of weighting cri-
teria and their interrelationships to successful maintenance 
management in agro-industries. For this purpose, the com-
bined MCDM approaches such as BWM-DEMATEL were 
utilized to support the suggested framework, since not only 
to determine the relevance of the CSFs (which was found 
by BWM), but also to see the relationship between the 
CSFs (which were identified by DEMATEL). BWM has 
been widely used in several contexts, including education 
(Salimi and Rezaei 2016), location (Kheybari et al. 2019a), 
technology (Kheybari et al. 2019b), circular economy prac-
tices (Moktadir et al. 2020), supply chain management 
(Ahmad et al. 2017), water resource management (Chitsaz  
and Azarnivand 2017), information systems management 
(Kheybari et al. 2020). The main reason for using the BWM 
method in this study to prioritize the CSFs affecting the 
efficient maintenance management over other MCDM 
methods were the advantages of a) having a very strong 
paired comparison structure; b) higher data efficiency (e.g., 
uses less comparable data); C) reducing possible biases by 
respondents during the weighing process; and d) producing 
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more trustworthy responses (Rezaei 2015, 2016). Besides, 
DEMATEL has been extensively employed in a variety of 
industrial settings (Tsai 2018; Singh and Bhanot 2020; Wu 
and Tsai 2012; Shen et al. 2012). We also used DEMA-
TEL to identify the cause–effect relationship among the 
criteria. This relationship would help decision makers to 
formulate strategies towards well-established maintenance 
model. Additionally, to validate the proposed framework, 
this study focused on agro-industries in Iran, a developing 
country. It is expected that the findings would be useful in 
supporting agro-industry managers in upgrading mainte-
nance management structures.

3  The research methodology

The major steps of the current study, based on conceptual 
and empirical investigations, are depicted in Fig. 1. The first 
step includes the definition of the most important criteria 
and their CSFs in the maintenance management model. Pre-
vious research as well as an open questionnaire were served 
as the foundation of this investigation. The second step is 
to apply the Best-Worst Method (BWM) to prioritize the 
CSFs, and Decision-Making Trial and Evaluation Labora-
tory (DEMATEL) to identify the cause–effect relationship 
the Finally, the last step deals with the practical recommen-
dations for improving maintenance management structure in 
Iranian agro-industries (Section 4).

3.1  First step: review and define the criteria

An initial and open questionnaire was designed to validate, 
eliminate, or add effective criteria and their CSFs follow-
ing the initial literature review to uncover the major criteria 
affecting efficient maintenance management, as indicated 
in Table 1. For this purpose, the opinion of 15 experts 
with professional expertise in maintenance consulting and 
management and at least 10 years of experience in various 
industries such as automotive, oil and gas, food and bever-
age, textiles, and defense were used. According to experts’ 
responses, the CSFs such as change management and align-
ment of all stakeholders and incentives and rules related 
to maintenance were suggested to strengthen the criterion 
of organizational management. Likewise, in the criterion 
of organizational aspects, the CSFs such as organizational 
culture and environmental and operatorial conditions were 
also suggested, which the complementary structure of the 
maintenance model is shown in Fig. 2.

3.2  Second step: prioritize CSFs and their relations

In this step, several online questionnaires based on BWM 
and DEMATEL were designed to acquire the experts’ 
judgment about the effect of the main criteria and their 
CSFs within Iranian agro-industry maintenance systems. 
The questionnaires were distributed to 30 agricultural 
experts with management backgrounds and working in the 

Fig. 1  The proposed structure of the current study
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agro-industrial sector. The experts were provided by con-
necting with Ministry of Agriculture Jihad in Iran. However, 
finally the opinions of 23 experts were utilized to examine 
the data based on received partial or missing information. 
A descriptive chart of the experts including years of expe-
rience, education levels, expert numbers, and their related 
department can be found in Fig. 3.

3.2.1  Best‑Worst Method

The BWM was first introduced by Rezaei (2015) in 2015. In 
this method, the best (most desirable and most important) 
criteria and the worst (most undesirable and least important) 
criteria are identified by decision makers, and then pairwise 
comparisons are made between these two criteria, the best 
and worst and their CSFs. Then, to identify the weight of 
the effective criteria and CSFs, a minimum-maximum opti-
mization problem is formulated and solved. The process of 
weighting by BWM is summarized in five steps, as follows 
(Rezaei 2015, 2016):

Step 1: Determine a set of evaluation criteria {c1, c2,… , cn} 
by the experts/decision-makers.
Step 2: Identify the most important (Best, B) and least 
important (Worst, W) criteria by experts/decision-
makers, each of whom may have their own Best and 
Worst criteria.
Step 3: Determine the preference of the Best over all 
the other criteria with a number from 1 to 9 (where 1 
represents equally important and 9 represents extremely 
more important). The result of Best -other comparisons 
is the vector AB = 

(
aB1, aB2,… , aBj,… , aBn

)
 , where aBj 

shows the preference of B over j .
Step 4: Determine the preference of all the decision cri-
teria over the Worst. The result of others-to- Worst com-
parisons is the vector Aw = 

