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Value of Information Management in Closed Loop Supply Chain with Blockchain
Applications

Belkiz TORGUL?, Turan PAKSOY?

ABSTRACT

Purpose: Rapidly developing information technology increases expectations for obtaining much more
efficient structures by providing accurate, sufficient and secure information sharing in supply chains as well
as in many other fields. Traceability is a critical element in supply chain management, especially in security-
sensitive sectors such as food, medicine, etc. Blockchain is a decentralized record platform that provides
traceability, transparency and security, and it shows promise in alleviating traditional supply chain
management problems and making a positive contribution. This article aims to improve the relevant
literature by revealing the level of impact of blockchain technology on supply chain management.
Methodology: First of all, a traditional closed-loop supply chain (CLSC) network was designed and
modeled. Then, the main model was developed by creating four more scenarios for different applications
of the blockchain technology to the existing model and the application results were analyzed.

Findings: This paper demonstrated the implementation of blockchain technology in forward and reverse
flows activities coordination for effective and efficient supply chain management, and the resulting gains by
developing appropriate models through explanatory scenarios. The implications showed that blockchain
technology could significantly reduce supply chain costs.

Originality: While blockchain technology is gaining attention, there are very few studies focused on its
integration into the supply chain. Apart from the applications in the field of finance, the most important
contribution and originality of the study is the application of the blockchain to CLSC from different aspects
as partial, full, only forward flow and only reverse flow.

Keywords: Blockchain, CLSC Optimization, Information Management, Returned Product Management.
JEL Codes: C02, C61, L23, M11.

Blok Zincir Uygulamalari ile Kapali Dongu Tedarik Zincirinde Bilgi Yonetiminin Degeri

OZET

Amag: izlenebilirlik, tedarik zinciri ydnetiminde ézellikle gida, ilag vb. gibi glivenlige duyarl sektorlerde kritik
bir unsurdur. Blok zincir teknolojisi, izlenebilirlik, seffaflik ve guvenlik saglayan merkezi olmayan bir kayit
platformudur ve geleneksel tedarik zinciri ydnetimi sorunlarini hafifletme konusunda umut vaat etmektedir.
Bu makale, blok zincir teknolojisinin tedarik zinciri ydnetimi tGzerindeki etki dizeyini ortaya koyarak ilgili
literatiru gelistirmeyi amaclamaktadir.

Yéntem: Oncelikle geleneksel bir kapali déngi tedarik zinciri agi tasarlanmis ve modellenmistir. Daha
sonra mevcut durumun yaninda blok zincir teknolojisinin mevcut modele farkli uygulamalar i¢in dort
senaryo olusturularak ana model gelistiriimis ve uygulama sonugclari analiz edilmistir.

Bulgular: Bu calisma, etkili ve verimli tedarik zinciri yonetimi icin ileri ve geri akig faaliyetleri
koordinasyonunda blok zinciri teknolojisinin uygulama olanaklarini ve aciklayici senaryolar araciligiyla
uygun modeller gelistirerek elde edilen kazanimlari géstermistir. Sonuglar, blok zincir teknolojisinin tedarik
zinciri maliyetlerini 6nemli élglide azaltabilecegini gostermistir.

Ozgiinliik: Blok zincir teknolojisi dikkat gekerken, tedarik zincirine entegrasyonuna odaklanan g¢ok az
uygulama calismasi bulunmaktadir. Blok zincirin kapali déngu tedarik zincirine entegrasyonunun
incelenerek etkinliginin degerlendiriimesinin yaninda tedarik zincirine kismi, tam, yalnizca ileriye ve yalnizca
tersine donuk olarak farkli yonlerden uygulanmasi galismanin literatlire en 6nemli katkisi ve 6zgunlugudur.
Anahtar Kelimeler: Blok zincir, Kapal Déngi Tedarik Zinciri, Bilgi Yonetimi, Geri Dénen Uriin Yonetimi.
JEL Kodlari: C02, C61, L23, M11.
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1. INTRODUCTION

Modern supply chains have emerged into extremely complex value networks because of the enhanced
number of intermediaries between the manufacturer and the final customer. Globalisation and market
growth have forced companies to extend their product variety and lifecycles to meet the requirements of
modern age markets. Accordingly, there is not enough information on the processing or transportation
journey of the product. Since it has become progressively difficult to confirm the source of raw materials
and keep visibility of products as they pass through the value chain network (Azzi et al., 2019; Rejeb et al.,
2019). From the very beginning, supply chain financing has been a very important issue. Uncompleted
information, weak communication and insecurity among members of supply chains are among the basic
problems of modern supply chains. In this dynamic environment, companies are turning to implement new
technologies such as machine learning (ML), the Internet of Things (IoT), business analytics, artificial
intelligence (Al), cloud computing and blockchain technology to cope with the need to overcome these
challenges and increase competitiveness (Rejeb et al., 2019).

Blockchain technology varies from most current information system designs in that it incorporates four
fundamental features: Security, decentralization, auditability, and smart execution (Saberi et al., 2019). One
of the biggest concerns with the blockchain is the high energy consumption due to the need to copy and
accumulate a lot of data. This technology, which also has a complex structure, is in competition with central
databases and ledgers in these regards.

Blockchain technology is identified as a distributed, shared, encrypted database that serves as an
irreversible and incorruptible repository of information (Kamble et al., 2021). This technology promises high
efficiency with its possibilities and diversified applications. The blockchain technology that was first
acquainted with assuring the Bitcoin electronic currency system's security has recently started to take place
in various areas besides financial areas such as supply chain management processes (Kumar and lyengar,
2017) that have inadequate information and are not clear enough.

Information system management is centralized in many sectors such as health, food, finance and
education. That is, all transactions are inspected by third-party agents. This system can be risky in terms
of data integrity, resilience and availability and may expose the system to fraud and tampering. A reliable
ecosystem should also be established between suppliers and their consumers. This is reached by a polity
like blockchain technology, which focuses on chain transparency to provide product traceability where
correct and secure data collection and storage are needed (Azzi et al., 2019). There is no requirement for
a third party for transactions with this technology. All transactions are processed into the encrypted block
by the supply chain members. Each block is linked to previous and next blocks and can't be deleted or
changed by a single member of the supply chain. With the blockchain that is an autonomous technology,
all transactions could be made automatically by connecting to conditions. Accordingly, the problems related
to the blockchain technology application in the supply chains are tried to be solved and the effective supply
chain objectives such as safety, transparency, cost, recycling, demand flexibility, quality and speed are
tried to be realized (Wang et al., 2019). Improved visibility with blockchain technology, procures auditable
tracking of every step a product goes through. That is especially important in industries where proving the
details of a product is vital.

