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Abstract: Most current blockchain and carbon emission studies are from engineering and sciences
disciplines. By incorporating blockchain technology into supply chain integration capabilities,
the firms are be able to work collaboratively with each other to enhance the supply chain integration
and simultaneously reduce the carbon emission in a supply chain. This paper presents a conceptual
framework to understand the role of blockchain in a low carbon supply chain management.
Applying the Socio-Technical Theory and Resource-Based View, the research propositions between
blockchain, supply chain integration capability and carbon emission are proposed in the research
framework. The results indicate that the blockchain technology may be viewed as a strategic
management approach to enhance supply chain integration and reduce the carbon emissions.
In addition, it may be adopted as an operational tool to track carbon footprint, streamline processes
and improve efficiency of carbon management to minimize the overall emissions in supply chains.
The paper contributes to the blockchain literature and its applications in low carbon supply chain
management and provides recommendation for future research.

Keywords: blockchain; low carbon supply chain; integration; carbon emission; supply chain
management; New Zealand

1. Introduction

The climate change has become one of the major challenges in today’s world. Governments attempt
to address the climate change using a wide range of strategies and approaches. There are significant
number of studies showing that human activities have responsible for increased levels of carbon
dioxide which lead to increase in the temperature of the Earth’s atmosphere and significant climate
changes. In its Fifth Assessment Report, the Intergovernmental Panel on Climate Change, a group of
1300 independent scientific experts from countries all over the world under the auspices of the United
Nations, concluded there’s a more than 95 percent probability that human activities over the past
50 years have warmed our planet [1]. There is little doubt that the natural disasters such as tsunamis,
floods, wildfire, droughts, heat waves, are the results of human activity. According to Shaw et al. [2] up
to 90% of an organization’s environmental impact lies in the supply chain, either upstream (suppliers,
manufacturing phase) or downstream (consumers, product use phase); hence, it is imperative to reduce
the emission of carbon dioxide (CO;) in supply chains [3].
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Many international companies are shifting the focus of their carbon reduction management
strategy from their organization level to the supply chain level in response to the climate change [4].

The supply chain is a connected network of various companies including manufacturers, suppliers,
distributors, retailers and customers with the ultimate aim of delivering goods and services and meeting
the customer demand [5]. In supply chains, the carbon emission is produced through various activities
from processing raw materials all the way to final customers [6,7]. A low-carbon supply chain may be
defined as the reduction of carbon emissions in the operations of product development, production
process, and logistics [8]. The low carbon supply chain management has broad features such as
pollution/waste reduction, general environmental regulation compliance, environmental reputation of
firm, and overall environmental performance. Although much research has been conducted on the
green supply chain, very few studies attempt to look at the problem from a value chain perspective.
With an increasing pressure of regulations and policies, enterprises and its supply chains face a
looming problem on how to measure and manage the carbon emission across the entire supply chains.
As the carbon emission is a complex issue, it requires system integration to resolve the problem.
Focal companies may have a power to influence their upstream and downstream supply chains.
Having said that, organizational integration can be an important approach through which all supply
chain members make an attempt to comply with standards and environmental regulations.

Technology plays a vital role to manage the complexity and risks in today’s supply chains [9].
Data analytics has been used to optimize supply chain operations. Such trend is transforming industries
to the next generation which is referred to as Industry 4.0 [10]. Industry 4.0 is high levels of automation
of industrial practices, using modern smart technology using internet of things (IoT) technologies with
minimum need for human intervention [11]. Blockchain is one of the emerging technologies in the
industry 4.0 [12]. It is a digital, and distributed ledger in which transactions are logged and added
in chronological order with the goal of creating permanent and tamper-proof records [13]. It enables
companies to store almost every event or transaction on the distributed ledger and provide the potential
solutions to address the visibility and traceability within a supply chain [14]. Blockchain technology
has a huge potential to be applied in many applications for different purposes. Thus, it is significant to
explore the application of blockchain in green supply chain. A fusion of Industry 4.0 technologies,
from robotics and automation to data analytics, blockchain technology, 5G, mixed reality and the
application of artificial intelligence, is becoming a major force to continue to drive economic growth in
next couple of decades [10]. Traditional bar-coded and RFID tracking systems have limited purposes
and fixed structures [10]. An inclusive blockchain system, in which a flexible platform is offered to
integrate stakeholders and offer useful information from the beginning to the end of a supply chain [10],
may help achieve the goals of a sustainable supply chain.

