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Abstract

Purpose –This study aims to provide a novel approach to examining the connection between several aspects
of low-carbon supply chain practices (LCSCPs), eco-innovation (EI) and the performance of manufacturing
firms in Malaysia.
Design/methodology/approach – The current study employed a quantitative research strategy, utilizing
survey data collected from a sample of 120 manufacturing firms located in Malaysia. The main aim of this
study was to analyze the research framework and test the proposed hypotheses.
Findings – The results of the study indicate that EI has a mediating role in the link between LCSCP and
manufacturing firm performance (MFP). EI serves as a mediating factor in the association between MFP and
four components of LCSCPs, specifically low-carbon product design, low-carbon process improvement,
low-carbon purchasing and low-carbon logistics.
Practical implications –The results of this study hold significant potential for supply chain professionals in
their endeavors to decrease carbon emissions. Practitioners can help eliminate carbon footprints (CFs) by
selecting the right LCSCP techniques that support EI and MFP. When creating low-carbon management
methods in supply chain management (SCM), practitioners must take into account the potential mediating role
of EI.
Originality/value – To date, this work is one of the first efforts to investigate the role of EI as a mediator
between LCSCP and MFP. Moreover, this research adds to the existing knowledge and improves
understanding of how low-carbon development is being implemented in Malaysia, with the ultimate
objective of achieving carbon neutrality by 2050.
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1. Introduction
The manufacturing industry plays a pivotal role in global economic development, yet its
operations often come at a significant environmental cost, primarily due to carbon emissions.
With increasing awareness of climate change and its detrimental effects, there’s a growing
urgency for industries to adopt sustainable practices, particularly in their supply chains.
The concept of low-carbon in supply chain management (SCM) is gaining acknowledgment
from both academia and industry. Both academia and the corporate sector are increasingly
interested in using low-carbon practices (LCPs) in SCM. For example, studies by Yang et al.
(2022), Bonsu (2020) and Cooke (2020) emphasize that Tesla’s Gigafactories, powered by
renewable energy, produce electric vehicles with significantly lower carbon emissions
compared to traditional automotive manufacturing plants. Moreover, the adoption of LCPs
throughout the supply chain is commonly referred to as low-carbon supply chain practices
(LCSCP). The issue of global warming has escalated in the past decade, with carbon emissions
being the main underlying factor that needs to be tackled. Moreover, manufacturers are the
main contributors to carbon emissions, so many countries have begun to implement ways to
reduce carbon emissions (Tang et al., 2022). Although there has been an effort from industrial
organizations to adopt price reduction, carbon reduction and greenhouse gas (GHG) emission
reduction initiatives (Saxena et al., 2018; Jensen, 2012), there is still a significant number of
organizations that have not completely grasped the strategies required to successfully
embrace LCPs into their SCM. Under some conditions, enterprises are obliged to give priority
to the surveillance of carbon data, especially when it is conducted by public sector
organizations. The implementation of selection criteria in materials for product design, along
with enhanced efforts in operational and production processes, procurement solutions and
structure and reverse logistics strategies, may lead to rapid changes that surpass the
capabilities of most manufacturing firms over a span of several years (Thornley-Walker,
2010; Bakar et al., 2016).

However, the current prevailing scenario suggests that cheaper alternatives are more
likely to be selected than low-carbon alternatives, failing to achieve low-carbon objectives in
the supply chain (Ibbotson and Farrell, 2019). The observed phenomena is likely due to the
specialists in the sector having little understanding and the supplier chain prioritizing
tangible cost savings over intangible low-carbon solutions. To tackle these difficulties,
organizations need to develop and implement innovative solutions that enable the reduction
of negative environmental impacts resulting from carbon emissions in the supply chain. In
contemporary times characterized by technical advancements, a much more sustainable
solution primarily arises from the implementation of eco-innovative approaches (Azevedo
et al., 2012). The observed phenomena can be linked to the experts’ insufficient expertise in the
sector and the supply chain’s focus on quantifiable cost savings rather than intangible low-
carbon solutions. To tackle these difficulties, organizations need to develop and implement
innovative solutions that enable the reduction of negative environmental impacts resulting
from carbon emissions in the supply chain. The objective of this initiative is to support the
growth of domestic manufacturing sectors by implementing environmentally conscious
practices, as highlighted in the studies conducted by Lee et al. (2022),Mustaffa et al. (2022) and
Jaafar et al. (2014).