Despite significant progress in recent years, the integration of blockchain and supply chain
management is still in its infancy (Queiroz et al., 2019; Wamba and Queiroz, 2020). In view of the great
investments by industry, academic research that investigates potential implications and directs companies
is needed (Treiblmaier, 2018). Therefore, to evaluate the efficiency and adequacy of blockchain-based
supply chains, multi-case analyses have been conducted by developing descriptive models of a CLSC that
includes blockchain technology as partial, full, only forward flow and only reverse flow in this study.

The rest of the study is structured as follows. Section 2 presents the related literature. Afterwards, the
research methodology is described and the problem with different five supply chain senarious is defined in
Section 3. Section 4 explains and compare the traditional supply chain model and improved models by
integrating blockchain and gives the dataset’s details. Section 5 presents the research results and
managerial implications. Finally, Section 6 concludes the paper with further research directions.

2. LITERATURE REVIEW

With the prominence of the traceability feature of the blockchain- known for its applications in the field
of finance- it has been seen that it will also benefit the applications in the supply chain for the tracking of
products, and various studies have been started on this subject.

Numerous studies have analyzed the existing literature as well as reporting the practical application, key
benefits and challenges of blockchain technology in logistics and supply chains. Treiblmaier (2018)
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explored the potential applications of blockchain technology for supply chain management, presenting a
framework built on four established economic theories. Cole et al. (2019) sought to promote the research
of blockchain technology from the perspective of operations and supply chain management, identify
potential application fields and present an agend for future research. Azzi et al. (2019) examined the
benefits of integrating the blockchain into the supply chain architecture and the challenge faced in the
blockchain-enabled supply chain management ecological system. Schmidt and Wagner (2019) developed
a set of six propositions utilizing the transaction cost theory; they argued that blockchain limits the influence
of environmental and behavioral uncertainty, opportunistic behavior, and decreases transaction costs
allowing transparent and valid transactions. Saberi et al. (2019) studied blockchain technology and smart
contracts with their potential implementation to supply chain management.

Batwa and Norrman (2020) identified and explored various blockchain implications in supply chain
management. They suggested a systematic literature review framework of blockchain-related articles for
analysis and founded that supply chain finance and traceability are the most applicable blockchain
application in supply chain management. Dutta et al. (2020) examined all the relevant research using
blockchain integration in supply chain operations and highlighted its opportunities, societal impacts.
Esmaeilian et al. (2020) provided an overview of blockchain technology and Industry 4.0 for sustainable
supply chains. They expanded blockchain capabilities extending sustainability, under four main areas, and
discussed adversary effects of blockchain, research gaps, and future research directions. Queiroz et al.
(2019) followed the systematic review approach to analyze and synthesize 27 articles published in peer-
reviewed journals between 2008 and 2018 on integrating blockchain and supply chain management. They
aimed to highlight the present blockchain implications/the main challenges of blockchain adoption/
blockchain’s future in supply chain management. Wamba and Queiroz (2020) reviewed blockchain
evolution and provided a discussed the role of blockchain in value creation in operations and supply chain
management. Wang et al. (2020) demonstrated blockchain technology application possibilities with the
coordination of activities for effective and efficient supply chain management. Dietrich et al. (2021)
researched recent publications combining supply chain management and blockchain technology and
classified them according to the complexity to be mapped on the blockchain. Moosavi et al. (2021)
conducted a systematic review of bibliometric and network analysis to define how blockchain could conduce
to supply chain management.

Apart from these studies, there are some inferential case studies related to the implication of
blockchain technology to the supply chain, although there are few in the literature. Kumar and lyengar
(2017) built a rice supply chain system using blockchain technology, assuring rice safety during the
processes of supply chain management. Casado-Vara et al. (2018) proposed a new blockchain-supply
chain model that enables the circular economy concept and eliminates several existing supply chain
disadvantages. Casino et al. (2019) developed a functional model based on blockchain technology and
smart contracts to provide traceability of decentralized and automated food supply chains. Rejeb et al.
(2019) demonstrated how blockchain technology deployment combined with the Internet of Things
infrastructure could benefit and streamline modern supply chains, and then they derived six research
propositions outlining how this technology could affect the core features of the Internet of Things, thereby
laying the basis for future projects. Choi (2020) studied financing problems of a fashionable products supply
chain. He developed analytical models for both the traditional and blockchain-supported supply chains and
then compared the performances of optimal systems between the two supply chains. Sund et al. (2020)
contributed to the blockchains feasibility study for the world’s largest furniture retailer, IKEA. Li et al. (2020)
proposed a production capability evaluation system by incorporating the Internet of Things, blockchain
technology, and machine learning for supply chain networks and evaluated this system through a simulation
experiment. Ténnissen and Teuteberg (2020) used multi-case analysis to develop an illustrative model on
the interaction of actors in an operational supply chain with blockchain technology. Di Vaio and Varriale
(2020) explored the important implications of blockchain technology for operations management, focusing
on decision-making processes in supply chain management from a sustainable performance perspective,
and in this direction, they successfully explored an Italian airport infrastructure as the main blockchain
technology application in the airport industry. Wong et al. (2020) studied behavioral intent to adopt
blockchain technology for supply chain management and offered valuable insights into its applicability by
analyzing the data collected from 157 companies. Kamble et al. (2021) examined the direct influence of
blockchain on supply chain integration and sustainable supply chain performance and the interactive effect
of blockchain and supply chain integration on sustainable supply chain performance. Accordingly, they
analyzed the responses of 138 Indian automotive firms following structural equation modeling and
confirmatory factor analysis.

While blockchain technology attracts attention, there are few application studies on its integration into
the supply chain. In our study, we will develop appropriate models over different scenarios and analyze the
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results to display what kind of gains will be reached by blockchain technology applications in the traditional
supply chains and how this will affect the costs. Apart from being an application study to address the lack
of literature in this field, this article provides originality in terms of performing the gradual application of
blockchain to closed-loop supply chains.

3. RESEARCH METHODOLOGY

In this study, the application of blockchain technology in supply chain management was investigated.
A case studies-based research strategy was adopted to evaluate the efficiency and adequacy of the
blockchain-based supply chain.