Though there has been an inclination to adopt blockchain technology in logistics and supply
chain [15], we are at the early stage of leveraging the potentials of such a technology [16]. On the other
hand, managing low carbon emissions has been an important topic in supply chain management [8].
Hence, the purpose of this study is to develop a conceptual framework to understand the way that
blockchain facilitates supply chain integration and the role of blockchain in a low carbon supply chain.
More specifically, the study analyses the relationships among blockchain technology, supply chain
integration and carbon emissions. We adopted the Resource-based View (RBV) and Socio-technical
Theory (STT) to support the proposed research framework. RBV posits that the procession of scare
resources can lead to the firm competitive advantage as long as the firm is able to protect it and the
substitution of such a resource is non-existence [17,18]. Literature review posits that technological
advances are considered as organizational resources which can lead to competitive advantages [19,20].
Blockchain technology, as a form of organizational resource, has the ability to streamline the automation
of inter- and intra-organizational processes [21] and influence the way that organizations collaborate
and interact with one another and ultimately improve the productivity and sustainability of the supply
chain [22].
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Based on STT, there are two subsystems including technical sub-system and the social sub-system
in every organization, which should be properly designed to maximize the system performance [23,24].
To address the above issues, a review of the literature on blockchain and carbon emissions in supply
chain management were undertaken in the study. Also, a pilot study was conducted in New Zealand
to understand the blockchain technology from a managerial perspective. A panel discussion was
performed to obtain further insight which ultimately led to a proposed research framework. This paper
is a part of sustainable value chain research project to building future sustainable supply chain in
New Zealand industries. The project aims to reduce the carbon emissions at a supply chain level.
Building on the tenets of STT we argue that blockchains are important objects of social science and not
for their ‘moneyness’ per se [25]. The STT was used in developing the proposed research framework in
this study to ensure both social and technical elements of the blockchain in supply chain are considered.
In fact, the social element is linked to the impact of blockchain on society specifically on organizations
interacting with each other in a sustainable supply chain.

The remainder of this paper is organized as follows. First, we provide a review of the relevant
literature. We then show the research method in Section 3. Section 4 discusses the framework and
research propositions followed by the discussion and conclusion sections.

2. Literature Review

2.1. Low Carbon Supply Chain

Due to the increased global concerns on greenhouse gas emissions (GHG) in recent decade there
have many changes in the ways the supply chain traditionally functions [26]. The low carbon supply
chain is a strategic, environmentally-aligned initiative that aims to achieve operational excellence and
waste reductions by focusing on energy efficiency and reducing carbon emissions [8]. The objective of
low carbon supply chain management is to reduce overall carbon emissions in a supply chain network.
Chan [27] defined the concept of carbon management as the measurement and management of emissions
of carbon dioxide (CO;) and of the other five greenhouse gases: Methane (CHy); Nitrous oxide (N,O);
Sulphur hexafluoride (SF¢); Hydrofluorocarbons (HFCs); and Perfluorocarbons (PFCs) covered by the
Kyoto Protocol. As suggested by Chan [22], the greenhouse gases consists of a list of different gases
however, in practice, many companies will only focus on measuring and managing carbon dioxide
emissions [27]. Carbon footprint is the total greenhouse gas emissions caused directly and indirectly
by an individual, organization, event or product [28]. Hence, it is imperative to measure, track and
analyze the emissions through entire supply chain to minimize the negative impacts and maximize the
overall benefits. Shaw, Shankar [2] showed that operations is responsible for just 19 percent of the total
greenhouse gas emission generated in supply chain. In fact, 81 percent of the gas emission is generated
by other indirect activities such as transportation, greenhouse gas emission generated by the first-tier
suppliers and other members of the supply chains.

The concept of low carbon supply chain is developed based on the boarder concept of sustainable
operations [8] and green supply chain management [29]. Although there are past research on green
supply chain management [8,30-33], a few studies have focused on carbon emission. Due to the
external pressures imposed by government regulations many companies take the carbon emission
as an important issue in their strategic decisions. Compliance with ethics standards on protecting
environment is another important consideration in the supply chain [34]. Auditing of suppliers
for compliance with ethical standards requires huge resources and effects. Blockchain may offer
an effective and efficient solution to manage the carbon emission by integrating the supply chain
partners and enhancing the supply chain collaboration [10]. Low carbon supply chain can be achieved
through various ways such as low carbon product design, low carbon production process, low carbon
procurement, low carbon distribution, and low carbon logistics [8].

Reviewing the literature three types of emissions can be identified as follows: Direct emissions:
the emissions from sources that are directly owned or controlled by an organization. Indirect energy
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emissions: the emissions generated through using electricity by organizations for different purposes
such as heating, cooling, steaming etc. Other indirect emissions: throughout the supply chain there are
other indirect upstream or downstream emissions generated by sources that an organization does not
own or control them however such activities are necessary in the operations of a supply chain [27,28].
The low carbon procurement focuses on the first two emissions. Correia, Howard [28] define the
low carbon procurement as the process in which firms try to mitigate the carbon footprint through
procurement of goods and services with reduced carbon footprint and work with those suppliers
with good record in terms of environmental performance. Achieving the objective of low carbon
procurement would lead to the reduction of the overall organizational carbon footprint.