Although there are only a few contemporary literary works that provide a full
understanding of the relationship between LCSCP and company performance, there is a
significant lack of available knowledge about the mediating role of eco-innovation (EI) in
influencing LCPs and firm performance.

Previous research has primarily focused on investigating the relationship between LCPs
and firm performance (Das and Jharkharia, 2019; Lee and Ahn, 2019; Jabbour and de Sousa
Jabbour, 2014), EI and firm performance (Das, 2021; Bossle et al., 2016) and LCPs and EI (Xin
et al., 2019; Neto et al., 2014; Azevedo et al., 2012), respectively. This study aims to fill the
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research vacuum by examining the interrelationships between the LCSCP, EI and MFP in
Malaysia. Research is scarce on LCSCP in the specific context of its application in
underdeveloped countries, particularly Malaysia. Furthermore, there is a lack of academic
research and analysis undertaken to provide a theoretical framework, backed by empirical
evidence (Yang et al., 2021), on the influence of LCSCP on company performance, specifically
within the industrial sectors.

2. Literature review
The study’s conceptual framework proposes that the implementation of LCSCP by the
manufacturing sector will directly and indirectly impact firm performance, with the
involvement of EI acting as a mediating factor. Upon completing a thorough investigation
of multiple literary works on theoretical views, it becomes clear that most of them utilize
the essential framework of the resource-based view (RBV) theory as their main theoretical
basis. The current study additionally employed additional theoretical foundations to
develop the proposed framework (see Figure 1), which incorporates the institutional
theory.

The institutional theory examines the impact of external social, technological and political
variables on organizational behavior, specifically about the adoption of low-carbon emissions
practices (Dubey et al., 2015; Zhu et al., 2007; Zhu and Sarkis, 2007). Furthermore, according to
Liu et al. (2022), the institutional theory, it is said that the primary driver for changes in an
organization’s structure and conduct is the need for legitimacy, rather than efficiency or
competition. Furthermore, in light of the presence of diversity, this study posits that top
management plays a pivotal role as the primary human agent in translating external
pressures into suitable managerial responses (Luo et al., 2017). These answers involve

Figure 1.
Research model
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modifying organizational structures and creating policies that are in line with institutional
attitudes. In the next section, amore detailed explanation is given on the connections between
specific LCSCPs, EI and manufacturing firm performance (MFP) as proposed in the previous
hypothesis.

2.1 An overview of low-carbon supply chain practices (LCSCPs)
LCPs are referred to as the tools and techniques used by organizations to reduce CFs, just not
only at their firm level but also across their value chains (Isaksson et al., 2010; Morali and
Searcy, 2013). Uses of LCPs transit the traditional supply chain into a low-carbon supply
chain (LCSC) which attempts to reduce total CFs across the supply chain including
manufacturing, transportation, storage, consumption and recycling through direct or indirect
activities (Ambekar et al., 2019). Thus, considering the existence of LCSCP in the literature
can help in the development and improvement of manufacturing industries. Hence, LCSCP
are regarded as a perfect recipe for the success of several firms from various manufacturing
industries (Bai et al., 2017). For example, B€ottcher and Muller (2015) defined low-carbon
operations; Nishitani et al. (2016) investigated the role of the environmental management
system (EMS) on a firm’s willingness to adopt low-carbon supply chain; and Khan andQianly
(2017) analyzed the impact of environmental factors, such as GHGs, fossils fuels and
renewable energy on green logistics. Also, Jabbour and de Sousa Jabbour (2014) developed
three dimensions of low-carbon operation and management practices, namely, low-carbon
products, low-carbon production and low-carbon logistics. Whereas, Lee and Ahn (2019)
employed five dimensions such as low-carbon product development, low-carbon process
improvement, employee engagement, initiative participation and supply chain cooperation to
measure LCSCPs. Furthermore, Das and Jharkharia (2019) included several other important
variables to conceptualize LCSCPs, namely, low-carbon purchasing, low-carbon product and
design and low-carbon manufacturing and logistics on firm performance. As a result after a
thorough evaluation of various LCPs in SCM-related literature, a set of LCSCP dimensions is
recorded for this study in Table 1.

