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Abstract: Blockchain technology has significant potential for improving the environmental
performance of businesses and supply chains. One of the key benefits of blockchain is its ability to
provide greater transparency and traceability in supply chains. This can enable companies to
better monitor and manage their environmental impacts, such as carbon emissions and waste
production, throughout their supply chain. Therefore, the purpose of this study was to investigate
the use of blockchain technology in improving supply chain alignment (SCA), supply chain agility
(SCAG), and supply chain performance (SCP), and their influence on the environmental
performance (EP) of firms. Additionally, the study aimed to identify the moderating effect of
innovative climate (IC) on the relationship between SCA, SCAG, SCP, and EP. The researchers
employed a quantitative research paradigm and collected data through a survey questionnaire.
The sample was collected using the probability cluster sampling method and consisted of 350
personnel in executive and middle management positions. The results indicated that SCA, SCAG,
and SCP positively impact the EP of businesses, and this relationship is moderated by IC. The
study's findings have several theoretical and practical implications, including the potential for
blockchain technology to improve supply chain sustainability and the importance of fostering an
innovative climate to enhance the positive effects of SCA, SCAG, and SCP on EP.

Keywords: Blockchain technology, supply chain alignment, supply chain agility, supply chain
performance, innovative climate, environmental performance.

1. Introduction
Blockchain technology (BCT) originated from the electronic cash system described

by Satoshi Nakamoto, which introduced the 'bit coin' digital currency in 2008. BCT has
the potential to enhance transparency and effectively manage and store critical product
information throughout the product life cycle. In manufacturing supply chains,
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distributed data blocks can create a secure and shared record of transaction data and
product information. The impact of blockchain technology, which encompasses
technological objects and human interactions, is expected to extend beyond supply
chains to the environment and society as a whole (Reijers et al., 2018). Innovative
businesses that experiment with blockchain technology in supply chain infrastructure
and expertise capabilities are expected to be unique. Numerous researchers have
contributed to this field, such as Fawcett et al. (2011) and Turkman et al. (2007).
However, studies have shown that technical skills and understanding alone are
insufficient (Kim et al., 2018). Likewise, firms do not automatically possess modern
blockchain technology assets that can enhance supply chain performance (Zhang et al.,
2011). The sentence structure and English are correct.

Block Chain Technologies is regarded as a modern technology(Megat et al.,2023),
particularly in the field of SCM, because it possesses multiple advantageous
characteristics that can solve a variety of SCM problems (Casey & Wong, 2017; Korpela,
Hallikas, & Dahlberg, 2017; Kshetri, 2018). The nature of the supply chain issues being
addressed, as well as the BCT application in its early development or implementation
stages. Increasing efforts to implement supply chains enabled by Block Chain
Technologies are being observed. Capabilities of the operational supply chain that
enabled significantly Information sharing and coordination capabilities. There are two
ways that IT can be utilized to aid in environmental management and stability. First,
information technology can be "greened" by incorporating environmental stability
principles into an organization's IT strategy and usage, thereby reducing IT's negative
environmental impacts (Elliot et al., 2008). Numerous businesses participate in
environmental sustainability and implement procedures for environmental management
(energy efficiency, waste reduction) that contribute to reputation enhancement and
environmental impact reduction (Montabon et al., 2007)

Technology plays a significant role in environmental sustainability because it
increases the effectiveness of firm resources and business processes, thereby making the
environment sustainable (Watson et al., 2010). However, industrialization played a
crucial role in increasing carbon production; consequently, the supply chain and
electrical grid are used to mitigate these negative effects (Mithas et al., 2010). The natural
resource base theory is an extension of the resource-based theory that incorporates the
natural environment into the relationship between resources, environmental
performance (EP), and firm performance (Hart, 1995). Firms can develop organizational
capacities to increase their performance outcomes while mitigating their impact on the
natural environment, leading to environmental sustainability (Benitez-Amado et al.,
2013).

Environmental Performance refers to a company's compliance with environmental
regulations, as well as its efforts to mitigate the impact of environmental crises and
educate its employees on environmental issues (Nishant et al., 2012). There is a positive
correlation between technology, environmental management, and EP. By enabling more
effective and adaptable environmentally sustainable processes, technology can enhance
a company's EP. EP involves not only meeting regulatory requirements but also
preventing and mitigating environmental crises and minimizing the impact of business
processes on the natural environment. Integrating information technology with
environmental management can further enhance a company's EP.