Low carbon product design and production may also need to consider the overall life cycle carbon
emissions in supply chains [3]. Low carbon distribution and logistics consider the carbon emissions
reduction with regard to transport, warehousing, packaging materials, etc. [35]. Das and Jharkharia [26]
suggest two perspectives on low carbon supply chain management. In the first perspective the focus is
on the functional and operational aspects of supply chain management and in the second perspective
the main focus is on the carbon footprint in the supply chain. The previous studies found that
companies can reduce their carbon emission through supply chain optimization [36,37], and managing
carbon footprint [29]. Hence, we argue that the blockchain may be adopted as a strategic tool to improve
effectiveness and efficiency of an entire supply chain by enhancing the supply chain integration which
will eventually acts as a carbon management tool to store, monitor, and track the carbon emissions.
With this aim, in this study carbon emission is viewed as a quantifiable indicator for supply chain
environmental performance. The overall supply chain carbon emission is the sum of all supply chain
partners’ carbon emissions.

The application of technology for carbon emission reduction is not a new idea. New technologies
may help reduce emissions in the industry 4.0 era [38]; however, in this research, blockchain is not only
considered as an operational tool to actually store and track the emissions and credits in supply chains
but also enables various stakeholders to monitor and control the overall carbon and environmental
performance. More importantly, the blockchain may be considered as a strategic management tool to
integrate and optimize the entire supply chain system and reduce the overall carbon emissions with
minimum costs [24].

2.2. Blockchain

Blockchain is known as distributed ledger technology [39]. It is a versatile programmable platform
for managing contracts, product ownership and provide a distributable tamper-proof audit for
real-time applications [40]. Its characteristics include immutability, irreversibility, decentralization,
persistence and anonymity [41,42]. With these advantages, it is applicable in almost all fields requiring
information sharing among multiple parties [43]. Implementation of blockchain technology are
rapidly emerging in supply chain [38]. It is not only a new type of internet infrastructure based on
distributed applications but also a new type of supply chain network [44]. It allows participants
to secure the settlement of transactions, achieve the transaction, and transfer the assets at a low
cost [39]. Blockchain can improve the supply chain efficiency [14], supply chain resilience [45],
supply chain visibility [46]. It is an emerging technology which has attracted many research in recent
years. Blockchain technology is ready to disrupt nearly every industry and business model [47].
Blockchain can help firms address important issues in supply chain such as trust, transparency,
traceability, data fragmentation, data sharing, and interoperability [46,48,49].

There are three types of blockchain including blockchain, private, and consortium blockchains.
Public blockchain is a “permission-less” and decentralized blockchains in which everyone can read,
and write transactions, perform auditing in the blockchain any time with no specific validator or
controller. Private blockchain is a “permissioned” and centralized blockchain system in which the
invited participant can only join the system. It is a private data sharing and exchange system among
a group of individuals or organizations with mining controlled by one individual or organization.
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In fact, consortium blockchain is a partially private and permissioned blockchain, the consortium
decides the different levels of permissions for the network participants [41]. Permissioned blockchain
systems may better address an enterprise’s concerns on issues such as transaction security, privacy,
and scalability [50].

Blockchain can reduce the overall costs of a supply chain [14,51]. It can significantly improve the
overall administrative processes, information sharing, transparency, trust and traceability between
different stakeholders [47]. Tang and Veelenturf [38] argue that the blockchain can improve the efficiency
and provenance in the freight operations and reduce emission via smart transportation. Queiroz Maciel,
Telles [52] conducted a systematic review on the blockchain applications, disruptions and challenges
of blockchain adoption, and future of blockchain in supply chain management. Wang, Han [53]
conducted a review to look at how the blockchain will influence future supply chain practices and
policies. Kshetri and Loukoianova [14] suggested that the current deployment of blockchain-based
solutions is more justifiable and more realistic in high-value products. The real-time tracking and
tracing blockchain system reduces the overall cost of moving goods in a supply chain. Furthermore,
the main benefit of a blockchain is that all members are integrated into one secure network [16].

Blockchain is an information sharing technology, which allows secure exchange of information and
support multilateral relationships among parties in a distributed network. Transparency is an important
attribute of blockchain [54]. The distributed nature of blockchain ensures the data integrity, information,
which is stored on the ledger after validation through a consensus mechanism, is immutable [55],
and improves the visibility in a supply chain [50]. The improved visibility facilitated through the
technology may also afford product traceability, authenticity and legitimacy [53]. This reduces the
needs for trust among different parties and eliminate intermediaries such as banks, this may provide
greater accountability and trust in interorganizational business collaboration in supply chains [50].