Four main entities play a role in blockchain-based supply chains; Registrars, Standards Organizations,
Certifiers, and Actors. Every product in the supply chain has a digital blockchain asset so that all relevant
actors can have direct product profile access. It is possible to collect a range of data such as the type,
condition, and standards of the product. An information tag attached to a product represents an identifier
that ties physical products to their virtual identities on the blockchain. Actors must obtain permission to
enter new information on this product's profile. Before a product is transferred (or sold) to another actor,
both parties sign a digital contract to validate the exchange. The records of data transactions are
automatically updated by the system when the change is initiated. In this way, the blockchain eliminates
the need for a trusted central organization operating and maintaining this system and allows for seamless
surveillance of customers. Apart from this, blockchain also affects financial transactions in the supply chain
process. It provides a significant potential advantage and saves millions of dollars by eliminating the
intermediation of financial intermediaries, including payment networks, money transfers, and exchanges
between partners (Saberi et al., 2019).

Working on scenarios involving different blockchain implementations on a traditional supply chain
network will highlight features that need to be considered for building an efficient blockchain-based supply
chain. To validate the theoretical work, scenarios were modeled and appropriate datasets were created. In
line with these data, the developed models were solved using the GAMS package program. A general
algebraic modeling system (GAMS) is a high-level modeling system used for mathematical programming
and optimization. It is designed to model and solve different types of problems such as linear, nonlinear,
and mixed integer optimization problems (Andrei, 2013).

3.1. Research Design

The developed CLSC network design attempts on maximizing the profit of a firm consisting of two
different manufacturers and a collection and recycling center with multiple facilities. CLSC network-based
design and its actors are given in Figure 1.

The flow starts with the purchase of steel plates in tones from suppliers, and the purchased plates are
transformed into steel auto parts in factories and sent to the markets. There are suppliers in three different
segments according to the quality of the steel plates and markets in three different segments according to
the quality of the auto parts. Therefore, factories manufacture three different quality products according to
the steel plates and offer each quality on sale by pricing separately.

Case 1 (Current situation): The collection & recycling center collects auto parts that have expired or
returned from customers as a result of various technical problems and accidents, and as a result of the
melting process, they are transformed into 3rd quality steel plates and sent to factories to be
remanufactured.

However, the company wants to gain more advantages by using the recycling system more efficiently.
At this stage, blockchain technology is used to provide product information. With blockchain technology,
challenges such as incomplete information, low communication, and insecurity are struggled, and supply
chain goals such as safety, transparency, recycling, cost, speed, quality, and efficiency are efforted to be
achieved (Wang et al., 2019). Improved visibility obtained with blockchain technology monitors every step
of a product by controlling it. That is principally significant for industries where proof of details, condition,
and quality of a product is required. This study aims to reveal what gains will be achieved by applying
blockchain technology in the existing supply chain and how this will affect the costs. In this direction, four
new scenarios have been developed in addition to the current situation.

3.2. Developed Model Scenarios

Case 2: In the new model, all members of the supply chain record all their transactions of both forward
and reverse flows on the blockchain. This data is decentralized, and each member can read relevant data
for their transactions on the blockchain. This system provides higher security in transactions. Accordingly,
the communication between the company and the suppliers is carried out through the blockchain
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application, and thus, all processes from product order to delivery gain an autonomous structure, providing
the forward flow with the opportunity to supply reliable, flexible, and most importantly, less costly (Although
there is no exact figure, it is included in the literature (Dutta et al., 2020; Janior et al., 2022; Wang et al.,
2020) and was assumed to be 10% in this study-The 10% is taken as hypothetical. As a result of the fact
that the blockchain is a new technology, there is not enough data from the sector based on the application
in the literature yet, so a hypothetical number has been used-). In reverse flow, the collection & recycling
center collects auto parts that have expired or returned from customers, and offers them on sale for reuse
by applying different processes according to their quality. According to the markets, there are customers in
three different segments (Class A, B, C) each in a different region (Region 1, 2, 3) as seen in Figure 1. The
collection & recycling center provides a number of incentives to customers according to their region and
the quality of their products in order to increase the amount of returned auto parts. Product lifecycle
information of returned products is obtained and shared through blockchain technology. The recovery
processes applied by the collection & recycling center according to the region and quality are given in Table
1. These decisions are made based on returned product lifecycle information.

Case 3: In the third model, in the supply chain, only the forward flow members record all their
transactions on the blockchain; that is, the blockchain technology is used only in the forward flow of the
supply chain, and traditional applications are made in the reverse flow as in the first case.

Case 4: Another model is the opposite of the third case, that is, only the reverse flow members record
all their transactions on the blockchain, the product life cycle information of the returned products is obtained
and shared through blockchain technology, and the forward flow is carried out with traditional methods as
in the first case.

Case 5: In this model, there is a mixed structure that reflects the transition from the first model to the
second model. Namely, it is the case where only certain members of the chain record their transactions on
the blockchain. It is assumed that only suppliers 2, 5, and 7 use blockchain technology in the forward flow
and, thus the procurement costs for these suppliers are 10% less than their current situation; for reverse
flow when the evaluation process of returned products is redesigned, it is assumed that only Region 2 uses
blockchain technology and data on the quality of products returned from this region are obtained, other
regions are not included in this technology network, so they do not record and share data on the blockchain
of the supply chain. In this case, only the recovery processes of the second (Class B) region given in Table
1 will be applied.

In addition, the collection & recycling center, which has three facilities in different locations, aims to
put maximum two of them into service with minimum cost and determine the customers who will receive
service from these facilities. Other assumptions about the problem are given below.

e Customer demands are certain for each period and are fully met.

e The capacities of the suppliers are fixed and certain; the production capacity for other facilities is
sufficient for all product requirements.

There isn’t stock out.

The product and parts are processed in tones.

The number of Collection & Recycling center facilities to be opened is known.

All Collection & Recycling Center facilities are of equal quality.

The locations where the Collection & Recycling Center facilities are to be opened are known.

It has been assumed that no waste is generated from returned products.
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Figure 1. Representative CLSC network

Table 1. Recovery processes applied according to region and quality obtained by blockchain

technology
Region Quality 1 Quality 2
Region 1 After being sent to factories, these are These are melted by the collection &
(Class A) renewed and sold as Class B auto parts to recycling center and sent to the factories as
markets. Class B steel plates, and then
remanufactured by the factory and sold as
Class B auto parts to markets.
Region 2 After being sent to factories, these are These are melted by the collection &
(Class B) renewed and sold as Class C auto parts to recycling center and sent to the factories as
markets. Class C steel plates, and then
remanufactured by the factory and sold as
Class C auto parts to markets.
Region 3 These are melted by the collection & These are thrown away by the customers.
(Class C) recycling center and sent to the factories as

Class C steel plates, and then
remanufactured by the factory and sold as
Class C auto parts to markets.