A supply chain process involves the continuous flow of money, materials, and
information among its members (Ammous, 2016). To create efficiency and effectiveness,
all members of the supply chain must work together, especially given the financial
excess and trust issues that have affected previous supply chain performance and the
difficulty of tracking purchases. Blockchain technology (BCT) has proven useful in
improving demand forecasts, inventory management, and backup plans for demand
disruptions (Dolgui et al., 2018). By creating a decentralized structure with transparent
and distributed data, BCT enables diverse groups and network actors to share data in
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real-time across the globe, thus enhancing the sustainability of the supply chain
environment. Alignment and agility are crucial elements that give an organization a
competitive advantage, and BCT-based business process execution improves speed,
accuracy, and dependability (Kim, 2018). BCT eliminates trust issues between trading
partners and facilitates record-sharing, allowing the entire supply chain to focus on a
common objective and enhancing supply chain alignment (SCA) and business
competitiveness. SCA involves a strategy that includes tracking data, reporting, and
reviewing quality-improvement information systems, which can result in a shift in
organizational priorities and the deployment of Total Quality Management
(TQM)-related tools and resources (Sharifi et al., 1999). This, in turn, has a positive
impact on EP.

Blockchain technology (BCT) has the inherent capability to integrate with all supply
chain processes, as it generates a digital ledger that can be accessed and shared with
high reliability by all parties involved. Previously, tracking all purchases made by
members of the supply chain was challenging, but digital ledgers in blockchain make
tracking easy. Moreover, this study aims to contribute to the body of knowledge by
introducing an innovative climate (IC) that may increase employee motivation and
creativity, thereby enhancing work performance. By shedding new light on the
relationship between supply chain alignment (SCA), supply chain agility, supply chain
performance (SCP), and their impact on environmental performance (EP), this study
adds to the existing knowledge base. The scope of this study is empirical, as it examines
the use of blockchain in supply chain alignment (SCA), supply chain agility, and supply
chain performance (SCP), and how they enhance environmental performance (EP). The
current model provides valuable insights for researchers and serves as a foundation for
future research. This study contributes to the literature on blockchain technology (BCT)
by incorporating it into other supply chain parameters and analyzing its impact on EP.
As many emerging technologies are expected to be utilized in supply chains in the
future, this study is a valuable resource that reveals the impact of other technologies on
the supply chain.

2.Theoretical Underpinning and Literature Review
2.1The theory of resource-based view (RBV)
Penrose's (2009) resource-based view (RBV) theory describes a company's

competitive advantages for improving environmental performance (EP) by deploying its
assets to maintain three strategic competencies: product management, pollution
mitigation, and sustainable development. RBV focuses on the concepts of resources,
their performance, and power (Hart, 1995), specifically managing resources that are a
source of competitive advantage for businesses and gaining access to these resources to
maximize their potential.

Moreover, there is a significant emphasis on researching the relationship between
company performance and sustainability, particularly in identifying sources of
competitive advantage by integrating environmental and social concerns into corporate
capabilities (Hart, 2003). The RBV perspective of sustainable supply chain management
suggests that companies in a supply chain can gain a competitive edge by developing
unique sustainability-related skills and applying power, which is consistent with the
conventional view of corporate performance. This perspective reveals how this
development fits into overall business performance objectives. Sustainable supply chain
management is defined as an extension of conventional purchasing and supply activities
and is integrated into the realm of strategic management (Pullman, 2009). The authors of
the study also investigate how businesses handle variability by determining whether to
internalize or outsource environmental operations (Vachon & Klassen, 2008). In this
regard, it is essential to comprehend the governance system that is most appropriate for
guiding environmental and social performance between suppliers and customers.
Resource-based theory plays a critical role in enhancing environmental sustainability in
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supply chains by improving resource efficiency. The alignment, agility, and performance
of the supply chain have a significant impact on EP.

