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Abstract
The proposed study aims to identify the major challenges for blockchain adoption to manage reverse logistics activities of 
recyclable hospital waste in the Indian healthcare sector, in the COVID era. Fifteen challenges are identified through litera-
ture review and experts’ views and are prioritized and analyzed for cause-and-effect relationships using a hybrid approach 
combining Best–Worst Method (BWM) and Decision-Making Trial and Evaluation Laboratory (DEMATEL). A sensitivity 
analysis is performed to evaluate the results’ robustness. The results reveal that the Technological and Regulatory challenges 
category plays the most influential role consisting of Lack of Government Support and Policies, Lack of Strategic Planning, 
Lack of Knowledge and Qualified Expertise, Lack of Standards and Regulations, High Cost Involved, and Lack of Top 
Management Support are the most significant challenges affecting blockchain adoption. This study can support healthcare 
stakeholders, policymakers, government, and researchers in planning the strategic removal of the challenges to blockchain 
adoption in the Indian healthcare sector. The identification of the mutual interaction among the challenges will help healthcare 
decision makers address strategic questions of waste management from a holistic point of view. Since the work is achieved 
in the Indian healthcare context, generalization of the results must be carefully considered. The present study contributes 
significantly to discussing blockchain’s potential in healthcare waste management. The study’s findings can aid decision 
making process of managers, policymakers, and benefit researchers in this field.
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Notations
BT  Blockchain Technology
RL  Reverse Logistics

BWM  Best Worst Method
DEMATEL  Decision Making Trial and Evaluation 

Laboratory
MCDM  Multi-Criteria Decision Making
COVID-19  Coronavirus Disease-2019
PPE  Personal Protective Equipment
ISM  Interpretive Structural Modelling
MICMAC  Cross- Impact Matrix Multiplication applied 

to Classification
EDAS  Evaluation based on Distance from Average 

Solution
TOPSIS  Technique for Order of Preference by Simi-

larity to Ideal Solution
ANP  Analytic Network Process
AHP  Analytic Hierarchy Process

1 Introduction

The healthcare sector provides the services, infrastructure, 
equipment, and medicines to support the well-being and 
health of a country’s citizens. Developing countries such as 
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India generally face barriers to providing quality healthcare 
services (Zaprutko et al. 2020; Rodríguez et al. 2021). This 
concern has become more severe after the outbreak of the 
COVID-19 pandemic (Muduli et al. 2022). For the health-
care sector, waste generation is an essential concern due 
to the increased intake of medicines because of new drug 
development, life expectancy improvement, and quality of 
life (Hantoko et al 2021). Healthcare waste includes the solid 
and liquid waste generated from healthcare facilities and can 
cover a wide range of materials consisting of syringes, sam-
pling needles, blood containers, pathological collections, 
chemical solutions, surgical devices, and radioactive mate-
rials. It is generated from laboratories, research centres, and 
healthcare facilities from patient’s examination, treatments, 
or immunization. Waste is defined as either hazardous or 
non- hazardous. Only 15% of medical waste is classified as 
hazardous waste that includes infectious, toxic, or radioac-
tive waste and the remaining 85% of waste is general non-
hazardous waste similar to that of a workplace or house-
hold, which includes packaging materials, food containers, 
and gloves worn to examine a non-infectious patient, and is 
where reductions or recyclability can be achieved (Xu and 
Yang 2022; Parida et al 2022). The pharmaceutical industry 
shows a growing trend due to the increasing consumption 
of medicines, population growth, and accessibility to medi-
cines. Recently, the consumption of medicines by patients 
and waste generation by healthcare units increased due to the 
COVID-19 pandemic (Das et al. 2021; Džakula et al. 2022), 
mainly from the frequent use of consumables such as PPE 
kits, masks, gloves and disinfectants and contaminated waste, 
which has contributed to the increased severity of the problem. 
(De Campos et al. 2021; Buja et al. 2022; Rajan et al. 2022).

In the Indian context, the pharmaceutical sector is a highly 
competitive industry that aims to improve product visibility, 
while at the same time increase its reach to consumers. How-
ever, poor quality products in the disjointed distribution system 
have obstructed its sustainable practices (Narayana et al. 2019). 
Moreover, appropriate reverse logistics (RL) management of 
end-of-life medical devices, as well as recyclable waste and 
poor-quality items, is essential (Chan et al. 2012). As per the 
Executive Council of American Reverse Logistics, RL is the 
planning, controlling, and implementation of raw materials, 
inventory, finished goods, and related information from the 
origin point for value addition or appropriate disposal. RL is 
the upstream movement of medicines or medical equipment 
for value addition via transformation, or proper disposal in 
healthcare (Molano et al. 2022). Moreover, the strategic use of 
RL can help improve brand loyalty and customer satisfaction 
(Zhang et al 2011) and is a validated environmental strategy 
for waste management in developing countries (Daaboul et al. 
2016; Chauhan and Singh 2021). Return of end-of-life prod-
ucts using RL allows to add value to the products transformed 
into new products.

Blockchain Technology (BT) can act as a solution for 
waste management and refurbishing medical devices 
whilst considering the operational, security, and regu-
latory requirements. BT is an open form of distributed 
ledger that helps record transactions between two parties 
and verify them permanently (Xu et al. 2022). The main 
objective of BT is to create a peer-to-peer network and a 
distributed database that counts on solid cryptographic  
support (Tian et al. 2022) and facilitates transparent and 
secure information exchange in the supply chain. Block-
chain is of mainly four types- public, private, consortium 
and hybrid. Public blockchain, also called permissionless 
blockchain, is a decentralized blockchain with no organi-
zation or individual controlling it. Anyone can access the 
network and participate in its core activities showing its self-
governed and decentralized nature. Its advantages include 
easy accessibility, immutability, as transactions are recorded 
and can’t be altered, and high security, due to the presence of 
many nodes in the network to be hacked. Its disadvantages 
include low throughput and high consumption of energy. 
Its applications include Bitcoin, Ethereum and Litecoin 
(Bamakan et al. 2022). A private blockchain, also called 
permissioned blockchain, has a single entity or operator who 
decides who can access the network as well as who can view 
and create data on blockchain. A private blockchain requires 
users access verification, which is not in the case of public 
blockchain. It is either centralized or partially decentral-
ized. Private blockchains may have an advantage of greater 
speed of processing transactions as the users are limited to 
a particular organization who need to achieve consensus 
to validate transactions. Despite the advantages of faster, 
efficient, and trusted systems, private blockchains present 
some disadvantages too; They are less secure and can be 
edited by the operator. Its applications include Hyperledger 
or Ripple (Mogale et al. 2022a, b). To overcome the disad-
vantages of public and private blockchain, consortium and 
hybrid blockchains come into the picture. Consortium block-
chain is a permissioned federated blockchain which is used 
when different organizations come together to share data or 
make transactions. So, its decentralized nature increases as 
compared to private blockchains and so the security. Hybrid 
blockchain is a combination of permissioned and permis-
sionless blockchain and has a balance of both control and 
freedom. It has combined benefits of both public and private 
blockchain and can execute permissioned as well as permis-
sionless features depending upon the need of the situation 
(Hrouga et al. 2022). Controlling authorities can keep the 
transactions open for public or make it transparent. Hybrid 
blockchains are the most suitable for healthcare sector as 
data sharing may be required within a hospital or between 
different healthcare partners depending on the situation.

BT practices could help develop environmentally sound 
solutions by reducing natural resources’ wastage through 
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reusing and recycling during the reverse flows (Morgan 
et al. 2016; Xu and He 2022). BT is an appropriate solution 
for the creation of an efficient management system that can 
manage recalled goods, their placement in inventory, recy-
cling, disposal, repair, and resale (Saberi et al. 2019). The 
increased transparency introduced by BT supports inventory 
management, raw material quality control, and reduce prod-
uct recalls. It minimises delays in data collection, leading to 
fast and effective decisions, and thus reduces the effort and 
time required to recall a product. Traditional paperwork is 
time consuming, prone to human error, and involves third 
parties. Smart contracts use BT to resolve these concerns 
by eliminating intermediaries, digitalising the information 
flows, which in turn increases the environmental friendliness 
and reduces time (Rana et al. 2022). Smart contracts are 
programs stored on blockchain that work on fulfilling pre-
determined conditions. Blockchain features such as decen-
tralization, immutability, distributed ledger, and consensus 
mechanisms help to take quick and unbiased decisions and 
provide enhanced security (Toufaily et al. 2021). Further-
more, according to Bamakan et al. (2022), BT outperforms 
traditional techniques in managing quicker transactions. In 
their study, they looked at how Walmart utilized BT to track 
the source of mangoes in only a few seconds, compared to 
seven days using traditional methods. BT can be used to 
manage and recycle returned goods to reduce environmental 
damage and facilitate better planning for recycling organiza-
tions (Queiroz and Wamba, 2019). BT ensures the authenti-
cation of products as counterfeit products negatively impact 
the manufacturers and service providers and affect consumer 
trust. This reduces time, materials, and energy waste and 
improves consumers’ trust. Since a vast amount of data is 
generated and shared every day in the healthcare industry, 
data security becomes a concern across healthcare supply 
chains. To cope with this problem, BT helps provide the 
required security and privacy to avoid fraud and integrate 
forward and reverse flows (Khan et al. 2021).