4. MATHEMATICAL MODELS

In this section, firstly, a basic model is developed for the first case of the main problem under
consideration. Then, with the implication of Blockchain technology to the existing supply chain model,
changes on the model are included in line with four new scenarios (Cases 2, 3, 4, and 5). Based on the
above assumptions, the model tries to maximize profit while meeting demand.
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Model of Case 1

Indices

i: Suppliers (i = 1,2, ...,1)

j: Factories (j = 1,2, ..., ))

k: Markets (k = 1,2, ...,K)

c: Collection & recycling facilities (c = 1,2, ..., C)

m: Customer regions (m =1, 2, ..., M)

l: Steel plate classes (1= 1,2, ...,L)

n: Auto part classes (n =1, 2,...,N)

t: Period (t =1,2,...,T)

Parameters

p;j : Supply cost per unit of steel parts from supplier i
mr; : Manufacturing cost per unit of auto parts in factory j

r; . Remanufacturing cost per unit of auto parts in factory j

i
sjr - Unit sales price of auto parts from factory j to market k
a : Unit steel plate transportation cost

b : Unit auto part transportation cost

e;; . Distance between supplier i and factory j

f;x . Distance between factory j and market k

g;c - Distance between factory j and collection & recycling facility ¢

h.n : Distance between collection & recycling facility ¢ and customer region m
f.: Fixed cost of opening and operating collection & recycling facility ¢

¢;: Capacity of supplier i

dy: : Demand of market k in period t

h.,+: The number of product holders in m in period t

R : The amount of incentive to be paid for the returned product

p : Number of collection & recycling facilities to be opened

M: A big number

Three classes are defined for suppliers and markets. The class [ steel plate and class n auto part are
determined as follows. Here, nl, and nl, denote the boundaries of classes for steel plate [ and nn, and nn,
for auto part n.

1 (Class A) 1<i<nl

l=142 (Class B) nl; <i<nl, vi and 0<nl <nl,
3 (Class C) nl, <i<lI
1 (Class A) 1<k<nn

n=1<2 (Class B) nn, < k <nn, vk and 0<nn;<nn,
3 (Class C) nn, <k<K

Decision Variables

X;j¢ - The amount of steel plate transported from supplier i to factory j in period t

Yjx¢ - The amount of auto parts transported from factory j to market k in period t
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Z.j: - The amount of steel plate transported from collection and recycling facility c to factory j in the period
t

Vine - The stock amount of class n auto part of factory j in period ¢

W, : The stock amount of steel plate of collection and recycling facility c in period t

) {1 if the collection recycling facility c is opened,
Yelo  otherwise

) {1 if customer region m assigned to collection and recycling facility c,
me L0 otherwise

Objective Functions

In the model under consideration, the objective function is to maximize the total profit. That is, the
model minimizes the total cost while maximizing the total revenue. Therefore, objective functions are
calculated as the difference of total revenue (TR) and total cost (TC). The two-part objective function is
given in Equation 1.

Z =TR-TC 1)

1. Total Revenue (TR): The first part consists of income from the auto parts sold and is formulated as
in Equation 2.

TR = ZjZth Yike- Sk ()

2. Total Cost (TC): The company incurs four different costs: total purchasing cost (TPC), total
manufacturing cost (TMC), total transportation cost (TTC), and fixed facility cost (TFC). Therefore, TC is
formulated as in Equation 3.

TC = TPC + TMC + TTC +TFC 3)

2.1. Total purchasing cost (TPC): The first part of the TPC shows the supply cost to meet the steel
plate demand of the mills, and the second part shows the incentive cost paid to customers for used
products. The supply cost here consists of many expenses such as order preparation, ordering, purchasing,
commission, insurance, loading. The formulation of this item is given in Equation 4.

TPC = ¥ Xt Xije Dij + Xom 2t hne R 4

2.2. Total manufacturing cost (TMC): It consists of the factory's unit steel plate processing cost and is
formulated as in Equation 5.

TMC =32 Xe Xijemry + Xe X Xt ZejieT %)

2.3. Total transportation cost (TTC): Transportation is handled based on the steel plate and auto parts
in the model. Steel plate transportation costs from suppliers to factories and again from the collection &
recycling facility to the factories are considered equal. It is also assumed that auto part transportation costs
from factories to markets and from customers to the collection and recycling facility are equal. Accordingly,
the total transportation cost is calculated as in Equation 6.

TTC = a(ZiZj ZtXijt eij + Zc Zj Zthjt gjc) + b(Zj Zk Zt ijt f}'k + Zm Zc Zt hmt hcmxmc) (6)

2.4. Total fixed facility cost (TFC): It is the cost incurred for the collection & recycling center facilities
to be opened and is calculated as follows in Equation 7.

TFC = Ycfe-Ye (@)
Constraints

[anl 1XUt +V jn(t- 1)] [Z;cml Y, Jkt + mt] =0 vitin=1 8
[Z?lznlll Xije + Vince- 1)] [Zlm?mi jkt ant] =0 Vjtin=2 ©)
[Zions, Xije + e Zeje + Vine—n] — [Zkenn, Yike + Vine] = 0 Vjt,n=3 (10)
o hme + ZeWeeea] = [ZeZj Zeje + ZeWee] =0 Vi (11)
2 Yike = die vk, t (12)
XiXiit < ¢ Vi, t (13)
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LeXme =1 vm (14)
Xme S Ve vm,c (15)
YeYe <SP (16)
Zejt < M. Xpme vm,c,j,t a7
We < M. X vm,c,t (18)
Xijes Yjkes Lejer Vines Wee = 0, Vi, j, k,c,n,m,q,t (29)
Yo Xme = {0,1}, Ve,m (20)

Equations 8 - 11 (Balance Constraints) ensure that the amount of input for the factories and the
collection & recycling center is equal to the amount of output. Equation 12 (Demand Constraint) indicates
that auto parts sent to markets must meet the demand. Equation 13 (Capacity Constraint) ensures that the
amount of steel plate transported from suppliers to factories cannot exceed the capacity of the relevant
supplier. Equations 14 and 15 (Allocation Constraints) ensure that a customer region sends all returns to
only one collection and recycling facility; in other words, each customer region is assigned only one
collection and recycling facility and prevent that any customer regions from being assigned to a closed
collection and recycling facility. Equation 16 (Number of Facilities Constraint) ensures that the number of
open collection and recycling facilities is equal to p. Equations 17 and 18 (Utilization Constraints) if the
collection and recycling facility is not open, prevent the flow of products from there to the factories and the
keeping stocks in there. Equations 19 and 20 define the non-negativity and binary constraints on decision
variables, respectively.

