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Abstract
Product Recovery System (PRS) transfers products from their typical final place to their
source to arrest some value on the product. There are obstructions, such as costs, associ-
ated with the modification of accounts and assessment of products and refunds associated
with the implementation of PRS. Blockchain Technology (BCT) emerged as an innovative
approach to constructing trust in a trust less environment and assures the availability, trace-
ability, and security in data management. It also presents a valuable solution to PRS. This
study aims to analyze the Blockchain Readiness Challenges (BRCs) to PRS in the context
of manufacturing industries. The study observes 20 readiness challenges linked with the
implementation of BCT in PRS. The BRCs are identified from the literature survey and
confirmed after consequent examinations with industry experts and researchers. The study
employed a Multi-Criteria Decision-Making (MCDM) i.e., the Decision-Making Trial And
Evaluation Laboratory (FuzzyDEMATEL) approach to find the cause-and-effect interactions
to prioritize BRCs. The Maximum Mean De-Entropy (MMDE) algorithm was adopted to
establish the threshold value based on the information entropy of the interactions among the
BRCs for PRS. The fuzzy set theory was adopted to tackle the uncertainty and vagueness
of personnel biases and data deficiency problems. The findings from this study reveal that
inadequate financing for PRS exercises, lack of governance and standards, and security chal-
lenges to BCT implementation are the most influential readiness challenges for the adoption
of blockchain in PRS. The study is useful to manufacturing organizations for identifying
the potential BRCs to implement PRS among all existing readiness challenges so that they
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can take suitable measures before proceeding to adopt blockchain in PRS. The managers
are suggested to eliminate the readiness challenges and widen the blockchain technology
adoption in PRS.

Keywords Readiness challenges · Blockchain technology · Product recovery system ·
Multi-criteria decision-making · Fuzzy DEMATEL

1 Introduction

In the past decade, product recovery system (PRS), comprised of the movement of a product
from the customer to the manufacturer by increasing additional movements in the revenue
from customers and recycling and reprocessing consumed products, has acquired more con-
sideration among researchers and society (Dwivedi & Madaan, 2020). In some countries,
there are laws and regulations to accumulate the used products by their manufacturers.
Further, PRS benefits organizations to attain financial profits through used products and
recycled/remanufactured parts. In the era of digitalization, several innovative technologies
are executed in the PRS to trace the movement of products between the arbitrators in the
supply network (Akter et al., 2020; Kouhizadeh & Sarkis, 2018). Additionally, Internet of
Things (IoT) sensors are embedded in products tomaintain the tracking of parts in the product
and store information regarding their condition (Alqahtani et al., 2019). It provides system-
atic product management both at the product and component level. The amalgamation of
information, decision-making, and digital technologies in PRS result in a digitalized PRS.
However, the technologies executed in the PRS are centralized and monitored by a dominant
central authority (O’Dair and Beaven, 2017). This approach of the dominant central authority
leads to trust issues, such as tampering, corruption, and fraud.

The BCT is adopted to enhance business in products and components, including mar-
keting, buying, selling, planning, control, visibility, traceability, and reliability (Patil et al.,
2020; Rezaee, 2019). BCT protects data by sharing business information, sustaining business
interactions, and organizing business negotiations (Kamble et al., 2019; Zheng et al., 2020).
Further, BCT contributes to increased efficiency, control, and facilitating commercial trans-
actions (Luo & Choi, 2021). BCT enhances product recovery planning and decision-making
by eradicating the ambiguity specific to the valuable life of returned products (Tozanli et al.,
2020). This efficiencymakes the BCTmore essential for enterprises due to its stability in pro-
viding a tighter control structure while enhancing transparency (Hungud et al., 2020). In PRS,
a series of blockchain-digitization concerns are evident across the different stages of product
movement, such as collection, separation, inspection, storage, and disassembly (Bekrar et al.,
2021). The measures concerning security, traceability, and transparency can play an essential
part in catering to blockchain-digitization concerns. Thus, it becomes necessary to identify
the BRCs in the successful implementation of PRS.

Therefore, this paper contributes towards both the existing literature and an existing frame
of convenient knowledge with the following objectives:

(a) To investigate the potential BRCs for PRS in the Indian manufacturing industry;
(b) To investigate the cause-and-effect relations among the identified potential BRCs for

PRS adopting the fuzzy DEMATEL-MMDE methodology;
(c) To prioritize the identified potential BRCs for PRS and recommend managerial and

practical implications.
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Previous literature has been examined to identify potential BRCs for PRS in the Indian
manufacturing industry to attain the above-highlighted objectives. Several brainstorming
sessions were organized with the industry managers from the Indian manufacturing industry
to confirm the potential BRCs for PRS. Further, BRCs for PRSwere evaluated and prioritized,
adopting the fuzzy DEMATEL-MMDE approach.

The remaining paper is presented as follows. In Sect. 2, the literature review provides
an overview of previous literature specific to blockchains, digital technologies, and PRS.
The research methodology and the fuzzy DEMATEL-MMDE methodology are highlighted
in Sect. 3. The results and discussion are presented in Sect. 4. Managerial implications are
provided in Sect. 5. Finally, conclusions and future research directions are presented in Sect. 6.

2 Literature review

In this section, the previous literature relevant to the problem is considered. In this deference,
the previous studies specific to product recovery, blockchains, barriers and challenges to
product recovery, and applications of digital technologies are highlighted. Table 1 provides
a summary of previous studies in the area of PRS.

2.1 Recent literature on blockchain-based PRS

Present business and industry prospects have been transforming promptly, involving flexible
and efficient PRSs to cater to current confrontations in sustainability. Blockchains refer to
disruptive technologies for the design, coordination, movement, and management of the
supply chains (Saberi et al., 2019). This section highlights the previous studies specific
to blockchain technology and how it is application-specific to Sustainable Supply Chains
(SSC), Closed-Loop Supply Chains (CLCS), and PRSs. Gautam et al. (2021) studied product
recovery and focussed on 3R’s i.e., Reduce, Reuse and Recycle products, to reduce the waste.
The developed model aims to minimize energy consumption and carbon gas emission during
production, shortage of products, transportation, and disposal of defective products. Sarker
et al. (2009) investigated to determine the Economic Order Quantity (EOQ) and product
quantity to satisfy the customer demand by the combination of new products, recovered-used
products.