2.3. Supply Chain Integration

According to the Council of Supply Chain Management Professionals, Supply chain management
encompasses the planning and management of all activities involved in sourcing and procurement,
conversion, and all logistics management activities. Importantly, it also includes coordination and
collaboration with channel partners, which are suppliers, intermediaries, third party service providers,
and customers. In essence, supply chain management integrates supply and demand management
within and across firms.

Supply chain management research has fundamentally changed the nature of a firm as the
integration across member organizations in a supply chain determines the strength of a firm rather
than the control over the internal business processes [56]. Based on RBV, supply chain integration is be
viewed as a type of firm capability, which are complex bundles of skills and accumulated knowledge,
exercised through organizational processes, which enable firms to coordinate activities and make use
of their assets for different purposes [57]. in recent years, supply chain faces various uncertainties and
volatile environments, such as Covid-19 pandemic, US-China trade war, etc. hence it seems imperative
to create a mechanism to address these challenges and uncertainties. The concept of supply chain
integration capability consisting of supply chain visibility, supply chain agility and supply chain
flexibility was derived from the previous studies [58—60].

Supply chain integration capability offers an alternative solution to the firms to adopt the
mechanisms to manage supply chain uncertainties and risks [59,61]. The types of dynamic supply
chain capabilities constitute a supply chain capability, which is a dynamic firm ability to sense (visibility),
collaborate (agility), and reconfigure (flexibility) its elements in a supply chain, including internal
cross-functional integration and external integration with suppliers and customers [58,61]. Figure 1
illustrates the supply chain integration capability which consists of supply chain visibility, supply chain
agility and supply chain flexibility [62,63].
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Figure 1. Supply Chain Integration Capability.

In Figure 1, the supply chain visibility is considered as the collaboration, sharing of information
and trust among the partners and the removal of the barriers between supply chain partners in a global
supply chain network [63]. Supply chain agility is a relatively new construct in the operations and
supply chain management [63,64]. It is the firm’s ability to quickly respond and adjust its supply
chain tactics and operations [64]. Hence, the supply chain agility is defined as the capability of the
firm to adopt and respond in a speedy manner to the internal and external changes and disruptions.
In fact, the agility supports the firms to make timely decisions. Managers need such a capability
to deal with problems in a strategic decision-making process and improve the firm responsiveness
against environmental changes [62]. Finally, supply chain flexibility refers to a firm capability which
enables flexible operations management to meet customer requirements and the economic targets
of the involved companies, to reconfigure resources, assets and organizational structures in order
create competitive advantage [62,65-67]. Flexibility is an important ability to reconfigure the resources,
strategies and operations in a system which allows firms not only to reduce the cost and time but also
to mitigate supply chain risks [62,63,68]. The three dimensions of supply chain integration capability
are inter-related and presents a mechanism to address the supply chain uncertainties and risks [69].

Supply chain integration has become an important trend in supply chain management [70].
Maloni and Benton [71] argue that effective integration of the supply chain enables firms to achieve
competitive advantage through cost reduction and higher levels of responsiveness. Such integration
would lead to an improved organizational performance. Childerhouse and Towill [72] suggest that
the supply chain can be optimized via effective and efficient operating practices which are integrated
throughout the supply chain. There are different forms of supply chain integration including internal,
external, supplier and customer integration [73-76]. A truly integrated supply chain is able to reduce
costs and create value for the company, its partners and customers [62,73,77].

3. Research Method

The research methodology consists of two main stages which are the examination of the literature
and conducting a pilot study. Hence, an extensive literature review was conducted on the low carbon
supply chain management, blockchain and supply chain integration. The literature results were
reported in the Section 2. Although there are many studies on blockchain and carbon emission,
most of current studies focus on the implications of blockchain from engineering and sciences
perspectives. However, few studies made an attempt to address the blockchain and carbon emission
from a supply chain’s perspective. In the industry 4.0 era, emerging technologies have become an
increasingly important part in businesses and received a lot of research interests worldwide however,
blockchain research remains at a nascent stage in New Zealand businesses [11]. This might be
to some extent due to the fact that significant number of businesses in New Zealand are small or
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medium businesses [78] with limited access to resources for Research and Development activities [79].
This project was funded by New Zealand government to explore the new technologies to support
the future sustainability in New Zealand. The pilot study provides further insights on Blockchain
applications in New Zealand.

Pilot Study

A pilot study is designed to better understand and verify the future use of blockchain in New
Zealand firms. This was the first blockchain research funded by New Zealand government to contribute
to the Climate Change Response (Zero Carbon) Amendment Act in New Zealand. According to the
Amendment Act, the targets for New Zealand is to reduce net emissions of all greenhouse gases
(except biogenic methane) to zero by 2050. Therefore, it is important to manage the carbon emission
from a holistic supply chain approach in industries. This requires an interdisciplinary research
to develop a conceptual framework to guide technology development in New Zealand industries.
Blockchain is a technology, which may be adopted to integrate the supply chain partners and help
reduce the greenhouse gases from a supply chain’s perspective.