Model of Case 2

In the new situation, the improvement of the existing model, due to the use of blockchain technology
by all members of the supply chain network, can be achieved by adding the following new index, parameters
to the model and revising some existing notations, constraints and objective functions. The steel part supply
costs (p;;) from all suppliers in this model will be 10% less than the first model.

Additional indices

q: Returned product quality (¢ = 1,2,...,Q)

Additional parameters

rf; . Refurbishing cost per unit of auto parts in factory j

Ppqe: Proportion of customers with quality g product in region m who drop off their used products to the
collection & recycling center in the period t.

Revised parameters

hinq - Number of customers with the quality g product in region m (hy,.)
R, - The amount of incentive offered per unit of quality q return from region m (R)

Revised decision variables

Zmqcje: The amount of quality g product in region m transported from collection and recycling facility ¢ to
factory j in the period t.

Wiqce: The stock amount of steel plate of collection and recycling facility ¢ in period t.

Revised objective functions

Total purchasing cost (TPC): The first part of the TPC shows the supply cost to meet the steel plate
demand of the mills, and the second part shows the incentive cost paid to customers for used products. Its
formulation is given in Equation 21.

TPC = ZiZthXijt Pij + Zqu Zt hmq-pmqt-qu (21)

Total manufacturing cost (TMC): It consists of unit steel plate processing cost (production,
remanufacturing and refurbishment costs) within the factory and is formulated as in Equation 22.

T™C = ZiZth Xijemr; + (Z$n=1 e Zth Zmacje T e Zj e Z31cjt) i+ an:1 e Zj Xt Zmicjt rfj (22)
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Total transportation cost (TTC): In the model, transportation is handled based on the steel plate and
auto parts. Steel plate transportation costs from suppliers to factories and again from the collection and
recycling facilities to the factories are considered equal. It is also assumed that auto part transportation
costs from factories to markets and from customers to the collection and recycling facility are equal.
Accordingly, the total transportation cost is calculated as in Equation 23.

TTC = a(X; X Xe Xije €ij + 2om 2oq e 2j 2t Zmaeje Gjc) + D(Zj Tk 2t Vike fire +
Ym Zq XXt hqumqt hcmxmc) (23)

Total Revenue (TR) and Total Fixed Facility Cost (TFC) objective functions are the same as in the first
model.

Revised constraints

[P0 Xije + Bq Be Zmgege + Vine-v] = [Zheczm: Ve + Vil =0, Vjtn=2m=1 (24)
[Zf:nzz Xije + X 2c Zageje + e Zaacje + Vinee—n)] — [Zf:nnz Yie + Vine) =0, Vj, t,n =3 (25)
hmg-Pmge + L Winget—1] = [Ze 2 Zmacje + L Wingee]) =0 Vtm =12]g=120r m=3|qg =1 (26)
Zimgejt < M. X vm,q,c,j,t (27)
Winget < M. X vm,q,c,t (28)
Xijt» Yike» Zmacjer Vine Winger = 0, Vi, j, k,c,n,m,q,t (29)

Equations 24-26 (Balance Constraints) are revised version of constraints 10 and 11 in the first model-
It ensures that the amount of incoming product is equal to the amount of output for the factories and the
collection & recycling center. Equations 27 and 28 (Utilization Constraints) are revised version of Equations
17 and 18 in the first model- if the collection and recycling facility is not open, prevent the flow of products
from there to the factories and the keeping stocks in there. Equation 29 (Sign Constraint) is a revised
version of Equation 19 in the first model- shows that the decision variables should not be negative. Except
for the above constraint; the first balance, demand, capacity, assignment, number of facilities, and binary
variable constraints are the same as in the first model.

Model of Case 3

In this case, the current main model is implemented as it is without any revisions, as only forward flow
blockchain technology is used in the supply chain network. Only the values of the p;; parameter should be
updated to be 10% less than the first model.

Model of Case 4

In the new case, the improvement of the existing model as a result of using blockchain technology only
in reverse flow in the supply chain network can be achieved by revising it as in Case 2. Also, care should
be taken to treat the p;; parameter values as in the main model.

Model of Case 5

In the new case, the improvement of the existing model as a result of the fact that only suppliers 2, 5,
and 7 use blockchain technology in the forward flow, and only Region 2 uses the blockchain technology in
the reverse flow, can be achieved by adding the following new indices, parameters and continuous variables
to the model, and revising some existing notation, constraints and objective functions, and adding additional
constraints. In addition, care should be taken to update only the p; parameter values of suppliers 2, 5, and
7.

Additional indices

q: Returned product quality (¢ = 1,2, ...,Q)

Additional parameters

rf; . Refurbishing cost per unit of auto parts in factory j
h,q - Number of customers with the quality q product in region 2

Py.: Proportion of customers with quality g product in region 2 who drop off their used products to the
collection & recycling center in the period t.
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Revised parameters

R, : The amount of incentive to be paid for per unit of quality g product (R)

Revised decision variables

Zyqcje- The amount of quality g product in region 2 transported from collection and recycling facility ¢ to
factory j in the period t

Waqce: The stock amount of steel plate of collection & recycling facility ¢ from region 2 in period t

Revised objective functions

Total purchasing cost (TPC): The first part of the TPC shows the supply cost to meet the steel plate
demand of the mills, and the second and third part shows the incentive cost paid to customers for used
products. Its formulation is given in Equation 30.

TPC = Zi Zj ZtXijt pij + Z{meM|m=1or m=3}2t hmt RZ + Zq Zt h2q- Pqt- Rq (30)

Total manufacturing cost (TMC): It consists of unit steel plate processing cost (production,
remanufacturing and refurbishment costs) within the factory and is formulated as in Equation 31.

T™™C = ZiZthXijtmT}' + 2 Zj Zt(cht + ZZcht) i+ Zzujrrfj (31)

Total transportation cost (TTC): In the model, transportation is handled based on the steel plate and
auto parts. Steel plate transportation costs from suppliers to factories and again from the collection and
recycling facilities to the factories are considered equal. It is also assumed that auto part transportation
costs from factories to markets and from customers to the collection and recycling facility are equal.
Accordingly, the total transportation cost is calculated as in Equation 32.