Kouhizadeh et al. (2021) practiced the force field theory to identify barriers to blockchain
adoption. The results from the study reflect that supply chain and technological barriers are the
most critical barriers for adoptingBCT tomanage SSCs. Zhi et al. (2021) studied the investors
concerning various risk criteria in investment decision-making through blockchain informa-
tion. Further, Liu et al. (2021) proposed an environmental, social, and governance reporting
framework based on blockchains to facilitate the sustainability evaluation of the listed com-
panies. The results from the study contributed towards facilitating the sustainability-level
evaluation of the organizations. Further, Tozanli et al. (2020) presented the employment
of IoT rooted products in a blockchain facilitated disassembly-to-order system. The study
adopted a discrete event simulation model to calculate the system’s expected cost. Similarly,
Esmaeilian et al. (2020) summarized blockchains and Industry 4.0 for attaining sustainabil-
ity in supply chains. The study discussed the four capabilities of BCT towards a sustainable
supply chain. Katsaliaki et al. (2021) studied and determined the challenges for supply chain
disruption. The content analysis described the type of disruption and its influence on supply
chain network design.
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Table 1 Analysis of the existing literature in the present domain

Reference Research problem Approach of the
study

Context of the
study

Considered
blockchain?
(Yes or No)

Pan et al. (2015) Production
planning and
inventory control
for PRS

Dynamic
programming
approach

General context No

Sharma et al.
(2016)

Benchmarking PRS
alternatives in
reverse logistics

Superiority and
inferiority ranking
(SIR) method

Manufacturing
industry

No

Fortuna and
Diyamandoglu
(2017)

Optimizing of
GHG emissions
in PRS through
reuse platforms

Optimization model Manufacturing
industry

No

Marconi et al.
(2017)

Traceability of
products and
investigate
sustainable
factors during
supply chain

Qualitative analysis Leather Shoe
industry

No

Marshall and
Archibald (2018)

Product recovery
system within an
infinite planning
horizon, for
multiple
fixed-sized
productions

An EOQ lot-sizing
model

Manufacturing
industries

No

Kazancoglu et al.
(2018)

Performance
assessment in
GSCM, which
combines
environmental,
economics,
logistics,
operational,
organizational

Fuzzy DEMATEL Cement industry No

De Oliveira et al.
(2019)

Brazilian expanded
polystyrene
supply chain with
circular economy

Qualitative analysis Polystyrene
industry

No

Dwivedi et al.
(2020)

Identification of
factors to
implement PRS
for circular
economy

Fuzzy VIKOR Manufacturing
industries

No

Gautam et al.
(2021)

Product recovery
management
towards a cleaner
system

Mathematical
model and
analysis

General context No

This study Analyze the BRCs
to PRS in the
context of
manufacturing
industries

Fuzzy DEMATEL Manufacturing
industries

Yes
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Further, Varriale et al. (2020) conducted a literature review to illustrate the sustainable
attributes of adopting BCT in supply chains. The study reflected the use of blockchains to
improve profits for organizations. Choi et al. (2020) identified the factors that hinder orga-
nizations from merging BCT with the supply chain. The study adopted a partial least square
approach for attaining the results. Vafadarnikjoo et al. (2021) analyzed the blockchain barri-
ers for the manufacturing supply chain industry. The results identified the major barriers to
implementing the supply chain network design. Shoaib et al. (2020) identified the success
factors for implementing a blockchain-based supply chain. The accessibility and overall effi-
ciency were identified as the highest-ranked success factors for blockchain implementation.
Further, Paliwal et al. (2020) investigated the role of BCT in managing sustainable practices.
The results from the study demonstrated traceability and transparency as the potential advan-
tages of adopting BCT. Similarly, Ebinger and Omondi (2020) presented an overview of the
digitalization of SSC transparency in SSC management. Bai and Sarkis (2020) introduced
BCT performance measures integrating SSC transparency and technical attributes. The study
can assist the managers and researchers in understanding the BCT selection decision.

Further, Manupati et al. (2020) developed a distributed ledger-based blockchain approach
to examine supply chain performance and optimize emission levels and operational costs.
The problem was formulated as a Mixed-Integer Non-Linear Programming (MINLP) model.
Caldarelli et al. (2020) evaluated the effectiveness of blockchain technology for sustainability
issues. The study addressed the blockchain oracle problem in the traceability of non-fungible
products. Further, Sunmola (2021) presented a study of BCT concerning sustainable supply
chain visibility. The study suggested a framework for blockchain-based sustainable supply
chain visibility management, focusing on awareness of the context. Sahoo and Halder (2020)
proposed a novel smart e-waste management system by adopting BCT and smart contracts,
considering forward and reverse supply chains. The study discussed various challenges and
limitations that existing blockchain solutions have been facing in e-waste management.

Similarly, Zhang et al. (2020) suggested a framework obtained from the integration of
BCT, IoT, big data analytics, and visualization. The study can assist organizations in attain-
ing operational excellence in organizing LifeCycleAssessments (LCA) for improving supply
chain sustainability. Further, Yadav and Singh (2020) identified blockchain critical success
factors in SSCs. The study integrated the concept of blockchain-related information technol-
ogy and supply chain for operations. Rejeb and Rejeb (2020) performed a literature analysis
to determine the studies specific to blockchain and supply chain sustainability. The results
from the study concluded that the majority of studies focused on the economic implications
of blockchains on supply chains. Sundarakani et al. (2021) studied a supply chain prob-
lem associated to cross border cargo transportation. Blockchains and big data were used to
identify the key implementation guidelines and major issues faced during the supply chain
network design. Marshall and Archibald (2018) investigated a problem related to PRS and
proposed two recovery channels (i) recovery into components and (ii) into serviceable items.
The study determined the total cost per unit period and optimal lot size.