2.2 Supply chain alignment, environmental performance, blockchain technology
Alignment has been a key concept in evaluating the performance effects of

environmental and strategic alignment, as recognized by organizational scholars
(Venkatraman & Prescott, 1990). A manufacturing enterprise must recognize that the
correct supply chain (SC) strategy necessitates alignment with varying levels of
environmental risk to maintain a competitive advantage. Previous studies have
discussed and empirically studied ideal alignments on various issues, including
business strategy and information technology programs, SCM structure and business
projects, and business projects and the environment, which have a remarkable impact on
business success (Bergeron et al., 2004; Sabherwal & Chan, 2001; Sanders, 2005; Stock et
al., 2000; Venkatraman & Prescott, 1990). Recent studies show a significant positive
relationship between supply chain agility (SCA) and business performance, which can
be utilized to design, construct, and enhance SCA to enhance business performance. The
concept of SCA was used to expand the conceptual framework, incorporating the
influence of alignment on business success and clarifying the shareholder competitive
advantage relationship. The researcher developed hypotheses and surveyed British
manufacturers to assess them, resulting in an experimentally strengthened conceptual
framework that clarifies how SCA, when implemented effectively, leads to improved
business performance (Wong et al., 2012).Blockchain technology accelerates the
execution of business processes and enhances their precision and reliability (Kim, 2018).
It enables users to share records with trading partners, reducing trust issues (Davidson
et al., 2016). Based on previous studies, the researcher hypothesized that SCA aids in
sustainable production and manufacturing, which contributes to recycling and reusing
products, improving EP, and that blockchain aids in enhancing SCA, which contributes
to positive EP.

H1. There is a significant positive relationship between SCA and EP.
2.3 Supply chain agility, environmental performance, Blockchain technology
Agility, as defined by A. Kumar & Motwani (1995), is an organization's ability to

rapidly increase activities on a difficult path, which is essential for competing based on
sensitivity to change (Mason-Jones, Naylor, & Towill, 2000). "Going green" is now a
requirement, as stated by Margaretha & Saragih (2013). On the other hand, a green
business is socially responsible, environmentally conscious, and resource-efficient
(Sathyapriya et al., 2013). By using BCT, trading partners can share documents, designs,
quality documentation, and transaction data more quickly, accurately, and reliably.
Sharing information in this manner aids in demand forecasting, inventory management,
and data backup (Ivanov et al., 2019). Previous research has shown that the adoption of
agility within an organization is positively correlated with organizational strategy and
eco-friendly product development, and BCT is used to enhance the performance of
supply chain agility.

H2. There is a significant positive relationship between SCAG and EP.
2.4 Supply chain performance, environmental performance, Blockchain

technology
In previous research, it has been stated that supply chain performance (SCP)

outcomes include cost reduction, which involves reducing material, processing,
information, and management fees, as well as reducing overhead, risk, price per
operation hour, and other intangible expenses (D. W. Cho et al., 2012; Lee, 2012;
Gunasekaran et al., 2004; Shepherd & Günter, 2010; Zhang et al., 2011). Quality
compliance and improvement imply that service expectations and customer products
are met, process and product errors are reduced, quality is differentiated, and data
errors are decreased. Product and service delivery times, supplier lead times, pre-and
post-sale service periods, supply chain processes and their cycle times, product
development cycle times, and transaction times have all been shortened. Process
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improvement includes increased capacity, inventory consumption, resource
consumption, and flexibility in process time reduction. Response to shifting consumer
expectations and environmental constraints, delivery flexibility, risk-sharing activities,
service system agility, and SCAG with suppliers are also included. With BCT and supply
chain system capabilities, it is more likely that process improvements, product, and
service quality improvements, cost reductions, flexibility, and process time reductions
will occur. This helps SCP improve the effectiveness and efficiency of resources, which
aids in waste reduction and has a positive impact on EP. Blockchain helps in tracing and
monitoring SCP, demonstrating a connection between SCP and EP (Lee, 2012;
Gunasekaran et al., 2004; Shepherd & Günter, 2010).

H3. There is a significant direct relationship between SCP and EP.
2.5 Innovative climate and environmental performance
Innovative climate has been identified as a crucial factor in achieving better

environmental performance. According to Chang, Jang, & Lu (2014), an innovative
climate "encourages employees to engage in activities that promote creativity and
innovation, which can lead to the development of new products and services that are
more sustainable and eco-friendlier" (p. 308). Furthermore, an innovative climate fosters
a culture of environmental responsibility within an organization, which leads to more
environmentally conscious practices.