TTC = a(Xi X X Xije €ij + e Xj Xt Zeje + Xg 2e Xj 2t Zageje)8je) + b(Zj Tie X Yiwe Fire +
Z{meM|m:10r m=3} ZC Zt hmt hcmxmc + Zq Zc Zt thPqt hczx2c) (32)

Total revenue (TR) and total fixed facility cost (TFC) objective functions are the same as in the first
model.

Revised constraints

[Z{=nlz Xije + XeZeje + Xq 2 Zageje + Vinge-n)] — [Zlk(=nn2 Yie + Vinel =0 Vjt,n=3 (33)
[Zonemim=tor m=3) Bme + Ze Weeer| = [Ze Xj Zeje + ZeWee| = 0 vt (34)
Zejr < M. X vmeM|m = lor m = 3,¢,j,t (35)
Wee < M. X vmeM|m = lorm = 3,c,t (36)
Xijtr Yikes Zejer Vine Weer Zagejer Wager = 0, Vi, j k,c,n,q,t (37)
Additional Constraints

[P2g- Pat + Ze Wagee—1] = [Ze Zj Zaqeje + e Wagee] = 0, Vgt (38)
Zaqejt < M. x5, vgq,c,j,t (39)
Wager < M. x5 vq,c,t (40)

Equations 33 and 34, which are the revised version of Equations 10 and 11 in the first model, and
Equation 38 which is newly added to the model (Balance Constraints) ensures that the amount of incoming
product is equal to the amount of output for the factories and the collection & recycling center. Equations
35 and 36, which are the revised version of Equations 17 and 18 in the first model and Equations 39 and
40 which are newly added to the model (Utilization Constraints), if the collection and recycling facility is not
open, prevent the flow of products from there to the factories and the keeping stocks in there. Equation 37,
which is a revised version of Equation 19 in the first model (Sign Constraint) shows that the decision
variables should not be negative. Except for the above constraint; the first and second balance, demand,
capacity, assignment, number of facilities and binary variable constraints are same as in the first model.

Data Set for Application

The planning of the main model was made over three periods. Unit steel plate transportation cost (a),
unit auto part transportation cost (b), incentive amount to be paid to the returned product (R), and the
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number of collection and recycling facilities to be opened (p) were determined as $0.04, $0.08, $7 and $2
respectively. For steel plate and auto part, the limits of classes are considered as nl; = 4, nl, = 7, nny = 3,
and nn = 5,. Other parameters are given in the following tables (2-4). For the models of Case 2 and Case
3, the refurbishment costs (rf;) of the factories were determined as $3 and $3.2 respectively, and the
additional required parameters are given in Table 5 and Table 6, respectively. The p;; values given in Table
2 should be updated to be 10% less than specified in the Models of Case 2, 3 and 5.

Table 2. Steel plate supply costs (pij), processing costs
(my, 1)) and supplier capacities (ci)

Suppliers (i) 1 2 Ci

1 30 285 600
2 30 30 700
3 30 30.3 750
4 21 22 950
5 20 20 900
6 20.5 20.5 850
7 10 10 450
8 10 10.2 480
9 10 10 496
m; 7 7.2

r 8 8.2

Table 3. Auto parts sales prices (sjk) and customer
(market) demands (dk)

Markets (k) Sik
Factories (j) 1 2 3 4 5 6
1 350 350 120 120 95 95
2 360 360 130 130 98 98
Markets (k) die
Period (t) 1 2 3 4 5 6
1 200 200 300 250 400 440
2 360 300 200 420 490 405
3 300 150 230 250 400 440

Table 4. Distances (eij, fik, gjc, hcm), Nnumber of product holders (hmt), fixed costs (fc)

Factories (j) €jj
Suppliers (i) 1 2 3 4 5 6 7 8 9
1 300 350 330 450 400 440 500 450 490
2 360 300 200 420 490 405 630 502 500
Markets (k) fik
Factories (j) 1 2 3 4 5 6
1 200 250 120 128 90 85
2 220 208 128 125 80 87
&R facilities (c) Ojc
1 95 180 150
2 120 220 120
&R facilities (c) hem Period (t) Nmt
W 1 2 3 hgions(m)\ 1 2 3
1 50 52 15 250 350 325
2 35 20 30 250 350 325
3 35 75 20 250 350 325
fc 500 700 650
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Table 5. For models of Case 2 and 4: Number of product holders by region (hmg), incentive amounts
(Rmg) and customer rates (Pmaqt)

Period (t)
1 2 3
eturned pruoslil:;:t(q) Nimg qu qut
Customer regions (m 1 2 1 2 1 2 1 2 1 2
1 500 600 13 10 0,3 0,2 0,6 0,6 0,1 0,2
2 400 750 10 7 0,4 0,3 0,5 0,5 0,1 0,2
3 750 0 7 0 0,3 0,4 0,3 0,4 0,4 0,2

Table 6. Customer rates (Pqt), number of product holders in the region 2
(hz2g), and incentive amounts (Rq) for the model of Case 5

Period (t) Pat
Returned
product quality (q 1 2 3 h2q Rq
1 0,4 0,5 0,1 400 10
2 0,3 0,5 0,2 750 7
5. FINDINGS

The developed mixed-integer linear programming models were solved separately for different cases
with the GAMS package program: in line with the data, the following results were obtained (Table 7).

Table 7. Optimal objective function values

Objective

Functions Z TR TC TPC T™MC TTC TFC
Case 1 746980.20 1010450 263469.80 101478.0 43777 117564.80 650
Case 2 771611.00 1010450 238839.00 84400.20 39792 113996.80 650
Case 3 755028.00 1010450 255422.00 93430.20 43777 117564.80 650
Case 4 765233.20 1010450 245216.80 90778.00 39792 113996.80 650
Case 5 749808.20 1010450 260641.80 101778.0 41867 116346.80 650

Since the demands are equal in all five cases, the revenues (TR) are also the same. Again, in all
scenarios, only the 3rd collection & recycling facility was opened, and all regions were assigned to this
facility, and thus equal fixed operating costs were incurred. Apart from this, other costs incurred differ for
all scenarios, and accordingly, different results on profits are revealed for all scenarios.