Further, Mubarik et al. (2020) examined the role of blockchain-based sustainability
on supply chain integration. The findings from the study revealed that blockchain tech-
nology has substantial capability to enhance the integration between numerous actors in
multi-level supply chains. Similarly, Dindarian and Chakravarthy (2019) explored cases
involving blockchain technology in the waste management industry. Parung (2019) high-
lighted the use of blockchain technology to support studies specific to SSCs. Further, Saberi
et al. (2019) examined BCT and smart contracts with potential supply chain management.
The study introduced four blockchain technology adoption barriers: inter-organizational,
intra-organizational, technical, and external barriers. Further, Nayak and Dhaigude (2019)
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proposed a conceptual model of SSC in small and medium enterprises adopting BCT. The
study identified the antecedents of an SSC using the BCT approach.

2.2 Research gaps and contributions

Based on deliberated literature study, it can be seen that a number of studies have examined
barriers, challenges, and issues for a PRS’s successful implementation. Additionally, there
are numerous articles in the literature pertinent to blockchain-based architects. However, to
the best of my knowledge, no study in the literature depicts their linkage with the PRS. There
is a requirement to obtain the BRCs for PRS. Therefore, the current research focuses on the
above concern and enhances the latest literature by:

• Finalizing potential BRCswith the help of literature review and experts’ recommendations.
• Evaluating BRCs for PRS to achieve the ranking and categorization in cause-effect group
by using the fuzzy DEMATEL-MMDE approach.

2.3 Identification of BRCs for PRS

In developing countries, manufacturing industries search for innovative digital technologies
to enhance their performance through efficient collaboration and coordination in the recov-
ery chain (Farooq & O’Brien, 2012). In recent years, the adoption of BCT has resulted in
better visibility and transparency of transactions in the recovery chains (Pilkington, 2016).
In the literature, there are various readiness challenges for the successful implementation of
blockchain in PRSs. Therefore, it becomes essential to study the potential BRCs for PRS.
In the present study, twenty potential BRCs for PRS in the manufacturing industry were
identified through a literature study and experts’ recommendations. The identified BRCs for
PRS are presented in Table 2.

3 Methodology and data analysis

This section explains the DEMATEL approach and MMDE algorithm, which are imple-
mented to perform the data analysis and identify the potential BRCs for PRS implementation.
Figure 1 shows the research framework adopted for the study with the different steps.

3.1 Questionnaire development and data collection

In this study, a questionnaire was arranged to accelerate data collection for the DEMATEL
analysis, arresting the experts’ recommendations. The questionnaire provided a detailed
description of each BRC specific to PRS implementation to support the experts (Appendix
1). A total of 17 experts from different manufacturing industries in India were elected for
collecting data based on adopting convenience sampling. The experts were contacted via
phone calls and the web. Later, seven experts were approved to contribute to the survey. The
sample size highlights the target population which is low but presumed to be satisfactory as
seen in the previous studies that adopted the fuzzy DEMATEL approach (Kazancoglu et al.,
2018; Khan et al., 2019; Parmar & Desai, 2020). A brief introduction of the experts and their
organizations is presented in Table 3.
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Fuzzy linguistic 
scale for triangular 

fuzzy number

Literature 
review

Opinion of 
experts

Defining expert panel/decision group and 
assessment criteria's

Obtaining judgment to develop individual fuzzy 
initial direct relation matrices

Aggregate the individual’s matrix into group fuzzy 
initial direct relation matrix

Constructing the normalized fuzzy initial direct 
relation matrix

Obtaining the fuzzy total relation matrix

Defuzzification to convert total relation matrix into 
crisp form

Calculating the sum of rows (R) and the sum of 
column (C) for the causal diagram

Drawing cause-effect diagram

Set a threshold value and obtain the impact-
relations map

Managerial implications and insights for the 
decision makers

CFCS algorithm

Transforming the
total relation matrix into an ordered triplets set

Taking the second element from the ordered 
triplets set to establish a dispatch-node set and a 

ordered receive-node set

Calculating the mean De-entropy of dispatch-node 
set and receive-node set

Finding the maximum mean de-entropy of 
dispatch-node set and receive-node set

Finding the threshold value

MMDE Algorithm

Fig. 1 Research framework for the Study

Table 3 Introduction of decision-makers (DMs) with their organization

Decision-maker Designation Years of experience Organization

DM 1 Supply Chain Manager 13 years Electronics goods industry

DM 2 Executive Engineer 18 years Electronics goods industry

DM 3 Production Manager 11 years Automobile industry

DM 4 Policy Maker 21 years Government

DM 5 General manager 15 years Automobile industry

DM 6 Managing Director 17 years Leather industry

DM 7 Production Manager 13 years Leather industry
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Table 4 Linguistic scale for fuzzy
DEMATEL Linguistic variable Triangular fuzzy numbers

No influence (No) (0, 0, 0.25)

Very low influence (VL) (0, 0.25, 0.50)

Low influence (L) (0.25, 0.50, 0.75)

High influence (H) (0.50, 0.75, 1.0)

Very high influence (VH) (0.75, 1.0, 1.0)

The electronic goods industry is selected for the survey since recycling and recovery of
products adopted in the electronic goods can be employed as secondary raw material in
other arrangements. BCT has the potential to track the products in a secure cloud system
that makes the industry a more apparent and safer place (Lee & Pilkington, 2017). Also,
experts from leather industry are elected for the survey. The leather industry is one of the
most polluted manufacturing industries. Thus, there is a requirement to assess the environ-
mental sustainability in the leather supply chain. The application of BCT allows traceability
from raw material to final manufactured product. Also, supply chain traceability refers to
improved environmental sustainability (Marconi et al., 2017). Further, BCT adoption encour-
ages enhanced coordination among the different stakeholders (Karuppiah et al., 2021). In the
automobile industry, value is created through transactions and contracts in business networks
that construct a flow of products and services (Kamble et al., 2021). BCT provides organi-
zations with increased supply chain visibility and transparency in transactions (Ivanov et al.,
2019). Therefore, experts from the automobile industry are included in the survey analy-
sis. The DMs adopted a set of fuzzy numbers and fuzzy membership functions to judge the
potential BRCs in Table 4. The pairwise comparisonwas prepared for a single decision-maker
adopting the linguistic variables.