As this is an exploratory study, we use SurveyMonkey platform to conduct a short survey to
obtain more insights about blockchain in New Zealand and its future implications and direction from
an industry point of view. The short survey leads to less fatigue and consequently better data quality
with higher response rates and less response bias [80]. A research instrument was designed and a
purposive sampling technique was applied in selecting potential respondents. Hence, the potential
respondents were selected from LinkedIn website and Blockchain conferences held in New Zealand.
The Purposive sampling allows researchers to achieve a homogeneous sample [81]. Through survey,
we invited those New Zealand firms which have adopted the Blockchain technology in their businesses.
As a result, fifty firms were identified and invited to the pilot study. The survey was anonymous
and was performed to collect the empirical data from the managers in these firms. A total 24 valid
responses were received and used for further analysis.

To understand the future use of blockchain we asked the managers to answer a multiple-choice
questionnaire on key elements of the blockchain which might influence their firms’ decisions
about blockchain in the future. Majority of respondents believed in transparency and visibility
as most important elements followed by decentralization, trust, security and authenticity. Seven firms
indicated other elements such as permissionless characteristic of blockchain, digitization of value,
programmability of value, open data and open platforms, privacy of data, economic participation
of users. Table 1 summarized the anticipation of blockchain in this survey. The empirical results
support our research direction, Blockchain may be used as an important tool to facilitate information
management in a real-world environment.

Table 1. Anticipation of blockchain for future.

Blockchain Technology Responses (%)
Transparency and visibility 21 (87.50%)
Decentralized, Trust 17 (70.83%)
Security and authenticity 16 (66.67%)
Global Network 15 (62.50%)
Immutable 12 (50.00%)
Others 7 (29.17%)

4. Research Constructs and Proposition Development

Reviewing literature reveals that most blockchain and carbon emission studies come from
engineering and science disciplines. Hence, such studies mainly focus on the technical part of
blockchain applications. Blockchain addresses a predominant question about supply chain governance
and ever-increasing environmental concerns. As the data and organizational integrity are serious
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issues in supply chains [82] then supply chain requires international collaboration and the integration.
Therefore, the proposed framework in this study presents an underlying mechanism together with
the theories to tackle these issues. This study conceptualizes the research framework of blockchain
into a low carbon supply chain management based on two key theories of STT and RBV. During the
second stage of this study, practitioners and scholars from New Zealand Crown Research Institutes
were invited to discuss and review the proposed framework.

STT theory is an intervention approach to manage complex work design for organizational
development [83]. In this study, STT theory is extended in the supply chain management
context. Modern supply chain objectives have now become more diverse from cost reduction,
network optimization, profit maximization to carbon emissions reduction, service level improvements,
risk mitigation and value creation [29]. This would lead to profound economic, social and environmental
changes. Emerging technologies provide opportunities to change both social and technical systems [24].
In addition, technology is an important resource to form a firm’s capability [17]. Blockchain is a
decentralized system with unique attributes such as immutable, also knowns as irreversibility. The data
can hardly be modified or deleted after being approved by all nodes in the blockchain. Moreover,
blockchain offers a secure environment which not only guarantees confidentiality but also authenticity
and the feature of nonrepudiation to all activities. Furthermore, blockchain can be expanded globally
to change the way to integrate and collaborate in an international supply chain [11].

The conceptual framework indicates that blockchain may be used as a strategic management
approach, which provides insight into supply chain management and carbon management, we adopt
blockchain to facilitate supply chain integration and reduce carbon emissions in a supply chain.
According to STT, the blockchain may be viewed as an operational tool, which may improve the work
design in the technical system. For example, track carbon footprint, streamline emissions administrative
function, ensure that the appropriate ethical standards are being upheld, and improve efficiency of
supply chain management. Overall, this may contribute to building a low carbon supply chain.
Supply chain integration has been identified as a key practice to achieve superior performance [84].
It may provide a company with the opportunity to concentrate its core business and compete in a
market. As discussed before, in this study, the supply chain integration capability was derived from
the previous studies [58,59].

Based on STT, technology can improve the workflow and contribute to a social system in
organizations [83]. In this study, the supply chain is considered as a complex technical and social
system in STT, each supply chain member should be equally treated and well looked after. In a
conventional supply chain system, the focal company normally has too much power and may control
and influence other companies in supply chains. It is difficult to manage and audit the unethical
business practice if the focal companies lacked organizational integrity. Ethics and sustainability audits
are a common practice to evaluate the social and environmental performance of vendors, but firms
struggle with proper follow-up to the auditing results [34]. For example: the company may report a
fake carbon emission, modify data or use falsified documents. The blockchain is an information sharing
technology, which can ensure data integrity, improve the supply chain visibility, connectivity and
traceability among stakeholders to integrate the supply chain and manage organizational integrity.
Further, blockchain is a trustworthy and secure platform that promotes the supply chain agility,
which in turn is a strategic competitive capability.