BT application in forwarding supply chains has been 
researched well but its application in RL is still unexplored 
(Malolan et al 2020). Moreover, the literature focuses on 
the techniques to manage the waste management issues 
rather than understanding the challenges for BT adoption to 
tackle waste management problems (Bamakan et al. 2022). 
Despite several benefits of the technology, there are a few 
challenges in BT’s implementation in the Indian healthcare 
sector for managing recyclable hospital waste. These chal-
lenges include the constraints that should be removed for 
the smooth adoption of BT in the healthcare system for effi-
cient waste management. Therefore, there is a strong need to 
revisit these adoption challenges in the healthcare environ-
ment, particularly in the Indian context which leads us to 
the following research question: What are the challenges to 
BT adoption in the Indian healthcare sector for managing 

recyclable hospital waste? Knowing what obstacles exist 
allows for the creation of a strategy to overcome them, but 
not all challenges are equal in importance. Some of them are 
given greater weight, impact, and consideration because they 
are more significant, and even these challenges can interact 
with one another. It is crucial to prioritize these challenges 
according to their relative importance and, with the advice of 
experts, determine whether there are any contextual linkages 
between them. Consequently: What are the most dominant 
challenges for BT adoption in the Indian healthcare sector 
to manage recyclable hospital waste, and what contextual 
relationships do they possess? By answering this question, 
healthcare stakeholders will gain an understanding of the 
most important challenges among them as well as their rela-
tionships with one another.

In general, this paper clarifies how blockchain might be 
used to manage recyclable hospital waste in the context of 
Indian healthcare. This study is original from the perspec-
tive of Indian healthcare waste management and will help 
managers, policymakers, and researchers who are involved 
in this field make decisions. Its analysis, interpretation, and 
results are achieved using a combined MCDM approach that 
includes the Best Worst Method for prioritizing challenges 
and DEMATEL for identifying contextual relationships. 
This research will contribute to a better understanding of 
the challenges themselves and how they affect policy and 
decision-making. The remaining part of the paper is struc-
tured as follows: Section 2 presents the literature review 
conducted for the study. Section 3 discusses the detailed 
research methodology adopted in this work. The results and 
analysis part are shown in Section 4, whereas discussion 
of the results is presented in Section 5. Section 6 provides 
the managerial implications of the conducted work. Finally, 
conclusion and the future work directions are presented in 
Section 7.

2  Literature review

The research is intended to identify the challenges related 
to BT adoption in the Indian healthcare sector and analyse 
their interrelationships. The bibliographic databases Web 
of Science, Scopus, and Science Direct, are searched for 
relevant articles. Feasible combinations of the keywords 
search strings such as (‘blockchain’, ‘healthcare*’, and 
‘challenges’) and (‘waste management*’, ‘healthcare*’, 
and ‘challenges’) were used to find relevant articles for this 
study. ‘Healthcare*’ was alternatively used with ‘smart 
healthcare’, ‘medical’, ‘e-health’, ‘pharmaceutical’, 
‘healthcare service’, ‘healthcare management’ and ‘health-
care system’. In the same way, ‘waste management*’ was 
alternatively used with ‘reverse logistics’ to avoid false nega-
tives and complete the search criteria.
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2.1  Nexus of BT in waste management, reverse 
logistics, and healthcare

Narayana et al. (2019) studied the complexities of Indian 
pharmaceutical supply chains and proposed changes to 
enhance sustainable performance. The authors explained 
how improvements in RL attributes can reduce wastage 
using a system dynamics model. Malolan et al. (2020) high-
lighted that there is sufficient research in forward supply 
chains but research on BT application in RL is still lacking. 
Douladiris et al. (2020) proposed a BT-based framework for 
RL operations to refurbish medical devices considering the 
security, regulatory and operational needs. In the Brazilian 
context, Vieira et al. (2020) analysed the RL challenges in 
e-waste. The study revealed that ‘regulations and policy’ 
and ‘market and social’ are the two main challenges that 
hinder RL adoption. Massaro (2021) presented views about 
the digital transformation of the healthcare industry using 
BT since the latter can help to speed up the process of digi-
tal transformation by solving medical practice challenges. 
Bekrar et al. (2021) analysed the relationship between BT, 
RL, and transportation. They proved that digitalising the 
RL and transportation activities with BT need changes in 
beliefs, policies, and practices. Shih et al. (2021) proposed 
a BT-based system to prevent fraudulent activities in the 
return and exchange of goods using smart contracts. It 
helps to reduce manpower for monitoring purposes and the 
import of counterfeit goods. Hrouga et al. (2022) proposed 
digitizing reverse supply chains based on IoT-blockchain for 
treating hazardous waste. The authors suggested conceptual 
models for open and closed-loop supply chains and verified 
them with a case study. Ghadge et al. (2022) established 
the link between industry 4.0 technologies and green supply 
chain management an highlighted that green purchasing and 
reverse logistics are highly influenced by industry 4.0 tech-
nologies and also impact the green SC performance. Omar 
et al. (2022) planned a BT-based result using smart contracts 
to manage the operations of PPE supply chains. The solution 
ensures trust, security, and transparency in communication 
among the stakeholders. Bamakan et al. (2022) presented 
the contributions of BT in solving environmental issues. 
The authors discussed BT’s potential to meet healthcare 
waste management needs and proposed BT-based solutions 
for managing hospitals waste. They stated that the focus of 
literature has been in understanding and developing waste 
management techniques rather than investigating BT adop-
tion challenges for tackling waste management issues.

2.2  Applications of BT in healthcare  
waste management

Dogo et  al. (2019) argued that the security and transpar-
ency aspects of BT for sewage treatment can improve system 

efficiency and reduce operating costs. Sløgedal and Star-
ling (2020) used BT as a tool for identification and security 
improvement in the context of tracking medical waste packages. 
Pournader et al. (2020) proposed that BT can help establish 
trust, traceability, better trade, and transparency within the sys-
tem for waste transportation purposes. Koh et al. (2020) pro-
posed a BT-based intelligent waste transportation system within 
the hospital for waste separation and transportation ensuring 
reduced traffic. Liu et al. (2021) attempted classification of dif-
ferent types of plastic waste using BT to accelerate its recycling. 
Gopalakrishnan et al. (2021) shared information regarding solid 
plastic waste identification and collection among different 
organizations using BT for recycling purposes.

2.3  Challenges for BT adoption with respect 
to recyclable waste management

Yaqoob et al. (2019) mentioned the lack of clear regulations,  
technical issues, and resistance to change as substantial  
challenges for BT’s implementation in the healthcare sce-
nario. Kassab et al. (2019) studied BT’s status in healthcare 
and reported financial constraints, top management support,  
government support, and infrastructure requirements as  
significant challenges. Sharma and Joshi (2021) analysed BT’s 
implementation challenges concerning the Indian healthcare 
sector and proposed regulation issues, interoperability and 
security as common issues faced. Spanò et al. (2021) explored  
how BT can add value to the healthcare sector. Lack of trust, 
high cost involved, and unclear vision and mission are the 
challenges faced in technology’s adoption in the healthcare 
sector. Karakas et al. (2021) studied BT adoption status in  
logistics and supply chains. The authors pointed out that lack  
of strategic planning, top management support, and lack of 
financial support are significant challenges to BT adoption. Erol 
et al. (2022) examined the impact of the challenges to circular 
economy adoption through BT. The authors suggested that low 
trust, lack of collaboration among stakeholders, and technical  
challenges are the ones that need to be overcome for BT’s 
implementation. Dominic et al. (2021) studied the challenges  
of adopting RL in manufacturing. The authors mentioned lack 
of infrastructure and low technical expertise as highly prioritised 
challenges. Lima et al. (2022) presented a systematic literature 
review on pharmaceutical RL operations. The authors proposed 
lack of environmental awareness, lack of governmental policies, 
and lack of regulations as the main issues of RL adoption.

2.4  Tools and techniques used

Kargar et al. (2020) proposed a network design model of RL 
for managing medical waste during COVID. The authors mini-
mized the cost and risk of handling infectious waste through 
multi-objective goal programming. Rana et al. (2022) explored 
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BT adoption challenges using ISM-MICMAC analysis within 
the Indian public sector. Mangla et al. (2021) analysed chal-
lenges to food safety in emerging economies. The authors used 
the BWM-DEMATEL integrated technique to prioritize the 
challenges and establish causal relationships. Mahmud et al. 
(2021) analysed the collaboration barriers in supply chains in 
SMEs with the help of grey DEMATEL and fuzzy BWM. The 
authors compared the results from two different MCDM tech-
niques. Kaswan et al. (2021) explored green six-sigma adop-
tion challenges for assessing sustainability in manufacturing. 
The authors analysed the results using the integrated technique 
of BWM and DEMATEL. Bai et al. (2021) evaluated the ser-
vice vendor platform selection based on BT. The authors used 
BWM, DEMATEL, and social network theory for the evalua-
tion. Kannan (2021) examined sustainable procurement drivers 
in a Danish supply chain context. BWM was used to prioritize 
the drivers, and an interrelationship analysis was done using 
DEMATEL. Dominic et al. (2021) studied the challenges of 
adopting RL in manufacturing. The authors used DEMATEL 
and EDAS for prioritization and interrelationship analysis.

2.5  Motivation for the study and research gaps

As there is a rapid evolution of blockchain-related concepts and 
implements, the exploration of applications of BT into RL has 
become a research area of interest (Morgan et al. 2018). Samson 
(2020) emphasizes on the need to integrate emerging technolo-
gies such as BT to help companies withstand the shocks due to 
pandemics or crises. He suggests the necessity of restructuring 
the reverse logistics system by incorporating BT. A significant 
amount of work has been published regarding BT application 
in forwarding supply chains. However, BT application in RL 
is still unexplored (Lagorio et al. 2020; Malolan et al. 2020), 
which constitutes a first gap. Moreover, the focus of the lit-
erature is on the use of suitable tools and techniques to handle 
the waste management issue (Bamakan et al. 2022) rather than 
understanding the challenges and the issues from a systematic 
point of view. Therefore, there is a need for empirical studies 
to find how BT incorporation can improve waste management 
operations (Kamble et al. 2020; Nguyen et al. 2020). This paper 
addresses the identified research gaps in identifying the chal-
lenges in the adoption of BT in the management of hospitals 
waste in a reverse logistics perspective.