3.2 Fuzzy DEMATELmethodology

The DEMATEL method was advanced in 1973 by the Battelle Memorial Institute through
the Geneva Research Centre. The DEMATEL methodology was employed to interpret the
interactions among the complex criteria. DEMATEL is an MCDM approach that handles
the decision-making problem and associates it with other methodologies to generate more
acceptable results for the problem (Lee and Lin, 2013). Human decisions have ambiguity
and vagueness in their criteria. The implementation of the fuzzy set theory in the DEMA-
TEL technique prevents incomplete and inaccurate information frombeing featured in human
decisions (Bhatia and Srivastava, 2018). Therefore, integrating the fuzzy logic during the data
collection could be a solution to cater this problem. However, the DEMATEL results contain
redundant information, challenging researchers to analyze their research problems (Li &
Tzeng, 2009). Therefore, the MMDE algorithm is combined with DEMATEL to determine
the threshold values to identify the BRCs for PRS, which can shorten the quantity of infor-
mation with the concept of entropy. In past studies, the combined fuzzy DEMATEL-MMDE
methodology is employed by the researchers, such as barriers of IoT’s implementation in the
manufacturing industry (Singh & Bhanot, 2020), identifying the best design criteria for an
individual product (Younesi and Roghanian, 2015), ranking the financial ratios in shipping
companies (Lee and Lin, 2013), and the like.
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The present study adopted the fuzzy DEMATEL method to increase the accuracy of the
analysis. The recommendations of the industry professionals and academicianswere obtained
through a questionnaire, where the BRCs for PRS were arranged to adopt a fuzzy linguistic
range in Table 4.

The steps for the fuzzy DEMATEL approach are presented as follows.

3.2.1 Building of average direct relation matrix

In this step, a fuzzy linguistic scale was adopted to discover the interactions among the i-j
th factor, as highlighted in Table 4. Further, the fuzzy triangular numbers and aggregate the
fuzzy numbers were consigned. De-fuzzification was performed by transforming the fuzzy
data into crisp scores (CFCS) (Opricovic & Tzeng, 2003).

Let, ˜An
i j = (ani j , b

n
i j , c

n
i j ), and influence matrix is determined as,

Ãn =

⎡

⎢

⎢

⎢

⎢

⎢

⎣

0 Ãn
12 Ã

n
13 . . . Ãn

1m
Ãn
210 Ã

n
23 . . . Ãn

2m
.....

.....

Ãn
m1 Ã

n
m2 Ã

n
m3 . . . 0

⎤

⎥

⎥

⎥

⎥

⎥

⎦

, n = 1, 2, 3 . . . , h, (1)

where m is the number of criteria, and h is the number of experts.
The step-wise algorithm of the CFCS process is presented as:
Normalization:

xcni j =
(

cni j − min ani j

)

/�max
min (2)

xbni j =
(

bni j − min ani j

)

/�max
min (3)

xani j =
(

ani j − min ani j

)

/�max
min (4)

where �max
min = max cni j − min ani j .

Determine the right-side and left side normalized values:

xcsni j = xcni j
(

1 + xcni j − xbni j

) . (5)

xasni j = xbni j
(

1 + xbni j − xani j

) (6)

Determine the total normalized crisp values:

xni j =
[

xasni j

(

1 − xasni j

)

+ xcsni j × xcsni j

]

/1 − xcsni j × xcsni j + xcsni j (7)

Determine the crisp values:

zni j = min ani j + xni j × �max
min (8)

Relate the crisp values:

zi j = 1

h

(

z1i j + z2i j − − − −zhi j

)

(9)
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As shown in Eq. (10), the group direct-influence fuzzy matrix was obtained by assigning
the linguistic variables for each identified BRC to PRS in Table 5.

Z = [

zi j
]

(10)

3.2.2 Normalization of direct relation matrix

The normalized direct-influence fuzzy matrix X was attained using Eq. (11), and data are
presented in above Table 6.

X = λ ∗ Z , (11)

where

λ = min

[

1

max 1 ≤ i ≤ m
∑m

j=1

∣

∣zi j
∣

∣

; 1

max 1 ≤ j ≤ m
∑m

i=1

∣

∣zi j
∣

∣

]

3.2.3 Determination of total relation matrix

T = X(I − X)−1, (12)

where I is the identity matrix, and X is the normalized direct-influence fuzzy matrix.
The fuzzy total relation matrix and defuzzified total relation matrix are presented in

Tables 7 and 8. In the defuzzified total relation matrix in Table 8, the sum of rows (D)
and columns (R) are obtained as:

T = [

ti j
]

m × m, i, j = 1, 2, . . . ,m, (13)

D =
⎡

⎣

m
∑

j=1

ti j

⎤

⎦m × 1 = [ti ]m × 1 (14)

R =
[

m
∑

i=1

ti j

]

1 × m = [

t j
]

1 × m (15)

Later, D and R values were added and subtracted to attain the values of prominence (D +
R) and influence (D-R).

3.2.4 Preparation of cause-and-effect diagram

The cause-and-effect diagram highlighted the cause and effects for the BRCs for PRS. They
were developed in this step using the (D + R) and (D-R) values.

3.3 Maximummean de-entropy (MMDE) algorithm

In the DEMATEL methodology, the experts’ recommendations were employed to find the
threshold values. The determination of a logical threshold valuewas a tedious task. Therefore,
the MMDE algorithm was suggested to obtain a threshold value for plotting the impact-
relations map (Li & Tzeng, 2009). The various steps used in the MMDE algorithm are
highlighted as follows (Chen and Li, 2012):
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Table 9 The dispatch node set calculation

The ordered triplets set {(0.1852, 1, 20), (0.1848, 1, 10), (0.1836, 1, 13), (0.1811, 17, 20), (0.1779,
11, 10), (0.1778, 1, 9)…, (0.0664, 5, 16), (0.0635, 16, 16), (0.0628, 14, 3),
(0.06, 18, 3), (0.0569, 4, 3), (0.0568, 3, 16), (0.0566, 16, 3), (0.0488, 3, 3)}

The Dispatch Node set T Di {1, 1, 1, 17, 11, 1, 8, 1, 1, 10, 13, 17, 13, 20, 1, 11, 17, 11, 12, 8, 17, 8, 13, 7,
11, 2…, 11, 3, 19, 3, 5, 6, 12, 2, 3, 5, 16, 14, 18, 4, 3, 16, 3}

MDEDi
t values {0, 0, 0, 0.0654, 0.0494, 0.077, 0.0581, 0.0782, 0.0959, 0.0764, 0.0619,

0.053, 0.0445, …, 0.0001, 0.0001, 0.0001, 0.0001, 0.0001, 0.0001, 0.0001,
0.0001, 0}

Maximum MDEDi
t 0.095894

Corresponding T Di
t {1, 1, 1, 17, 11, 1, 8, 1, 1} = {1, 17, 11, 8}

3.3.1 Transforming the defuzzified total relation matrix in Table 8 into an ordered
triplet set O

3.3.2 Determining the second component from the set O generates a new set called
ordered Dispatch node set D

3.3.3 Approximating the mean de-entropy (MDE) value for elements of the dispatch
node set

Considering the first t elements of T Di as a new set T Di
t t, we allocated the probability of

different elements and then calculated the de-entropy HD of the set by adopting Eqs. (16)
and (17). At first, the value of t was put as 1, and the value of t was increased by 1 up to the
total number of elements.