Research by kraus et al., 2020 indicates that organizations with an innovative
climate tend to have better environmental performance than those without. They found
that an innovative climate promotes the adoption of environmental management
practices, such as reducing energy consumption and waste generation, which in turn
leads to improved environmental performance.

Similarly, Abu Seman et al., 2019 found that an innovative climate positively affects
a firm's environmental performance through the adoption of eco-friendly technologies
and the development of new eco-friendly products.

H4. There is a direct relationship between Innovative Climate and Environmental
Performance.

2.6 Moderating role of innovative climate in relationship between supply chain
parameters (SCA, SCAG, SCP, and EP)

In recent decades, there has been a significant effort to determine the most
important elements for a company's competitiveness, and previous research suggests
that IC is the most influential variable in a company's profitability and competitiveness
(Ren, 2015). Scholars have studied the impact of an innovative organizational climate on
a company's overall performance, which includes encouraging training, brainstorming,
and skill development. An innovative environment fosters individual to think freely and
take calculated risks, improving procedures, developing new products, and advancing
the design of a business model (Mathisen et al., 2004). The innovation climate is defined
as the extent to which a company fosters and creates an environment that encourages
innovation (H. J. Cho, 2005; Van de Ven, 1986), while product innovation strategy refers
to the use of new components, added resources, technology, and product features for
product development (Manual, 2005). To enhance access to supply chain partners'
innovativeness, companies must develop innovation-supportive skills and foster an
environment conducive to innovation advancement (Amabile, 1998). The innovation
climate moderates the relationship between supply chain members' innovation and
product innovation strategy positively.

Wagner (2005) has demonstrated that information sharing is influenced by the
commitment of organizational resources to strategic relationships with supply chain
partners (suppliers and customers). The relationship between the organizational climate
for innovation and the organizational innovation of supply chain partners regarding the
firm's innovation strategy is also discussed. Rosenbusch et al. (2011) found that to
develop agility, an organization must respond quickly and creatively to change, and
innovation is crucial to increasing agility (Van Oosterhout et al., 2006). Effective SCM
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abilities are necessary for institutional sustainability and innovation, resulting in
enhanced EP (Esterhuizen et al., 2012; Nidumolu et al., 2013). Sheykhi's (2016) previous
study found that SCM is an effective tool for enhancing firm performance, sustainability,
and innovation-driven practices leading to enhanced firm performance. Moreover,
enhanced EP is associated with commitment and collaboration (Ali & Haseeb, 2019).
Therefore, an innovative environment is essential for the supply chain and the
enhancement of EP. This study evaluated the hypothesis that an IC moderates the
association between supply chain parameters and EP.

H5. IC moderates the relationship between SCA and EP.
H6. IC moderates the relationship between SCAG and EP.
H7. IC moderates the relationship between SCP and EP.

Figure 1. Theoretical framework

3. Research Method

This is a quantitative research study that utilized a structured survey questionnaire to
gather data. The questionnaire was divided into two parts, with the first part containing
demographic information and the second part consisting of construct items. The study's
population consisted of manufacturing industries registered in the stock exchange and
located in Pakistan. Cluster probability sampling was used to collect data from senior
and mid-level managers from the three largest manufacturing industries in the province
who possessed the necessary knowledge of BCT in SCA, supply chain agility, SCP, and
EP within their organization. To increase the response rate, questionnaires were
administered via personal visits, resulting in a 75% response rate, with 350 out of 400
questionnaires returned. However, only 300 of the 350 responses were used for further
analysis, resulting in a 70% valid response rate. The demographic information is
presented in Table 1.

Table 1. Respondent demographic profile

Item Frequency (n=300) (%)

Gender
Male 216 72
Female 84 28
Age
20-30 127 42
31-40 149 49
41-50 21 7
51-60 3 1
Management level
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Top-level management 50 16.7
Middle-level management 250 83.3
Department
Management 210 70
Production 90 30
Experience
1 year or less 58 19.3
Over 1 to 3 years 138 46
Over 3 to 5 years 70 23.7
Ove 5 to 10 years 24 8.3
Over 10 years 8 2.7

4.Data Analysis and Results

The results were analyzed using PLS-SEM. In this study, all variables were
exhaustively measured, and the latent variables and indicator variables were more
reflective than formative variables. The study followed a two-step approach to analyze
the data. Firstly, the measurement model was used to assess the reliability and validity
of the constructs. Secondly, the structural model was used to determine the proposed
relationships between variables.