3  Research methodology

The Multi-Criteria Decision Making (MCDM) problem 
treated in this study must identify the most important 
challenges as well as analyse the interdependencies 
among them based on different criteria and objectives. 

This study proposes a hybrid MCDM approach, BWM-
DEMATEL, to achieve the research objectives according 
to the methodology shown in Fig. 1. The first step is 
the identification of the challenges through a literature 
search and industry experts’ survey, followed by the 
data collection process and further analysis using a 
combined BWM-DEMATEL technique. Both the BWM 
and DEMATEL have been extensively used individually 
in the literature, however the combined approach 
of BWM-DEMATEL used for the Indian healthcare 
context in this study contributes to the technical novelty 
of the work. The two techniques play different roles; 
BWM prioritizes the importance of the challenges, and 
DEMATEL evaluates the causal relationships between 
them. The hybrid approach proposed is suitable for this 
study as the techniques are complementary and offset 
each other’s shortcomings (Govindan et al. 2020; Fartaj 
et al. 2020). BWM is an effective decision-making tool 
for answering practical problems. It ranks the challenges 
using feedback from experts (Yadav et  al. 2018). Its 
unique advantages that make it preferable over other 
MCDM methods include: 1) BWM requires a smaller 
number of experts to produce effective decisions (Tarei 
et  al. 2021), which makes it desirable for this study, 
given that only a small number of blockchain experts are 
available; 2) Fewer pairwise comparisons are involved 
in this method as compared to other MCDM methods 
such as AHP, F-AHP, Grey DEMATEL, or DEMATEL 
(Paul et al. 2021); 3) Requires less computational time 
and effort compared to other MCDM methods such as 
TOPSIS, DEMATEL, and ANP (Moktadir et al. 2019); 4) 
Reduced comparison complexity due to the use of integer 
scale of 1–9 (Moktadir et al. 2019). DEMATEL is based 
on graph theory and permits a visual understanding of 
influencers as well as the cause and effect relationships 
between the challenges. It effectively analyses both 
direct and indirect mutual influences and also measures 
criteria weights (Rajput and Singh 2019; Bumblauskas 
et al. 2020).

3.1  Best worst method (BWM)

BWM is an MCDM technique that uses pairwise comparison 
among the challenges to find their optimal weights (Rezaei 
2015). In this method, the reliability and consistency of the 
results are checked with the Consistency Ratio (CR). The 
implementation of the procedure is as follows:

Stage 1: Challenges to BT adoption in the Indian healthcare 
sector for managing RL issue of recyclable waste are identified 
with the help of a literature review and experts’ views.

Stage 2: The most important or “best” criteria and least 
important or “worst” criteria are chosen among the chal-
lenges through expert views and pairwise comparisons.
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Stage 3: After selecting the best and worst criteria, 
choosing the best challenge concerning other challenges is 
decided using a rating scale of 1–9. Best-to-Others vector is  
vB = (vb1,vb2,………..,vbn) , where vBj is the preference of best 
challenge B over criteria j and vBB = 1.

Stage 4: Further, preference for other challenges con-
cerning the worst challenge is determined using the rat-
ing scale of 1–9. The vector Others-to-Worst (OW) is 
vw =

(
v1w, v2w,……… , vnw

)T , where vjw denotes the pref-
erence of challenge j over worst criteria w and vww = 1.

Stage 5: The optimal weights of the challenges are deter-
mined. They are calculated such that the maximum absolute 
difference {|wB − vBjwj

|||, |wj − vjwww
|||} for al l  j  is 

minimized.
Min δ
Subject to,

|wB − vBjwj| ≤ �∀j

|wj − vjwww| ≤ �∀j

Identification of Challenges to BT adoption in the Indian Healthcare Sector 

through literature and industry experts’ views

Data Collection

Analysis of Challenges using hybrid BWM-DEMATEL technique

Results, Managerial Implications and Conclusions

Prioritization of Challenges and Sub-Challenges through BMW 

followed by Sensitivity Analysis for validation of calculations.

Causal Relationship Analysis among the Sub-Challenges using 

DEMATEL after removing Low Intensity Challenges in previous step.

Fig. 1  Research methodology
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The equations are solved, and the optimal weights are 
computed while minimising the value of δ. A value of δ 
closer to 0 shows high consistency of the results.

3.2  Decision‑making trial and evaluation 
laboratory (DEMATEL)

DEMATEL is used to analyse interrelationships among the fac-
tors using diagraphs or matrices of a system. It helps to deter-
mine the strength and dependency of the relationships among 
the factors. The stages involved in this technique are as follows:

Stage 1: An initial direct relation matrix E = {eij} is con-
structed from a set of factors f = {f i = 1, 2,… ., n} by deci-
sion-makers using a linguistic scale of five levels varying 
from “No Influence” to “Very High Influence”.

Stage 2: Formation of normalised direct-relation matrix 
(N) with the help of (2) and (3)

Stage 3: Formation of Total relation matrix (M) using 
(4) –

The total relation matrix represents the final relationship 
among the factors after continuous iterations of direct and 
indirect relations.

Stage 4: Calculation of row (D) and column (R) sums 
from the total relation matrix (M).

Stage 5: Evaluation of causal/effect diagram using 
(D + R) and (D-R) values.

Multi-speciality hospitals in India are known for providing 
quality healthcare. They recognise the importance of incorpo-
rating digital technologies for better maintenance and sharing 
of healthcare records, transparent clinical results, and traceabil-
ity improvement in supply chains. For achieving technological 
advantage and making healthcare services better, these hospitals 
are keen to adopt BT. BT-based healthcare start-ups are also con-
tacted for the data collection process in addition to managers, 
CEOs, medical staffs, engineers of healthcare units, and doctors. 
This can be referred in Table A8 of the supplementary material.

(1)
∑

wj = 1

wj ≥ 0∀j

(2)N = s.E

(3)s = 1∕(max1≤i≤n
∑n

j=1
eij), i, j = 1, 2,… , n

(4)M = N(I − N)−1

4  Results

This section presents the results and analysis conducted 
in the study. Firstly, the challenges and sub-challenges 
weights are estimated by BWM. The calculations of 
BWM are then checked with the aid of sensitivity analy-
sis for validation. The sub-challenges are further sub-
jected to DEMATEL to check their cause-and-effect 
relationships.

After a first round of consultation with experts, these sub-
challenges are resubmitted to them for their classification 
into respective categories based on their perspectives. The 
consensus amongst the experts is observed to classify the 
identified barriers into four categories as shown in Table 1. 
A description of the challenge with respect to its category 
among the four categories: Organizational and Management 
Challenges (I), Supply Chain and Collaboration Challenges 
(II), Economic and Environmental Challenges (III), Techno-
logical and Regulatory Challenges (IV) and the support-
ing references are provided.

4.1  Weights estimation using BWM

The best and worst challenges are first identified with the 
help of professionals. Table 2 shows the selected “best” and 
“worst” challenges as recognized by experts.

The “Best-to-Others” (BO) matrix and the “Others-
to-Worst” (OW) matrix present the pairwise comparison 
among the challenges and sub-challenges. The comparison 
is made using a scale of 1–9, where 1 represents the equal 
importance and 9 represents the extreme importance. 
Table 3 shows the BO and OW matrix with evaluation 
scores by experts.

The preference scores given by experts are used to com-
pute the local weights of challenges and sub-challenges. 
Then, local weights are multiplied by main category weights 
to get the global weights. Prioritization of the challenges is 
decided based on the global weights, as shown in Table 4. 
The reliability and consistency of the data can be checked 
with the help of the Consistency Ratio (CR) whose value 
should be less than 0.1.

Figure 2 shows the categorization of sub-challenges centred 
on their intensity of influence. Based on the experts’ views 
after the prioritization, all the sub-challenges are grouped 
into three categories because of their respective weights i.e.,  
low, medium, and high intensity. It can be noticed that  
(C3), (C4), (C7), (C11), (C12) and (C15) are among the  
sub-challenges with the highest intensity of influence.
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4.2  Sensitivity analysis

After prioritizing challenges to BT adoption in the Indian 
healthcare sector for managing recyclable hospital waste, 
the robustness and accuracy of the calculations by BWM are 
checked. Sensitivity analysis is a tool that helps in achiev-
ing the same. This study has been performed by varying 
the weight of the highest weighted Technological and Reg-
ulatory Challenges category from 0.1 to 0.9, as shown in 

Table 5. As the category's weight is varied, other categori-
cal weights are adjusted so that their sum equals one, while 
challenges’ local weights remain constant. The variation in 
the ranks of challenges can be seen in Table 6.