(
a1W , a2W ,… , ajW ,… , anW

)
 , 

where ajW denotes the preference of the indicator j over W.
Step 5: Compute the optimal weights 

(
w∗
1,
w∗
2
,… ,w∗

n

)
 . The 

optimal weights are calculated by minimizing the maximum 
absolute difference of 

{|||wB − aBjwj
|||,
|||wj − ajWwW

|||
}

 for all 
j which is translated into the following optimization problem:
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Fig. 2  The hierarchical tree for the main criteria and CSFs in maintenance management
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Equation of (1) is converted into:

The results of Equation of (2), �∗ and w∗ =
(
w
∗
1,
w
∗
2
,… ,w∗

n

)
 , 

represents the consistency and optimal weight of the criteria at 
each level respectively. If �∗ becomes close to zero, it means 
that the respondent's pairwise comparison has a high level of 
consistency. When the criteria include more than one level in 
the hierarchical tree, the w* determined for each level is 
referred to as local weight. Consequently, the global weight of 
the sub-criteria (CSFs) is computed at the final level by multi-
plying the local weights of criteria referring to one branch by 
each other.

3.2.2  DEMATEL method

DEMATEL is an effective decision-making tool used in 
MCDM practical issues (Gabus and Fontela 1972). It has the 

(1)

min max
j

����wB − aBjwj
���,

���wj − ajWwW
���
�

s.t.
n∑
j=1

wj = 1

wj ≥ 0, for all j(1)

(2)

min �

such that
���wB − aBjwj

��� ≤ �, for all j
���wj − ajWwW

��� ≤ �, for all j
n∑
j=1

wj = 1

wj ≥ 0, for all j(2)

unique ability to capture the interaction between criteria and 
display this relationship in a digraph (Kumar et al. 2018). 
This method helps decision-makers with the cognitive bur-
den of examining and interpreting complex situations. It is 
one of the most well-known examples of semi-quantitative 
problem structuring and modeling (SPSM) (Settanni et al. 
2022). The following steps could be performed to apply the 
DEMATEL technique (Moktadir et al. 2020):

Step 1: Construct the initial relation matrices between 
identified CSFs of maintenance management, using a 
linguistic rating scale. The linguistic rating scale in 
Table 2 was assigned to experts to construct the initial 
relation matrices. If the number of identified CSFs is n 
and the number of respondents is H, k = 1, …, H, it 
means that each expert builds a (n × n) matrix in form 
of Xk = [Xk

ij
] , where Xk

ij
 shows the major value of factor 

i affects factor j based on k th expert.
The initial relation matrices for the H number of experts 
were constructed as follows:

Fig. 3  A descriptive chart of the 
experts in Iranian agro-industries
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Table 2  The linguistic rating scale for DEMATEL analysis

Intermediate scores 1, 3, 5, 7, and 9 can be used if necessary

Linguistic scale Linguistic attributes

0 No influence
2 Very low influence
4 Low influence
6 Medium influence
8 High influence
10 Extremely highly influence
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As a result, by averaging initial relation matrices received 
from H experts, the average initial relation matrix 
M = [X̃ij] is generated. Equation (4) is used to create the 
average relation matrix:

Step 2: Construct the normalized direct-relation matrix 
P. Equation (5) is used to formulate this matrix from the 
average relation matrix M:

where S is calculated by Eq. (6):

Step 3: Construct a total relation matrix T. For this, Eq. 
(7) is used as follows:

where the notation I indicates the identity matrix.
Step 4: Develop the cause-effect variables by summing 
rows and columns. Through the total relation matrix, T 
= T = [tij]n×n , the ri and cj values are estimated. ri signi-
fies the sum of the ith row in matrix T, and cj denotes 
the sum of jth column in matrix T. Therefore, ri and cj 
can be calculated by Eqs. (8) and (9).

The total effect received by CSFs is explained by the sum 
of (ri + cj) . It also shows which CSFs are in the "promi-
nence" group. It also represents the degree of importance 
for ith CSF in the whole system. Consequently, the value 
of (ri − cj) indicates the “net effect” that ith CSF con-
tributes to the whole system. If the value of (ri − cj) is 
positive, the ith CSF is the net cause group. If the value 
of (ri − cj) is negative, the ith CSF indicates the net effect.
Step 5: Compute the threshold value by the total relation 
matrix. This value is calculated by summing the mean and 
standard deviation of CSFs throughout the whole relation 
matrix T. As a result, the causal links may be shown in a 
digraph using the dataset of ((ri + cj) , ( (ri − cj)), ∀i = j.