HD = H

(

1

n
,
1

n
, . . . ,

1

n

)

− H(p1, p2, . . . , pn) (16)

Here, n is the number of elements, and pn is the probability of nth element

MDEDi
t = HDi

t

N
(

T Di
t

) (17)

3.3.4 Determining the maximum value of mean de-entropy of a dispatch node set

The selection of the highest value from the set of MDEDi
t values and the corresponding T Di

t
is provided in Table 9.

3.3.5 Calculating the received node sets

Steps 3.3.2 to 3.3.4 are repeated to obtain an ordered receive node-set TRe. The receiving
node set calculation is provided in Table 10.
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Table 10 Receiving node set calculation

The ordered triplets set {(0.1852, 1, 20), (0.1848, 1, 10), (0.1836, 1, 13), (0.1811, 17, 20), (0.1779,
11, 10), (0.1778, 1, 9)…, (0.0664, 5, 16), (0.0635, 16, 16), (0.0628, 14, 3),
(0.06, 18, 3), (0.0569, 4, 3), (0.0568, 3, 16), (0.0566, 16, 3), (0.0488, 3, 3)}

The Receive Node set TRe {20, 10, 13, 20, 10, 9, 13, 8, 7, 13, 10, 10, 20, 13, 19, 9, 13, 6,…,16, 11, 3,
16, 3, 3, 4, 16, 16, 3, 3, 3, 16, 3, 3}

MDERe
t values {0, 0, 0, 0.0196, 0.0146, 0.0142, 0.0086, 0.01, 0.0094, 0.016, 0.0199,

0.0265,…, 0.0005, 0.0005, 0.0004, 0.0004, 0.0004, 0.0003, 0.0003,
0.0003, 0}

Maximum MDERe
t 0.031118

Corresponding TRe
t {20, 10, 13, 20, 10, 9, 13, 8, 7, 13, 10, 10, 20, 13, 19, 9, 13, 6, 20, 20, 7, 10,

7, 20, 20, 10, 1, 7, 13} = {20, 10, 13, 9, 8, 7, 19, 6, 1}

3.3.6 Determining the threshold value

We determined T Di
max by selecting the first elements from T Di . Similarly, we determined

T Re
max . Then, T

Th was calculated as the intersection set of T Di
max and T Re

max . The value from
the last element of T Th was the final threshold value.

3.3.7 Obtain the impact-relations map

In this step, the threshold value links in the total relation matrix were included in the impact
relation map.

4 Results and discussion

In the present study, a fuzzy DEMATEL approach was employed to examine the most sub-
stantial BRCs for the implementation of PRS. Further, the identified BRCs were ranked
concerning their prominence based on the (D + R) values as follows: BRC13 > BRC1 >
BRC10 > BRC20 > BRC8 > BRC7 > BRC9 > BRC2 > BRC17 > BRC11 > BRC12 > BRC6
> BRC19 > BRC18 > BRC14 > BRC15 > BRC5 > BRC4 > BRC16 > BRC3 (Table 11).

This study presents the cause-and-effect diagram between the identified potential BRCs
for PRS in Fig. 2.

4.1 Cause-and-effect group BRCs

The BRCs for PRS comprising of positive values were mentioned as the cause group BRCs.
These were the most influencing BRCs that obstruct the implementation of PRS. Based on
the (D-R) value, the cause group BRCs were organized as highlighted in Table 11. The cause
BRCs were ranked as BRC17 > BRC11 > BRC1 > BRC12 > BRC16 > BRC3 > BRC8 >
BRC15. Further, the BRCs with negative values were mentioned as effect group BRCs. The
effect group BRCs were organized based on the (D-R) value, as highlighted in Table 11. The
effect BRCs were ranked as BRC14 > BRC13 > BRC7 > BRC2 > BRC18 > BRC4 > BRC10
> BRC20 > BRC9 > BRC19 > BRC5 > BRC6.
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Table 11 The score for each BRC for PRS

Code Blockchain
readiness
challenges
(BRCs)

D R D + R D-R Rank Cause/Effect

BRC1 Inadequate
mechanism
for BCT
pursuit in
PRS

3.086075 2.73583 5.821905 0.350245 2 Cause

BRC2 Challenges in
assimilating
PRS and BCT

2.625129 2.665802 5.290931 − 0.04067 8 Effect

BRC3 Lack of
customer
cognizance
towards PRS
and BCT

1.805217 1.56209 3.367306 0.243127 20 Cause

BRC4 Infantile
challenge of
BCT

2.099013 2.270101 4.369114 − 0.17109 18 Effect

BRC5 High cost
linked with
BCT imple-
mentation

2.105082 2.563251 4.668333 − 0.45817 17 Effect

BRC6 Reluctant to
convert to a
new
arrangement

2.191419 2.806634 4.998053 − 0.61521 12 Effect

BRC7 Lack of organi-
zational
policies and
frameworks
for BCT
adoption

2.666926 2.698196 5.365121 − 0.03127 6 Effect

BRC8 Inadequate
financing for
PRS
exercises

2.908635 2.794014 5.702649 0.114621 5 Cause

BRC9 Inadequate
organiza-
tional
structures to
support PRS

2.501923 2.836575 5.338497 − 0.33465 7 Effect

BRC10 Lack of IT
arrangements
to assist PRS

2.770232 3.02582 5.796051 − 0.25559 3 Effect
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Table 11 (continued)

