Hindawi

Mathematical Problems in Engineering
Volume 2022, Article ID 4486132, 24 pages
https://doi.org/10.1155/2022/4486132

Research Article

@ Hindawi

Evaluating Barriers and Drivers to Sustainable Food

Supply Chains

Siyavash Mohseni,' Komeyl Baghizadeh

,2 and Julia Pahl®?

'Department of Industrial Management, Kharazmi University, Tehran, Iran
’Department of Industrial Engineering, Kharazmi University, Tehran, Iran
*SDU Engineering Operations Management, Department of Technology and Innovation, University of Southern Denmark,

Odense, Denmark

Correspondence should be addressed to Komeyl Baghizadeh; komeil.baghizadeh@gmail.com

Received 13 October 2021; Revised 9 January 2022; Accepted 18 January 2022; Published 22 February 2022

Academic Editor: Stefania Tomasiello

Copyright © 2022 Siyavash Mohseni et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Today, with the daily increase in population, the demand for agricultural and/or, in general, food products continuously raises and
so does the natural resources consumption which induces challenges to the supply chain management of important food products.
In the present study, drivers as well as barriers of the agriculture sustainable supply chain are identified and ranked with the help of
multicriteria decision-making (MCDM) techniques. We identify six drivers and seven barriers with the help of experts’ opinions
in the field and apply ranking methods including TOPSIS-AHP, AHP, and COPRAS-AHP as well as Borda rule and Copeland
method to merge the ratings. The results highlight that the economic dimension of sustainability is more important than the
environmental and social dimension. Distrust of consumers, lack of understanding and awareness of managers, and performance
appraisal problems were found to be the most important barriers. Furthermore, informing the community by the media, entering
the global market, exporting products, and producing sustainable products as a competitive advantage were identified to be the
most important drivers. The study also shows that public awareness and demands can push the food supply chains toward

sustainability goals with the cooperation of governments and suppliers.

1. Introduction

Population growth raises the demand for food and the
consumption of natural resources. The same is valid for
growing emerging economies that have unprecedentedly
improved the quality of life across the world while putting
exceptional pressure on natural resources and the envi-
ronment [1]. This influences the provision or production
and supply of food and reveals problematic factors including
food price variations, climate change induced growth
problems, food waste, and food security, as well as inade-
quate governmental policies [2, 3]. According to the Food
Summit Meeting in 1991, food security is the case when the
entire world population has physical, social, and economic
access to sufficient healthy and nutritious food at any time
for the conduct of active and healthy lives [4]. To meet

demands for healthy food, managers and politicians need to
foster agricultural sustainable supply chains [5]. We un-
derstand sustainability as the quality that permits to pre-
serve, to keep, and to maintain something [6] and, according
to the World Commission on Environment and Develop-
ment (WCED), using resources to meet the present needs
without compromising the ability of future generations to
meet their own demands. Accordingly, economic, envi-
ronmental, and social dimensions are identified to evaluate
aspects of a sustainable environment [7] where all three
dimensions need to be addressed if something can be labeled
sustainable. This involves a variety of economic, environ-
mental, and social objectives [8] which companies need to
equilibrate in order to attain higher levels of performance
not only with respect to sustainability. Many trade-offs exist
between the dimensions and objectives with different drivers
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and barriers that decision makers need to be aware of es-
pecially regarding food items [9]. These are essential to
maintain life, but subject to deterioration, thus delicate and
susceptible to wastage.

The food industry is one of the largest manufacturing
sectors in many developing and developed countries [10].
Although food production and distribution systems are
generally organized in eflicient ways, gaining and main-
taining sustainable supply chains is challenging also due to
the consumer behavior and habits to consider food as a
lifestyle. This induces a lack of awareness of interrelated
aspects of resource consumption of food with respect to
water and energy [11]. Poorly managed food supply chain
stages, e.g., production, processing, transportation, and
consumption, strongly affect food waste and thus sustain-
ability [11]. By incorporating practices that relate to the
development of trust and the quality of relationships inside
and outside organizations, companies can enhance their
performance and become more sustainable [12]. However,
this is a long-term strategy that needs to be emphasized and
pursued by (top) management. It further requires invest-
ments that can signify a hindering point especially for
smaller companies.

Quite some contributions have been made to achieve
comprehensive ideas on the identification of drivers and
barriers on adopting sustainability-oriented practices [13].
These further propose solutions to tackle the barriers.
Moreover, a number of drivers are mentioned that can foster
sustainability in supply chains, such as appropriate mana-
gerial approaches, governmental policies, and customer
awareness [14].

Concerning mathematical formulations for sustainable
food supply chains, a major part of optimization models only
considers single objective function mostly minimizing
overall costs. However, multicriteria decision-making ap-
proaches (MCDM) are especially suited to capture aspects of
sustainability including economic, environmental, and so-
cial dimensions in more detail for optimization. Such ap-
proaches are proposed by, e.g., Kumar et al. [15].

The present study adopts MCDM techniques to identify
and rank drivers and barriers of the implementation of
sustainability measures within food supply chains focusing
on rice as food product. Rice is a strategic product not only
in Iran, but worldwide as the world’s second most important
cereal after crop (see https://www.statista.com/topics/1443/
rice/). Countries in and surrounding Asia have traditionally
the highest share in the worldwide rice production. Besides,
it has a critical role in the Iranian economy. According to the
Agricultural Office of the Statistical Center of Iran,
Mazandaran Province accounts for the largest portion of
total rice production rate in Iran with 38%. Our study shows
that economic barriers are the most limiting factors for
implementing sustainability measurements for companies.
The economic dimension of sustainability is more important
than the environmental and social dimension. Distrust of
consumers, lack of understanding and awareness of man-
agers, and performance appraisal problems were found to be
the most important barriers. Furthermore, informing the
community by the media, entering the global market,
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exporting products, and producing sustainable products as a
competitive advantage were identified to be the most im-
portant drivers. The study also shows that public awareness
and demands can push the food supply chains toward
sustainability goals with the cooperation of governments and
suppliers.

The remainder is organized as follows: In Section 2, we
review the literature regarding drivers and barriers of
implementing sustainability in food supply chains. Section 3
presents materials including data collection as well as ap-
plied methods divided into Section 3.1 dealing with MCDM
methods and Section 3.2 discussing aggregation methods.
Section 4 highlights the results whereas Section 5 provides a
discussion and conclusions including proposals for future
work.

2. Literature Review

We review the literature regarding food supply chains in-
cluding sustainability aspects analyzing drivers and barriers
that serves as a basis for our own study. The literature is
selected using an unstructured approach that is verified by a
query in Web of Science (this encompasses a keyword search
including the terms “food supply chains,” “sustainability,”
“drivers and barriers” without any limitation of the publi-
cation time period or any other filter). We provide a nar-
rative literature review resuming our findings by Tables 1
and 2. Moreover, we also consider neighboring areas of food
supply chains, e.g., new energy technology products (see
Malik et al. [16] and Bottani et al. [26]), CO2 emissions (see
Hofmannet al. [17]), and ready-made garments (see Kumar
et al. [15]).

We note that a great part of the related literature re-
garding drivers and barriers for sustainability considerations
in (food) supply chains are literature reviews that distill
drivers and barriers from the literature without further
empirical evidence gathering and evaluation. We include
some of these in our literature review but refrain from
including all to not distort the picture toward drivers and
barriers that are only mentioned more often due to studies
referring to the same studies, but in different review works.

Salim et al. [27] study drivers and barriers in sustainable
food retailing. They provide a literature review and semi-
structured interviews with retailers in Sweden identifying
drivers, barriers, and concern factors in supply chain sus-
tainability. These factors are based on the taxonomy of
institutional factors defined by Massoud et al. [18] and are
organized in four groups that form corporate supply chain
responsibility encompassing resource factors that include
tangible and intangible assets and derive from pressure of
shareholders, suppliers, and investors, market factors in-
cluding demand, competitions, and norms set by customers,
competitors, industrial associations, and service provider
pressure, regulatory factors, that derive from national and
international governmental pressure, and social factors that
comprise values and expectations of society, NGOs, media,
academia, and court translated into pressure. Besides these
factors, the authors also identify some other factors that
trigger the adoption of sustainability initiatives for retails
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TaBLE 1: Drivers and barriers individuated from literature review.
Type Issue [12] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [57] Count
Driver Enhancement of the company image X X X X 4
Driver Environmental performance/benefits X X X 3
. Tax reliefs of certified companies/financial
Driver X X 2
benefits
Driver Training and capacity building X 1
Driver Collaboration with multitier suppliers X 1
Driver Organizational benefits X X X 3
Strategic support from industrial bodies,
Driver nongovernmental organizations, and X 1
developing agencies

Driver Economic benefits X X X X X 5
Driver Good return on investment X 1
Driver Business ethics X X 2
Barri Lack/unawareness of governmental

arrier . X X X X 4

regulations/support

Barri High implementation costs/lack of financial

arrier X X X X X X X 7

resources

Barri Lack of knowledge of the ISO 14001 standards/

arrier A . X X 2

sustainability practice
Barrier EMSs are not a legal requirement X X 2
Barrier Benefits of EMSs are unclear X 1
Barrier No customer demand X X X X 4
Barrier Lack of top management commitment X X X 3
Barrier Lack of appropriate IT systems/complexity X X X 3
Barrier Lack of economic benefit X X 2
Barrier Lack of trained (expert) staff X 1
Barrier Firm size X 1
Barrier Institutional/technological risks X
Barrier Inefficient bureaucracy X 1
Drivers 0 4 2 0 0 0 0 4 0 2 3 5
Barriers 0 5 3 3 4 5 2 0 0 3 1 2 4

which are legitimacy, power, and urgency. They further
influence decision-making and response to institutional
pressure.