(3)X1 =
[
X1

ij

]
,X2 =

[
X2

ij

]
,… ,XH =

[
XH
ij

]

(4)X̃ij =
1

H

H∑

k=1

[
Xk
ij

]

(5)P = M × S

(6)S = min[
1

∑n

i=1
�X̃ij�

,
1

∑n

i=1
�X̃ij�

]

(7)T = P[1 − P]−1

(8)ri =

n∑

j=1

tij,∀i

(9)cj =

n∑

i=1

tij,∀j

4  Results and discussion

This section deals with the results of BWM and DEMATEL 
to prioritize the influencing CSFs and their cause-effect rela-
tionship in the effective maintenance management of Iranian 
agro-industries.

4.1  The results of BWM

According to BWM and given the first level of the hierarchi-
cal structure of Fig. 2 and experts’ feedback in Fig. 4a, the 
criteria such as organization management, human-related, 
and organizational aspects are prioritized in Fig. 4b with the 
average weights of 0.461, 0.192, and 0.325, respectively. The 
average BWM’s consistency rate ( �∗ ) for such criteria was 
obtained as 0.13, which denotes high response quality (Liang 
et al. 2019). According to experts, the role of organization 
management is key to defining proper strategies and policies 
to attain excellence in the maintenance of agro-industries. 
Nevertheless, there was a lack of attention to organization 
management, resulting in a lack of long-term and consistent 
strategies in the Iranian agro-industrial sector. Several stud-
ies have been conducted to assess the importance of organi-
zation management in physical asset maintenance. Thomas 
(2005), for example, studied organization management and 
the role of leaders in making fundamental changes in organi-
zations to promote a maintenance culture based on the reli-
ability idea. He highlighted the significance of leaders in 
developing roadmaps and visions, orienting toward policies 
and strategies, and focusing on change management in light 
of current developments. Furthermore, they are connected 
with organizational perspectives, ensuring organizational 
balance, and holding employees accountable for deviations 
from objectives. in a study conducted in the sugar process-
ing sector, the most important functions of organization 
management were extended to the adoption of appropri-
ate maintenance policies, budget allocation and inventory 
management, and continuous monitoring of maintenance 
activities (Gandhare et al. 2018). According to the findings 
of a research on measuring the agro-industry maintenance 
performance in western India, organization management cri-
terion is key in defining appropriate maintenance strategies, 
as well as planning and scheduling activities (Gandhare and 
Akarte 2020). Subsequently, the criterion of organizational 
aspects was recognized as the second priority driving effi-
cient maintenance management in Iranian agro-industries. 
To define individual responsibilities, agro-industries require 
a proper organizational culture coupled with maintenance 
goals and strategies, as well as an appropriate hierarchical 
structure. Furthermore, experts believed that the criterion 
of human-related has a lower weight and priority, owing 
to the seasonal nature of most maintenance tasks and the 
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limited availability of maintenance crew throughout the 
year in agro-industries. Nevertheless, to achieve the aims of 
organization management, it is critical to expand the annual 
training programs to reinforce the personnel's awareness 
about maintenance strategies.

The CSFs connected to each of the three criteria in the 
maintenance management model in agro-industries are 
detailed in the second level of the hierarchical diagram in 
Fig. 2. According to the results of the BWM in Table 3, CSFs 
such as top management support, fund allocation and inven-
tory resource management, and maintenance strategies and 
policies had the highest priority in the organization manage-
ment, with the weights of 0.246, 0.160, and 0.142, respec-
tively. Top management as a motivator in agro-industries 
can have a direct effect on budgeting and inventory man-
agement, as well as promotion of the organization's goals 

and strategies, all of which can improve the effectiveness 
of maintenance projects. Given the importance of leaders 
and senior managers in maintenance management, special 
consideration should be given to appointing mid-level man-
agers who ought to be knowledgeable about agro-industrial 
unit maintenance mechanisms. In this regard, the results of a 
survey on maintenance management in the Czech Republic's 
food and chemical industries revealed that top managers play 
a critical role in implementing new maintenance methods 
and strategies, organizing central affairs, outsourcing activi-
ties, work cycle management, and activity standardization 
(Branská et al. 2016). The managers' authority in agricultural 
farm maintenance in China was also highlighted, including 
supervising operational processes and mechanisms, manag-
ing support systems, and managing off-farm agents. The 
findings revealed that it is possible to meet the sustainable 

Fig. 4  The weight and rank 
of the criteria at the first level 
using BWM
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development standards by regularly monitoring maintenance 
audit indicators following the prescribed framework (Kim 
et al. 2014). According to experts, CSFs like fund allocation 
and inventory resource management were regarded as the 
second priority to ensure the success of maintenance man-
agement in Iranian agro-industries. According to the find-
ings, the maintenance sector's budget contribution compared 
to the overall organization budget in Iranian agro-industries 
is already negligible. In that trend, providing sufficient funds 
to develop maintenance techniques, particularly preventive 
ones, would have a substantial impact on reducing the cost 
of machines’ failures while also increasing the efficiency of 
agricultural operations. Other research has emphasized the 
need for proper budgeting to cover a variety of maintenance 
expenses. In these studies, increased stress has been placed 
on allocating funds for preventive maintenance to mitigate 
the failures of agricultural machinery (Johannes et al. 2021; 
Gandhare and Akarte 2020; Oliveira and Lopes 2019).