4.1 The measurement model

The reliability and validity of the constructs were estimated using two primary criteria,
namely reliability and validity, in PLS-SEM. Cronbach’s Alpha and composite reliability
were used to examine the reliability of the constructs, and Table 2 displays the results. A
value of Cronbach’s Alpha and CR exceeding 0.7 indicates average internal consistency
(Hair et al., 2016). Convergent validity was assessed by calculating AVE values, which
range from 0.562 to 0.572 in this study, indicating that the convergent validity is evident
as the values are above 0.5.

Table 2. Scale’s reliability and convergent validity.

Full Construct Item Loading Cronbach’s Alpha CR AVE

Supply chain alignment SCA1 0.722 0.756 0.845 0.576

SCA2 0.778

SCA3 0.767

SCA4 0.769

Supply chain agility SCAG1 0.775 0.721 0.827 0.545

SCAG2 0.693

SCAG3 0.763

SCAG4 0.718

Supply chain performance SCP1 0.78 0.751 0.842 0.572

SCP2 0.79

SCP3 0.696

SCP4 0.755

Innovative climate IC1 0.698 0.729 0.831 0.552
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IC2 0.795

IC3 0.765

IC4 0.712

Environmental performance EP1 0.709 0.738 0.836 0.562

EP2 0.833

EP3 0.696

EP4 0.752

The discriminant validity was assessed by applying the ratio of correlation (Foren and
lacker criterion).The numbers on the diagonals of the table shown above are higher than
their preceding values , which demonstrates the discriminant validity of the constructs
(see Table 3).

Table 3. Discriminant validity

EP IC SCA SCAG SCP

Environmental performance (EP) 0.749

Innovative climate (IC) 0.669 0.743

Supply chain alignment (SCA) 0.69 0.724 0.759

Supply chain agility (SCAG) 0.682 0.691 0.768 0.738

Supply chain performance (SCP) 0.663 0.708 0.704 0.76 0.756

4.2 The structural model

The PLS-SEM bootstrapping approach was used to evaluate the significance of the
hypothesized relationships. The B value, P-value, and t criterion were used to test the
hypotheses (p <0.05 and t > 1.645). The results of the direct hypotheses are summarized
in the table 4.0. The analysis found that H1, which proposed that Supply Chain
Alignment (SCA) would have a significant impact on Environmental Performance (EP),
was supported (β = 0.248, t = 4.108, p = 0.000). Similarly, H2, which suggested that
Supply Chain Agility (SCAG) would have a significant impact on EP, was also
supported (β = 0.202, t = 3.324, p = 0.001). H3, which proposed that Supply Chain
Performance (SCP) would have a significant impact on EP, was also supported (β = 0.185,
t = 2.785, p = 0.004). Finally, H4, which proposed that Innovation Climate (IC) would
have a significant impact on EP, was also supported (β = 0.225, t = 3.802, p = 0.000).
Moreover, the results show that SCA, SCAG, SCP, and IC have a significant and positive
influence on EP (refer to Fig. 2 and Table 4). IC moderates the relationship between SCP
and EP but does not moderate the relationship between SCA and EP or SCAG and EP
(refer to Table 4 and Fig. 3). In short, All the hypotheses were accepted except for H5 and
H6 (refer to Table 4).

Table 4. Hypotheses Testing

B value SD T-value P-value
Significance (p≤

0.05?)
Decision

H1. SCA-> EP 0.248 0.06 4.108 0.000 Yes Supported
H2. SCAG-> EP 0.202 0.061 3.324 0.001 Yes Supported

H3. SCP -> EP 0.15 0.063 2.785 0.004 Yes Supported

H4. IC -> EP 0.225 0.059 3.802 0.000 Yes Supported

H5. SCA->IC->EP 0.056 0.054 1.035 0.301 No Not supported
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H6. SCAG->IC->EP 0.028 0.054 0.506 0.613 No Not supported