Einwiller et al. [19] investigate the adoption of envi-
ronmental management systems (EMSs) including the ap-
plication of the ISO 14001 standard for an emerging
economy (Malaysia) and investigate drivers as well as bar-
riers in food and beverage supply chains; see also Sugsai-
sakon and Kittipongvises [20] for a similar study on
Lebanon. Einwiller et al. [19] survey 42 companies. Results
show that there is a discrepancy in perception of small and
medium-sized companies as well as large companies (see
also [27] and the references therein) and between different
product market groups; thus larger companies better un-
derstand the EMS concept. Main drivers of adopting EMSs
are the enhancement of the company image and environ-
mental performance. Main barriers are high implementation
costs and lack of knowledge of the ISO 14001 standards.
Besides, relative barriers include that EMSs are not a legal
requirement, benefits of them are unclear, and there is no
customer demand. Interestingly, among the least recognized
barriers is that EMSs are not a CEO priority; thus the in-
fluence of motivation from upper management is not rated a
barrier. This is in contrast to the findings of Hadikurniawati
et al. [28] that reveal that one of three key operational
barriers in integrating greening aspects into supply chains is

the lack of internal top-level management commitment.
Besides, the lack of integrated management information and
traceability systems and uncertainty of economic benefits are
also barriers. The most important incentives according to
Einwiller et al. [19] are tax reliefs of certified companies as
well as training and capacity building.

Hadikurniawati et al. [28] systematically analyze barriers
to green supply chains and the implementation of associated
practices in the peanut industry of western Africa. Their
study bases on decision-making trial and evaluation labo-
ratory (DEMATEL) technique involving four experts. Re-
sults show that effective green redesign of supply chains
needs increased collaboration with multitier suppliers and
strategic support from industrial bodies, nongovernmental
organizations, and developing agencies. The authors use
multicriteria decision-making methods to identify the most
important barriers of green redesign from a focal company
perspective. DEMATEL uses a structural modeling approach
that identifies and groups key factors and visualizes causal-
effect relationships in a diagram. Identified key operational
barriers are the lack of internal top management commit-
ment, lack of integrated management information and
traceability systems, and uncertain economic benefits.
Almutairi et al. [29] come to similar conclusions analyzing
managerial perspectives of sustainability implementations in
New Zealand by interviewing 29 senior managers from 23
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TaBLE 2: Resume of related work and main characteristics of studies.
g . . . T Factors
Contributions of this article ~ Method used in Sustainability aspects . . Case
Research . . Industry . examined in
compared to previous studies research in research study
research
Economic
Ghadge et al. Drivers case study Fuzzy AHP . Food Environmental Barriers NO
(2020) industry .
Social
Bottani et al. Drivers and barriers social Food Economic
(2019) aspects - industr - YES
MCDM method Y Environmental
Food Economic
Ali et al. (2019) Drivers and barriers Grey-DEMATEL . Environmental — NO
industry .
Social
Kumar et al. (2019) Dr}vers and barriers Delphi method Fashlon Social Drivers YES
Environmental aspects and fuzzy AHP industry
Allaoui et al. Drivers and barriers - Food Economic, - NO
(2019) [25] MCDM method industry  environmental, social
Sharma et al. Drivers and bgrrlers €CONOMIC  prvrrer A pip . Food Environmental - NO
(2018) and social aspects industry
. Drivers and barriers Food Economic,
Dania et al. (2018) MCDM - industry  environmental, social - YES
Malik et al. (2019) MCDM — Solar energy . Economic, . Drlv‘ers YES
environmental, social Barriers
Agyemang et al. Drivers Food Economic, .
(2018) Case study Grey-DEMATEL industry  environmental, social Barriers NO
Hussain et al Drivers
(2018) ’ Economic and environmental AHP Healthcare Social Barriers YES
Aspects
Meijer et al. (2019) MCDM — Solar energy . Economic, . Drlyers YES
environmental, social Barriers
Chkanikova and MCDM . Food Economic, Drivers. barriers  NO
Mont. (2012) Case study industry  environmental, social ’
Economic and social Food
Salim et al. (2018) Aspects — indust Environmental Drivers, barriers NO
MCDM v

companies where individuated drivers are customer ex-
pectation, top management commitment, moral and ethical
values of managers, reputation management, and economic
and operational benefits. Barriers include cost concerns,
supplier and customer issues, and lack of regulations.

Allaoui et al. [30] develop a sustainable framework to
reduce food waste using the Pareto method to identify risks.
A total of 130 experts from food companies are interviewed.
The authors use the grey DEMATEL technique to evaluate
major risks in food supply chains. The five most important
risks are identified as the lack of expert staff, poor leadership,
information technology (IT) system failure, and poor cus-
tomer relationship management. Several solutions are
proposed to reduce risks.

Meijer et al. [31] examined the challenges of imple-
menting sustainability in the food supply chain in the UK.
Their study tries to identify the factors that hinder the
implementation of sustainability in the cold food chain
network by considering one of the cheese producers in the
United Kingdom. Fuzzy hierarchical analysis and sensitivity
analysis are used to identify and prioritize barriers to sus-
tainability implementation. They divide the barriers into
internal and external ones which are subsequently sub-
categorized. Their analysis shows that operational barriers

pertaining to internal barriers were most significant. Thus,
their results present key barriers such as initial investment
costs, firm size, and unawareness of governmental regula-
tions which are internal barriers. In fact, internal barriers
seem to dominate the integration of sustainability practices
such as lack of consensus regarding the sustainability
concept. However, the misinterpretation of sustainability is
subsumed under environmental barriers. However, the
authors emphasize that sector-specific and country-specific
supply chains differ and thus do implementation challenges.
Chkanikova and Mont [32] explore drivers and barriers for
the agrifood supply chain regarding the implementation of
circular economy aspects highlighting that environmental,
policy, and economic/financial benefits are top drivers
whereas institutional, financial, and technological risks are
the top barriers. The authors further state that there is a great
need for internationally accepted standards and frameworks
for circular economy as well as governmental interventions
to push sustainability implementation.

Baghizadeh et al. [1] presented a mathematical model for
a sustainable agrifood supply chain to minimize all costs and
water and energy consumption. They suggested a G/M/S/M
queuing system for first time in agrifood industry to improve
transportation system and reduce waste.
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Agyemang et al. [33] explored the concept of sustain-
ability to guide policies toward sustainable food systems.
This study examines the literature and frameworks and uses
stakeholder input to understand sustainability consisting of
a comprehensive set of metrics for food system assessments.
The authors provide a proof of concept of the operation-
alization of their approach and its metrics named the sus-
tainability compass which aims at providing a
comprehensive sustainability assessment framework that
supports an integrated transparent policy dialog and insights
on effects. However, they do not discuss drivers or barriers
regarding the implementation of the sustainability
framework.

Hofmann et al. [17] analyze two of the three sus-
tainability dimensions, i.e., economic and environmental,
for a cold chain logistics service company to investigate
the total cost and CO, emission. They propose an ana-
lytical model and show that the processes of product
delivery and backroom storage require highest costs and
emissions which is not surprising. Other processes
identified by the study that require less of those are
product collection and reverse logistics which is sur-
prising as they require intensive product handling, dis-
mantling, and transportation.