Meanwhile, experts identified maintenance strategies 
and policies as the third CSF in achieving efficient main-
tenance in Iranian agro-industries. It was found that the 
current strategy is reactive maintenance (repairing/replac-
ing machines after breakdown) which has increased unex-
pected breakdowns in agricultural operations, especially 
during peak times or seasons. Managers may consider using 
preventive techniques and roadmaps based on International 
Organization for Standardization (ISO) standards, British 
Standards Institution (BSI), Society of Automobile Engi-
neers (SAE), and other European standards to cope with 
such issues. Other research also has addressed the impact of 

strategies and policies in maintenance management model 
within diverse manufacturing and agricultural sectors. In 
the Turkish agricultural industry, for example, reliability-
based preventive technique has been preferred beyond reac-
tion strategies to optimize maintenance programs (Yavuz  
et al. 2019). According to Arslankaya and Atay (2015), the 
use of appropriate maintenance strategies, as well as factors 
such as lean production methods, maintenance planning, 
prioritization, and monitoring can enable dairy farms to 
reduce machine failures, improve productivity, and increase 
labor force efficiency. Experts proposed the CSFs such as 
awareness of maintenance and safety activities as the next 
priority in the criterion of organization management in agro-
industries, which is undeniably one of the most important 
tasks of managers. According to assessments, most agro- 
industries in Iran have paid less attention to the implemen-
tation of adequate mechanisms to increase awareness of 
updated maintenance and safety improvements. The evi-
dence for this issue is reasonable given the sector's reactive 
strategies, which stem from a lack of awareness about the 
benefits of new maintenance procedures aimed at increas-
ing the effectiveness of equipment and, ultimately, agricul-
tural production productivity. It's also worth mentioning that 
CSFs like incentives and rules related to maintenance and 
change management and alignment of all stakeholders and 
performance measurement and monitoring were assigned as 
the lowest priority by experts, with the weighted values of 
0.091, 0.055, and 0.047, respectively.

According to the BWM results in Table 3, in the cri-
terion of human-related, the CSFs such as adequacy of 

Table 3  The weight and rank of CSFs at the second level using BWM

Criteria Code Critical success factors (CSFs) Weight Rank

CSF1 Strategies and policies 0.142 3
CSF2 Top management support 0.246 1
CSF3 Workflow management and standardization 0.071 5

Organization management CSF4 Fund allocation and inventory resource management 0.160 2
CSF5 Awareness of maintenance and safety activities 0.116 4
CSF6 Performance measurement and monitoring 0.047 8
CSF7 Change management and alignment of all stakeholders 0.091 7
CSF8 Incentives and rules related to maintenance 0.055 6
CSF9 Training & education 0.318 2

Human-related CSF10 Participation and commitment 0.156 3
CSF11 Adequacy of maintenance crew 0.352 1
CSF12 Employee awareness of maintenance goals and strategies 0.110 4
CSF13 Documentation of maintenance works 0.163 2
CSF14 Well-established organizational structure 0.121 4

Organizational aspects CSF15 Adequacy of IT infrastructures and facilities for operations 0.154 3
CSF16 Environmental and operatorial conditions 0.112 5
CSF17 Organizational culture 0.090 6
CSF18 Contracting out maintenance 0.191 1
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maintenance crew and training and education were identi-
fied as the highest priority in agro-industrial unit mainte-
nance, with the weights of 0.352 and 0.318, respectively. 
Continuous training programs and seasonal workshops are 
required to develop staff communication and technical capa-
bilities to establish a proper maintenance program in Ira-
nian agro-industries. Managers should also consider hiring 
people with multi-skill capabilities, such as software skills, 
emergency management skills, interaction, and communi-
cation skills, as well as hardware and technical skills. In 
this direction, other studies have looked into these CSFs 
in maintenance management models. It was considered 
allocating special funds, for example, to hold workshops 
teaching Total Productive Maintenance (TPM) to operators, 
strengthening maintenance personnel's communication and 
problem-solving abilities, as well as familiarizing personnel 
with computer systems to speed up workflow and elimi-
nate manual processes. Furthermore, a special emphasis 
has been placed in these studies on the use of multi-skilled 
labor, the relevance of specialties to defined duties, periodic 
staff performance measurement, and personnel encourage-
ment to obtain the necessary qualifications based on the 
needs of production systems (Priyantha 2021; Sarbini et al. 
2021; Jandali and Sweis 2018; Tan et al. 2014; Macchi and 
Fumagalli 2013; Ab Wahid and Corner 2009). In continuing 
the analysis on the human-related criterion, CSFs such as 
participation and commitment and employee awareness of 
maintenance goals and strategies had the lowest importance 
in Iranian agro-industries maintenance management.