With the help of sensitivity analysis, it is evident that the 
high-intensity sub-challenges (C3, C4, C7, C11, C12, and C15) 
generally remain in the top six sub-challenges as the weight of 
the highest weighted category is varied from 0.1 to 0.9. Lack 
of Government Support and Policies for BT enabled Waste 

Table 2  Recognition of “Best” and “Worst” challenge and sub-challenge by healthcare professionals

Challenges and Sub-Challenges Identified as “Best” by 
Professionals

Identified as 
“Worst” by 
Professionals

Category Challenges
Organizational and Management 4,6,8, 2,5,7,15
Supply Chain and Collaboration 1,13,11 3,4,6,8,9,12,14
Economic and Environmental 14 10,13
Technological and Regulatory 2,3,5,7,9,10, 12, 15 1, 11
Sub-challenges of Organizational and Management Category
Resistance to Change 1 2,3,5,8,9,11,14
Unclear Mission and Vision 2,4,8,11,14 1,4,6,13
Lack of Strategic Planning 3,5,6,7,9,10, 12 15
Lack of Top Management Support 13,15 7,10,12
Sub-challenges of Supply Chain and Collaboration Category
Lack of Trust 9, 11,13,14 1,3,4,5,7,10,12
Lack of Collaboration among Supply Chain Partners 1,3,7 2,6,8,15
High Cost Involved 2,4,5,6,8,10,12, 15 9,11,13,14
Sub-challenges of Economic and Environmental Category
Lack of Financial Support 1,3,4,5,8,10,12,13 7,11,14
Lack of Environmental Awareness 2,6,7,15 1,4,9,10
Uncertain Return on Investment 9,11,14 2,3,5,6,8,12,13,15
Sub-challenges of Technological and Regulatory Category
Lack of Government Support and Policies 1,3,4,7,9,11 12,14
Lack of Knowledge and Qualified Expertise 2,5,8 9,13,15
Technical Challenges 6,10 8,11
Lack of Proper Infrastructure 12,15 3,5,6,7,10
Lack of Standards and Regulations 13,14 1,2,4

Table 3  ‘Best-to-Others’ and ‘Others-to-Worst’ matrix for challenges

Best to Others (BO) Organizational and 
Management Challenges

Supply Chain and 
Collaboration Challenges

Economic and 
Environmental Challenges

Technological and 
Regulatory Challenges

Technological and 
Regulatory Challenges

2 4 6 1

Others to worst (OW) Worst Challenge (Economic and Environmental Challenges)
Organizational and Management Challenges 3
Supply Chain and Collaboration Challenges 2
Economic and Environmental Challenges 1
Technological and Regulatory Challenges 6
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Management (C11), Lack of Strategic Planning for Sustainable 
Operations (C3), and Lack of Knowledge and Qualified Exper-
tise (C12) are the top three sub-challenges in most cases. The 
low-intensity sub-challenges of Lack of Environmental Awareness 
and Green Practices (C9) and Uncertain Return on Investment (C10) 
are mostly the least placed ones. Table 6 shows that the medium 
intensity sub-challenges generally rank between high intensity and 
low-intensity sub-challenges in the sensitivity analysis. On consul-
tation with industrial and academic experts, the low intensity sub-
challenges C9 and C10 are dropped after their approval as they don’t 
possess direct influence and are influenced by other sub-challenges. 
Further, DEMATEL analysis is carried out with the left thirteen sub-
challenges to determine their cause-and-effect relationships.

4.3  DEMATEL analysis

DEMATEL is used to find the causal relationships among the 
challenges. The DEMATEL results are shown in Table 7 which 
has been achieved by using Eqs. (2), (3) and (4). A threshold 
of α = 0.36 is the significant value obtained by averaging the 
entries of total relation matrix. The inner dependency matrix 
is obtained by excluding values lower than the threshold value 
in Table 7, which can be referred in Table A7 of the supple-
mentary material. This shows the retention of only significant 

relationships. Based on these relationships, the causal relation-
ship diagram is depicted in Fig. 3. In Table 7, ‘D + R’ values 
indicate the importance of the criteria which is the degree of 
the relation of a challenge with the other challenges. A higher 
value of ‘D + R’ means that the challenge is involved in more 
relationships with other challenges.

In Table 7, ‘D-R’ values indicate the kind of relation 
the challenge has with other challenges, whether a cause or 
effect relationship. The positive values of ‘D-R’ means that 
the challenge comes under the ‘Cause’ group and influences 
the other challenges. Negative values of ‘D-R’ indicate that 
the challenge comes under the ‘Effect’ group and gets influ-
enced by other challenges. A causal relationship diagram is 
being made by mapping the D + R and D-R values of the 
respective challenges, as shown in Fig. 3.

According to ‘D-R’ values in the DEMATEL analysis in 
Table 7, the sub-challenges that support positive values or come 
in the ‘Cause group’ are Resistance to Change (C1), Lack of 
Vision and Mission regarding Waste Management (C2), Lack of 
Strategic Planning for Sustainable Operations (C3), Lack of Top 
Management Support (C4), Privacy Issues (C5) and High Cost 
Involved (C7). The sub-challenges that support negative values or 
come under the ‘Effect group’ are Lack of Trust among Supply 
Chain Partners (C6), Lack of Financial Support (C8), Lack of 

Table 4  Prioritization of challenges based on BWM

Category Categorical 
Weights

Challenges Local Weights Global Weights Ranks

Organizational and Management 
Challenges (I)

0.27 Resistance to Change (C1) 0.09 0.0243 12
Unclear Vision and Mission regarding 

Waste Management (C2)
0.14 0.0378 10

Lack of Strategic Planning for Sustainable 
Operations (C3)

0.50 0.1350 2

Lack of Top Management Support (C4) 0.27 0.0729 6
Supply Chain and Collaboration 

Challenges (II)
0.14 Privacy Issues (C5) 0.17 0.0238 13

Lack of Trust among Supply Chain 
Partners (C6)

0.29 0.0406 9

High Cost of Technology and 
Environmentally Sustainable Operations 
(C7)

0.54 0.0756 5

Economic and Environmental Challenges 
(III)

0.08 Lack of Financial Support (C8) 0.62 0.0496 8
Lack of Environmental Awareness and 

Green Practices (C9)
0.25 0.0200 14

Uncertain Return on Investment (C10) 0.13 0.0104 15
Technological and Regulatory Challenges 

(IV)
0.51 Lack of Government Policies for BT 

enabled Waste Management (C11)
0.41 0.2091 1

Lack of Knowledge and Qualified 
Expertise (C12)

0.24 0.1224 3

Technical Challenges to BT controlled 
Recyclable Waste Management (C13)

0.12 0.0612 7

Lack of Proper Infrastructure (C14) 0.07 0.0357 11
Lack of Standards and Regulations 

regarding Waste Recycling (C15)
0.16 0.0816 4
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Government Policies for BT enabled Waste Management (C11), 
Lack of Knowledge and Qualified Expertise (C12), Technical 
Challenges to BT controlled Recyclable Waste Management (C13), 
Lack of Proper Infrastructure (C14) and Lack of Standards and 
Regulations regarding Waste Recycling (C15). Figure 3 shows the 
causal relationships among the sub-challenges, where the sub-chal-
lenges with negative values of ‘D-R’ come under the ‘Effect Group’ 
and the ones with positive values come under the ‘Cause Group’.

5  Discussion

In this paper, an effort has been made to explain why BT 
is appropriate for healthcare waste management and what 
challenges will arise when the technology is adopted for 

the management of recyclable hospital waste. BWM is used 
to rank the challenges to BT adoption in the Indian health-
care sector. Technical and Regulatory Challenges category 
tops the list followed by Organizational and Management 
category. Then comes Supply Chain and Collaboration 
challenges and finally Economic and Environmental Chal-
lenges falls last in the prioritization. The rankings obtained 
for the challenges with the help of BWM are as follows: 
Lack of Government Policies for BT enabled Waste Man-
agement (C11) > Lack of Strategic Planning for Sustainable 
Operations (C3) > Lack of Knowledge and Qualified Exper-
tise (C12) > Lack of Standards and Regulations regarding 
Waste Recycling (C15) > High Cost of Technology and 
Environmentally Sustainable Operations (C7) > Lack of 
Top Management Support (C4) > Technical Challenges to 
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Fig. 2  Categorization of sub-challenges based on their intensity of influence

Table 5  Variation in weight of 
category (IV) from 0.1 to 0.9

Selected 
Category

Normal (0.51) Preference Weights for Various Categories

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

I 0.27 0.50 0.44 0.38 0.32 0.26 0.20 0.14 0.08 0.02
II 0.14 0.26 0.23 0.20 0.17 0.14 0.11 0.08 0.05 0.02
III 0.08 0.14 0.13 0.12 0.11 0.10 0.09 0.08 0.07 0.06
IV 0.51 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
Total 1 1 1 1 1 1 1 1 1 1
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BT controlled Recyclable Waste Management (C13) > Lack 
of Financial Support (C8) > Lack of Trust among Supply 
Chain Partners (C6) > Unclear Vision and Mission regard-
ing Waste Management (C2) > Lack of Proper Infrastruc-
ture (C14) > Resistance to Change (C1) > Privacy Issues 
(C5) > Lack of Environmental Awareness and Green Prac-
tices (C9) > Uncertain Return on Investment (C10).

A sensitivity analysis classifies the sub-challenges into 
high, medium, and low-intensity sub-challenges. High-inten-
sity sub-challenges include Lack of Government Policies 

for BT enabled Waste Management, Lack of Strategic Plan-
ning for Sustainable Operations, Lack of Knowledge and 
Qualified Expertise, Lack of Standards and Regulations 
regarding Waste Recycling, High-cost of Technology and 
Environmentally Sustainable Operations, and Lack of Top 
Management Support and short-term strategies to tackle 
them as they deserve immediate attention of managers. 
Lack of Environmental Awareness and Green Practices and 
Uncertain Return on Investment falls under low-intensity 
sub-challenges and can be dealt with long-term strategies. 