Code Blockchain
readiness
challenges
(BRCs)

D R D + R D-R Rank Cause/Effect

BRC11 Security
challenges to
BCT imple-
mentation

2.896464 2.251629 5.148092 0.644835 10 Cause

BRC12 Lack of
technological
maturity
towards PRS

2.699062 2.408936 5.107998 0.290127 11 Cause

BRC13 Inadequate
standards for
PRS
operations

2.981986 2.986471 5.968457 − 0.00449 1 Effect

BRC14 Market
impediments
and
uncertainty

2.390389 2.393708 4.784097 − 0.00332 15 Effect

BRC15 Traceability
and visibility
concern with
BCT
adoption

2.388329 2.363956 4.752285 0.024373 16 Cause

BRC16 Limited
scalability
with BCT
implementa-
tion in
PRS

2.139273 1.876996 4.016268 0.262277 19 Cause

BRC17 Lack of
awareness
and expertise
towards BCT
adoption

2.98002 2.225281 5.205301 0.75474 9 Cause

BRC18 Data processing
and storage
challenges
with BCT in
PRS

2.343949 2.478475 4.822424 − 0.13453 14 Effect

BRC19 Privacy
challenges
with BCT

2.27854 2.632442 4.910982 − 0.3539 13 Effect

BRC20 Lack of
governance
and standards

2.730457 3.011916 5.742373 − 0.28146 4 Effect
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Fig. 2 Causal diagram for the BRCs for PRS

In the cause group, there were eight BRCs. Lack of awareness and expertise towards
BCT adoption (BRC17) and Security challenges to BCT implementation (BRC11)were iden-
tified as the most critical BRCs that obstruct the PRS implementation. These BRCs can
generate an effect on the other BRCs. The potential barrier for organizations connected with
blockchain practices is a lack of awareness and understanding concerning the working of
BCT (Kouhizadeh et al., 2021). Still, organizations are unaware of the potential benefits of
BCT adoption in their organizations. There is a requirement for professionals to spread the
knowledge among the employees regarding BCT implementation in organizations (Lopes
et al., 2021). Security challenges to BCT implementation (BRC11) was among the major
causal BRCs for PRS implementation. In BCT, transaction recordings are accumulated and
spread in a digital ledger form comprising linked blocks of the transaction (Ye et al., 2020).
There is no central management control mechanism in BCT. Several security challenges
occur with BCT adoption due to the transactional setting in BCT and increased popularity.

Inadequate mechanism for BCT pursuit in PRS (BRC1)was the third-ranked causal BRC.
The lack of expertise towards BCT among the organizations is a significant barrier to its
implementation. The organizations successfully practicing BCT can provide precious per-
spectives and recommendations that can be implemented for BCT adoption in PRS. Further,
synchronization and understanding among the organizations would result in enhanced BCT
pursuit in PRS. This brings in the requirement for an adequate mechanism for BCT pursuit
in PRS.

Lack of technological maturity towards PRS (BRC12) is another potential BRC under
the cause group. BCT is accepted mainly in industries for its distinctive management of
transaction settings. A lack of technological maturity for BCT is seen as one of the reasons
for its unacceptance by organizations in PRS implementation (Richter et al., 2018). There is a
requirement to commence several workshops and programs by the organizations to discover
the BCT widely.

Limited scalability with BCT implementation in PRS (BRC16) is ranked fifth in the cause
group. Scalability is necessary for organizations due to the large spread environment of
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their establishments. Organizations perform millions of transaction settings crosswise their
businesses (Mazlan et al., 2020). In some cases, the limitations of scalability and a limited
transaction setting in BCT contribute to substantial delays for the organizations and con-
sumers (Biswas et al., 2018). Therefore, the scalability concern is a vital barrier to cater for
efficient PRS implementation.

Lack of customer cognizance towards PRS and BCT (BRC3) is ranked sixth BRC in
the cause group. The studies specific to PRS and BCT are still in a nascent stage. BCT’s
implementation contributes to the coordination of sustainable practices with environmental
regulations (Saberi et al., 2019). Most customers relate BCT and cryptocurrency as similar.
Therefore, negative thoughts against cryptocurrency occasionally transfer towards BCT (Jain
et al., 2020). Lack of customer cognizance towards BCT is a barrier to its implementation in
organizations.

Inadequate financing for PRS exercises (BRC8) is the seventh-ranked BRC in the causal
group. Organizations are eager to invest in technologies where they expect a high return on
investments. An underestimation between traditionalmethods and the recent era of digitaliza-
tion might cause difficulty in sharing resources and decision-making regarding investments
(Koc & Bozdag, 2017). Therefore, the organizations are reluctant to invest in BCT exercises
for PRS.

Traceability and visibility concern with BCT adoption (BRC15) is ranked eighth in the
cause group. BCT can facilitate increased visibility and traceability through extended correla-
tions with DSCs (Kharlamov&Parry, 2018). The supply chain experts consider visibility and
traceability essential drivers of cross-organization collaboration (Rogerson & Parry, 2020).
With technological advancements, BCT is perceived to permit ample visibility of movements
along the recovery chain (Majeed & Rupasinghe, 2017). Therefore, it becomes essential for
the organizations to focus on the traceability and visibility concern with BCT adoption in
PRS.

There are 12 BRCs in the effect group—the eight causal BRCs influence these 12 BRCs to
implement PRS in themanufacturing industry.Market impediments and uncertainty (BRC14)
was near the causal BRCgroup and less influenced by causal BRCs. Further, Inadequate stan-
dards for PRS operations (BRC13), Lack of organizational policies and frameworks for BCT
adoption (BRC7), Challenges in assimilating PRS and BCT (BRC2), Data processing and
storage challenges with BCT in PRS (BRC18), Infantile challenge of BCT (BRC4), A lack
of IT arrangements to assist PRS (BRC10), Lack of Governance and standards (BRC20),
Inadequate organizational structures to support PRS (BRC9), Privacy challenges with BCT
(BRC19), High costs linked with BCT implementation (BRC5) and Reluctant to convert to a
new arrangement (BRC6) are the BRCs in effect BRC group. These BRCs are easily influ-
enced by the causal BRCs. To effectively implement PRS in the manufacturing industry, it
is beneficial to identify the cause-and-effect BRCs. This study can assist managers in iden-
tifying these cause-and-effect relations and advance practical understandings to implement
PRS in the manufacturing industry.