Malik et al. [16] studied drivers, barriers, and policies in
sustainability development focusing on renewable energy
within emerging countries, i.e., the Gulf Cooperation
Council (GCC) member states. The picture is more similar
for regenerative energy than for sustainability actions cap-
tured by, e.g., EMS. For instance, barriers to renewable
energy deployment are high costs of electric generation from
such sources, price distortions, or availability of conven-
tional and cheaper energy sources as well as the lack of public
awareness about the benefits of renewable energy. Besides,
governments may also be reluctant to envision economic
and environmental benefits. Barriers specific to GCC may be
also inefficient bureaucracy and the lack of a combination of
nonrenewable energy subsidies as well as the lack of support
regarding renewable energy. The authors argue that, to
overcome these barriers, there is a need for political in-
tervention and economic support. Similarly, Bottani et al.
[26] explore barriers and drivers in the commercialization of
sustainable energy technologies by small and medium
companies (SMEs) in the Netherlands. The latter are es-
pecially capable of commercializing sustainable technologies
by developing innovative products as well as envisioning
new organizational forms and business models. Although
they are best suited to bring forward renewable energy
products, there are drivers and barriers in the Netherlands
that are interesting to study to bring forward the energy
transition [26]. The authors list four barriers that seem to
limit the commercialization of technology products for
renewable energy, i.e., limited financial resources, techno-
logical complexity of solutions, significant market compe-
tition, and low legitimacy of solutions. On the other hand,
main drivers are external financial investment, strong
managerial and entrepreneurial expertise, early-stage pro-
totyping, and piloting, as well as legitimizing solutions as
qualitatively valuable.

Sajjad et al. [34] investigate key drivers and barriers for
improving sustainability in supply chain management as a
strategic goal regarding the Iranian oil and gas industry. They
provide a comprehensive literature review to investigate
drivers and barriers individuating 112 drivers and 41 barriers
that are evaluated by 30 experts performing a Delphi three-
round study. Results show the awareness that all three pillars
(dimensions) of sustainability need to be regarded. The au-
thors state that individual drivers are, a.o., customer satis-
faction, importance of reducing environmental problems,
financial resource allocation/incentives, as well as new
warehousing, and control systems within the context of supply
chain risk management. As seen already in other studies,
barriers are high implementation costs of sustainability ac-
tions, banking problems, and/or the lack of financial resources.

Kumar et al. [15] investigate the drivers to implement
sustainability aspect especially social responsibility methods
in the ready-made garment (RMG) industry in the emerging
country Bangladesh. Using the MCDM method Delphi-
based fuzzy AHP (F-AHP), the authors evaluated 10 in-
dustrial large scale RMG companies and employed 10
managers for the data evaluation. They reveal that the fi-
nancial aspect is the main driver with the subcategories’
sustainable economic benefits, maximization of the return of
investment, business ethics, and enhanced reputation in
global markets. Other investigated aspects are environ-
mental-related drivers, societal drivers, and management-
related drivers. Mithun Ali et al. [35] also apply AHP
methods to evaluate barriers of the implementation of
sustainability aspects in supply chains using a case of plastic
manufacturing in India. They find out that barriers related to
government support and policies are of highest importance.

As we can see from the literature review, main drivers for
sustainability implementation in food supply chains are
related to the company image and main barriers are the high
investment costs, lack of appropriate IT tools, lack of eco-
nomic benefits or customer demand for it, knowledge in
concept and standards, and missing top management
commitment. We are aware that the number of references
used to generate the numbers in Table 1 is very small as the
literature regarding drivers and barriers of implementing
sustainability principles in the food supply chain is quite
limited. However, already analyzing these studies, a trend
becomes visible. Moreover, we highlight main characteristics
of contributions in Table 2.

Table 2 presents characteristics of previous work that
demonstrates the research gap and need for the contribution
of this paper.

Sustainability in food supply chains is mostly studied
with respect to the economic and environmental dimension
(see [12, 16-18]) which includes either increasing profit-
ability or reducing costs as well as reducing pollutants, e.g.,
CO, emissions (see [26]). However, the long-term per-
spective of sustainability, such as caring for resources, so that
they are available to future generations, e.g., reducing water
consumption and reducing soil pollution (see also Meh-
mood et al. [36]), and the social dimension including goals
like increasing social health or improving the unemploy-
ment rate have not been extensively and sufficiently



addressed in available studies; see also the special issue paper
of Hebinck et al. [37] that highlights the need for life cycle
analysis (tools) especially regarding water and land use.
Considering the main studies presented in the literature
regarding drivers and barriers in food supply chains, we
realize that our study is the most comprehensive approach
including the analysis of drivers and barriers using MCDM
by use of the case study.

3. Materials and Methods

We consider the above-mentioned concepts by focusing on
rice as a product and its supply chain. Rice is a strategic
product in Iran and has a critical role in the Iranian
economy.

The study is based on surveyed literature as well as
interviewing six experts of the field pertaining to the
Ministry of Agriculture of Iran, JIHAD. These were inter-
viewed examining the elements of a pairwise comparison.
The list of elements is provided in Table 3. These elements
have been derived by reviewing the literature, by observa-
tion, as well as expert interviews. The ranking methods AHP,
TOPSIS-AHP, and COPRAS-AHP are used within the
software Expert Choice® which is an AHP decision support
software (see website: https://www.expertchoice.com/2021)
and Microsoft Excel. The average weight, Borda, and
Copeland methods are applied to integrate the ranks. After
data collection and classification, we solve the model and
interpret the results.

Our study is novel in comparison to work provided in
the literature in the following manner:

(i) Use of MCDM techniques to identify and rank the
drivers and barriers for a sustainable rice supply
chain

(ii) Investigation of economic, social, and environ-
mental dimensions of sustainability within the rice
supply chain

(iil) Investigation of water consumption management,
soil, and water pollution and its influence on
community health

(iv) Ranking of individuated barriers and drivers using
the AHP, TOPSIS-AHP, and COPRAS-AHP
methods and use of the average weight, Borda, and
Copeland methods to integrate the ranks

The barriers and drivers in Table 3 are explained in the
following in more detail:

(1) Lack of understanding and awareness of man-
agers (B1): given the commercialization of agri-
culture, increased demand for food worldwide,
and increased concerns about food quality and
security, the concepts of sustainability and supply
chain management have become crucial. Sus-
tainability management induces a new demand
for managers [38]. Managers can help improve
company performance and direct it toward sus-
tainability [15]. Although sustainability in the
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food supply chain would raise the costs in or-
ganizations in the short run, it will enhance
profitability in the long run. Apart from the
economic perspective, sustainability brings social
and environmental improvements, leading to
economic growth and social health. Managers can
bring benefits to both the organization and so-
ciety by properly understanding sustainability.
There may be misunderstanding and unawareness
among managers and stakeholders of the defi-
nition and objectives of sustainability and their
roles in the pursuit of sustainability. [7] Food
supply chains can be directed toward sustain-
ability by improving manager awareness.

(2) Performance appraisal problems (B2): to appraise

the performance of a sustainable food supply chain,
a powerful integrated information system is re-
quired that provides transparency. However, data
collection is a time-consuming, costly, and expert-
demanding process [28]. For instance, for the en-
vironmental perspective, the information system
implements measures on parameters such as soil
erosion, the use of harmful materials, energy con-
sumption, and water use to render transparent
detailed environmental information in order to
start and support the sustainable supply chain and
evaluate practices [1].

(3) Lack of expert staff (B3): inexperienced staff has a

negative impact on the company and can contribute
to waste production. Also, given the instructions in
food production, inexpert staff may make mistakes
and losses in products, reducing product quality
and even endangering human health [30]. In
contrast, expert staff can help minimize supply
chain risks and food spoilage [19]. The lack of
training in organizations on sustainability measures
and the lack of workplace support have been
identified as limitations for sustainability ap-
proaches [39]. Thus, the food supply chain can be
directed toward sustainability by enhancing staff
expertise.

(4) High cost of deployment (B4): the implementation

of a sustainable supply chain requires high initial
investments. Thus, organizations often lack suffi-
cient financial resources [40]. Equipment, ma-
chinery, and integrated information systems are
contributing to investment costs. However, in the
long run, a sustainable food supply chain strategy
can reduce costs [41].

(5) Lack of government oversight and control (B5): lack

of government oversight to support sustainability
has been identified as an important barrier [42], e.g.,
products that are not green and sustainable [27].
The government should intervene and control the
market by detecting unsustainable products that
have been labeled as sustainable and penalize the
sellers. Also, the lack of government oversight and
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TaBLE 3: Barriers and drivers of supply chain.

Drivers/  References of drivers and

Title . .
barriers barriers

Lack of understanding and awareness of managers about agrifood supply chain (AFSC) (B1)  Barriers Literature review

Performance appraisal problems in AFSC (B2) Barriers Literature review
Lack of expert staff in sustainable AFSC (B3) Barriers xp ert 1nterv1f:ws
Literature review
High cost of deployment sustainable SC (B4) Barriers Literature review
Lack of government oversight and control (B5) Barriers Literature review
; « » « . » . Ob. ti
Consumer distrust of “green products” and “organic products” labels (B6) Barriers | ooservation
Literature review
Sustainable agrifood product cost (B7) Barriers Literature review
Development of laws and policies for AFSC by the government (D1) Drivers Literature review
Joint efforts and cooperation of suppliers for AFSC planning (D2) Drivers Literature review
Producing sustainable products as a competitive advantage (D3) Drivers Literature review
Encourage and support nongovernmental and eco-friendly organizations (D4) Drivers Literature review
Informing the community by the media (D5) Drivers xp ert 1nterv1$:ws
Literature review
. . . . Ob. ti
Entering the global market and exporting sustainable products (D6) Drivers servation

Expert interview

control setting off motivation and lacking pressure
cause stagnancy in sustainable food supply chain
implementation [38].