Table 6  Variation in ranks of 
the challenges obtained with 
sensitivity analysis

Sub-
challenges

Normal 
Ranks (0.51)

Ranks of Sub-Challenges according to Variable Weights

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

C1 12 7 9 11 12 14 14 14 15 15
C2 10 6 7 8 10 10 11 12 12 14
C3 2 1 1 1 2 2 3 5 7 9
C4 6 3 3 4 5 6 8 9 9 12
C5 13 8 10 12 11 13 13 13 14 13
C6 9 5 6 7 8 9 10 10 11 11
C7 5 2 2 3 4 5 6 8 8 8
C8 8 4 5 5 6 7 7 6 6 6
C9 14 10 11 13 14 12 12 11 10 7
C10 15 12 14 15 15 15 15 15 13 10
C11 1 9 4 2 1 1 1 1 1 1
C12 3 11 8 6 3 3 2 2 2 2
C13 7 14 13 10 9 8 5 4 4 4
C14 11 15 15 14 13 11 9 7 5 5
C15 4 13 12 9 7 4 4 3 3 3

Table 7  Total relation and direct–indirect influence matrix

C1 C2 C3 C4 C5 C6 C7 C8 C11 C12 C13 C14 C15 D (sum of row) D + R D-R Cause-
effect 
group

C1 0.32 0.43 0.46 0.32 0.41 0.38 0.45 0.51 0.52 0.46 0.45 0.49 0.53 5.73 9.82 1.64 cause
C2 0.34 0.30 0.37 0.28 0.35 0.33 0.38 0.44 0.45 0.38 0.41 0.43 0.45 4.91 9.00 0.46 cause
C3 0.36 0.38 0.33 0.31 0.36 0.32 0.43 0.47 0.47 0.39 0.41 0.47 0.47 5.17 9.26 0.49 cause
C4 0.29 0.31 0.34 0.20 0.28 0.30 0.30 0.39 0.41 0.33 0.34 0.35 0.35 4.19 8.28 0.66 cause
C5 0.32 0.34 0.31 0.27 0.27 0.31 0.34 0.39 0.41 0.35 0.39 0.38 0.39 4.46 8.55 0.09 cause
C6 0.29 0.27 0.28 0.25 0.27 0.21 0.28 0.34 0.33 0.30 0.30 0.30 0.34 3.76 7.85 -0.28 effect
C7 0.33 0.38 0.39 0.29 0.36 0.34 0.33 0.42 0.47 0.44 0.41 0.43 0.46 5.06 9.15 0.28 cause
C8 0.33 0.34 0.39 0.28 0.36 0.32 0.38 0.36 0.48 0.42 0.41 0.43 0.45 4.96 9.05 -0.44 effect
C11 0.30 0.31 0.36 0.28 0.35 0.30 0.38 0.44 0.36 0.41 0.41 0.41 0.39 4.70 8.79 -0.93 effect
C12 0.30 0.33 0.36 0.27 0.34 0.31 0.40 0.42 0.44 0.32 0.38 0.43 0.43 4.73 8.82 -0.24 effect
C13 0.26 0.33 0.29 0.23 0.34 0.28 0.33 0.37 0.41 0.34 0.28 0.37 0.34 4.17 8.26 -0.80 effect
C14 0.32 0.34 0.37 0.27 0.33 0.30 0.34 0.40 0.43 0.38 0.37 0.34 0.45 4.64 8.73 -0.65 effect
C15 0.34 0.39 0.42 0.28 0.35 0.35 0.41 0.45 0.45 0.44 0.41 0.47 0.38 5.14 9.23 -0.27 effect
sum of 

column 
R

4.09 4.45 4.68 3.53 4.36 4.04 4.78 5.40 5.63 4.98 4.97 5.29 5.42 61.63

α 0.36
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The rest of the sub-challenges fall under medium intensity 
and need medium-term strategies for confronting.

The two lowest intensity sub-challenges resulting from 
BWM, and the sensitivity analysis are taken out. DEMATEL 
analysis is then performed with the remaining thirteen sub- 
challenges to check their causal relationships. As per the ‘D-R’ val-
ues in the DEMATEL analysis, the top three sub-challenges with 
the highest D-R values are Resistance to Change (C1), Lack of  
Top Management Support (C4), and Lack of Strategic Plan-
ning for Sustainable Operations (C3). This means that these 
sub-challenges have the most relationships with other sub- 
challenges than the rest and highly impact the rest of the system. 
Therefore, eradication of these sub-challenges shall be the man-
agers' priority for effective adoption of BT for recyclable waste  
management in the Indian healthcare sector.

People tend to work in the same way which show ‘Resist-
ance to Change (C1)’, a cause factor is due to human nature. 
In healthcare waste management, confidentiality of informa-
tion related to waste generated in hospitals as well as their 
respective disposal sites is essential. It becomes a challenge 
while applying BT in this domain and maintaining trust among 
different stakeholders at the same time which can lead to an 
effect of ‘Lack of Collaboration among Supply Chain Part-
ners (C6)’ (Agbo and Mahmoud 2020). This is also due to a 
‘Privacy Issues (C5)’ and unawareness about the technology. 

Moreover, the information confidentiality in healthcare waste 
management can make BT application difficult to maintain 
confidential information about hospital waste and its disposal 
(Bamakan et al. 2022). People need to be made aware of how 
the blockchain can be used to manage recycled waste. It is 
challenging to gain acceptance at the grassroots level without 
knowing its benefits. ‘Lack of Top Management Support (C4)’, 
one of the main cause factors in DEMATEL analysis, plays a 
crucial role in introducing new strategies in healthcare organi-
zations. It motivates the development of a learning environ-
ment and builds the confidence of its members to reduce their 
resistance to change. To have an efficient waste management 
system, active participation of both top management as well 
as the healthcare stakeholders is must.

‘Unclear Vision and Mission regarding Waste Manage-
ment (C2)’ and ‘Lack of Strategic Planning for Sustainable 
Operations (C3)’ are the other causal factors that managers 
need to give attention. The vision and mission of the top 
management are essential for BT adoption to manage issue 
of recyclable healthcare waste. This leads to an effect of 
‘Lack of Proper Infrastructure (C14)’. Batubara et al. (2018) 
suggested that there is a need for a better infrastructure in 
the Indian healthcare environment for the adoption of BT. It 
is essential to deal with the large volume of healthcare data 
generated everyday with optimum cost and time involved. 

Fig. 3  Causal relationship diagram
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Healthcare organizations need to set clear goals and use the 
technology adequately to measure and track progress. Clear 
vision and subsequent mission are essential for linking the 
organizational objectives with BT and RL implementation 
(Govindan et al. 2022). Government advertisements and 
campaigning can help promote the use of technology for 
sustainable RL practices. Introduction of suitable govern-
ment policies can help reduce the gap between environmen-
tal awareness and environmental practice. This can help 
improve the stakeholders’ support, both from the govern-
ment and the management side.

‘Unclear Vision and Mission’, ‘Lack of Strategic Planning’ 
and ‘High Cost Involved (C7)’ also leads to effects of ‘Lack of 
Financial Support (C8)’, ‘Lack of Government Policies for BT 
enabled Waste Management’, ‘Lack of Knowledge and Quali-
fied Expertise (C12)’, ‘Technical Challenges to BT controlled 
Recyclable Waste Management (C13)’ and ‘Lack of Standards 
and Regulations regarding Waste Recycling (C15)’. The ambi-
guity in the rules and regulations associated with the adoption 
of BT also act as a hindrance for its use in the healthcare waste 
management (Bamakan et al 2022).

Waste management regulations for Indian municipal 
corporations lacks alignment with BT. The integration of 
BT enabled infrastructure in recyclable waste management 
can provide a digital platform for efficient monitoring and 
working of the system. Policy making is essential for recy-
clable waste management problem and its conversion into 
a profitable business model. The newly developed waste 
management policies should be in line with BT principles. 
Regulatory policies are essential as waste management 
requires strict policies for making changes in the present 
system. Stakeholders attitude towards waste problems also 
depends on the formulated policies. Targeted government 
policies can make people aware about blockchain and its 
use for changing the traditional way of handling recyclable 
waste. Further, public–private partnerships can help in lack 
of funds and subsidy for waste management. The findings of 
Lu (2019) further supported that different users use differ-
ent operating systems as well as software, while operating 
the technology, which leads to the technical issue of inter-
operability. As a result, different blockchains are unable to 
connect with others (Savelyev 2018). This can also make 
BT application in healthcare waste management more time 
consuming (Bamakan et al. 2022). The Indian Government 
shall provide suitable standards and regulations for the use 
of BT. The ambiguities in the rules and regulations makes 
BT use in healthcare waste management a difficult task. 
Policies shall also be framed to avoid spread of infections 
by specifying segregation, collection, storage, transporta-
tion, and treatment of recyclable waste. This will make dif-
ferent blockchains interoperable (Douladiris et al. 2020). 
Feng et al. (2020) supported the result that correct sharing 
of information among the desired actors is essential that will 

help to reduce the ‘Lack of Trust among the stakeholders. 
The design constraints associated with the technology can 
also hinder the accessing of suitable healthcare waste man-
agement information.

