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Abstract
With the advent of new technologies and globalization of business, supply chains have turned into indispensable tools for 
gaining competitive advantage. The application of new technologies like blockchain can benefit sustainable energy supply 
chains by improving chain and logistics operations in the areas of trust, transparency and accountability, cooperation, infor-
mation sharing, financial exchanges, and supply chain integration. However, the efforts to adopt such technologies in supply 
chains tend to face many challenges and challenges, which can seriously threaten their success. Therefore, it is crucial to 
carefully examine the challenges to blockchain technology application. This research focuses on identifying the criteria and 
challenges to the application of blockchain in renewable energy supply chains and also ranks the identified challenges in 
terms of their capacity to disrupt the process. The applicability of the suggested structure is examined in a case study of the 
renewable energy supply chain of Iran. In this study, the challenges are evaluated and ranked by the hybrid developed methods 
by the integration of the concept of gray numbers into the gray stepwise weight assessment ratio analysis (SWARA-Gray) 
and the gray evaluation based on distance from average solution (EDAS-Gray). Another group of hybrid methods including 
the gray weighted sum method (WSM-Gray), the gray complex proportional assessment (COPRAS-Gray), and the gray 
technique for order of preference by similarity to ideal solution (TOPSIS-Gray) is used to validate the results. The rankings 
obtained from all of these techniques show high degree of correlation. Among the identified challenges, “high investment 
cost” is found to be the most important challenge to the application of blockchain in sustainable energy supply chains.
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Introduction

In today's ever-changing world, supply chain networks tend 
to have diverse needs in terms of information assessment and 
risk management, which could be difficult to address (Ivanov 
et al., 2018). Indeed, the evolution of information and com-
munications technologies (ICT) is constantly changing the 
requirements and capabilities of logistics and supply chain 
management (Goldsby & Zinn 2016). In recent years, block-
chain has been hailed as a ground-breaking technology capa-
ble of transforming the form and size of businesses and how 
they conduct transactions (Behnke & Janssen 2020). Block-
chain and Bitcoin were introduced by the person (or persons) 
using the pseudonym Nakamoto in 2008 (Nakamoto, 2008). 
Since its advent, this decentralized currency and transaction 
technology has been a major driver of change in business 
and is expected to play an even larger role in both the indus-
try and service sectors (Iansiti 2017). The impetus behind 
the invention of blockchain was the lack of a transparent 
and sustainable independent decentralized financial system 

(Christidis & Devetsikiotis 2016). Blockchain prevents for-
gery and fake transactions by building encrypted blocks of 
all transaction records and storing them across the web such 
that they are constantly validated. Furthermore, the use of 
intelligent agreements in blockchain to control operations 
improves transaction transparency and increases trust among 
users (Constantinides et al. 2018). It has been argued that 
blockchain technology can modify numerous sectors of the 
economy, including supply chain management (Hofmann & 
Rüsch 2017), and may have far-reaching economic, social, 
and environmental impacts (Mathivathanan et al. 2021). 
Blockchain technology can benefit the supply chains by 
exampling facilitating real-time connection, ensuring the 
partners' trust, establishing trusting relationships, acceler-
ating payment processes and making them cheaper, reducing 
product costs, decreasing delivery times, improving demand 
forecasts, reducing resource consumption, and even affecting 
environmental aspects of business such as recycling (Cas-
ado-Vara et al. 2018). Figure 1 shows the features and areas 
of utilization of blockchain in the supply chain.

Fig. 1   The features and areas of 
utilization of blockchain in the 
supply chain (Dujak & Sajter 
2019)
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Whether blockchain can be successfully utilized in sup-
ply chain management somewhat depends on how well it is 
accepted by the supply chain participants (Yadav & Singh 
2020). As with all innovations, early adopters of this tech-
nology tend to face some challenges in this regard. In fact, 
blockchain has several qualities that can act as challenges 
to its acceptance (Queiroz et al. 2019). Thus, it is currently 
difficult to use blockchain technology to build sustainable 
supply chain systems (Janssen et al. 2020). There is however 
a growing understanding of the challenges of combining 
this technology into older supply chain operations (Mou-
gayar 2016; Saberi et al. 2018). There have been numerous 
research studies regarding the use of renewable energies 
which could help to reduce carbon emission in many coun-
tries (Zarezade and Mostafaeipour 2016). Some corporations 
and organizations have conducted research into the potential 
applications of blockchain in business and whether its poten-
tial benefits justify the problems arising from its application 
(Janssen et al. 2020). Certainly, for the successful integration 
of blockchain technology into a supply chain, it is crucial to 
identify and assess the challenges to this integration. How-
ever, very few studies in the literature have tried to identify 
the challenges to the application of blockchain technology. 
There is also a gap in the research regarding the priority of 
challenges to the application of blockchain technology.