In the hierarchical classifications in Fig. 2 at the level of 
the organizational aspects, the CSFs such as contracting 

out maintenance and documentation of maintenance works 
had the highest priority with the weights of 0.191 and 0.163, 
respectively (Table 4). A portion of agro-industry mainte-
nance is outsourced, particularly annual overhaul repairs. 
However, no relevant system exists to analyze the current 
policy’s efficiency in this sector. As a result, agro-industry 
managers will need to analyze the costs incurred by exter-
nal contractors as well as their track record of enhancing 
equipment performance in the face of failures. At the level 
of organizational aspects, the CSF such as documentation 
of maintenance works was identified as the second priority 
by experts, which can include breakdown times, repair and 
preventive times, maintenance and repair costs, personnel 
information, technical specifications, equipment, and spares 
coding, etc. In agro-industries, proper documentation might 
be important while deploying an integrated maintenance sys-
tem. Furthermore, ensuring IT infrastructure compliance 
with standards like ISO 14224 can help automate and speed 
up the process of documenting maintenance actions. In this 
context, the CSFs such as adequacy of IT infrastructures 
and facilities for operations and well-established organi-
zational structure were found as the next priorities in the 
organizational aspect’s criterion, with the weights of 0.154 
and 0.121. Non-automation mechanisms are used to carry 
out maintenance workflows in Iran's agro-industries. How-
ever, by providing adequate IT infrastructure and integrated 
software, a significant number of operations, including 
documenting events, managing maintenance procedures, 
managing users, monitoring asset performance, and cost 
management can be mechanized. Likewise, based on the 
BWM results, CSFs such as organizational culture and 

Table 4  The global weight 
of the CSFs for maintenance 
management in agro-industries

Code Critical success factors (CSFs) Weight Rank

CSF2 Top management support 0.108 1
CSF4 Fund allocation and inventory resource management 0.075 2
CSF1 Maintenance strategies and policies 0.067 3
CSF11 Adequacy of maintenance crew 0.066 4
CSF18 Contracting out maintenance 0.061 5
CSF9 Training & education 0.059 6
CSF5 Awareness of maintenance and safety activities 0.053 7
CSF13 Documentation of maintenance works 0.052 8
CSF15 Adequacy of IT infrastructures and facilities for operations 0.049 9
CSF7 Change management and alignment of all stakeholders 0.039 10
CSF14 Well-established organizational structure 0.038 11
CSF16 Environmental and operatorial conditions 0.035 12
CSF3 Workflow management and standardization 0.034 13
CSF17 Organizational culture 0.029 14
CSF10 Participation and commitment 0.028 15
CSF8 Incentives and rules related to maintenance 0.024 16
CSF12 Employee awareness of maintenance goals and strategies 0.021 17
CSF6 Performance measurement and monitoring 0.017 18
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environmental and operatorial conditions were given the 
least significant elements in organizational aspects.

Several studies have looked at the CSFs' role in the forma-
tion of organizational aspects. The relevance of the organi-
zational structure of agro-Industries in Western India has 
been acknowledged, with a special emphasis on CSFs such 
as integrated information management, appropriate IT infra-
structure, as well as outsourcing of maintenance activities 
(Gandhare and Akarte 2020). According to Fountas et al. 
(2015) and Li et al. (2019), IT infrastructure capable of 
adapting to Internet platforms is quite useful for managing 
agricultural operations, performance measurement, work-
flow management, and diagnosis of agricultural equipment 
defects. Horyovy (2007) identified the IT supports, renting 
system for machinery, and the outsourcing of maintenance 
tasks were the most critical issues on Ukrainian farms. 
In another study, farmers and machine contractors were 
more concerned with documenting and reinforcing main-
tenance activities using hardware and software (Sørensen 
and Bochtis 2010). In Chinese agricultural farms, opera-
tion process management, support system management, in-
farm, and out-of-farm factor management, and outsourcing 
interactions were the most essential keys to strengthening 
the organizational aspects criterion (Kim et al. 2014). In 
addition, as indicated in Table 4, the BWM is leveraged to 
estimate the global weights of the CSFs. Four CSFs such 
as top management support, fund allocation and inventory 
resource management, maintenance strategies and poli-
cies, and adequacy of maintenance crew had the greatest 
impact on maintenance management in agro-industries, with 
weights of 0.108, 0.075, 0.067, and 0.066.

4.2  Validation of the results provided by BWM

In order to validate the BWM results, we interviewed with 12 
experts who involved in the BWM-based weighting process 
to acquire their opinion on the factors that affect maintenance 
management in the agro-industries. All of the experts had 
experience with maintenance management concerns from 
their work in Iranian agro-industries. Each interview lasted 
approximately 20 min. We asked the experts to explain why 
they agree/disagree with the result provided by BWM and 
to give us their opinions regarding the rank of (i) the criteria 
in Level 1 and, (ii) the sub-criteria in Level 2 categorized 
into the three dimensions. The results of the interviews are 
provided in Table 5. As seen, with regard to the experts’ 
opinion, organization management, top management support 
and contracting out maintenance, with 12, 10 and 9 (out of 
12) votes, respectively, recognized the highest priorities in 
the maintenance management of agro-industries. The only 
CSF on which the experts disagree more than they agree is 
adequacy of maintenance crew. Hence, as indicated in the 
column of negative reasons, the respondents appeared to be Ta
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unable to reach a consensus on such given criterion. In sum-
mary, when compared to the other criteria, the BWM-ranked 
criterion has received the most approval from the experts.