BT has the potential to restructure the Indian RL system 
and improve status of healthcare waste management with its 
unique advantages (Bamakan et al. 2022). The technology 
can be used for waste identification, its collection, separation 
and for managing the hospital sewage system (Bamakan et al.  
2022). BT applications can help in better identification of 
generated hospital waste, its tracking and its segregation 
into hazardous or recyclable waste, which can be further 
dealt with RL. This would facilitate proper waste disposal 
and reduce traffic load around the hospital premises. The 
records of the generated waste on blockchain can help to 
decide how it can be reused or recycled in future. It can help 
identify the healthcare organizations that follow sustainable 
waste management practices. Suitably, incentivization can be 
done for following waste management practices and fines can 
be imposed on the ones that are non-compliant with the laws 
(Govindan et al. 2022). Proper management and eradication 
of the challenges are essential for reducing the losses and 
improving the Indian healthcare system. Due to limited time 
and finance constraints, the healthcare organizations shall 
first focus on the critical or top-ranked challenges for the 
timely adoption of BT in the Indian healthcare sector.

BT cannot be compared with other emerging technologies  
as it is still in the early stages of adoption in the Indian healthcare 
sector. Therefore, BT cannot replace any existing technology, 
and the difficulties in implementing it for the management of 
medical waste are unique. Even the sub-challenges like Unclear 
Vision and Mission regarding Waste Management (C2), Lack  
of Environmental Awareness and Green Practices (C9), Lack 
of government policies for BT enabled waste management 
(C11), technical challenges to BT controlled recyclable waste 
management (C13) are technology specific. Indeed, the goals 
for using a particular technology for waste management, its 
effects on the environment, governmental regulations, and 
technical difficulties can vary.

6  Theoretical and managerial implications

6.1  Theoretical implications

This study has made a unique contribution by identifying 
and offering a thorough understanding of the challenges for 
BT adoption to manage RL issue of recyclable healthcare 
waste. The adoption of BT-based services for handling RL 
depends on Organizational and Management Challenges, 
Supply Chain and Collaboration Challenges, Economic and 
Environmental Challenges, and Technological and Regula-
tory Challenges. Apart from novel addition to the previously 
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published literature, this work helps researchers and acade-
micians explore BT's role in RL management and understand 
its potential in restructuring of logistics system for better 
operations. This work tries to build a perspective regarding 
BT’s use in Indian healthcare waste management and what 
hindrances need to be removed for achieving it. This arti-
cle is helpful particularly for the Indian healthcare industry 
as it explains the cause-and-effect relationships among the 
challenges. It will assist the top management of healthcare 
organizations to identify the dominant challenges that need 
to be removed at an initial stage. The hybrid approach of 
BWM and DEMATEL used in this study will help research-
ers and practitioners to assess the challenges’ weights and 
analyse their cause-and-effect relationships. This study fur-
ther helps to understand different measures that can help 
reduce the intensity of different barriers hampering BT’s 
adoption in the Indian healthcare sector to manage recycla-
ble waste. This hybrid approach has helped provide a robust 
solution to solve this research problem.

6.2  Managerial implications

Healthcare decision-makers must take action to advance 
knowledge of the blockchain and how it works in the area of 
healthcare waste management and raise environmental aware-
ness among stakeholders. BT application can be extended to 
different aspects of healthcare waste management. The BT 
application can be expanded to cover various facets of waste 
management in the medical industry. Waste can be identified 
based on various characteristics, such as toxicity, substance, 
etc., and the associated data can be stored on a blockchain 
platform that has been specially designed (Liu et al. 2021). 
Information exchange between industries that use hospital 
waste and industries that produce waste can be facilitated by 
the use of BT in hospital waste classification. (Gopalakrishnan 
et al. 2021). It will aid in increasing productivity and encour-
age appropriate waste disposal (Sløgedal and Starling 2020). 
Both the environment and human health may be impacted by 
hospital waste. One method of using BT that could result in 
effective tracking and minimize its negative effects is waste 
encryption. BT can assist with both on-site and off-site waste 
transportation. It may make proper waste exchange within 
hospitals easier (Pournader et al. 2020). In order to increase 
transportation transparency, BT is able to track hospital waste 
vehicles outside of the hospital setting. The route can be clari-
fied by recording the transportation path outside of the hos-
pitals. Data recording, transparency, review, and acceleration 
of information exchange related to hospital sewage system are 
all made possible with the effective use of BT in healthcare 
waste management processes (Dogo et al. 2019). By using 
BT to record information about sewage disposal systems, 
potential flaws can be found and repaired, lowering costs and 
environmental pollution. Therefore, top management as well 

as the government need to inform the stakeholders about the 
BT applications in healthcare waste management. This step 
will help managers tackle the ‘Lack of Vision and Mission 
regarding waste management (C2)’, ‘Lack of strategic planning 
for sustainable operations (C3)’ and ‘Lack of top management 
support (C4)’, the three effect group sub-challenges.

Periodic training sessions of the healthcare workforce can 
help overcome the ‘Resistance to change (C1)’, a cause group 
sub-challenge and fear of adapting to a new system. Suitable 
organizational training in consultation with the healthcare 
stakeholders is needed to overcome the effect group sub- 
challenge of ‘Lack of knowledge and qualified expertise (C12)’.  
Lack of trust and collaboration among supply chain partners 
has become common during the COVID scenario. It will be 
easy to integrate multiple healthcare stakeholders through BT 
implementation. BT adoption for RL operations in healthcare 
will help managers to build more resilient healthcare supply  
chains with multiple healthcare stakeholders connected. The 
application of BT can help reduce hospital’s falsification of 
environmental data, reducing environmental pollution and can 
become an answer to the effect group sub-challenge of ‘Lack  
of trust among supply chain partners (C6)’. The Indian Gov-
ernment shall propose rewards and benefits for the technical 
expertise of BT to stop their migration to other countries 
for better earnings due to the present ‘Lack of government 
policies for BT enabled waste management (C11)’. Colossal 
funding is required to set up the blockchain infrastructure in 
the healthcare domain to mitigate ‘High cost of technology 
and environmentally sustainable operations (C7)’. The Indian 
Government and the top management of hospitals must think 
of their contribution to financial support and infrastructure 
development for the technology in post COVID-19 era to 
tackle effect group sub-challenges of ‘Lack of financial 
support (C8)’ and ‘Lack of proper infrastructure (C14)’. To 
fully capitalise the potential of BT, the authorities need to 
invest in digital infrastructure as well as the technical staff. 
Government’s regulatory structure and suitable policies are 
necessary for India as different blockchain based healthcare 
start-ups follow different protocols. The policymakers need 
to think about how the technology can be utilised to inter-
connect private, public, and non-profit organizations in the 
healthcare sector during this COVID phase. Big companies 
avoid investing in this sector due to the policy issues. So, 
healthcare policymakers shall work at a supranational level 
to disrupt BT's healthcare services. These steps are essential 
for managers to mitigate ‘Lack of standards and regulations 
regarding waste recycling (C15), ‘Privacy Issues (C5)’ and 
‘Technical Challenges to BT controlled recyclable waste 
management (C13)’. Mitigation of the mentioned challenges 
effectively needs stakeholder’s involvement. Therefore, the 
Indian Government and policymakers shall consider stake-
holder’s views before drafting the required policies for BT 
adoption for managing RL issues related to healthcare waste.
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7  Conclusion, limitations and future scope

The healthcare industry plays an essential role in boosting a 
nation’s economy and progress. In India, it has significantly 
impacted the GDP, and its efficient working is necessary for 
maintaining the nation’s development. Adoption of technol-
ogy like blockchain, especially hybrid blockchains, can sig-
nificantly improve the efficiency of healthcare working for  
managing recyclable waste. In this study, we identified and 
classified fifteen challenges to BT adoption in the Indian 
healthcare waste management scenario into four categories 
with the help of the literature and experts’ views. A combined 
methodology of BWM-DEMATEL has been used in this work 
to analyse the challenges. According to BWM, Technologi-
cal and Regulatory challenges are the top-ranked, followed by 
Organizational and Management challenges, Supply Chain and 
Collaboration challenges, and Economic and Environmental 
challenges. Lack of Government Support and Policies (C11), 
Lack of Strategic Planning (C3), and Lack of Knowledge and 
Qualified Expertise (C12) are the top three dominant sub- 
challenges. Lack of Standards and Regulations (C15), Lack of 
Top Management Support (C4), and High Cost Involved (C7) are  
the other high-intensity sub-challenges that ask for more con-
sideration from managers. The division of challenges into high, 
medium, and low intensity has been justified with the help of 
sensitivity analysis. The DEMATEL analysis further identi-
fied the challenges’ cause-and-effect contextual relationships. 
Resistance to Change (C1), Lack of Vision and Mission regard-
ing Waste Management (C2), Lack of Strategic Planning for 
Sustainable Operations (C3), Lack of Top Management Support 
(C4), Privacy Issues (C5) and High Cost Involved (C7) are the 
sub-challenges that come under cause group, driving the other  
effect group sub-challenges, deserve immediate attention.

The results indicated that the Indian healthcare waste 
management system is not yet prepared to implement BT 
widely. Prior to making any strategic decisions for remov-
ing the barriers to its implementation, the policymakers 
and the various stakeholders must create a roadmap. First, 
necessary adjustments must be made to organization struc-
ture and policies. Both the government and top manage-
ment in the healthcare industry need to make strategic 
investments in digital infrastructure and the development 
of a technically skilled workforce. For the widespread use 
of BT for healthcare waste management, a global legal and 
regulatory framework is ideal. The managers should first 
concentrate on eliminating the challenges that drive the 
effect group, or the causal group. In addition to making BT 
adoption easier, removing these obstacles will encourage 
more digital innovations.