Firstly, Low-carbon Product Design (LCPD), is related to product and process stewardship
such as less environmental impact through the designing of products, less usage of
hazardous substances and usage of more reusable and recyclable materials (B€ottcher and
M€uller, 2015; Klassen and Whybark, 1999; Snir, 2001). Also, Song and Lee defined LCPD as
the capability of replacing components that produce fewer GHG emissions. The reduction of
The reduction of emissions in the production process requires end-of-pipe control technology
and energy-efficient equipment (Shaharudin et al., 2019; Klassen andWhybark, 1999; Das and
Jharkharia, 2019). Secondly, according to B€ottcher and Muller (2015), “low-carbon”
application should also extend to the production and manufacturing process, known as
the Low-carbon Processes Improvement (LCPI), which is crucial for obtaining the
finished goods.

Many LCPs can support the search for an LCPI; for example, the adoption of information
systems with data on carbon dioxide (CO2) emissions during the production process,
energy management systems and energy efficiency, renewable and non-fossil fuel energy
and consumption, substitution of carbon-intensive raw materials, search for more eco-
efficient equipment and adoption of recycling and remanufacturing approaches in the
production process (Jabbour and de Sousa Jabbour, 2014). Thirdly, LCP can be classified as
an environmentally focused purchasing which includes evaluation and development of
suppliers, substitution of material through environmentally friendly sourcing and reuse
and recycling of materials (Rao and Holt, 2005; Selvaraju et al., 2017). LCP includes the
selection of suppliers based on their carbon performances such as carbon reduction goals
and strategies, top management support, CF measurement and risk assessment, training
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and development of suppliers for emissions reduction and technology transfer for
emissions reduction (Hsu et al., 2014; Kuo et al., 2015; Long and Young, 2016; Nishitani et al.,
2016). A firm can also put pressure on its suppliers to implement an environmental
certification program such as International Organization for Standardization (ISO) 14001
(Jiang and Bansal, 2003; Mitra and Datta, 2014; Zulfakar et al., 2019). Last but not least,
logistics and SCM activities in manufacturing contribute significantly to climate change
and are accountable for a significant amount of carbon dioxide emissions. For example, CO2

from transportation can be emitted during the acquisition of raw materials and the
distribution of the final products (Rasi et al., 2021; Sundram et al., 2011). Thus,
organizations have to make an effort to reduce the emissions from transportation and
manufacturing-related activities (Das and Jharkharia, 2019). A study done by Hoen et al.
(2014) found a significant reduction in total transportation emissions by switching
transportation modes. Similarly, the study by Liljestrand et al. (2015) states that transport
emissions can also be reduced through investment in infrastructure, new vehicle
technologies and alternative fuels.

2.2 The general idea of eco-innovation (EI)
EI is defined as developing a product in a way that reduces environmental externalities,
such as solid waste, pollution, water consumption and environmental risk (Pujari, 2006; Das
and Jharkharia, 2017). In the literature, EIs are classified as product and process and radical
and incremental EI (Pujari, 2006). Product and process EI means the capability of
improving a product and process by adopting eco-design technology, eco-efficient
equipment, lifecycle assessment, cleaner technology and end-of-pipe control (Rennings,
2000). On the other hand, radical and incremental EI means a remarkable change in product

Year Author(s)
LCSCP

EI MFPLCPD LCPI LCP LCL

2022 Ullah, Abbas, Tariq, Mahmood and Kaechele U U
2022 Viale, Vacher and Bessouat U U
2021 Das U U U
2021 Geng, Lai and Zhu U U
2021 Wanke, Jabbour, Antunes, . . . and Gonzalez U U U
2020 Kowalska and Szyja U U
2019 Ambekar, Prakash and Patyal U U U
2019 Das and Jharkharia U U U U
2019 Lee and Ahn U U U
2017 Bai, Sarkis and Dou U U
2017 Costantini, Crespi, Marin and Paglialunga U U
2017 Das and Jharkharia U U
2017 Stawiarska U U
2016 Bossle, de Barcellos, Vieira and Sauv�ee U U
2016 Nishitani, Kokubu and Kajiwara U U
2015 B€ottcher and M€uller U U U
2015 Choudhary, Sarkar, Settur and Tiwari U U
2015 Mele and Russo-Spena U U
2014 Cheng, Yang and Sheu U U
2014 Doran and Ryan U U
2014 Jabbour and de Sousa Jabbour U U U
2014 Mitra and Datta U U
2014 Neto, Jabbour and de Sousa Jabbour U U