Based on RBYV, technology is considered as one of the most valuable organizational resources,
which can create organizational capabilities. Supply chain visibility is a firm capability to obtain and
sense up-to-date information of the critical activities and processes [85]. Blockchain enables firms to
respond to the risks and adjust the management strategies and/or directions [45], deliver customized,
equitably priced and superior quality products in an efficient and time bound manner [38,86].
Furthermore, blockchain improves the flexibility for coping with supply chain disruptions [45].
Kamble, Gunasekaran [87] suggest that blockchain, through an enhanced transparency and superior
ability in tracking products in supply chain is instrumental in achieving higher levels of supply chain
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integration. Therefore, blockchain may be implemented to support the supply chain capability enabling
effective interaction, modification and resilience. Thus, the incorporation of blockchain technology
into the supply chain management improves visibility, agility, and flexibility of each stage in a supply
chain network. Based on the above discussion, the following proposition is proposed:

Proposition 1. Blockchain technology is positively related to the supply chain integration.

As discussed before supply chain integration can be further investigated through three dimensions
of visibility, agility, and flexibility. Hence the following three propositions are extracted:

Proposition 1a. Blockchain technology is positively related to the supply chain visibility in a supply chain.
Proposition 1b. Blockchain technology is positively related to the supply chain agility in a supply chain.
Proposition 1c. Blockchain technology is positively related to the supply chain flexibility in a supply chain.

From the socio-technical perspective, technology variable is closely associated with work task
structure [23,24]. In addition, various factors such as competitions, globalizations, constant change in
customer preferences, and organizational strategies push firms toward investing in new technologies.
Investment in technological innovations is a strategic decision to reduce carbon emissions [35].
Blockchain technology can be used to track the carbon footprint, transactions and carbon emissions
data from different stakeholders in a complex supply chain network [38]. Also blockchain has the
ability to be used in corporate carbon trading through a reliable flow of information, point to point
transactions records between all firms in a supply chain which leads to decentralization and finally
easier access to the carbon trading market by reducing the entry threshold [88]. In fact carbon emission
trading is among most cost effective mechanisms to reduce carbon footprint [89]. Carbon emission
trading works based on setting a price tag on carbon emission and create new investment opportunities
to attract fund for green technology development [90,91]. Khaqgi et al. [92] proposed a novel Emission
Trading Scheme (ETS) in which the blockchain plays an important role in improving the compliance
levels with ETS requirements.

Meanwhile, with immutability, transparency and traceability provided by blockchain, the accuracy
of data can be guaranteed. For example, the traceability allows participants to monitor and manage
the entire supply chain system and carbon credit system processes. Ashley and Johnson [93] suggest
that blockchain can be used to easily track carbon credits from generation through ownership trades
to ultimate redemption. As a result, the efficiency, credibility and consistency of carbon emission
practices can be improved at a supply chain level. More importantly, blockchain may enhance the
information sharing and trust among the supply chain partners to achieve a low carbon supply chain.
Furthermore, smart contract as an important contributor in blockchain technology can provide an
automated execution function in the system. This results in a simple audit process which is able to
significantly reduce the associated time and cost, and enables producers to monetize their credits
immediately after generation. Consequently, the overall carbon emissions can be minimized, and total
cost can be optimized in the supply chain network [94]. Therefore, the blockchain may be used
directly as an operational tool to store, monitor, track and manage carbon emissions from participants
throughout life cycle carbon emissions in a supply chain network. Based on the above discussion we
develop below propositions:

Proposition 2. The blockchain technology may directly reduce overall carbon emissions in a
blockchain enabled low carbon supply chain.

Proposition 2a. Information sharing among the supply chain partners may be negatively related to the carbon
emission in a supply chain.
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Proposition 2b. Trust among the supply chain partners may be negatively related to the carbon emission in a
supply chain.

Proposition 2c. Traceability among the supply chain partners may be negatively related to the carbon emission
in a supply chain.