This study has few limitations. Since the results are 
based on the opinion of experts, they could differ with a 
change of experts. Therefore, further consolidation of the 

results can be tackled as future work. Moreover, a limited 
number of experts’ views were taken due to less avail-
ability of BT experts in the Indian healthcare context. 
Future studies should involve higher number of experts for 
results’ validation. The integration of BT with other tech-
nologies such as cloud computing, fog computing and IoT 
in future would result in better possibilities for managing 
healthcare waste. Future work can include BT’s potential 
to meet sustainability requirements in hospital waste man-
agement. This study is done in the Indian context and can 
be helpful for other emerging economies. A cross-sector 
comparative analysis can be performed as future work. 
Future studies can include more stakeholders’ opinions on 
the challenges in Indian healthcare supply chains.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12063- 023- 00413-9.

Funding Open access funding provided by University of Applied Sci-
ences and Arts Western Switzerland (HES-SO) This work was partly 
supported by the Swiss National Science Foundation (Grant number 
[100018_182244]).

Data availability The data that support the findings of this study are 
available in the supplementary file and further details are available 
from the corresponding author on request.

Declarations 

Competing interests The authors have no relevant financial or non-
financial interests to disclose.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Agbo CC, Mahmoud QH (2020) Blockchain in healthcare: Oppor-
tunities, challenges, and possible solutions. Int J Healthcare Inf 
Syst Inform 15(3):82–97

Bai C, Zhu Q, Sarkis J (2021) Joint blockchain service vendor-
platform selection using social network relationships: A multi-
provider multi-user decision perspective. Int J Prod Econ 
238:108165

Bamakan SMH, Malekinejad P, Ziaeian M (2022) Towards block-
chain-based hospital waste management systems; applications 
and future trends. J Clean Prod 131440

Batubara FR, Ubacht J, Janssen M (2018, May) Challenges of block-
chain technology adoption for e-government: a systematic 

https://doi.org/10.1007/s12063-023-00413-9
http://creativecommons.org/licenses/by/4.0/


 S. Dhingra et al.

1 3

literature review. In Proceedings of the 19th Annual Interna-
tional Conference on Digital Government Research: Governance 
in the Data Age (pp. 1–9)

Bekrar A, El Cadi AA, Todosijevic R, Sarkis J (2021) Digitalizing 
the closing-of-the-loop for supply chains: A transportation and 
Blockchain perspective. Sustainability 13(5):2895

Buja A, Paganini M, Fusinato R, Cozzolino C, Cocchio S, Scioni 
M, ... Boccuzzo G (2022) Health and healthcare variables 
associated with Italy’s excess mortality during the first wave of 
the COVID-19 pandemic: An ecological study. Health Policy 
126(4):294–301

Bumblauskas D, Mann A, Dugan B, Rittmer J (2020) A blockchain 
use case in food distribution: Do you know where your food has 
been? Int J Inf Manag 52:102008

Chan FT, Chan HK, Jain V (2012) A framework of reverse logistics 
for the automobile industry. Int J Prod Res 50(5):1318–1331

Chauhan A, Singh A, Jharkharia S (2018) An interpretive struc-
tural modeling (ISM) and decision-making trail and evaluation 
laboratory (DEMATEL) method approach for the analysis of 
barriers of waste recycling in India. J Air Waste Manag Assoc 
68(2):100–110

Chauhan A, Singh SP (2021) Selection of healthcare waste dis-
posal firms using a multi-method approach. J Environ Manag 
295:113117

Daaboul J, Le Duigou J, Penciuc D, Eynard B (2016) An integrated 
closed-loop product lifecycle management approach for reverse 
logistics design. Prod Plan Control 27(13):1062–1077

Das AK, Islam MN, Billah MM, Sarker A (2021) COVID-19 pan-
demic and healthcare solid waste management strategy–A mini-
review. Sci Total Environ 778:146220

De Campos EAR, Ten Caten CS, de Paula IC (2021) End-of-use 
and end-of-life medicines—Insights from pharmaceutical care 
process into waste medicines management. Environ Sci Pollut 
Res 28(41):58170–58188

Dogo EM, Salami AF, Nwulu NI, Aigbavboa CO (2019) Blockchain 
and internet of things-based technologies for intelligent water 
management system. Artif Intell IoT 129–150

Dominic CM, Orji IJ, Okwu M (2021) Analyzing the Barriers to 
Reverse Logistics (RL) Implementation: A Hybrid Model Based 
on IF-DEMATEL-EDAS. Sustainability 13(19):1–26

Douladiris K, Dasaklis T, Casino F, Douligeris C (2020) A Block-
chain framework for reverse logistics of used medical equip-
ment. Pan-Hellenic Conf Inform 148–151

Džakula A, Banadinović M, Lovrenčić IL, Vajagić M, Dimova A, 
Rohova M, ... Rechel B (2022) A comparison of health system 
responses to COVID-19 in Bulgaria, Croatia and Romania in 
2020. Health Policy

Erol I, Ar IM, Peker I, Searcy C (2022) Alleviating the Impact of the 
Barriers to Circular Economy Adoption through Blockchain: 
An Investigation using an Integrated MCDM-based QFD with 
Hesitant Fuzzy Linguistic Term Sets. Comput Ind Eng 107962

Fartaj SR, Kabir G, Eghujovbo V, Ali SM, Paul SK (2020) Modeling 
transportation disruptions in the supply chain of automotive 
parts manufacturing company. Int J Prod Econ 22(2):107511

Feng H, Wang X, Duan Y, Zhang J, Zhang X (2020) Applying block-
chain technology to improve agri-food traceability: A review 
of development methods, benefits and challenges. J Clean Prod 
260:121031

Ghadge A, Mogale DG, Bourlakis M, Maiyar LM, Moradlou H 
(2022) Link between Industry 4.0 and green supply chain man-
agement: Evidence from the automotive industry. Comput Ind 
Eng 169:108303

Gopalakrishnan PK, Hall J, Behdad S (2021) Cost analysis and opti-
mization of Blockchain-based solid waste management trace-
ability system. Waste Manag 120:594–607

Govindan K, Nasr AK, Saeed Heidary M, Nosrati-Abargooee S, 
Mina H (2022) Prioritizing adoption barriers of platforms based 
on blockchain technology from balanced scorecard perspectives 
in healthcare industry: a structural approach. Int J Prod Res 
1–15

Govindan K, Shankar KM, Kannan D (2020) Achieving sustainable 
development goals through identifying and analyzing barriers to 
industrial sharing economy: A framework development. Int J Prod 
Econ 227:107575

Hantoko D, Li X, Pariatamby A, Yoshikawa K, Horttanainen M, Yan 
M (2021) Challenges and practices on waste management and dis-
posal during COVID-19 pandemic. J Environ Manag 286:112140

Hrouga M, Sbihi A, Chavallard M (2022) The potentials of combin-
ing Blockchain technology and Internet of Things for digital 
reverse supply chain: A case study. J Clean Prod 130609

Kamble SS, Gunasekaran A, Sharma R (2020) Modeling the block-
chain enabled traceability in agriculture supply chain. Int J Inf 
Manag 52:101967

Kannan D (2021) Sustainable procurement drivers for extended 
multi-tier context: A multi-theoretical perspective in the Danish 
supply chain. Transp Res Part e: Logist Transp Rev 146:102092

Kargar S, Pourmehdi M, Paydar MM (2020) Reverse logistics net-
work design for medical waste management in the epidemic 
outbreak of the novel coronavirus (COVID-19). Sci Total Envi-
ron 746:141183

Kassab MH, DeFranco J, Malas T, Laplante P, Destefanis G, Graciano 
Neto VV (2019) Exploring research in blockchain for healthcare 
and a roadmap for the future. IEEE Trans Emerg Top Comput. 
https:// doi. org/ 10. 1109/ TETC. 2019. 29368 81

Karakas S, Acar AZ, Kucukaltan B (2021) Blockchain adoption in 
logistics and supply chain: a literature review and research agenda. 
Int J Prod Res 1–24

Kaswan MS, Rathi R, Reyes JAG, Antony J (2021) Exploration and 
investigation of green lean six sigma adoption barriers for manu-
facturing sustainability. IEEE Trans Eng Manag

Khan SAR, Yu Z, Sarwat S, Godil DI, Amin S, Shujaat S (2021) The 
role of blockchain technology in circular economy practices to 
improve organisational performance. Int J Logist Res Appl 1–18. 
https:// doi. org/ 10. 1080/ 13675 567. 2021. 18725 12

Koh L, Dolgui A, Sarkis J (2020) Blockchain in transport and logis-
tics–paradigms and transitions. Int J Prod Res 58(7):2054–2062

Kurdve M, Shahbazi S, Wendin M, Bengtsson C, Wiktorsson M (2015) 
Waste flow mapping to improve sustainability of waste manage-
ment: a case study approach. J Clean Prod 98:304–315

Lagorio A, Zenezini G, Mangano G, Pinto R (2020) A systematic 
literature review of innovative technologies adopted in logistics 
management. Int J Logist Res Appl 1–24. https:// doi. org/ 10. 1080/ 
13675 567. 2020. 185066

Lima PAB, Delgado FCM, dos Santos TL, Florentino, AP (2022) 
Medications reverse logistics: A systematic literature review and 
a method for improving the Brazilian case. Clean Logist Supply 
Chain 3:100024

Liu C, Zhang X, Medda F (2021) Plastic credit: A consortium 
blockchain-based plastic recyclability system. Waste Manag 
121:42–51

Liu HC, Wu J, Li P (2013) Assessment of health-care waste disposal 
methods using a VIKOR-based fuzzy multi-criteria decision-
making method. Waste Manag 33(12):2744–2751

Lu Y (2019) The blockchain: State-of-the-art and research chal-
lenges. J Ind Inf Integr 15:80–90