Source(s): Authors’ compilation

Table 1.
Evaluation of
dimension from past
literature
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and process and continuous or gradual change in product and process, respectively
(Hellstr€om, 2007). The goal of EI is to reduce environmental externalities and improve
products for less environmental impact (Cheng et al., 2014). Some literature suggests EI is
used as a liable factor for improving a firm’s environmental and economic performance
(Neto et al., 2014; Bossle et al., 2016; Das, 2021).

2.3 The concept of manufacturing firm performance (MFP) in Malaysia
Manufacturing firms are gradually realizing significant economic and environmental
benefits from sustainable practices (EPA report, 2020). Furthermore, the manufacturing
performance purpose is developed to meet the sustainable development goals (Bag et al.,
2020a, b) reviewed from literature and cluster of papers that study green supply chain,
low-carbon economy, environmental management and performance, innovation and
social concern (Atasu et al., 2020; Bag and Pretorius, 2020). In the last decade, the
green initiative has taken a turn to be an important cause in creating an innovative cause
for the manufacturing sector (Sundram et al., 2018a). Hence, the Malaysian
manufacturing sector has remained an important contributor to the Malaysian
economy (Rusli et al., 2012; Bahrin and Sundram, 2014). Moreover, in the context of
national green policies, manufacturing companies must deal with the challenges in the
market and opportunities of SCM through the adoption of LCPs that will help enhance
performance (Vatumalae et al., 2022; Mkumbo et al., 2019). Manufacturing organizations
may vary in their adoption of carbon management methods due to variances in how
managers evaluate the outcomes of their actions in response to supply chain
performance problems.

3. Theoretical framework and hypothesis developments
3.1 Relationships between LCPD, EI and MFP
In the context of product design, the term “LCPD” refers to the strategic incorporation of
environmental ideas and considerations into the initial stages of the design process. The
concept of the CF has been defined in studies byWiedmann and Minx (2008) and Green et al.
(2012) as “a quantification of the combined quantity of CO2 emissions that are directly and
indirectly generated by a particular activity or accumulated throughout the various stages of
a product’s life cycle”. To enhance operational efficiency, manufacturing enterprises must
enhance their attention towards the domain of product and package design within the supply
chain by employing approaches related to environmental intelligence through EI (Zhu et al.,
2008; Mitra and Datta, 2014). Studies by Hart (1995), Kuo (2013) and Du et al. (2015), state that
the process of improving manufacturing performance involves the development of a product
with reduced environmental consequences, conducting a comprehensive evaluation of its
lifetime and substituting materials with a lower environmental footprint (Sundram et al.,
2018a). Taking this into consideration, the hypotheses that have been presented are as
follows:

H1a. The LCPD relates positively to EI.

H1b. The LCPD relates positively to MFP.

3.2 Relationships between LCPI, EI and MFP
Due to several factors, those responsible for making decisions at every stage of the supply
chain are facing significant pressure to achieve reductions in carbon emissions. These
include the volatile prices of energy and materials, heightened regulatory scrutiny and the
expectations of stakeholders such as competitors and customers who prioritize
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environmentally sustainable practices and products (Choudhary et al., 2015; Sarkis et al.,
2010; Seuring andM€uller, 2008). Concerning this matter, the case of automotive suppliers in
B€ottcher and M€uller (2015) considered LCPI as one of the strategies employed to mitigate
GHG and carbon emissions throughout the production and manufacturing processes.
According to Lee and Ahn (2019) and Bai et al. (2017), the implementation of low-carbon
processes enables enterprises to use novel process technologies that effectively mitigate
GHG emissions within the SCM framework. Moreover, Das and Jharkharia (2019) asserted
that in LCSCs, implementing process optimization techniques allows organizations to
optimize their energy resource utilization by shifting to cleaner and more environmentally
friendly alternative replacements. Consequently, this greatly improves the general
efficiency of the organization. Based on this information, the following hypotheses have
been put forward:

H2a. The LCPI relates positively to EI.