Further, the MMDE algorithm was applied after the DEMATEL approach to generate the
threshold value. Based on MMDE analysis, the generated threshold value of 0.167248 was
used to obtain the interactions among the BRCs for PRS with the most potential in Table 12.

From the MMDE analysis, an inadequate mechanism for BCT pursuit in PRS (BRC1),
challenges in assimilating PRS and BCT (BRC2), reluctance to convert to a new arrangement
(BRC6), a lack of organizational policies and frameworks for BCT adoption (BRC7), inad-
equate financing for PRS exercises (BRC8), inefficient organizational structures to support
PRS (BRC9), a lack of IT arrangements to assist PRS (BRC10), security challenges for BCT
implementation (BRC11), lack of technological maturity towards PRS (BRC12), inadequate
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Table 12 Threshold value

T Di
max {(0.185249160623833, 1, 20), (0.18481379363312, 1, 10), (0.183627937916748, 1,

13), (0.181106269457534, 17, 20), (0.17792210813375, 11, 10),
(0.177828008519286, 1, 9), (0.177471993130536, 8, 13)}

TRe
max {(0.185249160623833, 1, 20), (0.18481379363312, 1, 10), (0.183627937916748, 1,

13), (0.181106269457534, 17, 20), (0.17792210813375, 11, 10),
(0.177828008519286, 1, 9), (0.177471993130536, 8, 13), (0.176056355034923, 1,
8), (0.171945719696714, 1, 7), (0.171549518138438, 10, 13), (0.17122506239988,
13, 10), (0.171050417302425, 17, 10), (0.170746536190432, 13, 20),
(0.170667101090551, 20, 13), (0.170535722700878, 1, 19), (0.170177808166487,
11, 9), (0.169982506525479, 17, 13), (0.169469421016332, 11, 6),
(0.169315344097307, 12, 20), (0.169019917119026, 8, 20), (0.168934270330163,
17, 7), (0.168592226113708, 8, 10), (0.168319549252442, 13, 7), (0.167826280904,
7, 20), (0.167504953109114, 11, 20), (0.167322600861131, 2, 10),
(0.167247572766832, 8, 1)}

T Th {(0.185249160623833, 1, 20), (0.18481379363312, 1, 10), (0.183627937916748, 1,
13), (0.181106269457534, 17, 20), (0.17792210813375, 11, 10),
(0.177828008519286, 1, 9), (0.177471993130536, 8, 13), (0.176056355034923, 1,
8), (0.171945719696714, 1, 7), (0.171549518138438, 10, 13), (0.17122506239988,
13, 10), (0.171050417302425, 17, 10), (0.170746536190432, 13, 20),
(0.170667101090551, 20, 13), (0.170535722700878, 1, 19), (0.170177808166487,
11, 9), (0.169982506525479, 17, 13), (0.169469421016332, 11, 6),
(0.169315344097307, 12, 20), (0.169019917119026, 8, 20), (0.168934270330163,
17, 7), (0.168592226113708, 8, 10), (0.168319549252442, 13, 7), (0.167826280904,
7, 20), (0.167504953109114, 11, 20), (0.167322600861131, 2, 10),
(0.167247572766832, 8, 1)}

Threshold value 0.167248

standards for PRS operations (BRC13), lack of awareness and expertise towards BCT adop-
tion (BRC17), privacy challenges with BCT (BRC19) and lack of governance and standards
(BRC20) are identified as most influential BRCs. The impact relationship map reflects the
relations among BRCs for PRS which is presented in Fig. 3.

4.2 Correlations among the BRCs

The different (D + R) values reflected in Table 10 represent the impact of BRCs. The
higher the value, the stronger the participation of that BRC is to obstruct the implementation
of PRS. The BRCs can be arranged as BRC13, BRC1, BRC10, BRC20, BRC8, BRC7,
BRC9, BRC2, BRC17, BRC11, BRC12, BRC6, BRC19, BRC18, BRC14, BRC15, BRC5,
BRC4, BRC16, and BRC3. In the present study, it was perceived that each BRC is directly
persuaded by other BRCs. Inadequate standards for PRS operations (BRC13) determined
the highest correlation with other BRCs. Effective PRS implementation requires monitoring,
sustaining, and enhancing internal and collaborative processes (Dwivedi et al., 2020). If
the effective implementation of the processes is not performed, there will be a significant
loss concerning labor and services. In PRS, the transformations in a PRS require financial
investments and human resources. Therefore, there is a requirement for a set of standards
for PRS operations. By way of contrast, lack of customer cognizance towards PRS and BCT
(BRC3) is the least correlated with other BRCs. In the era of digitalization, consumers search
for the implementation of advanced technologies in supply chains (Wang et al., 2019). There
is a lack of awareness and knowledge among the consumers in the context of BCT and PRS.
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Fig. 3 Impact-relations map for BRC to PRS

This brings the requirement for effective educational programs, conferences, and workshops
to make the customer aware of the benefits of BCT adoption. Therefore, effective assessment
measures based on BCT adoption will assist the manufacturing industries to remain updated
with the latest technologies.

5 Managerial and practical implications

This study presents some managerial and practical implications. From the results, causal
BRCs for BCT adoption in PRS have been explored. The development of BRCs can be
affected by the causal group. Measures should be suggested to improve the causal BRCs for
BCT adoption in PRS. This study is beneficial for manufacturing organizations concerned
with implementing BCT in PRS by eliminating potential BRCs through organized methods
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in the post-COVID-19 era (Chowdhury et al., 2021). Further, several valuable implications
are recommended to managers in the manufacturing industry based on the research findings:

Implication 1: In this study, lack of awareness and expertise towards BCT adoption is
reflected as one of the important barriers in the list of BRCs. A higher
level of awareness and expertise is essential for adopting BCT in PRS,
resulting in efficient execution of PRS in the post-COVID-19 era. Industry
managers should ensure that the economic advantages are achieved in their
organization with the execution of BCT practices. Further, managers are
suggested to learn from the expertise of other organizations executing such
practices.