(9) Joint efforts and cooperation of suppliers (D2):
managers’ cooperation and support for efficiently
allocating resources and allowing for sharing stra-
tegic information for sustainability practices are
crucial among supply chain members. Sustain-
ability outcomes can be improved only by the
complete participation of the partners. The supply
chain partners need to help each other so that they
could produce more sustainable outcomes and
progress at the shared rate [49]. Cooperation
provides an essential way of achieving a trade-oft
between all sustainable objectives by ignoring the
individualistic and opportunistic behavior of supply
chain stakeholders. For example, food waste has
substantially increased due to complexities in food
supply chain coordination [1]. Such problems could
be tackled by cooperation and coordination in the
food supply chain.

(6) Distrust of consumers (B6): the amount and ad-
ditional eco-friendly labels on products in the
market result in consumer confusion and makes it
difficult to distinguish high-quality products [43].
This confusion leads to consumer distrust and in-
duces a negative image of sustainable products.

(7) More expensive products (B7): the cost of sus-
tainable products is higher than those of other
products in the market since high-quality raw
materials and international standards are applied
[44]. Consumers seemingly choose affordability
over quality. Furthermore, globalization and food
supply chain complexity arise from searching for
affordable food by consumers [27]. Some con-
sumers believe that the quality of sustainable
products is not high enough to explain higher costs
in the supply chain [45]. This view stems from
unawareness of sustainable food.

(10) Producing products as a competitive advantage (D3):
sustainable food production is a competitive ad-
vantage and improves business productive perfor-
mance and progress [50]. High-quality natural raw
materials are employed to produce sustainable food
under the relevant standards. Also, environmental
and social aspects are considered in the supply chain
process. This contributes to the health and growth of
society and provides sustainable food with more
benefits than other products in society [12].

(8) Development of laws and policies by the government
(D1): significantly elevated food standards, the rapid
industrialization of agriculture-based products, and
customer and government concerns about food
security have brought further complexity to agri-
cultural supply chain networks and agricultural
products [46]. Such complex food supply chains

have raised concerns in countries, such as fear of (11) Encourage and support nongovernmental and eco-

food security and unsustainable natural resource
decline [47]. Governmental laws and policies play a
key role in the implementation of sustainable supply
chain practices [48]. Governments can contribute to
sustainable food supply chain implementation by
developing laws and policies.

friendly organizations (D4): pressure and incentives
of governmental and nongovernmental organiza-
tions are required to motivate sustainability in the
agricultural sector [51]. NGOs and international
development organizations play a key role in pro-
viding expertise to supply chain members for



cooperation and implementing sustainability
practices. Furthermore, such organizations and
individuals could promote sustainable products and
contribute to economic growth, society health, and
environmental protection by consuming such
products, increasing public awareness, and en-
couraging consumers to buy sustainable products.

(12) Informing the community by the media (D5):
food security and safety are crucial in developing
economies. Sustainability may help the health and
safety of food. Public awareness of healthy and
eco-friendly food induces concerns and motivates
agricultural companies to focus on improving
supply chain sustainability performance [52].
Companies attempting to implement sustain-
ability respond to public pressure for launching
sustainability activities [21]. Food and natural
resource waste have declined in light of increased
public awareness [5].

(13) Entering the global market and exporting products
(D6): food security is crucial across the world and
serves as a bridge between food and human health
[50]. Since food is exported and imported in the
world, food security has become a serious issue for
both developed and developing countries. Sus-
tainable food meets standards. Considering health
and high quality, sustainable food can be intro-
duced to the global market and raise export
revenues.

The present study constructs the hierarchy with the
objective, criteria, subcriteria, and alternatives to achieve the
sustainable supply chain (see Figure 1).

The criteria involve the three main dimensions: eco-
nomic, environmental, and social. The subcriteria involve
the most important factors affecting the three sustainability
dimensions. Through observations and expert interviews, a
total of seven subcriteria are selected, including two eco-
nomic subcriteria, three environmental subcriteria, and two
social subcriteria.

3.1. MCDM Methods. We previously identify 13 alterna-
tives including drivers and barriers (see Table 2). In this
section, we shortly introduce the used methods for MCDM.

3.1.1. AHP. AHP is a structured technique for organizing
and analyzing complex decisions using mathematics and
psychological concepts. It quantifies weights of decision
criteria by use of experts’ experience to estimate the relative
magnitude of factors through pairwise comparisons and
includes several steps:

Step 1: establishing a hierarchy for the problem.

To establish a hierarchy, it is required to create hier-
archical relationships of components at a given layer to
components of higher and lower layer. In the simplest
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case, the first layer is the objective, the second layer
involves criteria, and the third layer involves the alter-
natives. An AHP approach can involve also subcriteria.

Step 2: constructing pairwise comparison matrices.

Once the hierarchy has been established, the decision-
maker is required to construct pairwise comparison
matrices. This is performed for each level independently.
In general, for m alternatives and » criteria, there is an
m X m pairwise comparison matrix of alternatives and
an 7 X n pairwise comparison matrix of criteria.

Step 3: calculating relative weights.

The decision factors are relatively weighted through a
set of calculations. This prioritizes the decision factors
based on the pairwise comparison matrix. The sum of
the entities of each column is calculated. Then, each
column entity is divided by the total value of the same
column, obtaining the normalized matrix. Each row of
the normalized matrix is averaged to represent the
relative average weights of the decision factors.

Step 4: Ranking the alternatives, the relative weights are
multiplied by the weights of higher alternatives to
obtain the final weights of the alternatives.

Almost all the AHP calculations are performed by the
judgment of the decision-maker in the form of the
pairwise comparison matrix [53]. Comparison errors and
inconsistencies would affect the calculation result. The
inconsistency ratio measures the reliability of the pri-
orities. For example, if alternative A is more important
than alternative B and alternative B is more important
than alternative C, alternative A is expected to be much
more important than alternative C. It is easy to compare
two alternatives; however, such a comparison would not
be easy for many alternatives. Thus, the inconsistency
ratio is used to measure reliability. An inconsistency ratio
below 0.1 represents reliable comparisons. Otherwise,
comparisons should be reconsidered. The inconsistency
ratio is calculated in some steps [22]:

(i) Calculate the weighted sum vector by multiplying
the pairwise comparison matrix by the relative
weight vector.

(ii) Divide the elements of the weight vector by the
relative priorities to obtain the inconsistency
vector.

(iii) Average the elements of the inconsistency vector

A

max*

(iv) Calculate the inconsistency index as (1) where 7 is
the number of alternatives:
-n

II: max
. 771_1 .

(1)

(v) Calculate the inconsistency ratio as (2) where L.LR
is the inconsistency index of a random matrix:

1.I 2)

IR=——.
I.I.R
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FIGURE 1: Decision-making hierarchy in presented rice supply chain.

3.1.2. TOPSIS-AHP. The technique for order of preferences by
similarity to ideal solution (TOPSIS) is a MCDM of com-
pensatory aggregation that compares a set of alternatives by
identifying weights for each criterion, so that it normalizes
scores for each criterion and calculates the geometric dis-
tance between each alternative and the ideal alternative
where the latter is the best score in each criterion [51].

We apply the integrated TOPSIS-AHP method, because
qualitative methods and quantitative methods with certain
data have drawbacks in solving complex real-life problems
with input and output uncertainties. To improve in efficiency
and effectiveness, quantitative methods need to utilize de-
scriptive data. The integration of AHP and TOPSIS is a
solution in this respect [23]. Multiattribute decision-making
(MADM) models are employed to select the optimal al-
ternative based on the evaluation indexes. Hybrid proce-
dures could maintain strengths and create multiple sources
of knowledge and experience. To make more effective de-
cisions, the AHP-TOPSIS integration is used to eliminate the
drawbacks of individual AHP and TOPSIS. As an advantage,
this integration produces a positive ideal and a negative ideal
in the Euclidian space. This method transmits the alterna-
tives to the Euclidian space, calculating the Euclidian dis-
tances of the alternatives from the positive and negative
ideals. The alternatives with smaller distances from the
positive ideal and larger distances from the negative ideal
would have higher priority. This method is implemented in a
number of steps [24]:

Steps 1 and 2: as with most multicriteria decision-
making (MCDM) methods, the available data are

transformed into a matrix with m rows (alternatives)
and n columns (criteria). Index selection, hierarchy
establishment, and criterion/subcriterion weighting are
performed based on AHP. Also, the decision matrix is
constructed, ranking the alternatives based on TOPSIS.