One field that may be able to benefit from blockchain 
technology is the energy supply chain. Energy is an essen-
tial input for all economic activities in both the industry 
and commerce sectors and can have a great impact on the 
GDP of a country (Lorde et al. 2010). Given the importance 
of the energy industry worldwide, extensive studies have 
been conducted to identify the challenges of this industry 
and how they can be tackled. It has been argued that high 
energy prices can have substantial negative impacts on the 
economic performance and growth of a country (Lorde et al. 
2010). Proponents of blockchain claim that this technology 
can reduce transaction costs and risks, eliminate human 
error, and save time in transactions (Korpela et al. 2017). 
The use of blockchain in energy supply chains may lead 
to not only cost reduction but also improved cooperation, 
coordination, trust, security, and improved transactions 
and exchanges between different levels of the supply chain. 
Therefore, it is necessary to identify the challenges and 
determinants that can inhibit the application of blockchain 
in energy supply chains.

Real-world problems are often highly complex and 
involve decisions that are too complex to be made based 
only on a single criterion (Hosseini Dehshiri 2019). There-
fore, decision problems often involve comparing a set of 
options about a set of criteria that are weighted based on 
their importance for the desired outcome (Heidary Dahooie 
and Hosseini Dehshiri 2019). The process of evaluating 
in this paper can also be considered as a multi-criteria 

decision-making (MCDM) issue. In many MCDM prob-
lems, the presence of incomplete or ambiguous information 
complicates the assessments that should be made by decision 
makers (Almutairi et al. 2021a). In such cases, the classical 
MCDM techniques use definite values and do not provide 
accurate decision making (Mostafaeipour et al. 2020a). In 
such cases, one should somehow ensure that decisions are 
made with these uncertainties taken into account. Gray num-
bers are widely believed to be an effective method for solv-
ing problems in which a part of the information is unknown, 
ambiguous, or unreliable (Heidary Dahooie and Hosseini 
Dehshiri 2019).

This research tried to know the determinants of and chal-
lenges to the application of blockchain technology in energy 
supply chains and also rank the identified challenges in 
terms of their importance. The study used the combinations 
of this method with SWARA and EDAS, which are called 
SWARA-G and EDAS-G, respectively. Also, the hybrids 
of this method with WSM-G, COPRAS-G, and TOPSIS-G 
were used to validate the results.

The introduction of a new utilization of blockchain tech-
nology in the area of energy is one of the novelties of this 
study work. In addition, the study provided and analyzed 
the requirements and obstacles to blockchain deployment in 
the energy supply chain. In this study, uncertainty in the real 
world was also considered. Gray numbers have been used in 
hybrid MCDM methods and the results were validated by 
other methods. The use of several MCDM methods leads 
to increased accuracy and stability of results. The use of 
the proposed method in the energy supply chain due to its 
importance and lack of applied studies in this field is another 
novelty of this research.

The remaining of this research is structured as follows: 
In Section 2, the research literature is examined. Section 3 
describes the theory of gray numbers and the processes of 
hybrid MCDM approaches. Section 4 describes the data 
analysis process and presents the results obtained from a 
case study of the Iranian renewable energy supply chain. 
At the end, Section 5 concludes the paper, provides some 
practical recommendations, and offers some suggestions for 
future works.

Literature review

Blockchain can be described as an encrypted database 
providing the infrastructure for the secure transaction of 
cryptocurrencies (Beck 2018). Blockchain is a shared and 
decentralized technology that keeps a report of all digital 
commerce in sequential order using cryptographic tech-
niques (Li & Wang 2017). Once a transaction is registered 
in a blockchain, it can only be updated with the consensus 
of participants in the network, a requirement that makes 
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transactions more transparent and controllable (Dorri et al. 
2017). One of the most promising potentials of blockchain is 
its capacity to eliminate economic inefficiencies by replacing 
bureaucratic processes with simpler and safer alternatives 
(5). Blockchain safeguards the truth in environments where 
there is no trust among participants, thus allowing people to 
make transactions with higher confidence (Beck et al. 2018). 
Given the features of blockchain technology in terms of 
automating transactions and contracts and cutting off inter-
mediaries, multi-level supply chain networks and logistics 
operations can benefit from this technology (Du et al. 2019). 
Blockchain technology can be turned into an effective means 
for supply chain connection, administration, and information 
governance, and monitoring of the entire product life cycle 
(Underwood 2016). In the area of sustainable supply chains, 
blockchain can be used to combine demand, delivery, and 
pay management, communications and information sharing, 
and environmental and social management (Korpela et al. 
2017). Blockchain technology can improve the transparency 
of some supply chain networks. This technology also offers 
new opportunities for tracing and controlling products at 
different stages of their life cycle, which can provide a more 
realistic view of the sustainability of a supply chain (Saberi 
et al. 2019). Thus, the application of this technology can 
contribute to the sustainable development of a supply chain.

This section examines the renewable energy supply chain 
and the application of blockchain technology in the supply 
chain.

Renewable energy supply chain

The conversion of crude energy into usable energy is charac-
terized as the renewable energy supply chain, which encom-
passes an effective set of management principles from the 
point of access to energy resources to the point of useable 
energy consumption (Luthra et al. 2015). The renewable 
energy supply chain includes supply, production, transmis-
sion, distribution, consumers at five levels, and all processes 
along the renewable energy supply chain, from primary input 
to energy production (Engelken et al. 2016). According to 
Fig. 2, the renewable energy supply chain is separated into 
three procedures: upstream, production, and downstream 
(Luthra et al. 2015). Its main purpose is to ensure a consist-
ent and reliable supply of energy while also expanding the 
usage of renewable energy (Jraisat & Hattar 2017).