Mahmud P, Paul SK, Azeem A, Chowdhury P (2021) Evaluating 
supply chain collaboration barriers in small-and medium-sized 
enterprises. Sustainability 13:7449

Malolan S, Mathirajan M, Tiwari MK (2020) A methodology 
for determining the optimal reverse flow capacities and the 

https://doi.org/10.1109/TETC.2019.2936881
https://doi.org/10.1080/13675567.2021.1872512
https://doi.org/10.1080/13675567.2020.185066
https://doi.org/10.1080/13675567.2020.185066


Blockchain adoption challenges in the healthcare sector: a waste management perspective  

1 3

breakeven period for a multi products-component remanufac-
turing problem of an OEM. Oper Manag Res 1–16

Mangla SK, Bhattacharya A, Yadav AK, Sharma YK, Ishizaka A, 
Luthra S, Chakraborty R (2021) A framework to assess the 
challenges to food safety initiatives in an emerging economy. J 
Clean Prod 284:124709

Massaro M (2021) Digital transformation in the healthcare sector 
through blockchain technology. Insights from academic research 
and business developments. Technovation 102386

Mogale DG, De A, Ghadge A, Tiwari MK (2022b) Designing a sus-
tainable freight transportation network with cross-docks. Int J 
Prod Res 1–24

Mogale DG, Ghadge A, Cheikhrouhou N, Tiwari MK (2022a) 
Designing a food supply chain for enhanced social sustainabil-
ity in developing countries. Int J Prod Res 1–21

Moktadir MA, Ali SM, Jabbour CJC, Paul A, Ahmed S, Sultana 
R, Rahman T (2019) Key factors for energy-efficient supply 
chains: Implications for energy policy in emerging economies. 
Energy 189:116129

Molano JC, Xing K, Majewski P, Huang B (2022) A holistic reverse 
logistics planning framework for end-of-life PV panel collection 
system design. J Environ Manag 317:115331

Morgan TR, Richey RG, Autry CW (2016) Developing a reverse logis-
tics competency, the influence of collaboration and information 
technology. Int J Phys Distrib Logist Manag 46(3):293–315

Morgan TR, Tokman M, Richey RG, Defee C (2018) Resource com-
mitment and sustainability: a reverse logistics performance pro-
cess model. Int J Phys Distrib Logist Manag 48(2):164–182

Muduli K, Raut R, Narkhede BE, Shee H (2022) Blockchain Tech-
nology for Enhancing Supply Chain Performance and Reducing 
the Threats Arising from the COVID-19 Pandemic. Sustain-
ability 14(6):3290

Narayana SA, Pati RK, Padhi SS (2019) Market dynamics and 
reverse logistics for sustainability in the Indian Pharmaceuticals 
industry. J Clean Prod 208:968–987

Nguyen S, Chen PSL, Du Y (2020) Risk identification and modelling 
for blockchain-enabled container shipping. Int J Phys Distrib 
Logist Manag

Omar IA, Debe M, Jayaraman R, Salah K, Omar M, Arshad J (2022) 
Blockchain-based supply chain traceability for COVID-19 personal 
protective equipment. Comput Ind Eng 107995

Parida VK, Sikarwar D, Majumder A, Gupta AK (2022) An assess-
ment of hospital wastewater and biomedical waste generation, 
existing legislations, risk assessment, treatment processes, and 
scenario during COVID-19. J Environ Manag 114609

Paul SK, Chowdhury P, Chowdhury MT, Chakrabortty RK, Moktadir 
MA (2021) “Operational challenges during a pandemic: an inves-
tigation in the electronics industry. Int J Logistic Manag

Pournader M, Shi Y, Seuring S, Koh SL (2020) Blockchain applica-
tions in supply chains, transport and logistics: a systematic review 
of the literature. Int J Prod Res 58(7):2063–2081

Queiroz MM, Fosso Wamba S (2019) Blockchain adoption challenges in 
supply chain: An empirical investigation of the main drivers in India 
and the USA. Int J Inf Manag 46:70–82

Rajan S, McKee M, Hernández-Quevedo C, Karanikolos M, Rich-
ardson E, Webb E, Cylus J (2022) What have European coun-
tries done to prevent the spread of COVID-19? Lessons from the 
COVID-19 Health System Response Monitor. Health Policy

Rajput S, Singh SP (2019) Connecting circular economy and industry 
4.0. Int J Inf Manage 49:98–113

Rana NP, Dwivedi YK, Hughes DL (2022) Analysis of challenges 
for blockchain adoption within the Indian public sector: An 
interpretive structural modelling approach. Inf Technol People 
35(2):548–576

Rezaei J (2015) Best-worst multi-criteria decision-making method. 
Omega 53:49–57

Rodríguez R, Svensson G, Ferro C (2021) Assessing the future direc-
tion of sustainable development in public hospitals: Time-horizon, 
path and action. Health Policy 125(4):526–534

Saberi S, Kouhizadeh M, Sarkis J, Shen L (2019) Blockchain technol-
ogy and its relationships to sustainable supply chain management. 
Int J Prod Res 57(7):2117–2135

Samson D (2020) Operations/supply chain management in a new world 
context. Oper Manag Res 13:1–3

Savelyev A (2018) Copyright in the blockchain era: Promises and chal-
lenges. Comput Law Secur Rev 34(3):550–561

Sharma M, Joshi S (2021) Barriers to blockchain adoption in healthcare 
industry: an Indian perspective. J Glob Oper Strat Sour 14(1):134–169

Shi H, Liu HC, Li P, Xu S, H., Liu, H. C., Li, P., & Xu, X. G. (2017) 
An integrated decision making approach for assessing healthcare 
waste treatment technologies from a multiple stakeholder. Waste 
Manag 59:508–517

Shih DH, Huang FC, Chieh CY, Shih MH, Wu TW (2021) Prevent-
ing return fraud in reverse logistics—A case study of ESPRES 
solution by Ethereum. J Theor Appl Electron Commer Res 
16(6):2170–2191

Sløgedal TSS, Starling RE (2020) A Story of separation: Exploring 
systems of household waste, looking for opportunities for regen-
erative change (Master’s thesis. OsloMet-storbyuniversitetet, Insti-
tutt for produktdesign)

Spanò R, Massaro M, Iacuzzi S (2021) Blockchain for value creation 
in the healthcare sector. Technovation 102440

Tarei PK, Chand P, Gupta H (2021) Barriers to the adoption of electric 
vehicles: Evidence from India. J Clean Prod 291:125847

Tian X, Zhu J, Zhao X, Wu J (2022) Improving operational efficiency 
through blockchain: evidence from a field experiment in cross-
border trade. Prod Plan Control 1–16

Torkayesh AE, Malmir B, Asadabadi MR (2021) Sustainable waste dis-
posal technology selection: The stratified best-worst multi-criteria 
decision-making method. Waste Manag 122:100–112

Toufaily E, Zalan T, Dhaou SB (2021) A framework of blockchain 
technology adoption: An investigation of challenges and expected 
value. Inf Manag 58(3):103444

Vieira BO, Guarnieri P, Nofal R, Nofal B (2020) Multicriteria Methods 
applied in the studies of barriers identified in the implementation 
of reverse logistics of e-waste: A research agenda. Logistics 4:11

Xu X, Yang Y (2022) Municipal hazardous waste management with 
reverse logistics exploration. Energy Rep 8:4649–4660

Xu X, He Y (2022) Blockchain application in modern logistics information 
sharing: a review and case study analysis. Prod Plan Control 1–15

Xu X, Tatge L, Xu X, Liu Y (2022) Blockchain applications in the 
supply chain management in German automotive industry. Prod 
Plan Control 1–15

Yadav AK, Kumar D (2023) Blockchain technology and vaccine sup-
ply chain: Exploration and analysis of the adoption barriers in the 
Indian context. Int J Prod Econ 255:108716

Yadav G, Mangla SK, Luthra S, Jakhar S (2018) Hybrid BWM-ELEC-
TRE-based decision framework for effective offshore outsourcing 
adoption: a case study. Int J Prod Res 56(18):6259–6278

Yaqoob S, Khan MM, Talib R, Butt AD, Saleem S, Arif F, Nadeem A 
(2019) Use of blockchain in Healthcare: A systematic literature 
review”. Int J Adv Comput Sci Appl 10(5):644–653

Zaprutko T, Kopciuch D, Bronisz M, Michalak M, Kus K, Nowa-
kowska E (2020) Drug shortages as a result of parallel export 
in Poland–Pharmacists’ opinions. Health Policy 124(5):563–567

Zhang YM, Huang GH, He L (2011) An inexact reverse logistics model 
for municipal solid waste management systems. J Environ Manage 
92(3):522–530

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Blockchain adoption challenges in the healthcare sector: a waste management perspective
	Abstract
	1 Introduction
	2 Literature review
	2.1 Nexus of BT in waste management, reverse logistics, and healthcare
	2.2 Applications of BT in healthcare waste management
	2.3 Challenges for BT adoption with respect to recyclable waste management
	2.4 Tools and techniques used
	2.5 Motivation for the study and research gaps

	3 Research methodology
	3.1 Best worst method (BWM)
	3.2 Decision-making trial and evaluation laboratory (DEMATEL)

	4 Results
	4.1 Weights estimation using BWM
	4.2 Sensitivity analysis
	4.3 DEMATEL analysis

	5 Discussion
	6 Theoretical and managerial implications
	6.1 Theoretical implications
	6.2 Managerial implications

	7 Conclusion, limitations and future scope
	Anchor 22
	References