Step 3: the decision matrix is descaled using the vector
method to eliminate the scales of different criteria and
enable the comparisons of alternatives based on dif-
ferent criteria and the combination of the results:

ry = 2’
Zi(xij)
(3)
i=1,...,m,
j=1...,n

Step 4: the weight of each criterion is multiplied by the
corresponding column in the descaled matrix to obtain
matrix V as

Vi = W; X1

ij j ij (4)
Letw = (w;,w,, ..., wj, ...,w,) be the weight vector
of the criteria. To obtain the weighted matrix, the
weight vector is multiplied by the rows of the
alternatives.

Step 5: the positive ideal A* and negative ideal A~ are

found as equations (5) and (6) where ] denotes positive
criteria, while J' represents negative criteria.
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A" ={(max;vlj € ), (min;vylj € J'),V, = 1,2,...,m}

A ={(min;v|j € ), (max;vylj € J'),¥, = 1,2,...

Step 6: the distances of the alternatives from A* and A~
are calculated. Let s be the distance of alternative i
from A* and s; be the distance of alternative i from A~.
Then, for i = 1,2,...,m, s and s; are obtained as

(7)

0 \im—v»z.

Step 7: the alternatives are prioritized based on either
closeness to the positive ideal or distantness from the
negative ideal.

3.1.3. COPRAS-AHP. Complex proportional assessment
(COPRAS) is a decision-making method for prioritizing or
ranking alternatives [52]. It exploits alternative weights.
COPRAS was developed to determine priorities and effec-
tiveness of alternatives. It was employed to assess maxi-
mization and minimization criteria. The effects of the
minimization and maximization criteria on the results are
evaluated independently. COPRAS-AHP is applied using the
subsequently described steps [54]:

Steps 1 and 2: index selection, hierarchy establishment,
and criterion/subcriterion weighting are carried out
using AHP. Then, a decision matrix is constructed.
Ranking is performed by COPRAS.

Step 3: the decision matrix is normalized as equation

(8), where x_ij denotes the criteria.
X

R =|7.. = el .
[ 1J]m><n ZI’ZI X (8)

Step 4: the normalized decision matrix is weighted as
equation (9), where w; is the weight of criterion j.

D = (5], = 1y X 05 ©)
Step 5: positive and negative criteria are determined.

Then, it is required to determine the final values of the
positive and negative criteria as

S4i = Zy+ij’ (10)
=

S = nyij' (11)
=
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vy b (5)

,m} ={v, vy, ..V} (6)

Step 6: the criteria are subjected to pairwise ranking
based on the positive and negative criteria as the fol-
lowing equation:

Q- s—min) ;" s

=5+ : 12
S ST (s minds) (12

Step 7: the best alternatives are identified. A rise (re-
duction) in the rank of an alternative raises (reduces) its
importance. The best alternatives are denoted by the
importance index U; (U; = 100%) which is calculated
by equation (13). The importance of each criterion
varies from 0% to 100%, where Q; is the importance
index, while Q,,, is the maximum importance of the
ideal alternative.

U, = [&] x 100%. (13)

max

3.2. Aggregation Methods. Since employing multiple
MCDM techniques can cause inconsistent results, these
must be combined using a group of strategies named rank
aggregation. The methods used in this study for this
purpose are Rank Averaging, the Borda technique, and
Copeland technique [41].

The Rank Averaging method calculates the average rank
of each alternative based on the ranks in MCDM methods.
Prioritization is performed based on the alternatives. The
alternatives with lower arithmetic means would have higher
priorities [24].

Within the Borda method, a pairwise comparison matrix
is built for decision-making. An entity in the matrix is set to
1 when the corresponding alternative has more wins than
losses over the other alternatives. Likewise, an entity is set to
0 when its losses and wins are equal in number. A value of 1
implies the superiority of the row over the column, whereas a
value of 0 indicates the preference of the column over the
row. The sum of the entities in a row represents the number
of each alternative’s wins over the other alternatives, and the
alternatives are prioritized based on their numbers of wins.
There is a total of m(m — 1)/2 pairwise comparisons, in
which m denotes the number of alternatives. The prioriti-
zation criterion is the number of each alternative’s wins [24].

The Copeland method is a modified variant of the Borda
method, in which not only the number of wins (the sum of
entities in each row) but also the number of losses (the sum
of entities in each column) are employed in prioritization.
Prioritization is performed based on the difference between
the number of wins and the number of losses [55].
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4. Results

In this section, we present and discuss the results of our case
study.

4.1. MCDM Method Results. As described in detail in the
previous section, three MCDM approaches, AHP, TOPSIS-
AHP, and COPRAS-AHP, have been used in this study. The
results of these methods are presented in the following.

4.1.1. AHP Results. Once the hierarchy of the study is
constructed, a pairwise comparison matrix is built to
compare the criteria, subcriteria, and alternatives based on
the objective (i.e., sustainability). After building the pairwise
comparison matrix and developing the questionnaire, in-
dustrial experts responded to the questionnaire. As sus-
tainability has economic, environmental, and social
dimensions, the economic questions are responded by
managers, experienced and educated agricultures, Ministry
of Agriculture JIHAD managers in the rice department, and
experts. Also, the environmental questions were responded
by Ministry of Agricultural JIHAD experts in the fertilizer
and pesticide department, Ministry of Agriculture JTHAD
managers in the environmental and food health department,
and environmental activists. Finally, the social questions are
responded by students at the Kharazmi University, Iran,
Ministry of Agriculture managers, and environmentalists.
Once the questionnaires had been responded to, the geo-
metric mean of the collected data is calculated. Table 4
compares the criteria.

The pairwise comparison matrix is introduced to Expert
Choice® to weight and rank the criteria and subcriteria, as
reported in Table 5. As can be seen from the table presented,
the largest weight of the sustainability subset, which consists
of three parts, is related to the economic dimension. In
second and third place are environmental and social di-
mensions, respectively.

Sales enhancement and cost reduction were selected as
economic subcriteria based on the expert responses. Sus-
tainable food has higher quality and nutritional value than
other products as they are produced under standards. This
enhances the sales of sustainable food, increasing profits and
improving sustainability from an economic perspective. As
with increased sales, cost reduction could increase profits in
the food supply chain. The costs of the food supply chain
could be significantly reduced by reengineering production,
machinery and equipment repair and maintenance,
employing experts and thus experienced staff, reducing
transportation in different supply chain stages, selecting the
most suitable suppliers, exploiting technology, using an
integrated information system, returning reusable raw
materials back to the cycle, and utilizing waste as the inputs
of other supply chains. Table 6 shows the weights of the
economic subcriteria.

Concerning the environmental dimension of sustain-
ability, air pollution by greenhouse gas emission when
farmers burn their farmlands after the first round of cul-
tivation for the second cultivation round, water

11
TABLE 4: Matrix of pairwise comparisons of criteria.
Economic Environmental Social
Economic 1 2 2.81
Environmental 1 1.07
Social 1
TaBLE 5: Subcriteria weights.
Subcriteria Social Environmental Economic
Subcriteria weight 0.211 0.247 0.542

TaBLE 6: Weights of the economic subcriteria.

Subcriteria Reduce costs Increase profit

Subcriteria weight 0.5 0.5

contamination due to chemical fertilizers and pesticides
penetrating groundwater resources, soil decline due to the
lack of soil reinforcement and the transformation of
grasslands into farmlands, excessive animal grazing, the lack
of drinking water resource management in agriculture and
water waste, the degradation of the ecosystem in contact
with fertilizers and pesticides, the lack of experts and
implementation of unscientific agriculture, and the nonuse
of organic fertilizers are among those factors that lead to an
unsustainable rice supply chain. Table 7 provides the weights
of the environmental subcriteria.

It is necessary to strongly consider food quality and
nutritional values in the food supply chain and avoid en-
vironmental damage when using resources in the supply
chain, so that the environment could be preserved for future
generations. Table 8 reports the weights of the social
subcriteria.

The final ranks of the alternatives are calculated and
presented in Table 9 where the first seven rows are the
barriers, while the remaining six rows represent the drivers.

According to the presented table, the most influential
elements in the proposed supply chain are (1) lack of un-
derstanding and awareness of managers, (2) lack of expert
staff, and (3) performance appraisal problems, which are all
subject to the proposed barriers.