H7. SCP->IC->EP -0.147 0.053 2.807 0.005 Yes Supported

Figure 2. Structural model

Figure 3.Moderation effect

5.Discussion and Implications

5.1 Discussion

The purpose of this study was to investigate the impact of BCT adoption on supply
chain metrics such as SCA, SCAG, and SCP, and their influence on EP. Additionally, the
study examined the moderating role of IC in the relationship between BCT use in supply
chain metrics and EP. The research was conducted at three major manufacturing mills in
the province. The study's findings support H1, H2, H3, and H4, which postulate a
positive relationship between SCA, SCAG, SCP, and IC with EP, respectively. The agility
concept has been adopted by several organizations in response to changing competitive
scenarios and growing environmental complexity, which explains the positive
association between SCA and EP. Similarly, SCAG and SCP were found to have a
significant positive relationship with EP. The SCP measurement system comprises
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resource, output, and flexibility, which all contribute to performance metrics. Inventive
climates, which foster creative ideas and innovative activities to improve business
performance, product processes, and quality, were found to have a positive association
with EP. The study's results also indicate that IC moderates the relationship between
SCA, SCAG, and SCP with EP, as postulated in H7. However, H5 and H6, which suggest
that IC moderates the relationship between SCA and EP, and SCAG and EP, respectively,
were not supported.

5.2 Research Implications

The findings of this study suggest that companies should not only raise awareness
about BCT but also actively collaborate with IT companies that develop
blockchain-based supply chain solutions to ensure that supply chain managers have
accurate expectations and assumptions about BCT's benefits for supply chain
management. Supply chain managers, manufacturers, and IT companies should conduct
training sessions to better understand BCT and how it can improve production
efficiency and reduce waste, ultimately improving EP. To foster an environment
conducive to creativity and innovation among personnel, companies should incentivize
managers who encourage and support creativity. Improving quality and boosting the
efficiency of the production department should be a priority for companies.

Industrial enterprises that use chemicals in their production processes, such as
manufacturing mills, should provide their personnel with training on the use of BCT to
monitor potentially hazardous chemicals. This could help in reducing harmful
environmental effects. As blockchain is a type of meta-technology, it requires additional
technologies to improve its performance in supply chains. Other applications such as
IoT, Big Data, etc. are more effective technologies that can be utilized to improve
Blockchain's performance in supply chains.

Finally, supply chain managers and IT companies interested in implementing and
developing blockchain-based IT solutions for the supply chain should collaborate with
regular actors to develop a regulatory framework to govern BCT. The adoption of
technologies remains exceedingly hazardous in the absence of a legal framework.
Currently, there is no solid legislative framework in the country that addresses BCT.
Those chemical manufacturing firms that utilize BCT in their supply chain should
provide training to all production supply chain managers to be aware of which
chemicals are hazardous if used excessively. They should also provide training on
measuring the impact of waste gas disposal on the environment and mitigating its
adverse impacts through the use of BCT. IT businesses, managers, and academics should
collaborate to explore and develop a regulatory framework for BCT, which they can
subsequently consider advocating policymakers to adopt.

5.3 Study Limitations

This study has several limitations, similar to other studies. The sample size is limited
because the research was conducted exclusively at the three largest manufacturing mills
in the Province. Additionally, only manufacturing mills were examined, while other
industries also utilize chemicals. It is important to note that different supply networks
necessitate distinct strategic decisions and information needs. However, this study
assumes that all supply chain requirements are the same, and it is necessary to develop
different applications for different supply chains based on their unique requirements, as
well as examine different adoption models. Another limitation is that the successful
deployment of BCT is highly dependent on the quality of the data collection systems,
such as the Internet of Things and Big Data, which can be costly. Finally, the study's
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target population is upper and middle management, who may have busy schedules and
provide brief responses, limiting the depth of the study's insights.

5.4 Future Directions

Further investigation is necessary to better understand the impact of Blockchain
technologies on supply chain characteristics and EP. It is essential to investigate how
blockchains interact with other technologies and their combined effect on EP. In addition,
BCT's impact on other supply chain metrics, such as supply chain flexibility and
operational performance, and their relationship with EP should also be examined.
Further research is also needed to investigate the moderating influence of trust and
competitive environment on the relationship between supply chain parameters and EP.
To increase the generalizability of the findings, future studies should be conducted in
various locations outside of the Province. A longitudinal study could be conducted to
assess the effectiveness of BCT in enhancing supply chain management over time.
Another potential area for research could be exploring the impact of combining
blockchain with other technologies such as IoT, artificial intelligence, and big data on
supply chain management and their effect on EP.
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