Implication 2: This study’s findings reflect that security challenges to BCT implementa-
tion is an essential barrier for the implementation of BCT in PRS. The
blockchain works on the concept of decentralization that structures data
into blocks with multiple transaction settings. Although BCT can provide
an error-free set of transactions, there are possibilities of security issues.
Manufacturing organizations are reluctant to adopt BCT practices because
of security concerns.

Implication 3: Challenges in assimilating BCT and PRS is an important BRC for BCT
adoption in PRS. Manufacturing industries are not conscious of the reg-
ulations and policies specific to BCT adoption in PRS, resulting in
inconvenience in implementing the policies and integrating BCT and PRS.

Implication 4: The high costs linked with BCT implementation is another significant bar-
rier. Most manufacturing organizations are reluctant to invest money and
resources to adopt BCT in PRS. Industry managers are encouraged to fea-
ture the advantages and economic benefits of BCT adoption in PRS.

The findings of this study can help industry managers in successfully implementing BCT
practices for BCT adoption by eliminating BRCs. This study has analyzed BRCs for PRS
implementation and examined the ranking and nature of these BRCs. The ranking of the
cause-and-effect BRCs can assist decision-makers in advancing strategic policies during PRS
implementation in the post-COVID-era. Managers can consider this study as a benchmark
for enhancing the manufacturing industry by adopting BCT in PRS.

6 Conclusions and future research directions

BCT,which primarily encouraged theBitcoin cryptocurrency, is a tamper-resistant distributed
ledger that might eradicate business frictions hindering innovation adoption (Gausdal et al.,
2018). Most industries are confined to traditional methods. BCT is a recent research domain
and is unknown tomost industries. These industries are not organized to attain the advantages
obtainable via BCT adoption. Therefore, it becomes crucial to identify the BRCs through the
implementation of PRS in the manufacturing industry.
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In this study, twenty BRCs for PRS implementation were identified through a literature
review and expert recommendations. Further, the fuzzy DEMATEL methodology, which
considers uncertainty, was adopted to assess the identified BRCs. In the present study, the
fuzzy DEMATEL methodology was used to transform qualitative information into quanti-
tative evaluations and identify the most significant BRCs under the cause-and-effect groups
that obstruct PRS’s execution. The significance of each influencing BRC on PRS’s imple-
mentation has been effectively identified. Further, the causal interaction among each BRC
has been produced through an organized framework. The findings from the study reflect that
there are eight BRCs in the cause group and 12 BRCs in the effect group. In the present study,
lack of awareness and expertise towards BCT adoption (BRC17) and security challenges to
BCT implementation (BRC11) appeared as the most influential BRCs in this group. This
reflects that other BRCs can easily influence these BRCs. The results from this study can
assist the organizations in making strategic decisions when shifting from a traditional system
to PRS.

In emerging economies, manufacturing industries are reluctant to adopt digital technolo-
gies. There can be various reasons concerning the lack of information for such reluctance,
including high investments and improper infrastructure. Therefore, requirements for adopting
BCT in PRS have become essential. To the best of our understanding, there is no pre-existing
study that has evaluated the BRCs for PRS in the context of the manufacturing industry. The
present study contributes in three main ways. First, the study helps organizations generate
cognizance of the essential BRCs for PRS implementation. Second, the study identifies the
interactions between the BRCs for PRS adoption and assembles the BRCs into cause-and-
effect groups. Third, the study identifies an impact relationship map for the potential BRCs
for PRS by adopting an MMDE approach. The main contribution of this study to the present
literature is to suggest a framework that industrymanagers could employ to address the BRCs
and advance suitable measures to cater to them for the successful implementation of BCT
practices in PRS.

There are a few limitations to this study.Thepresent study adoptsBCT that has the potential
for enhancing the PRSs in the post-COVID-19 era. The study identifies a list of important
BRCs to PRS and recommends measures to cater to them for the successful implementation
of BCT in manufacturing industries. In the present study, the number of partaking experts is
acceptable in comparison to the current literature. However, more experts can be included in
the survey to confirm the exactness of the results. Further, experts considered in this study are
from a particular country. In the future, studies could be performed by selecting experts from
multiple developed and developing countries to generalize the results. In future studies, other
MCDM techniques such as fuzzy ANP, fuzzy BWM, and TISM can also be implemented to
evaluate the potential BRCs in PRS and to compare the findings.
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Appendix 1

Questionnaire on Modeling the Blockchain Readiness Challenges for Product Recovery System

The intention of this questionnaire is to accumulate data for modeling the blockchain readiness 
challenges for product recovery system. Please spare a few minutes in responding to the 

questions. Your time and assistance is highly appreciated.

Part 1
Section A: Details of the Respondent's

Name (Optional): Gender:              Male                                        Female    Age:
Work Experience (Years): Area Expertise:
Education: Company / Institute Name:
Role in the Company / Institute:
Mobile No. (Optional): Email (Optional): Address (Optional): 

Part 2
Section B: Judgement by the experts: As per the scale, please fill the measure to which the 
elimination of the challenge is important for adoption of blockchain technology in product 
recovery system
Scale Very High (VH)       High (H)             Low (L)                Very Low (VL)                             No

Challenges 
Answer 

(VH/H/L/VL/No)
1. Inadequate mechanism for BCT pursuit in PRS
2. Challenges in assimilating PRS and BCT
3. Lack of customer cognizance towards PRS and BCT
4. Infantile challenge of BCT
5. High cost linked with BCT implementation
6. Reluctant to convert to a new arrangement
7. Lack of organizational policies and frameworks for BCT adoption
8. Inadequate financing for PRS exercises
9. Inadequate organizational structures to support PRS
10. Lack of IT arrangements to assist PRS
11. Security challenges to BCT implementation
12. Lack of technological maturity towards PRS
13. Inadequate standards for PRS operations
14. Market impediments and uncertainty
15. Traceability and visibility concern with BCT adoption
16. Limited scalability with BCT implementation in PRS
17. Lack of awareness and expertise towards BCT adoption
18. Data processing and storage challenges with BCT in PRS
19. Privacy challenges with BCT
20. Lack of Governance and standards

Section C: Remarks/ Suggestions (If Any):

Thanks for sharing your valuable time
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