As mentioned earlier, the pairwise comparison matrix is
valid when it contains rational items and is consistent. The
data are reliable and can be used in decision-making when
the inconsistency rate is below 0.1. An inconsistency rate
above 0.1 represents unreliable data, and the data must be
revised. The inconsistency rate is calculated to be 0.06 in
Expert Choice®, indicating that the matrix is valid, as shown
in Figure 2.

Figure 3 shows dynamic sensitivity analysis results. The
weights of the criteria are indicated on the left side, while the
final weights of the alternatives are shown on the right side.
This figure shows that (1) lack of understanding and
awareness of managers is the most important factor for
sustainability and next important barrier is lack of experts in
the industry.
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TaBLE 7: Weights of the environmental subcriteria.

Subcriteria Reduce water and soil pollution

Reduce greenhouse gases Water consumption management

Subcriteria weight 0.389

0.138 0.474

TaBLE 8: Weights of the social subcriteria.

Subcriteria Increase community health Localization and employment
Subcriteria weight 0.533 0.467
TaBLE 9: Ranking of drivers and barriers based on the AHP method.
Factors Alternative Weight Rank
B1 0.151 1
B2 0.101 3
B3 0.132 2
Barriers B4 0.086 4
B5 0.082 6
B6 0.056 9
B7 0.072 7
D1 0.086 4
D2 0.057 8
Drivers D3 0.038 13
v D4 0.045 11
D5 0.052 10
D6 0.042 12

Synthesis with respect to:

sustainability

Overall Inconsisteny = /06

1 lack of understanding and awareness of managers

2 performance appraisal problems

3 lack of expert staff

4 high cost of deployment

5 lack of government oversight and control

6 distrust of consumers

7 being more expensive

8 development of laws and policies by the government
9 joint efforts and cooperation of suppliers

10 produce products as a competitive advantage

11 encourage and support non-governmental organizations a...

12 informing the community by the media
13 entering the global market and exporting products

oy
puy

N3z .
/086 I

/082 I

/056 |G

072 I

iy

/057 I

/038 N

/045 [N

/052 I

/042 I

F1GURE 2: Inconsistency rate.

The dynamic sensitivity analysis is a method that is used
to study time-varying sensitivities in dynamic systems. It is
based on the effects of the criteria and is depicted as a linear
diagram, where the horizontal axis represents the criteria
encompassing those of the economic, environmental, and
social sustainability dimensions, while the weights of the
criteria are illustrated in the form of bar charts.

As can be seen in Figure 4, the economic criterion had
the largest weight, followed by environmental and social
criteria, showing desirable values on the vertical axis. In the
economic criterion, the lack of understanding and awareness
of managers, the lack of expert staff, performance appraisal

problems, high cost of deployment, and sustainable products
being more expensive had the highest utility. In the envi-
ronmental criterion, the lack of understanding and aware-
ness of managers, lack of expert staff, performance appraisal
problems, lack of government oversight and control, and
development of laws and policies by the government had
highest ranks. In the social criterion, lack of understanding
and awareness of managers, lack of expert staff, development
of laws and policies by the government, high cost of de-
ployment, and performance appraisal problems had the
highest utility. Finally, lack of understanding and awareness
of managers, lack of expert staff, performance appraisal
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FIGURE 3: Dynamic sensitivity analysis results.
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F1GURE 4: Effectiveness of the criteria and sensitive analysis.

problems, high cost of deployment, and development of laws
and policies by the government were identified as the five
most important items. Figure 4 illustrates the effectiveness of
the criteria.

This analysis is represented in the form of diagrams. A
sloped line is used for each criterion versus each alternative,
in which the slope represents the rise or decline in the utility
of the alternative as the weight of the corresponding cri-
terion rises. The weight of the criterion is shown by a vertical
line, the intersection of which with the sloped line of each
alternative represents the utility of the alternative.
Figures 5-7 depict the results of the economic, environ-
mental, and social criteria by red lines.

Figures 8-10 have two dimensions, and each line rep-
resents a criterion. The alternatives are depicted as dots, and
each alternative’s dominance of the other alternatives can be
observed. Figure 8 compares the economic criterion on the
horizontal axis versus the environmental criterion on the

vertical axis, Figure 9 compares the economic criterion on the
horizontal axis versus the social criterion on the vertical axis,
and Figure 10 compares the environmental criterion on the
horizontal axis versus the social criterion on the vertical axis.

4.1.2. TOPSIS-AHP Results. The hybrid TOPSIS-AHP
technique is employed to construct a hierarchy of the criteria
and subcriteria and weight them using Expert Choice® and
rank the criteria and subcriteria using TOPSIS. The decision
matrix scores the alternatives based on the criteria by ex-
perts. The geometric mean of the expert responses is cal-
culated, as shown in Table 10. Table 11 presents decision
matrix that is normalized by vector unscaling. Moreover, the
subcriteria are weighted using AHP, as represented in Ta-
ble 12. Positive and negative criteria, positive and negative
ideal point, distances of the points from the positive and
negative ideals and final rank are presented in Tables 13-16.
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FIGURE 6: Desirability of alternatives for environmental criteria.

According to the calculations performed by AHP
method and its results, it can be said that the following three
elements have the greatest effect on the supply chain
sustainability:

(1) Informing the community by the media

(2) Entering the global market and exporting products

(3) Producing products as a competitive advantage

4.1.3. COPRAS-AHP Results. In this research, the hybrid
COPRAS-AHP method is employed to weight the criteria
and subcriteria using AHP and perform ranking by CO-
PRAS. The decision matrix scores the alternatives based on
the criteria by expert responses. The geometric mean of the
expert responses is calculated, as represented in Table 17.

The decision matrix is normalized. Table 17 represents the
first normal form of the decision matrix along with positive
and negative criteria. The subcriteria are weighted using
AHP. The decision matrix is multiplied by the weights which
is presented in Table 18. Table 19 reports the final negative
and positive values. Tables 20 and 21 show comparative
ranking of the alternatives and final ranking.

Based on COPRAS-AHP results in Table 20, it can be
deduced that the most important factors involved in supply
chain stability are presented as follows: Distrust of con-
sumers, entering the global market and exporting products,
and, finally, producing products as a competitive advantage.

The ranks of the alternatives in the AHP, TOPSIS-AHP,
and COPRAS-AHP techniques are presented in Figure 11.
This figure shows the ranking of each element in each of the
three techniques used. As can be seen, the importance and



Mathematical Problems in Engineering

Alt%
0

15

A0

4 high cost of

2 performance

12 informing the

9 joint efforts and

.00 1 1 1 1 1

10 produce

3 social

=N
N
®
o
—

FIGURE 7: Desirability of alternatives for economic criteria.

2 environmental

.10

®
O [Zadkaroper ]

ck

.00

9 joint efforts and

12 informing the

13 entering the

.00 .10
1 ecnonomic

FiGure 8: Comparing the economic criterion versus environmental criterion.

impact of each barrier and driver on supply chain sus-
tainability are different in all of techniques. For this reason,
to obtain a final answer, we must use the techniques of
combining approaches to achieve the most important ele-
ments affecting sustainability.

4.2. Aggregation Methods. Because the use of multiple
MCDM methods may lead to conflicting results, they should
be combined using a group of methods called rank aggre-
gation methods. The methods used in this research for this
purpose are the Rank Averaging (RA), Borda and Copeland
methods.

4.2.1. Rank Averaging (RA). The average rank of the al-
ternatives is calculated by summing up the ranks of each
alternative in different techniques and dividing the total
value by the number of techniques, as reported in Table 22.

The most important elements are lack of understanding
and awareness of managers, Distrust of consumers, and
informing the community by the media.

4.2.2. Borda Method. The Borda method is implemented in
Excel and results are reported in Table 23.

In this approach distrust of consumers is the most ef-
fective factor and the second place is assigned to informing
the community by the media.
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TaBLE 10: Normalized decision matrix based on the AHP method.
Economic Environmental Social
Increase Reduce Water consumption Decrease Reduce water and  Localization and Increase
profit costs management greenhouse gases soil pollution employment community health
B1 0.25224 0.25992 0.34242 0.35979 0.32328 0.31523 0.26523
B2  0.21346 0.25709 0.31157 0.23634 0.28352 0.26356 0.26554
B3 0.18688 0.36799 0.27962 0.29703 0.29382 0.25083 0.21129
B4 0.18688 0.24173 0.21444 0.22532 0.25414 0.23913 0.15835
B5  0.21346 0.25400 0.30395 0.32288 0.29739 0.21998 0.27854
B6 0.21606 0.14956 0.13600 0.16294 0.15553 0.14592 0.18734
B7  0.22391 0.30050 0.14624 0.13941 0.13958 0.22510 0.18962
D1 0.20598 0.33892 0.32682 0.31937 0.31977 0.32707 0.29589
D2 0.33291 0.35509 0.28977 0.24834 0.27029 0.37250 0.25315
D3 0.32124 0.22795 0.25413 0.24834 0.23705 0.30418 0.32556
D4 0.32087 0.24510 0.32682 0.33098 0.31977 0.26646 0.32518
D5 0.37504 0.25709 0.30395 0.32288 0.28352 0.28650 0.39389
D6  0.42250 0.27611 0.27325 0.29380 0.34342 0.31523 0.34965
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TaBLE 11: Decision matrix based on expert responses.