4.3  The results of DEMATEL

Following the results of the BWM method for CSFs pri-
oritization, the DEMATEL method was used to determine 
the cause-effect relationship between CSFs in maintenance 
management in Iranian agro-industries. The results of the 
BWM’s global weight of CSFs (Table 4) were used as a 
foundation for DEMATEL analysis. In other words, CSFs 
from orders 1 to 9, which had the highest priority and the 
highest share (60 percent) of whole CSFs, were considered. 
The research team then contacted the experts via an online 
questionnaire to acquire their responses on the interactions 
between the finalized CSFs. In this step, 15 experts out of 
23, responded and provided information on the interactions 
between the CSFs. The comparison relationship matrices 
were constructed based on experts' feedback using the lin-
guistic rating scale shown in Table 2. The initial relationship 
matrices for the CSFs are given in Tables A1–A3 (Appen-
dix). Equation (4) was used to create the average relationship 
matrix, which is shown in Table 6. The normalized direct 
relation matrix (P) is constructed from the average matrix 
using Eq. (5). The final normalized CSF relation matrix is 
given in Table 7. Further, total relation matrix is built using 
Eq. (6) which is shown in Table 8.

Equations (8) and (9) are used to calculate the values of ri 
and cj from the total relation matrix. The sum of (ri + cj) and 
(ri − cj) was also computed. The sum of CSFs cause-effect 
is represented by (ri + cj). Based on (ri + cj) values, the 
importance of the nine CSFs can be prioritized as CSF15 > 
CSF9 > CSF1 > CSF5 > CSF11 > CSF4 > CSF18 > CSF2 
> CSF13. Dependence of adequacy of IT infrastructures 
and facilities for operations (CSF15) is the most important 
effect factor, whereas documentation of maintenance works 
(CSF13) is the least important factor among these effect 
barriers. The value of (ri – cj) indicates the impact of each 
CSF. If the value of (ri – cj) is positive, the CSFs are consid-
ered causal. If the value of (ri – cj) is negative, the CSF is in 
the effect group. The causal impact of CSFs is displayed in 
Table 9. Those values greater than the threshold (> 0.267) 
are underlined in the total relation matrix (Table 7) and their 
interactions with other CSFs are depicted in Figs. 5 and 6.

As seen in Table 9 and Fig. 5, the CSFs such as top 
management support (CSF2), training and education 
(CSF9), fund allocation and inventory resource man-
agement (CSF4), maintenance strategies and policies 
(CSF1), and adequacy of maintenance crew (CSF11) are 
recognized as impactful causal variables with the positive 
(ri − cj) values of +1.626, +1.159, +0.599, +0.368 and 
+0.144, respectively. According to the experts’ feedback, 
it can be found that top management support (CSF2) has 
the greatest impact on the adequacy of IT infrastructures 
and facilities for operations (CSF15) and contracting out 

Table 6  Average matrix based 
on experts’ opinion

CSFs CSF2 CSF4 CSF1 CSF11 CSF18 CSF9 CSF5 CSF13 CSF15

CSF2 0.000 8.613 8.361 5.875 7.150 7.660 8.192 5.429 6.330
CSF4 4.718 0.000 6.094 5.053 8.201 9.025 2.974 3.027 9.526
CSF1 3.043 5.173 0.000 9.025 9.138 7.980 5.028 8.423 9.619
CSF11 2.914 1.824 4.336 0.000 8.851 3.862 8.385 9.592 9.713
CSF18 1.176 8.224 2.766 1.334 0.000 5.005 0.828 2.850 5.875
CSF9 8.741 4.011 9.808 9.619 5.036 0.000 9.343 8.826 9.903
CSF5 0.727 5.932 9.025 8.113 8.035 2.078 0.000 1.762 7.844
CSF13 0.968 1.417 0.711 2.558 5.538 2.385 7.913 0.000 6.469
CSF15 3.758 3.043 7.917 2.800 4.399 4.729 9.435 9.408 0.000

Table 7  Normalized direct 
relation matrix (P)