The renewable energy supply chain includes wind, solar, 
hydropower, and geothermal energies (Luthra et al. 2015).

The wind energy supply chain consists of three processes 
(Choukri et al. 2017; Sovacool 2017; Jelti et al. 2021): Wind 
energy sources are considered by the generation of power 
by wind turbines in the upstream procedure. The site of 
the wind turbine's installation is critical during the produc-
tion process. The key problem in the downstream phase is 

network integration and load balancing. Project development 
and planning, turbine installation, and finally energy genera-
tion and distribution in the network are the three steps of 
wind turbine project implementation (Li et al. 2017).

Solar energy has seen a surge in technology investment 
and a slew of new initiatives in recent years (El-Karmi & 
Abu-Shikhah 2013). Solar photovoltaics and solar heat are 
two types of techniques to manage solar energy. The imple-
mentation of solar photovoltaic or solar thermal power gen-
eration systems is the upstream procedure (Jelti et al. 2021). 
PV modules or thermodynamic cycles of concentrated solar 
collectors are used to generate power. Finally, the down-
stream step in the supply chain entails ensuring that end-
users have access to electricity (Jelti et al. 2021).

Dams and seas are used to generate electricity by the 
hydropower supply chain. Water is released through a tur-
bine, which is coupled to generators to produce alternating 
currents, and electricity is generated (Jelti et al. 2021). The 
downstream process involves distributing power to end-users 
according to their energy requirements. The hydropower 
supply chain confronts a number of obstacles that must be 
overcome in order to build novel methods that decrease or 
eliminate environmental impacts (Yaqoot et al. 2016).

The supply chain of geothermal energy consists of three 
main processes (Jelti et al. 2021): The extraction of heat 
sources from the earth as input is part of the upstream pro-
cess. Water is heated during the manufacturing process for it 
to evaporate. The steam powers the turbine, which produces 
energy that is ultimately transformed into electricity by a 
generator. This energy must be adjusted to the mains' needed 
voltage. The downstream process culminates in the distribu-
tion of electricity to end-users. Project planning, explora-
tion, excavation and building above and below ground, and 
finally operation and maintenance operations are typically 
separated into stages in the execution of a geothermal project 
(Li et al. 2017).

Fig. 2   Renewable energy supply chain processes (Luthra et al. 2015)
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Application of blockchain in supply chain

The main applications of blockchain in supply chain man-
agement include product tracing (Kshetri 2017), aware ship-
ping planning (Lei et al. 2017), fighting counterfeit/inappro-
priate goods (Montecchi et al. 2019), surety enhancement 
(Dorri et al. 2017), knowledgeable purchasing and con-
tracts (Sikorski et al. 2017), complex governance (Shermin 
2017), business development (Khaqqi et al. 2018), sharing 
of knowledge (van Engelenburg et al. 2019), supply chain 
flexibility improvement (Min 2019), sustainable productivity 
improvement (Kshetri 2018), and carbon emission reduction 
(Liu et al. 2019).

Given the potential benefits of blockchain for supply 
chains, various investigations have been conveyed in this 
field in recent years.

Hackius and Petersen (2017) examined the applications, 
challenges, and outlook of the application of blockchain 
technology in supply chains. These researchers reported that 
most participants emphasized the benefits of blockchain for 
supply chains and the need to integrate this technology into 
business. Kshetri (2018) described the impact of blockchain 
on different objectives of supply chain management and pro-
vided successful industry examples for each case. In a study 
by Prasad et al. (2018), these researchers identified 19 suc-
cess factors for improving the performance of blockchain-
based cloud services by reviewing the literature and taking 
the opinions of experts in this field. Perboli et al. (2018) 
tried to implement blockchain technology in food produc-
tion and identified the important factors of this application. 
Saberi et al. (2019) examined the main challenges to the 
use of blockchain, especially smart contracts, to reach the 
objectives of a sustainable supply chain. In a study by Min 
(2019) on the effect of blockchain on supply chain resilience, 
the findings showed that this technology can indeed increase 
supply chain resilience. In a study by Rožman et al. (2019), 
they provided a framework for implementing blockchain and 
the Internet of Things (IoT) in supply chain operations. Tang 
et al. (2019) assessed different types of blockchain using 
entropy and TOPSIS methods. In this study, 30 blockchains 
were evaluated in terms of three measures: technology, rec-
ognition, and activity. Helo & Hao (2019) presented a model 
for using blockchain in supply chain operations. These 
researchers evaluated numerous utilizations of blockchain 
in supply chains and presented and implemented a logistics 
system based on the Ethereum platform. In a study by Kam-
ble et al. (2020), they identified the enablers of blockchain 
and used DEMATEL to examine how they are linked and 
their importance. Mistry et al. (2020) developed a model for 
IoT industrial automation based on blockchain and 5G and 