Economic Environmental Social
Increase Reduce Water consumption Decrease Reduce water and  Localization and Increase
profit costs management greenhouse gases soil pollution employment community health
Bl 4,94 4.76 6.83 7.00 6.59 5.51 5.31
B2 4.18 4.71 6.21 4.60 5.78 4.61 5.32
B3 3.66 6.75 5.58 5.78 5.99 4.38 4.23
B4 3.66 443 4.28 4.38 5.18 418 3.17
B5 4.18 4.66 6.06 6.28 6.06 3.84 5.58
B6 423 2.74 2.71 3.17 3.17 2.55 3.75
B7 4.38 5.51 2.92 2.71 2.84 3.93 3.80
D1 4.03 6.21 6.52 6.21 6.52 5.72 5.92
D2 6.52 6.51 5.78 4.83 5.51 6.51 5.07
D3 6.29 4.18 5.07 4.83 4.83 5.32 6.52
D4 6.28 4.49 6.52 6.44 6.52 4.66 6.51
D5 7.34 4.71 6.06 6.28 5.78 5.01 7.88
D6 8.27 5.06 5.45 5.72 7.00 5.51 7.00

TABLE 12: Subcriteria weight.

Increase Reduce  Water consumption Decrease Reduce water Localization and Increas§ .
. . community Subcriteria
profit costs management greenhouse gases and soil pollution employment health
0.27 0.27 0.12 0.03 0.10 0.10 0.11 Weight
TaBLE 13: Positive and negative criteria.

Subcriteria Subcriterion Subcriterion Subcriterion Subcriterion Subcriterion Subcriterion
(positive) (negative) (positive) (negative) (negative) (positive) (positive)
Increase Water‘ Decrease Reduce water and Localization and Increas?

Reduce costs  consumption greenhouse . . community
profit soil pollution employment
management gases health
Bl 0.06836 0.07044 0.04006 0.01223 0.03103 0.03121 0.02971
B2 0.05785 0.06967 0.03645 0.00804 0.02722 0.02609 0.02974
B3 0.05065 0.09972 0.03271 0.01010 0.02821 0.02483 0.02366
B4 0.05065 0.06551 0.02509 0.00766 0.02440 0.02367 0.01774
B5 0.05785 0.06883 0.03556 0.01098 0.02855 0.02178 0.03120
B6 0.05855 0.04053 0.01591 0.00554 0.01493 0.01445 0.02098
B7 0.06068 0.08143 0.01711 0.00474 0.01340 0.02228 0.02124
D1 0.05582 0.09185 0.03824 0.01086 0.03070 0.03238 0.03314
D2 0.09022 0.09623 0.03390 0.00844 0.02595 0.03688 0.02835
D3 0.08706 0.06177 0.02973 0.00844 0.02276 0.03011 0.03646
D4 0.08696 0.06642 0.03824 0.01125 0.03070 0.02638 0.03642
D5 0.10164 0.06967 0.03556 0.01098 0.02722 0.02836 0.04412
D6 0.11450 0.07483 0.03197 0.00999 0.03297 0.03121 0.03916
TaBLE 14: Positive and negative ideal points.
Increase Reduce Water consumption Decrease Reduce water and  Localization and Increase
profit costs management greenhouse gases soil pollution employment community health
At 0.11450 0.04053 0.04006 0.00474 0.01340 0.03688 0.04412
A” 0.05065 0.09972 0.01591 0.01223 0.03297 0.01445 0.01774
TaBLE 15: Distances of the points from the positive and negative ideals.
Alternative Dj+ Dj-
Bl 0.06025 0.04672
B2 0.06779 0.04132

B3 0.09190 0.02127
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TasLE 15: Continued.
Alternative Dj+ Dj-
B4 0.07697 0.03787
B5 0.06851 0.04060
B6 0.06895 0.06283
B7 0.07637 0.03081
D1 0.08097 0.03396
D2 0.06441 0.05081
D3 0.03894 0.06060
D4 0.04408 0.05851
D5 0.03657 0.06938
D6 0.04134 0.07550
TasLE 16: Final ranking based on the AHP method.
D; Normalized D; Rank
B1 0.43676 0.07681 7
B2 0.37870 0.06660 8
B3 0.18797 0.03306 13
B4 0.32978 0.05800 10
B5 0.37210 0.06544 9
B6 0.47675 0.08385 5
B7 0.28748 0.05056 12
D1 0.29547 0.05196 11
D2 0.44096 0.07755 6
D3 0.60877 0.10706 3
D4 0.57033 0.10030 4
D5 0.65486 0.11517 1
D6 0.64619 0.11364 2
TaBLE 17: Normalized decision-making matrix with positive and negative criteria.
Positive criteria Negative criteria
Alternative  Increase ~ Reduce =~ Water consumption Decrease Reduce water and ~ Localization and Increasg
profit costs management greenhouse gases soil pollution employment Cor;ll;llli Elty
Bl 0.07266 0.09758 0.08926 0.07580 0.07361 0.10258 0.09181
B2 0.06149 0.08879 0.07463 0.07589 0.07281 0.06738 0.08052
B3 0.053T83  0.07969 0.07102 0.06038 0.10422 0.08469 0.08345
B4 0.05383 0.06111 0.06771 0.04525 0.06846 0.06424 0.07218
B5 0.06149 0.08662 0.06229 0.07960 0.07193 0.09206 0.08446
B6 0.06224 0.03876 0.04132 0.05354 0.04236 0.04646 0.04417
B7 0.06450 0.04167 0.06374 0.05419 0.08510 0.03975 0.03964
D1 0.05934  0.09314 0.09261 0.08456 0.09598 0.09106 0.09082
D2 0.09590 0.08258 0.10547 0.07235 0.10056 0.07080 0.07676
D3 0.09254 0.07242 0.08613 0.09304 0.06456 0.07080 0.06732
D4 0.09243 0.09314 0.07545 0.09293 0.06941 0.09436 0.09082
D5 0.10804 0.08662 0.08112 0.11257 0.07281 0.09206 0.08052
D6 0.12171 0.07787 0.08926 0.09992 0.07820 0.08376 0.09753
TasLE 18: Weighted matrix.
Increase Reduce Water consumption Decrease Reduce water and  Localization and Increase
profit costs management greenhouse gases soil pollution employment community health

B1 0.01969 0.01142 0.00880 0.00852 0.01995 0.00350 0.00882
B2 0.01666 0.01040 0.00735 0.00853 0.01973 0.00230 0.00774
B3 0.01459 0.00933 0.00700 0.00679 0.02824 0.00289 0.00802
B4  0.01459 0.00715 0.00667 0.00509 0.01855 0.00219 0.00693
B5  0.01666 0.01014 0.00614 0.00895 0.01949 0.00314 0.00812
B6  0.01687 0.00454 0.00407 0.00602 0.01148 0.00158 0.00424
B7  0.01748 0.00488 0.00628 0.00609 0.02306 0.00135 0.00381
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TaBLE 18: Continued.

Increase Reduce Water consumption Decrease Reduce water and  Localization and Increase
profit costs management greenhouse gases soil pollution employment community health

D1 0.01608 0.01090 0.00913 0.00951 0.02601 0.00310 0.00873
D2 0.02599 0.00967 0.01039 0.00814 0.02725 0.00241 0.00738
D3 0.02508 0.00848 0.00849 0.01046 0.01749 0.00241 0.00647
D4 0.02505 0.01090 0.00743 0.01045 0.01881 0.00322 0.00873
D5 0.02928 0.01014 0.00799 0.01266 0.01973 0.00314 0.00774
D6  0.03298 0.00912 0.00880 0.01124 0.02119 0.00286 0.00937

TaBLE 19: Negative and positive value of alternatives.

Alternatives Sii S

Bl 0.03991 0.04079
B2 0.03441 0.03830
B3 0.03092 0.04594
B4 0.02842 0.03277
B5 0.03294 0.03970
B6 0.02548 0.02333
B7 0.02864 0.03432
D1 0.03611 0.04735
D2 0.04605 0.04518
D3 0.04204 0.03684
D4 0.04339 0.04120
D5 0.04741 0.04327
D6 0.05089 0.04465

TaBLE 20: Final ranks of alternatives.