In order to more clearly observe the contribution of blockchain technology to the supply chain through
different scenarios, the scenarios are presented in Figure 2 by ranking according to the objective function
(total profit) values. Above the curve - the right-pointing arrows represent the forward flow, and below the
curve -the left-pointing arrows represent the reverse flow of the supply chain network in Figure 2. Blank
arrows indicate that blockchain technology was not applied on the respective flow; half-full arrows indicate
that it was partially applied; full arrows indicate that it was fully applied.
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Figure 2. The impact on profits of scenarios based on different blockchain technologies applied to
the supply chain

Accordingly, the total profit (Z) is the least in the main model (Case 1), where the blockchain technology
is not used on both flows, and the maximum in Case 2, where the blockchain technology is used by all
members in the supply chain network. When we compare Case 5, where the blockchain technology is
partially applied, and other scenarios, we can say that the full application of this technology gives more
efficient results. On the other hand, the values obtained in Cases 3 and 4, applied separately in forward
and reverse flow, clearly show that applying blockchain technology to the supply chain network on reverse
flow rather than forward flow is more effective. This is due to the application rates of different product
recovery options are constantly changing because of the uncertainties involved in the reverse flow, and
expensive inspections and time are required to determine returned product status; In summary, it is due to
the fact that it is a more difficult type of flow to make forecasts, plans and controls. Therefore, applying
blockchain technology to the supply chain on reverse flow will solve more problems and provide greater
gains than applying it to forward flow.

The inferences as a result of the scenario analysis demonstrate that blockchain technology has the
ability to reduce supply chain costs significantly. In this direction, it is expected that companies that will
apply such an important technology will gain a great advantage in increasing their profits.

6. CONCLUSION

With the improvements in technology, important innovations appear in every area and the
requirements differ. Although the application of blockchain technology in the supply chain is still a new
subject, the estimations on this subject are excessively important.

In this article, the problem of maximizing the profit of a CLSC consisting of two different manufacturers
and a collection & recycling center with more than one facility is discussed. First, a basic model is developed
for the first case of the main problem under consideration. Afterward, a blockchain technology approach is
presented in line with four new scenarios to improve the existing supply chain model. This paper
demonstrates the integrability of blockchain into the supply chain and aims to discover what kind of gains
will be reached by blockchain technology applications in the existing supply chain and how this will affect
the costs.

All developed models were solved using the GAMS 24.0.1/CPLEX package program and according to
the results, the total profit was the lowest in the main model without blockchain technology and the highest
in the scenario where blockchain technology was fully used. The other three scenarios in which the
blockchain technology was partially applied did not yield as efficient results as fully implementing it. The
values obtained as a result of integrating only forward and only reverse flow from partially applied scenarios
showed that it is more effective to apply blockchain technology to the supply chain network on reverse flow
rather than forward flow.

The findings obtained from the study are seen as providing and accelerating the real-time, accurate
data flow between the parties as a result of the implementation of the blockchain in all supply chain
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processes, especially in reverse flow. In this way, the uncertainties of reverse flow can be eliminated and
expensive inspections and time loss can be prevented. Apart from this, it can reduce the money and time
spent in the supply process by providing communication and reliability between members. Thus, efficiency
increases, waste is prevented and costs are reduced.

Given that blockchain technology is in its infancy, few articles have been published in top academic
journals so far. It is still vague how different blockchain technologies will work together and integrate with
other technological systems. The effect of these technologies on supply chains creates a research gap that
applies to both practitioners and academics. For instance, a blockchain provides the advantage of
immutability, which is seen as an essential feature. However, immutability can now be seen as a negative
feature due to the renewed interest in creating 'mutable’ blockchains. Therefore, additional academic
research is needed to rigorously explore, explain and predict different application scenarios (Rejeb et al.,
2019). This study can inspire practitioners and researchers to use of blockchain technology for different
areas in future studies.

As a result of the fact that the blockchain is a new technology, sufficient and appropriate data from the
application-based sector has not yet been reached, and the data used for the model proposed in the study
were hypothetically produced by the researchers. The limitation of the study is that the data were not
measured from a real business. Future studies may focus on the actual rate determination of the assumed
10% cost savings in the forward chain. For a better understanding of blockchain technology importance on
supply chain management, reducing investment costs and eliminating its deficiencies, many advanced
methods and empirical studies can be carried out in this field. Thus, it can be prevented that practitioners’
approach this fairly new technology cautiously.

Yazar Katkilari / Author Contributions
Belkiz Torgul: Literatir taramasi, Kavramsallastirma, Metodoloji, Modelleme, Veri Derleme, Analiz,
Makale Yazimi-orijinal taslak Turan Paksoy: Kavramsallastirma, Modelleme, Makale Yazimi-inceleme
ve duzenleme
Belkiz Torgul: Literature review, Conceptualization, Methodology, Modelling, Data Curation, Analysis,
Writing-original draft Turan Paksoy: Conceptualization, Modelling, Writing-review and editing

Catisma Beyani / Conflict of Interest
Yazarlar tarafindan herhangi bir potansiyel ¢ikar ¢catismasi beyan edilmemistir.
No potential conflict of interest was declared by the authors.

Fon Destegi / Funding
Bu ¢alismada herhangi bir resmi, ticari ya da k&r amaci gutmeyen organizasyondan fon destegi
alinmamigtir.
Any specific grant has not been received from funding agencies in the public, commercial, or not-for-
profit sectors.

Etik Standartlara Uygunluk / Compliance with Ethical Standards
Yazarlar tarafindan, calismada kullanilan ara¢ ve yontemlerin Etik Kurul izni gerektirmedigdi beyan
edilmistir.
It was declared by the authors that the tools and methods used in the study do not require the
permission of the Ethics Committee.

Etik Beyani / Ethical Statement
Yazarlar tarafindan bu galismada bilimsel ve etik ilkelere uyuldugu ve yararlanilan tim c¢alismalarin
kaynakcada belirtildigi beyan edilmistir.
It was declared by the authors that scientific and ethical principles have been followed in this study
and all the sources used have been properly cited.

Yazarlar, Verimlilik Dergisi’nde yayimlanan ¢alismalarinin telif hakkina sahiptirler ve

@ @ @ calismalari CC BY-NC 4.0 lisansi altinda yayimlanmaktadir.
The authors own the copyright of their works published in Verimlilik Dergisi and their

works are published under the CC BY-NC 4.0 license.