evaluated this model in terms of various criteria. Venkatesh 
et al. (2020) introduced an architecture based on blockchain 
technology for improving the social sustainability of supply 
chains. These researchers reported that blockchain facilitates 
the process of maintaining social sustainability and retaining 
good personnel in the production chain. In a study by Choi 
et al. (2020a, 2020b) on the impact of blockchain technology 
in enhancing group media analytics for the management of 
supply chain procedures, it was reported that blockchain is 
indeed effective in this respect. Yoon et al. (2020) examined 
the analytical models of implementing blockchain technol-
ogy in international transactions. In this study, blockchain 
was implemented to measure the risk of demand fluctua-
tions. The finding of numerical investigation and simula-
tion explained that the application of blockchain technology 
would result in reduced transport costs and shorter delivery 
times. In a study by Yang et al. (2021) on the requirements 
of knowledge-based dialogue systems, they presented a 
decision model for identifying the most suitable blockchain 
platform for such systems. In the proposed method, the 
FAHP and FTOPSIS were used to analyze data and cre-
ate consistent results. The results were then used to select 
the best blockchain platform for improving the efficiency 
of the decision process. Wu et al. (2021) examined differ-
ent procedures for using blockchain technology in a fresh 
produce supply chain. These researchers reported that the 
application of blockchain technology does not necessarily 
lead to better decisions for a fresh supply chain. Tagde et al. 
(2021) evaluated and implemented blockchain technologies 
and new artificial intelligence novelties in the healthcare sec-
tor. This research led to the introducing of artificial intel-
ligence models in the e-health sector. It was also possible to 
share health information using the blockchain. Moosavi et al. 
(2021) studied the use of blockchain in the supply chain 
in a study. The blockchain's most important applications in 
the supply chain were recognized. The findings revealed a 
paucity of operational studies on the use of blockchain in the 
supply chain. In addition, the use of blockchain in the supply 
chain was a major area of research.

As can be seen, most studies in this field only provide 
case examples for implementing blockchain technology. 
Also, there is a gap in the literature about the systematic 
identification and assessment of factors and challenges to 
the application of blockchain in supply chains. Therefore, 
the present study first identified the factors of and challenges 
to the application of blockchain in energy supply chains and 
then ranked the identified challenges in terms of their impor-
tance by the combined use of gray numbers and SWARA 
and EDAS. Also, WSM-G, COPRAS-G, and TOPSIS-G 
techniques were used to validate the results.
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Methodology

Gray numbers

Introduced by Deng in 1982, the gray systems theory tries 
to combine the ideas of system theory, space system, and 
control system (Pan et al. 2019). This method is especially 
effective in cases where:

• Information is incomplete;
• It is crucial to avoid certain statistical weaknesses;
• Data is expected to be discrete and imperfect (Wu 2006).

A gray number is represented by 
[
x1
_

, x1

]
 . The primary 

mathematics operations (+ , -, × , ÷ for addition, subtraction, 
multiplication, and division, respectively) between two gray 
numbers like ⊗x1 and ⊗x2 are determined as regards 
(Dahooie et al. 2020):

SWARA‑Gray

For many MCDM problems, criteria weighting is one of the 
critically important phases of the solution process (Mosta-
faeipour et al. 2020b; Kalbasi et al. 2021; Almutairi et al. 
2021b). Typically, experts play an indispensable role in this 
process by determining which criteria should be considered 
and how they should be weighted (Almutairi et al. 2021c; 
Mostafaeipour et al. 2021c). SWARA is a method devel-
oped by Keršulienė et al. (2010) to assist decision makers 
in selecting, evaluating, and weighting criteria (Keršuliene 
et al. 2010; Mostafaeipour et al. 2020d). In addition to user-
friendliness, the convenience of use, and reduced application 
time (Zolfani et al. 2018), it also allows experts to confer 
with one another while receiving feedback, and it tends 

(1)⊗x1 +⊗x2 =

(
x1
_

+ x2
_

, x1 + x2

)

(2)⊗x1 −⊗x2 =

(
x1
_

− x2, x1 − x2
_

)

(3)⊗x1 ×⊗x2 =

(
x1
_

× x2
_

, x1 × x2

)
x1
_

, x2
_

, x1, x2 > 0

(4)⊗x1 ÷⊗x2 =

(
x1
_

x2
,
x1

x2
_

)
x1
_

, x2
_

, x1, x2 > 0

(5)k ×
(
⊗x1

)
= k ×

[
x1
_

, x1

]
=

[
kx1

_

, kx1

]
k > 0

to yield more precise findings than other MCDM meth-
ods (Mostafaeipour et al. 2020e). The SWARA approach 
requires far fewer comparisons than other weighting meth-
ods, such as the AHP method, therefore it is easier to utilize 
when collecting responses from decision makers (Stanujkic 
et al. 2015).

The main stages of criteria weighting in the gray version 
of SWARA are as follows (Mavi et al. 2018):

Stage 1: Sorting the criteria

First, the criteria must be selected and sorted in terms of 
their importance.

Stage 2: Calculating the relevant significance of criteria 
( Sj)

This step involves calculating the relevant significance of 
each criterion with respect to the criterion that is one rank 
higher in the importance ranking, which is denoted by Sj.

Stage 3: Computing Kj

In this step, the coefficient Kj should be obtained from 
Eq. 6.

Stage 4: Computing the weights of criteria with Eq. 7.