CSFs CSF2 CSF4 CSF1 CSF11 CSF18 CSF9 CSF5 CSF13 CSF15

CSF2 0.000 0.132 0.128 0.090 0.110 0.117 0.125 0.083 0.097
CSF4 0.072 0.000 0.093 0.077 0.126 0.138 0.046 0.046 0.146
CSF1 0.047 0.079 0.000 0.138 0.140 0.122 0.077 0.129 0.147
CSF11 0.045 0.028 0.066 0.000 0.136 0.059 0.128 0.147 0.149
CSF18 0.018 0.126 0.042 0.020 0.000 0.077 0.013 0.044 0.090
CSF9 0.134 0.061 0.150 0.147 0.077 0.000 0.143 0.135 0.152
CSF5 0.011 0.091 0.138 0.124 0.123 0.032 0.000 0.027 0.120
CSF13 0.015 0.022 0.011 0.039 0.085 0.037 0.121 0.000 0.099
CSF15 0.058 0.047 0.121 0.043 0.067 0.072 0.145 0.144 0.000
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maintenance (CSF18) activities with the weight values 
of 0.420 and 0.387. These cause-group barriers ought to 
be considered immediately in the Iranian agro-industry 
maintenance system. Besides, the CSFs such as contract-
ing out maintenance (CSF18), documentation of main-
tenance works (CSF13), adequacy of IT infrastructures 
and facilities for operations (CSF15), and Awareness of 
maintenance and safety activities (CSF5) with the negative 
(ri − cj), values are affected by other CSFs, respectively. 
In other words, contracting out maintenance (CSF18) 
with the value of -1.319 is the greatest effect factor, while 
Awareness of maintenance and safety activities (CSF5) 
with the value of -0.434 is the least effect factor.

According to Fig. 6, CSFs like top management support 
(CSF2) and training and education (CSF9) are classified as 
high impactful elements, while fund allocation and inventory 
resource management (CSF4), maintenance strategies and 
policies (CSF1), and the CSFs like adequacy of maintenance 
crew (CSF11) are classified as medium impactful elements, 
and finally, the CSFs such as contracting out maintenance 
(CSF18), documentation of maintenance works (CSF13), 
adequacy of IT infrastructures and facilities for operations 
(CSF15) and awareness of maintenance and safety activities 
(CSF5) are classified as low impactful elements on mainte-
nance management in Iranian agro-industries.

5  Managerial implications

The focus of this study was on how CSFs serve a funda-
mental role in effective maintenance management in Iranian 
agro-industries. CSF prioritization and cause-effect analysis 
using BWM and DEMATEL tools can assist agro-industry 

managers in better understanding the factors required to 
effectively adopt a proper maintenance management sys-
tem. Meanwhile, it may contribute to the improvement of 
agricultural fleet performance and the establishment of a 
sustainable food supply. This study has a number of implica-
tions, which are described below:

• According to the study's findings, top management 
support is both the highest-ranked success factor and a 
causal factor in the proposed maintenance model. This 
means that substantial commitment from management 
will be required for the successful adoption of mainte-
nance procedures in agro-industries. This will necessi-
tate ongoing leadership to support maintenance initia-
tives and motivate maintenance staff to accomplish the 
ultimate goals. Top management also can have a direct 
impact on agro-industry budgeting and inventory man-
agement, as well as the promotion of the organization's 
goals and strategy, all of which can influence the effec-
tiveness of maintenance projects.

• Budget allocation and inventory resource management 
were found to be the second highest-ranked success ele-
ment in BWM and the third causative factor in DEMATL to 
ensure the success of maintenance management in Iranian 
agro-industries. Because the current maintenance budget 
in agro-industries is so limited, providing financial sup-
port is beneficial in holding workshops to raise awareness 
about the importance of maintenance and safety culture, 
particularly preventive ones, purchasing high-quality spare 
parts to avoid unexpected failures, replacing aged assets, 
funding awards to increase participation in problem-solving 
and commitment in Iranian agro-industries.

Table 8  Total relation matrix (T) CSFs CSF2 CSF4 CSF1 CSF11 CSF18 CSF9 CSF5 CSF13 CSF15

CSF2 0.138 0.318 0.368 0.312 0.387 0.325 0.378 0.334 0.420
CSF4 0.190 0.171 0.305 0.266 0.356 0.313 0.277 0.274 0.414
CSF1 0.175 0.259 0.237 0.336 0.397 0.314 0.331 0.369 0.447
CSF11 0.145 0.185 0.259 0.174 0.347 0.222 0.331 0.337 0.392
CSF18 0.094 0.215 0.171 0.136 0.145 0.187 0.151 0.176 0.253
CSF9 0.269 0.276 0.413 0.384 0.391 0.238 0.432 0.413 0.500
CSF5 0.113 0.231 0.309 0.279 0.328 0.197 0.196 0.226 0.357
CSF13 0.075 0.116 0.133 0.141 0.211 0.131 0.235 0.118 0.243
CSF15 0.155 0.197 0.302 0.219 0.285 0.231 0.337 0.327 0.254

Table 9  Causal impact of CSFs Name of CSFs CSF2 CSF4 CSF1 CSF11 CSF18 CSF9 CSF5 CSF13 CSF15