Given the importance of supply chain integration within the broader domain of a supply chain
management it is imperative to understand the supply chain integration within the context of carbon
emissions and its vital role for the success of any low carbon supply chain management strategy.
Suppliers who measure and publicly reveal the greenhouse gas emissions of their operations are
strategically more preferable than others because of their transparency and give more freedom to
their buyers to manage their carbon emissions [2]. Supply chain integration capabilities build a
collaborative relationship among the supply chain partners. The supply chain visibility, supply chain
agility, and supply chain flexibility enable firms to enhance their collaborations, responsivity and
connectivity across the supply chain. For example, collaborative decision making regarding the
selection of transport mode between supply chain partners can reduce overall carbon emissions in
supply chains [36]. Theiflen and Spinler [4] emphasized that collaborative CO, reduction management
requires working closely with supply chain partners. Das and Jharkharia [26] argue that firms would
be able to reduce their overall greenhouse gas emissions through close collaboration in product design,
transportation and inventory allocation with their suppliers. The incorporation of supply chain
integration capabilities into low carbon supply chain management strategy can lead to an improvement
in the emissions reduction strategies. Thus, we propose that below propositions:

Proposition 3. Supply chain integration is negatively related to the overall carbon emissions in a
blockchain enabled low carbon supply chain.

Proposition 3a. Supply chain visibility is negatively related to the carbon emission in a supply chain.
Proposition 3b. Supply chain agility is negatively related to the carbon emission in a supply chain.

Proposition 3c. Supply chain flexibility is negatively related to the carbon emission in a supply chain.

5. Blockchain-Enabled Low Carbon Supply Chain Framework

Supported by theories of the resource-based View and Socio-technical theory blockchain technology
can optimize the supply chain processes and structure and create a competitive advantage in a low
carbon supply chain. Blockchain has been discussed in the context of supply chain management and
carbon emissions [93], however, there is limited research on how the blockchain can be applied in a
low carbon supply chain [95]. This requires a strategic framework for organizations to work across the
supply chain in a more pragmatic way. Figure 2 shows three main research constructs discussed in
previous section which are blockchain, supply chain integration, and environmental performance.

Based on STT, blockchain technology is considered as an exogenous construct capturing three
important variables of blockchain consisting of trust, information sharing and traceability. On the other
hand, the supply chain integration, as a firm capability, consists of three latent variables of visibility,
agility and flexibility. The supply chain integration capability acts as a mediating construct in the
framework. The proposed framework aims to capture the mechanisms through which blockchain
influences the supply chain integrations and environmental performance. With the blockchain as the
strategic tool of carbon emission reduction, these efforts are mediated by supply chain integration.
Meanwhile, in the technical system, blockchain may be used directly as an operational tool of carbon
emission reduction to manage overall emissions and, ultimately, lead to positive or negative carbon
emission performance outcomes. As discussed earlier, one of the advantages is that blockchain is
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able to improve the organizational integrity due to the data immutable, transparency and traceability.
The environmental performance is operationalized by the actual carbon emissions.

Sacio-technical Resource-based

theory view

/

Blockchain
(technology)
e Information

sharing
e Trust
\ e Traceability
Strategic Pl P2 Opemrf.onal
(social system) \Q Qj (Lechnical

syslem)

TN )

Supply Chain

Environmental

Integration Performance
o Visibility |:> o carbon

o Agility emission
s [Flexibility P3

e N

Low carbon supply chain
management strategy

Figure 2. The Proposed Conceptual Framework.

6. Discussion and Research Agenda

Blockchain is an important technology in the industry 4.0 era [9]. It is gaining interest in supply
chain management research recently. Due to the increased concerns arising from climate change and
global warming and increasing pressure from government regulations and policies, firms seek the
opportunities to improve both economic and environmental performance. However, in most cases
it is difficult task to evaluate and manage the social and environmental impact of the operations
such as pollutions, carbon emissions, etc. and many firms struggle with proper follow-up of the
auditing results of their operations [34]. Moreover, managing organizational integrity requires
huge resources and efforts [96]. In recent years, new technologies have provided opportunities for
organizations to consider the green practices in their processes. Such technological innovations also
provide opportunities for firms to rethink the supply chain integration and low carbon emission by
applying new technologies. In this conceptual paper, based on theories of resource-based view and
socio-technical theory, we proposed a blockchain-enabled framework for low carbon supply chain.
We focus on two perspectives in the blockchain and supply chain literature: the first perspective focuses
on the ‘technical system’ and the second perspective focuses on the ‘social system” in supply chains.
Blockchain has unique attributes, such as data immutable, transparency and traceability. A pilot study
is conducted to further investigate the future application of blockchain in supply chain. The results
support our conceptual ideas in the framework. Blockchain can help improve the data transparency
and supply chain visibility. This, in turn, improves organizational integrity. Therefore, we proposed
blockchain as a strategic management tools to enhance the supply chain integration capabilities across
entire supply chain in the social system, meanwhile, it can be used as a carbon operational tool to store
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and track carbon footprint to enable carbon emissions reduction in the technical system. In addition,
the research propositions were derived from the proposed framework.