Stage 5: Computing the ultimate normalized weights with 
Eq. 8.

EDAS‑Gray

The core logic of EDAS is very innovative but takes inspira-
tion from some famous MCDM approaches such as WSM, 
TOPSIS, and VIKOR (Keshavarz Ghorabaee et al. 2015). 
It has been predicted that EDAS can become the preferred 
solution method for many MCDM problems (Stanujkic 
et al. 2017). This approach is particularly beneficial when 
the model parameters are conflicting (Dahooie et al. 2020).

The main steps of the gray version of EDAS with m alter-
natives and n criteria are as develops (Stanujkic et al. 2017):

Stage 1: Forming the evolution model using Eq. 9

(6)Kj =

{
[1, 1]j = 1

Sj + [1, 1]j > 1

(7)qj =

{
[1, 1]j = 1
qj−1

Kj

j > 1

(8)wj =
qj∑n

j=1
qj
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Stage 2: Computing the medium gray solution for all cri-
teria using Eqs. 10, 11, and 12.

Stage 3: Computing the gray versions of PDA and NDA 
depending on whether the criterion is of the profit type or 
the cost type using Eqs. 13, 14, 15, and 16.

(9)⊗X =
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Stage 4: Computing the weighted aggregate of gray PDA 
and NDA for each choice utilizing Eqs. 17, 18, 19, and 
20.

Stage 5: Normalizing the weighted aggregate of gray 
PDA and NDA for each choice utilizing Eqs. 21, 22, 23, 
and 24.

Stage 6: Computing the Si score of the alternatives using 
Eq. 25 or 26.
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Stage 7: Sorting the choices in decreasing order of their 
Si scores.

To evaluate the performance of EDAS-G, the correlation 
of its results with the findings of other approaches is meas-
ured using Spearman’s rank correlation coefficient as given 
by Eq. 27 (Dahooie et al. 2020).

Given this description of the analysis process, the stages 
of this study can be summarized as shown in Fig. 3.

(26)Si =
1

2

[
(1 − �)

(
S−
i
_

+ S+
i
_

)
+ �

(
S−
i
+ S+

i

)]

(27)rs = 1 −

6
∑
i

d2
i

n3 − n
.

Data analysis

Case study

This study was carried out on the renewable power sup-
ply chain of Iran. This supply chain consists of wind and 
solar power plants that generate electricity in an integrated 
manner. Sustainable electricity generation from renewable 
sources can play an essential role in keeping up with the 
rising demand of both residential and industrial consum-
ers. One of the measures available to pursue this goal is 
to implement blockchain technology in the supply chain to 
integrate this chain in the sense of coordinating the flow of 
materials, information, and financial resources. Using block-
chain technology in this supply chain may also improve its 
performance and stability in meeting the demand. However, 
given the practical challenges to the application of block-
chain technology, many projects that follow this approach 
end up in failure. So, this is essential to carefully recognize 
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and evaluate the challenges to the application of blockchain 
in the renewable power supply chain.

In this study, these challenges were identified and 
assessed through a field study followed by a survey of 
experts in the energy sector by a questionnaire to weigh 
the criteria and rank the challenges. Experts were selected 
by purposive judgmental sampling because their judg-
ments would directly affect the results. The decision team 
consisted of four individuals with excellent records in the 
renewable energy industry (at least 10 years), at least a mas-
ter’s degree, fairly good knowledge of IT and blockchain 
technology, and interest in collaborating on this research. 
During the research, other researchers and academics with 
expertise in this field were also consulted when needed. The 
consulted academics were three university professors with 
expertise in the area of supply chain operations and IT in 
Iran. Also, several presentations were given to the decision 
team about the features, benefits, limitations, and capacity 
of utilizing blockchain in the supply chain. The summary 

of the characteristics of the decision-making team is given 
in Table 1.

Identification of criteria of and challenges 
to the application of blockchain in renewable 
energy supply chains

Most studies in the area of adopting blockchain technology 
only provide case examples of this process. Also, very few 
studies have tried to systematically identify and assess the 
factors of and challenges to the application of blockchain in 
supply chains. In this study, we first identified the criteria of 
and practical challenges to the application of blockchain in 
a renewable energy supply chain and then ranked the identi-
fied challenges. For this purpose, the authors first reviewed 
the literature to create a listing of criteria that influence the 
application of blockchain technology. These factors are pre-
sented in Table 2.

Then, we reviewed the studies on challenges to the 
application of blockchain in supply chains to create a list 
of potential challenges. These potential challenges are pre-
sented in Table 3.