R 2.980 2.566 2.865 2.392 1.528 3.317 2.235 1.403 2.306
J 1.355 1.967 2.497 2.248 2.847 2.158 2.669 2.572 3.280
R + J 4.335 4.534 5.361 4.641 4.375 5.475 4.904 3.975 5.586
R-J 1.626 0.599 0.368 0.144 -1.319 1.159 -0.434 -1.169 -0.974
Impact Cause Cause Cause Cause Effect Cause Effect Effect Effect
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• The third CSF in achieving effective maintenance manage-
ment in agro-industries was highlighted as maintenance 
strategies and policies. Because the current maintenance 
strategy in this sector is reactive, modern techniques and 
roadmaps based on International Organization for Stand-
ardization (ISO) standards, the British Standards Institution 
(BSI), the Society of Automobile Engineers (SAE), and 
other European standards can be recommended. Among 

these international maintenance standards, systematic 
approaches such as Reliability Centered Maintenance 
(RCM), Risk-Based Maintenance (RBM), Predictive Main-
tenance (Pd.M.), and Total Productive Maintenance (TPM) 
have proven to be effective in improving operational per-
formance of machine failures in agricultural fleet.

• Given the importance of adequate maintenance personnel 
expertise from the perspective of experts, appropriate mecha-

Fig. 5  The causal impact of CSFs
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nisms could be used for recruiting the required personnel, 
such as considering multi-skills such as software and hard-
ware knowledge, emergency management skills, and interac-
tion and communication skills. Furthermore, since top man-
agement support has the greatest impact on the adequacy of 
IT infrastructures in maintenance management (DEMATEL 
results), and because most Iranian agro-industries are cur-
rently non-automated in terms of maintenance and repair 
workflows, an appropriate IT infrastructure and software 
system for the integrated management of diverse mainte-
nance operations can be recommended.

6  Conclusion and future work

Maintenance management is one of the pillars of achiev-
ing sustainable production and service in today's competi-
tive business network. Hence, all types of businesses are in 
charge of optimizing management maintenance structures 
to boost their competitiveness in global markets. Likewise, 
proper maintenance management in agro-industries is cru-
cial for increasing agricultural supply chain productivity and 
availability. This research intends to enable agro-industries in 
identifying how to achieve successful maintenance manage-
ment in their operations. From a conceptual point of view, 
the research defined and identified the major criteria and sub-
criteria (CSFs) in the maintenance management model. This 
was accomplished by a literature review and the solicitation 
of expert opinions. To achieve the intended objectives, an 
integrated framework incorporating both BWM and DEMA-
TEL was used. BWM was performed to prioritize the CSFs, 
and DEMATEL was used to discover interrelationships 
between CSFs for effective agro-industry maintenance man-
agement. Following an extensive literature review and feed-
back from experts in Iranian agro-industries, three main crite-
ria were validated: organization management, human-related, 
and organizational aspects, as well as eighteen sub-criteria 
(CSFs). According to the BWM analysis, the highest prior-
ity factors were CSFs such as top management support, fund 
allocation and inventory resource management, maintenance 
strategies and policies, and adequacy of the maintenance 
crew. Meanwhile, DEMATEL analysis showed that the CSFs 
such as top management support, training and education, 
fund allocation and inventory resource management, mainte-
nance strategies and policies, and adequacy of maintenance 
crew were causal factors. The findings of this study could 
potentially assist agro-industry managers and practitioners in 
deciding where to focus their efforts to achieve a robust and 
efficient maintenance management structure. This study has 
some limitations: (i) It principally focused on strategic chal-
lenges of maintenance management in agro-industries with 
less emphasis on the tactical and operational requirements; 
(ii) a limited number of experts from agro-industries were 

involved during the data collection process; and (iii) some 
of the CSFs have been merged due to restrictions in design-
ing questionnaires and facilitating expert responses. (iv) we 
used less than nine CSFs for pairwise comparisons under a 
single criterion to reduce the complexity of calculations and 
improve the reliability of MCDM models. (v) we tried to 
cover all relevant criteria; however, since there is no literature 
review on maintenance management in agro-industries, we 
may have missed some.

Given the findings presented in this paper, decision mak-
ers can prioritize the actions that have to be taken in design-
ing an appropriate maintenance management system to meet 
the needs of tactical and operational duties in agro-industries. 
On the other hand, the research results may enable policy 
makers to concentrate on increasing the productivity of agri-
cultural products in agro-industries through the implementa-
tion of a successful maintenance service system. Likewise, 
this research aids in identifying and focusing on the crucial 
elements, which can enhance the overall readiness of agri-
cultural operations. The methodology outlined in this paper 
is also a good way to address the multicriteria problem in 
the evaluation process with the lowest level of risk as well 
as to identify the relationships between major elements in 
the maintenance service systems in the agro-industries. In 
addition to helping managers and practitioners in the agro-
industries decide where to concentrate their efforts to create 
an effective maintenance program, the proposed framework 
also has the potential to be applied to various food enter-
prises to successfully adapt maintenance management sys-
tems. Further, future research can concentrate on the tactical 
and operational levels of maintenance model in the form of 
medium or short-term plans, considering factors such as type 
of cultivation, type of season, and type of machinery in agro-
industries. Additionally, the current research findings can 
be applied to various food businesses to successfully adapt 
maintenance management systems.
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