Development of blockchain is still emerging now [11]. However, blockchain shows many potential
applications for carbon management and carbon footprint. It can be an effective resolution to manage
emissions data and carbon credits from participants in complex supply chains [93,94]. Very few
business supply chain studies have been conducted on the blockchain and low carbon management.
This paper presents a pilot study in New Zealand and offers propositions and a conceptual framework.
The capabilities of supply chain integration encompass supply chain visibility, supply chain agility
and supply chain flexibility [58]. The relationships between blockchain and supply chain integration
offer future opportunities to examine the applications of Blockchain in the supply chain management.
The relationships between supply chain integration and carbon emission may shed light on the
low carbon supply chain management strategy. The technology optimizes the tasks and structure,
and maximize the performance [23]. The improved supply chain visibility allows stakeholders to share
and monitor the real-time emission information across the supply chain. The agility embedded in
blockchain technology then helps firms quickly respond to the emission changes from other parties.
The flexibility of blockchain technology can better prepare the firms to reconfigure the resources,
strategies and operations in collaboration with other members of supply chain. This supports
collaborative CO, reduction management [4].

Development and application of blockchain in different supply chains are still at early stage [11].
However, blockchain technology shows many potential applications for carbon management and carbon
footprint. It can be an effective tool to store and track emissions information and carbon credits from
different participants in complex supply chains [93,94]. Information sharing, trust among the supply
chain partners, and traceability can reduce the carbon emission in a supply chain. Other technologies
including robotic technology, Artificial Intelligence (Al), Internet of Things (IoT), and big data analytics
can be used in conjunction with blockchain technology for different purposes in the industry 4.0
era [54,97-99]. For example, IoT systems can assist blockchain improving traceability by connecting
sensors, providing the consumers and retailers are willing to trace of their entire operations in the supply
chain. Automatic sensors can further help improve the data accuracy and integrity. In the relevant
literature, the blockchain technology often promotes the supply chain collaboration and integration
by facilitating information sharing, traceability and automation in digital transformation [42,100].
This results in overall carbon emission reduction [26].

Managerial Implications

Based on the discussion above, some managerial implications can be formulated. First, it should
be noted that the blockchain has many potential applications for business use. We focused on the
application of blockchain in low carbon supply chain management in this article. For example,
the information sharing, trust and traceability may help reduce the overall carbon emissions in a supply
chain. Of course, blockchain has other attributes, which may be explored and applied in the supply
chain optimization in the future researches. In this study, the information sharing, trust and traceability
were used to develop the research propositions in the framework. This may provide directions for
managers to build a low carbon supply chain by deploying and enhancing the relevant attributes of
blockchain. In addition, this may imply that blockchain can offer good communication and supply
chain relationships among the business partners. Further studies may be conducted to empirically
validate the framework with larger data and explore more alternative areas, such as digitalization,
risk management, and organizational integrity. Second, instead of viewing blockchain as a technology,
blockchain may be considered as a strategic management approach to facilitate supply chain integration
across industries. The supply chain integration capability is viewed as a dynamic capability to address
the ever-increasing concerns on carbon emission. Managers can set the focus on how blockchain
can be used to enhance the supply chain integration in real-world operational environments. Also,
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future empirical research may be conducted to validate the relevant measurements, indicators and
further explore best business practices for different industries.

7. Conclusions

In this research, we conceptualized the emerging blockchain technology and supply chain
integration capability in low carbon supply chain management based on of the resource-based view
and socio-technical theory. We showed how the incorporation of blockchain technology into the low
carbon supply chain management can help firms reduce their overall carbon missions across their
supply chains. The research propositions were shown in the conceptual framework. The blockchain
is adopted to enhance supply chain integration capabilities and technological advance to reduce
carbon emission in supply chains. This enables low carbon supply chains. Carbon emission is a major
contributor to climate change. The firms need to work closely together in supply chains to achieve
collaborative carbon emissions reduction. Blockchain is one of important emerging technologies in
the industry 4.0 era which offers many potential applications for supply chain collaboration and
integration. However, very few relevant studies have been done in these areas. Many recent blockchain
and carbon emission studies are from engineering and sciences. Although the energy requirements of
blockchain transactions are significant, due to the nature of exploratory research, the specific energy
consumption of blockchain excluded from the paper. This can be further investigated in future research.
In the proposed framework, the use of blockchain for carbon emissions reduction and supply chain
integration was discussed. We adopted blockchain to enhance supply chain integration capabilities and
technological advance to enable overall carbon emission reduction. In this study, we didn’t separate
the different types of blockchain in the conceptual model. They may be investigated in the future
studies. Also, future work can apply this framework using empirical studies in specific industries or
business cases. The business research provides valuable insights into implementation of blockchain
in the low carbon supply chain management, and also contributes to blockchain and supply chain
management literature.
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