Weighting of criteria and sub‑criteria with SWARA‑G

Based on the first step of the SWARA-G method, experts 
were asked to sort the criteria in descending order of impor-
tance. Experts then assessed the relative importance of each 
criterion relative to the previous more important criterion 
based on the gray numbers provided by Turskis & Zavads-
kas (2010). The corresponding language variables are then 
converted to gray numbers. Next, the average of gray num-
bers was calculated, and the relative importance of each 

Table 1   The summary of the characteristics of the decision-making 
team

Decision 
makers

Role

D1 Policymaker in the field of IT
D2 Supervisory manager of electricity projects
D3 Administrator in the field of renewable energy
D4 Executive manager in the field of environment
D5 Academic expert in the field of IT and blockchain tech-

nology
D6 Academic expert in the field of supply chain
D7 Academic expert in the field of operations research

Table 2   Criteria of application of blockchain technology

Criteria Sub-criteria Studies

Efficiency feature (A) Cost payment (A1) Bai and Sarkis (2013), Kshetri (2018)
Short application time (A2) Bai and Sarkis (2013), Kshetri (2018)

Security feature (B) Privacy (B1) Yuan (2018), Casion et al. (2019a, 2019b), Kamble et al. (2020)
Security (B2) Oh and Shong (2017), Yuan (2018), Reyna et al. (2018a, 2018b), Prasad et al. 

(2018), Saberi et al. (2019)
Operational feature (C) Trust (C1) Kshetri (2018), Lu (2018), Makhdoom et al. (2019), Queiroz et al. (2019), Choi, 

Feng, et al. (2020), Choi, Guo, et al. (2020)
Reliability (C2) Bai and Sarkis (2013), Kshetri (2018), Ar et al. (2020)

Technological feature (D) Scalability (D1) Lu (2018), Yuan (2018), Ramkumar (2018), Reyna et al., 2018a, 2018b), Casion 
et al. (2019a, 2019b), Makhdoom et al. (2019)

Adaptability and Scalability (D2) Makhdoom et al. (2019), Ar et al. (2020)
Low complexity (D3) Bai and Sarkis (2017), Niranjanamurthy et al. (2019)

Cooperation and coordi-
nation feature (E)

Visibility (E1) Casion et al. (2019a, 2019b), Makhdoom et al. (2019), Saberi et al. (2019), Kam-
ble et al. (2020), Hastig and Sodhi (2020)

Interoperability (E2) Lu (2018), Casion et al. (2019a, 2019b)
Partner support (E3) Robinson (2016), Kshetri (2018)
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criterion was calculated. Then, the third to fourth steps of 
the SWARA-G method were calculated. Finally, by taking 
the final step of the SWARA-G method and normalizing 
the weights, the final weight of each criterion was obtained, 
which is shown in Table 4.

Similar steps were taken to calculate the weight of sub-
criteria of each main criterion. The outcomes of this process 
are presented in Table 5.

Ranking of challenges with EDAS‑G

Experts were asked to evaluate each challenge regarding the 
use of blockchain using the oral parameters mentioned in the 
study of Turskis & Zavadskas (2010), based on the following 
criteria. Group members discussed the score of each chal-
lenge on each condition for this reason and then concluded 
on the decision. The results of the evaluation of the identi-
fied challenges are given in Table 6.

Following the steps of EDAS-G, the matrices of gray 
PDA and NDA were determined about to the kind of criteria. 
The results of this process are presented in Tables 7 and 8.

Then, the weighted and normalized values of gray PDA 
and NDA were calculated as explained in Section 3.3. The 
outcomes of the measuring are presented in Table 9.

The Si values of all challenges were then calculated as 
instructed in the next step of EDAS-G. The challenges rank-
ing obtained with EDAS-G is presented in Table 10.

Validation of results

To investigate the robustness of the approach, the findings 
of EDAS-G were matched with WSM-G, TOPSIS-G, and 
COPRAS-G, which are commonly used MCDM methods for 
ranking alternatives. The results of the comparison between 
the rankings produced by EDAS-G, WSM-G, COPRAS-G, 
and TOPSIS-G are presented in Table 11.

Challenges rankings obtained from these methods are 
also compared in Fig. 4.

In this equation, di is the distinction within the rankings 
of alternative i in EDAS and different approaches, and n 
is the number of rankings being compared. The obtained 
Spearman’s correlation coefficient values are proposed in 
Table 12.

The findings of EDAS-G are deeply correlated with the 
results of WSM-G, TOPSIS-G, and COPRAS-G. The rank-
ings obtained with EDAS-G, WSM-G, COPRAS-G, and 
TOPSIS-G all show that the fifth challenge, i.e., high invest-
ment cost, is the most important challenge to the application 
of blockchain in the supply chain.

Table 3   Potential challenges to the application of blockchain in supply chains

Code Challenges to the application of blockchain References

S1 Lack of trust or a shared vision among participants Yadav et al. (2020)
S2 System design complexity Iansiti and Lakhani (2017); Yadav et al. (2020)
S3 Inadequate technological development Swan (2015)
S4 Lack of IT workforce Britchenko et al. (2018)
S5 High investment cost Baud-Lavigne et al. (2014)
S6 Lack of R&D unit Öztürk & Yildizbaşi (2020)
S7 Payment problems Swan (2015)
S8 Insufficient funds for expanding technology infrastructure Bohme et al. (2015)
S9 Resistance to change (difficulty of changing people’s mind) Öztürk & Yildizbaşi (2020)
S10 No information sharing on environmental and social affairs Swan (2015)
S11 Waste of environmental and social resources Zohar (2015), Yli-Huumo et al. (2016)
S12 Lack of proper government support and laws Saberi et al. (2018); Kamilaris et al. (2019); Zhao 

et al. (2019); Thakur et al. (2020); Biswas and Gupta 
(2019)