Verimlilik Dergisi / Journal of Productivity 195



Belkiz Torgul, Turan Paksoy

REFERENCES

Andrei, N. (2013). “Introduction to GAMS Technology”, Nonlinear Optimization Applications Using the GAMS
Technology, Springer Optimization and Its Applications, 81, Springer, Boston, MA.

Azzi, R., Chamoun, R.K. and Sokhn, M. (2019). "The Power of a Blockchain-based Supply Chain", Computers &
Industrial Engineering, 135, 582-592.

Batwa, A. and Norrman, A. (2020). "A Framework for Exploring Blockchain Technology in Supply Chain Management",
Operations and Supply Chain Management: An International Journal, 13(3), 294-306.

Casado-Vara, R., Prieto, J., De la Prieta, F. and Corchado, J.M. (2018). "How Blockchain Improves the Supply Chain:
Case Study Alimentary Supply Chain", Procedia Computer Science, 134, 393-398.

Casino, F., Kanakaris, V., Dasaklis, T.K., Moschuris, S. and Rachaniotis, N.P. (2019). "Modeling Food Supply Chain
Traceability Based on Blockchain Technology", Ifac-Papersonline, 52(13), 2728-2733.

Choi, T-M. (2020). "Supply Chain Financing Using Blockchain: Impacts on Supply Chains Selling Fashionable
Products", Annals of Operations Research, 1-23.

Cole, R., Stevenson, M. and Aitken, J. (2019). "Blockchain Technology: Implications for Operations and Supply Chain
Management", Supply Chain Management: An International Journal.

Di Vaio, A. and Varriale, L. (2020). "Blockchain Technology in Supply Chain Management for Sustainable Performance:
Evidence from the Airport Industry", International Journal of Information Management, 52, 102014.

Dietrich, F., Ge, Y., Turgut, A, Louw, L. and Palm, D. (2021). "Review and Analysis of Blockchain Projects in Supply
Chain Management", Procedia Computer Science, 180, 724-733.

Dutta, P., Choi, T-M., Somani, S. and Butala, R. (2020). "Blockchain Technology in Supply Chain Operations:
Applications, Challenges and Research Opportunities”, Transportation Research Part E: Logistics and
Transportation Review, 142, 102067.

Esmaeilian, B., Sarkis, J., Lewis, K. and Behdad, S. (2020). "Blockchain for the Future of Sustainable Supply Chain
Management in Industry 4.0", Resources, Conservation and Recycling, 163, 105064.

Junior, C.A.R., Sanseverino, E.R., Gallo, P., Koch, D., Schweiger, H-G. and Zanin, H. (2022). "Blockchain Review for
Battery Supply Chain Monitoring and Battery Trading", Renewable and Sustainable Energy Reviews, 157, 112078.

Kamble, S.S., Gunasekaran, A., Subramanian, N., Ghadge, A., Belhadi, A. and Venkatesh, M. (2021). "Blockchain
Technology’s Impact on Supply Chain Integration and Sustainable Supply Chain Performance: Evidence from the
Automotive Industry"”, Annals of Operations Research, 1-26.

Kumar, M.V. and lyengar, N. (2017). "A Framework for Blockchain Technology in Rice Supply Chain Management",
Adyv. Sci. Technol. Lett, 146, 125-130.

Li, Z., Guo, H., Barenji, A.V., Wang, W.M., Guan, Y. and Huang, G.Q. (2020). "A Sustainable Production Capability
Evaluation Mechanism Based on Blockchain, LSTM, Analytic Hierarchy Process for Supply Chain Network",
International Journal of Production Research, 58(24), 7399-7419.

Moosavi, J., Naeni, L.M., Fathollahi-Fard, A.M. and Fiore, U. (2021). "Blockchain in Supply Chain Management: A
Review, Bibliometric, and Network Analysis", Environmental Science and Pollution Research, 1-15.

Queiroz, M.M., Telles, R. and Bonilla, S.H. (2019). "Blockchain and Supply Chain Management Integration: A
Systematic Review of the Literature", Supply Chain Management: An International Journal.

Rejeb, A., Keogh, J.G. and Treiblmaier, H. (2019). "Leveraging the Internet of Things and Blockchain Technology in
Supply Chain Management", Future Internet, 11(7), 161.

Saberi, S., Kouhizadeh, M., Sarkis, J. and Shen, L. (2019). "Blockchain Technology and Its Relationships to Sustainable
Supply Chain Management", International Journal of Production Research, 57(7), 2117-2135.

Schmidt, C.G. and Wagner, S.M. (2019). "Blockchain and Supply Chain Relations: A Transaction Cost Theory
Perspective", Journal of Purchasing and Supply Management, 25(4), 100552.

Sund, T., L66f, C., Nadjm-Tehrani, S. and Asplund, M. (2020). "Blockchain-Based Event Processing in Supply Chains-
A Case Study at IKEA", Robotics and Computer-Integrated Manufacturing, 65, 101971.

Tdénnissen, S. and Teuteberg, F. (2020). "Analysing the Impact of Blockchain-Technology for Operations and Supply
Chain Management: An Explanatory Model Drawn from Multiple Case Studies", International Journal of Information
Management, 52, 101953.

Treiblmaier, H. (2018). "The Impact of the Blockchain on the Supply Chain: A Theory-Based Research Framework and
A Call for Action", Supply Chain Management: An International Journal.

Wamba, S.F. and Queiroz, M.M. (2020). Blockchain in the Operations and Supply Chain Management: Benefits,
Challenges and Future Research Opportunities. In: Elsevier.

196 | Cilt / Volume 57 | Sayi / Issue 1



Value of Information Management in Closed Loop Supply Chain with Blockchain Applications

Wang, M., Wu, Y., Chen, B. and Evans, M. (2020). "Blockchain and Supply Chain Management: A New Paradigm for
Supply Chain Integration and Collaboration”, Operations and Supply Chain Management: An International Journal,
14(1), 111-122.

Wang, Y., Han, J.H. and Beynon-Davies, P. (2019). "Understanding Blockchain Technology for Future Supply Chains:
A Systematic Literature Review and Research Agenda", Supply Chain Management: An International Journal.

Wong, L-W., Tan, G. W-H., Lee, V-H., Ooi, K-B. and Sohal, A. (2020). "Unearthing the Determinants of Blockchain
Adoption in Supply Chain Management", International Journal of Production Research, 58(7), 2100-2123.

Verimlilik Dergisi / Journal of Productivity 197



Belkiz Torgul, Turan Paksoy

198 | Cilt / Volume 57 | Sayi / Issue 1