Alternative importance U; Rank
Bl 85 7
B2 82 9
B3 71 13
B4 83 8
B5 79 11
B6 100 1
B7 81 10
D1 75 12
D2 88 6
D3 92 3
D4 89 5
D5 91 4
D6 94 2

TaBLE 21: Comparative ranking of the alternatives. 4.2.3. Copeland. The Copeland method is an extension to the
Alt . Borda method. The difference is the number of wins minus the

ernatives Q; .
number of losses, as shown in Table 24. Table 24 represents the

Bl 0.07692 integrated ranks of the average weight, Borda, and Copeland
B2 0.07382 methods. Copeland results are the same as Borda results. Dis-
B3 0.06378 . .
B4 0.07448 trust qf consumers is the most effective factgr, and the secgnd
B5 0.07096 place is assigned to informing the community by the media.
B6 0.09018 As we have seen, the analysis of the three used techniques is
B7 0.07262 necessary to provide valuable decision support. According to the
D1 0.06799 results obtained from the AHP, TOPSIS-AHP, and COPRAS-
D2 0.07946 AHP methods, the most effective factor in increasing and im-
D3 0.08302 proving the sustainability of the supply chain in this study is
D4 0.08002 distrust of consumers. In the second place, informing the
D5 0.08230 community by the media has a significant impact on all three
D6 0.08470

dimensions of sustainability.
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FiGure 11: Alternatives ranks in AHP, TOPSIS-AHP, and COPRAS-AHP method.
TaBLE 22: Final score of alternatives based on rank averaging.
AHP method TOPSIS-AHP method COPRAS-AHP method RA Rank
Bl 1 7 7 5.000 1
B2 3 8 9 6.667 6
B3 2 13 13 9.333 12
B4 4 10 8 7.333 9
B5 6 9 11 8.667 10
B6 9 5 1 5.000 1
B7 7 12 10 9.667 13
D1 4 11 12 9.000 11
D2 8 6 6 6.667 6
D3 13 3 3 6.333 5
D4 11 4 5 6.667 6
D5 10 1 4 5.000 1
D6 12 2 2 5.333 4
TaBLE 23: Final ranking based on the Borda method.
AHP TOPSIS-AHP COPRAS-AHP Bl B2 B3 B4 B5 B6 B7 D1 D2 D3 D4 D5 D6 Domination Rank
Bl 1 7 7 0 1 1 1 1 0 1 1 0 0 0 0 0 6 7
B2 3 8 9 0 0 1 1 1 0 1 1 0 0 0 0 0 5 8
B3 2 13 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13
B4 4 10 8 0 0 1 0 1 0 1 1 0 0 0 0 0 4 9
B5 6 9 11 0 0 1 0 0 0 1 1 0 0 0 0 0 3 10
B6 9 5 1 1 1 1 1 1 0 1 1 1 1 1 1 1 12 1
B7 7 12 10 0 0 1 0 0 0 0 0 0 0 0 0 0 1 12
D1 4 11 12 0 0 1 0 0 0 1 0 0 0 0 0 0 2 11
D2 8 6 6 1 1 1 1 1 0 1 1 0 0 0 0 0 7 6
D3 13 3 3 1 1 1 1 1 0 1 1 1 0 1 0 0 9 4
D4 11 4 5 1 1 1 1 1 0 1 1 1 0 0 0 0 8 5
D5 10 1 4 1 1 1 1 1 0 1 1 1 1 1 0 1 11 2
D6 12 2 2 1 1 1 1 1 0 1 1 1 1 1 0 0 10 3
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TaBLE 24: Final ranking based on the Copeland method.

AHP TOPSIS-AHP COPRAS-AHP Alts Bl

B2 B3 B4 B5 B6 B7 D1 D2 D3 D4 D5 D6 Dominate Difference Rank

Bl 1 7 7 BT 0 1 1 1
B2 3 8 9 B2 0 0 1 1
B3 2 13 13 B3 0 0 0 O
B4 4 10 8 B4 0 0 1 O
B5 6 9 11 B5 0 0 1 O
B6 9 5 1 B6 1 1 1 1
B7 7 12 10 B7 0 0 1 O
D1 4 11 12 DI 0 0 1 0
D2 8 6 6 D2 1 1 1 1
D3 13 3 3 D3 1 1 1 1
D4 11 4 5 D4 1 1 1 1
D5 10 1 4 D5 1 1 1 1
D6 12 2 2 D6 1 1 1 1

—_ e e = OO O O

o 1 1 0 O O 0 O 6 0 7
0o 1 1 0 0O O 0 O 5 -2 8
0o 0 0 0O 0 O 0 O 0 =12 13
0o 1 1 0 0 O 0 O 4 -4 9
0o 1 1 0 0 O 0 O 3 -6 10
60 1 1 1 1 1 1 1 12 12 1
o 0 0 0 0 O 0 O 1 -10 12
o 1 0 0 O O 0 O 2 -8 11
0o 1 1 0 O O 0 O 7 2 6
o 1 1 1 0 1 0 O 9 6 4
o 1 1 1 0 0 0 O 8 4 5
60 1 1 1 1 1 0 1 11 10 2
0o 1 1 1 1 1 0 0 10 8 3

5. Discussion and Conclusions

The present study identified barriers and drivers in sus-
tainable food supply chain implementation by reviewing the
literature and interviewing and surveying industrial experts
and constructing a bilevel hierarchy of criteria and sub-
criteria. The hierarchy is based on an objective of sustain-
ability ~with economic, environmental, and social
dimensions. Sales enhancement and cost reduction were
found to be the most important economic factors. Moreover,
water consumption management, greenhouse emission re-
duction, and water and soil contamination reduction were
identified as the most important environmental factors,
whereas localization, employment, and health level en-
hancement were the most important social factors. Finally, a
total of 13 drivers and barriers were identified, including
seven barriers and six drivers.

To rank the 13 barriers and drivers in sustainable food
supply chain implementation, the MCDM approach is
adopted. The experts were asked to respond to the questions.
Through the expert views, the AHP, TOPSIS-AHP, and
COPRAS-AHP methods were applied. Since these methods
might yield different ranks, the present study employed
ranking integration techniques, including the average
weight, Borda, and Copeland techniques.

The results revealed that the economic criterion is more
important than the environmental and social criteria. Sales
enhancement, cost reduction, water consumption reduction,
and health enhancement in society had the largest weights
among the subcriteria. Distrust of consumers, lack of un-
derstanding and awareness of managers, and performance
appraisal problems were found to be the most important
barriers. Furthermore, informing the community by the
media, entering the global market, exporting products, and
producing sustainable products as a competitive advantage
were identified to be the most important drivers. The results
also showed that public awareness and demands would push
the food supply chain toward sustainability, and the co-
operation of the government and supplies could result in a
sustainable food supply chain.

Based on the ranks derived from expert views, the
present work provides implications and managerial insights

for food supply chain managers and authorities, including
the following:

(i) Managers need to improve their understanding and
awareness to utilize scientific solutions and valid
techniques in the sustainable food supply chain to
enhance the supply chain in sustainability.

(ii) There are some products with misleading green and
sustainable labels. This leads to consumer confusion
and distrust. As a result, the government should
intervene and prevent the sales of such products by
supervision and control organizations and penalize
the sellers of these products.

(iii) Performance appraisal problems were found as the
third most important barrier. Does the imple-
mentation of a sustainable food supply chain bring
environmental, economic, and social improve-
ments? To answer this question, supply chain
managers need to use an integrated information
system that can derive proper feedback on the
implementation. This requires financial and tech-
nological support from the government so that food
supply chain sustainability could be implemented in
a targeted manner to improve economic growth,
welfare, and social health.

(iv) The cooperation and coordination of supply chain
managers are necessary for sustainable food supply
chain implementation. By cooperating with the
government, supply chain managers can collectively
deal with the implementation of a sustainable food
supply chain in the form of associations and share
their knowledge, experience, and skills to move
toward proper sustainability implementation.
However, there are problems such as distrust and
the loss of competitive advantage, which can be
solved by government oversight.

(v) Informing the advantages of sustainable products is
found as the most important driver. Thus, the
government can encourage the public to utilize
sustainable food by informing through the media.
Improving public awareness and demands would
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make the food supply chain take steps toward the
implementation of sustainability.

The present work has limitations that can be tackled in
the future. The limitations included difficulties in the dis-
tribution of questionnaires and refusals to respond. Also,
experts were not easily accessible as several questionnaires
need to be responded to. Therefore, we propose several
suggestions for future research and researchers:

(i) Investigate the weights of the criteria and subcriteria
using the analytic network process (ANP) to
identify decision-making priorities of multiple
variables without establishing one-way hierarchical
relationship among decision levels

(ii) Identify and rank barriers and drivers in the supply
chains of other products and use other MCDM
techniques

(iii) Extend the statistical population to other Iranian
provinces producing rice
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