Table 4   Weight calculations for 
the criteria

Code Computing ( ��) Computing �� Computing �� Computing ��

A –- –- 1.00 1.00 1.00 1.00 0.35 0.46
D 0.33 1.00 1.33 2.00 0.50 0.75 0.17 0.35
B 0.23 0.32 1.23 1.32 0.38 0.61 0.13 0.28
C 0.18 0.24 1.18 1.24 0.31 0.52 0.11 0.24
E 0.14 0.19 1.14 1.19 0.26 0.46 0.09 0.21
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Implications for practice

This study provided a framework for blockchain implemen-
tation in the energy supply chain for Iran. Implementation 
of blockchain technology in the energy supply chain leads to 
improved communication and information sharing, increas-
ing trust between partners, building secure relationships, fast 
processing, lower transaction costs, lower costs, improving 
forecasting, matching supply and demand for energy, and 
reducing resource consumption at different levels of the 
chain. In this regard, for the successful implementation 
of blockchain technology, the existing obstacles must be 
removed. Therefore, in this study, the existing barriers to 
blockchain implementation were identified and these bar-
riers were evaluated using the SWARA-G technique. Then, 

barriers of blockchain implementation in the energy supply 
chain were presented and these solutions were evaluated 
using EDAS-G, WSM-G, COPRAS-G, and TOPSIS-G tech-
niques. The results showed that for implementing blockchain 
in the energy supply chain in Iran, it is necessary to attract 
the necessary capital to develop the main blockchain infra-
structure by providing incentives and facilities. Then, the 
cost must be reduced at each stage of the blockchain imple-
mentation and a system with low complexity consisting of 
different levels of the energy supply chain must be designed. 
On the other hand, the implementation of blockchain tech-
nology has required continuous research and development 
activities. The novelty of information technology at various 
levels of the supply chain is essential to the implementation 
of this system.

Table 5   Weight calculations for 
the sub-criteria

Code Computing ( ��) Computing �� Computing �� Computing local 
��

Final weight

Main Criteria: Performance (A)
  A1 –- –- 1.00 1.00 1.00 1.00 0.64 0.65 0.22 0.30
  A2 0.76 0.87 1.76 1.87 0.54 0.57 0.34 0.37 0.12 0.17

Main Criteria: Feasibility (B)
  B1 –- –- 1.00 1.00 1.00 1.00 0.57 0.61 0.08 0.17
  B2 0.32 0.54 1.32 1.54 0.65 0.76 0.37 0.46 0.05 0.13

Main Criteria: Applicability (C)
  C1 –- –- 1.00 1.00 1.00 1.00 0.59 0.61 0.06 0.15
  C2 0.46 0.58 1.46 1.58 0.63 0.69 0.38 0.42 0.04 0.10

Main Criteria: Effectiveness (D)
  D1 –- –- 1.00 1.00 1.00 1.00 0.46 0.48 0.08 0.17
  D2 0.46 0.58 1.46 1.58 0.63 0.69 0.29 0.33 0.05 0.11
  D3 0.35 0.44 1.35 1.44 0.44 0.51 0.20 0.25 0.04 0.09

Main Criteria: Compliance with environmental requirements (E)
  E1 –- –- 1.00 1.00 1.00 1.00 0.50 0.52 0.05 0.11
  E2 0.66 0.77 1.66 1.77 0.57 0.60 0.28 0.32 0.03 0.07
  E3 0.56 0.63 1.56 1.63 0.35 0.39 0.17 0.20 0.02 0.04

Table 6   Final decision 
matrix obtained from the 
evaluation of challenges based 
on the linguistic variables 
corresponding to gray numbers

Challenges A1 A2 B1 B2 C1 C2 D1 D2 D3 E1 E2 E3

S1 VH H MH VH H ML VH VH VH MH MH M
S2 VH VH VH H H H H VH H H M L
S3 H VH VH H VH ML H VH VH M M M
S4 VH VH H VH H ML VH VH VH H ML L
S5 H VH VH VH H H VH VH VH MH MH MH
S6 VH VH VH VH VH ML VH VH VH M MH ML
S7 VH VH VH VH VH ML VH VH VH H ML L
S8 H H VH VH VH L VH VH VH M M ML
S9 VH H VH VH VH ML H VH VH MH ML ML
S10 H H H H H ML H VH VH M M M
S11 H H H H MH ML H VH VH H M L
S12 VH VH VH VH VH ML VH ML VH H ML L
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Conclusions and recommendations

The advent of new technologies in recent decades has trans-
formed how people do business across the world. This also 
applies to supply chains, and especially energy genera-
tion chains, which have undergone significant changes in 
the past decades. The application of new technologies like 
blockchain can benefit sustainable energy supply chains by 
improving chain and logistics operations in the areas of trust, 
transparency and accountability, cooperation, information 
sharing, financial exchanges, and supply chain integration. 
Blockchain technology can indeed have extensive economic, 
social and environmental impacts and hinder or accelerate 
sustainable development. Therefore, it is important to care-
fully consider adopting this technology in sustainable energy 
supply chains. However, as with all innovations, early adop-
ters of this technology tend to face some resistance as well as 
unforeseen challenges. Blockchain has several features that 
can create challenges to its practical application. A survey 

of the research literature showed that the greatest studies 
on the application of blockchain have only provided case 
examples for this process in different contexts. Also, only a 
few studies have tried to systematically identify and evaluate 
the criteria and challenges to the application of blockchain 
in supply chains. To discuss this space in the literature, this 
research first identified the criteria of and practical chal-
lenges to the application of blockchain in a renewable energy 
supply chain and then ranked the identified challenges. The 
ranking was conducted by the combined use of gray numbers 
and SWARA and EDAS. Also, WSM-G, COPRAS-G, and 
TOPSIS-G techniques were used to validate the findings.

The contributions of this paper to the literature include 

the identification and evaluation of factors of and challenges 

Table 9   Weighted and 
normalized values of gray PDA 
and NDA

Challenges ⊗Q+

i
⊗Q−

i ⊗S+
i

⊗S−
i

Q+

i
_

Q+

i
Q−

i
_

B1 S+
i
_

S+
i

S−
i
_

�−
�

S1 0.000 0.438 0.000 0.459 0.000 0.640 0.328 1.000
S2 0.024 0.539 0.000 0.419 0.035 0.789 0.387 1.000
S3 0.000 0.470 0.000 0.457 0.000 0.687 0.331 1.000
S4 0.000 0.396 0.000 0.489 0.000 0.579 0.285 1.000
S5 0.031 0.683 0.000 0.279 0.045 1.000 0.591 1.000
S6 0.000 0.459 0.000 0.442 0.000 0.672 0.353 1.000
S7 0.000 0.433 0.000 0.452 0.000 0.633 0.339 1.000
S8 0.000 0.427 0.000 0.488 0.000 0.625 0.286 1.000
S9 0.000 0.390 0.000 0.495 0.000 0.571 0.276 1.000
S10 0.000 0.413 0.000 0.514 0.000 0.604 0.248 1.000
S11 0.000 0.393 0.000 0.505 0.000 0.576 0.261 1.000
S12 0.000 0.399 0.021 0.532 0.000 0.584 0.221 0.970

Table 10   Estimated scores (Si) Challenges �� Rank

S1 0.492 6
S2 0.553 2
S3 0.505 4
S4 0.466 8
S5 0.659 1
S6 0.506 3
S7 0.493 5
S8 0.478 7
S9 0.462 10
S10 0.463 9
S11 0.459 11
S12 0.444 12

Table 11   The findings of the MCDM methods

Challenges WSM-G TOPSIS-G COPRAS-G EDAS-G

S1 8 7 5 6
S2 2 2 2 2
S3 3 4 3 4
S4 7 10 10 8
S5 1 1 1 1
S6 4 9 4 3
S7 5 11 6 5
S8 6 12 7 7
S9 10 8 11 10
S10 11 3 8 9
S11 9 6 9 11
S12 12 5 12 12
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to the application of blockchain, the use of the concept of 
gray numbers to incorporate uncertainty into two MCDM 
approaches, and validation of the results with several other 
decision-making methods. Another innovation of this paper 
is the use of the method in the field of energy supply chain, 
where applied studies with such methods are scarce. A sum-
mary of the most significant results of this study is presented 
below:

• The criteria for the application of blockchain in the sup-
ply chain were extracted from the literature. A list of
practical challenges to the application of blockchain
was also created by reviewing the relevant literature and
reports of unsuccessful projects.

• The criteria and sub-criteria were weighted by SWARA-
G, leading to the results presented in Table 5.

• The challenges to the application of blockchain in renew-
able energy supply chains were ranked using the EDAS-
G. Using this method, “high investment cost” (5th chal-
lenge), “system design complexity” (2nd challenge), and
lack of R&D unit (6th (challenge) were identified as the
most important practical obstacles to the application of
blockchain in supply chains.

• The results of EDAS-G were validated with WSM-G,
COPRAS-G, and TOPSIS-G. The validation results are
compared in Table 11 and Fig. 4. These results showed a
high correlation between the rankings of all methods.

• All MCDM methods identified the “high investment
cost” (5th challenge) as the most important challenge.

• The results suggest that before adopting blockchain tech-
nology in renewable energy supply chains, it is necessary
to carefully consider the initial investment that must be
made in the infrastructure and weigh it against the cost
reduction that can be achieved at each stage of the block-
chain application process, design a system with low com-
plexity so that it can be used at all levels of the supply
chain, and shift focus to the R&D activities that lay the
foundation for utilizing Blockchain features in the chain.

Suggestions for future research

Those interested in this subject are recommended to consider 
the following avenues for future research:

• Using other MCDM approaches and other theories such
as the rough set approach or the type 2 fuzzy set approach
to rank the challenges.

• Implementing the model proposed in this study in other
supply chains.

• Expanding this study and the proposed method to the
field of oil and gas energy, and renewable energy in other
countries.

• Developing a framework to improve performance of
energy supply chains under uncertain conditions.

Fig. 4   Rank of each solution in 
all used MCDM methods
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Table 12   Spearman’s correlation coefficient for the correlation 
between the MCDM approaches

Methods WSM-G TOPSIS-G COPRAS-G

CC 0.94 0.25 0.95
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