H2b. The LCPI relates positively to MFP.

3.3 Relationships between LCP, EI and MFP
Mitra and Datta (2014) state that the LCP function is employed as an independent concept in
the literature on green supply chain. The procurement process plays a crucial role in the
sustainable SCM of the manufacturing industry, as it enables executive management to exert
influence on performance outcomes (Mkumbo et al., 2019; Sundram et al., 2017; Krause et al.,
2009). Similarly, top management develops EI solutions and strategic structures by
successfully building cooperation with suppliers and customers in creating emission
reduction knowledge through the purchasing approach (Rajagopal et al., 2016; Syakirah et al.,
2020). In the context of emission reduction by Plambeck (2012), LCP is effective in enhancing
environmental supplier selection, creating low-carbon production capabilities and reducing
GHG emissions in manufacturing performance. Moreover, based on Tseng et al. (2021) and
Brogi andMenichini (2019), LCP can include ISO 14000 and the EMS through a proficient and
streamlined implementation inside the EI strategy of the supply chain. Similarly, the LCP
exerted influence on the organization to adopt an environmentally friendly approach through
the implementation of ISO 14000, as stated by Das and Jharkharia (2019). This could be seen
as a promising asset for improving manufacturing efficiency. Based on this information, the
following hypotheses have been suggested:

H3a. The LCP relates positively to EI.

H3b. The LCP relates positively to MFP.

3.4 Relationships between LCL, EI and MFP
Low-carbon Logistics (LCL) refers to the systematic effort to reduce GHG emissions
generated by manufacturing logistical activities such as transportation, warehousing and
distribution (Das and Jharkharia, 2019; Alkhayyal and Gupta, 2018). There are studies by
Qian et al. (2019) and Wang et al. (2019), that show evidence that a proper EI along the
transportation and production activity within and across the manufacturing company could
be a source for LCLmode. Furthermore, it is proven by Tian et al. (2023), Moshood et al. (2021)
and Das and Jharkharia (2018), that the development of LCL can effectively reduce energy
consumption and prevent global issues that are majorly contributed by manufacturing
vehicles. Additionally, LCL’s innovative exchange system among shipping partners in the
supply chain enables them to reduce logistics costs and control the release of CO2 emissions to
the environment (Fransoo and Mora-Qui~nones, 2021; Alves et al., 2017). Organizations must
consider LCL as a factor that might impact their strategic approach to environmental
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sustainability, particularly in ensuring a carbon-efficient transportation plan (He et al., 2017).
Additionally, the concept of LCL plays a crucial role in identifying the most efficient
manufacturing performance solution and enhancing the decision-making process about
environmental innovation (Tian et al., 2023; Das and Jharkharia, 2018). Based on this
information, the following hypotheses have been suggested:

H4a. The LCL relates positively to EI.

H4b. The LCL relates positively to MFP.

3.5 Relationships between EI and MFP
The major purpose of this research project is to investigate whether or not there is a link
between EI and the efficiency with which manufacturing organizations carry out
their daily responsibilities (Nishitani et al., 2016). This objective will be achieved by
examining the correlation between EI and the performance of manufacturing
companies.

A firm performance can be based on the triple bottom line of environmental, economic and
social performance (Bossle et al., 2016; Sundram et al., 2018b). EI may be described as a subtle
or significant alteration of a product’s or a procedure’s design to enhance a firm’s
environmental performance (Das and Jharkharia, 2017). To enhance efficiency,
manufacturing businesses must enhance their emphasis on EI. There is a limited number
of studies proposing that EI in the green technology implementation to the production
process can improve the efficiency and capability of firm performance (Neto et al., 2014;
Bossle et al., 2016; Das, 2021). This can be characterized by implementing EI in the supply
chain of a manufacturing company to manage wastewater treatment, mitigate the risk of
pollution release and minimize the presence of dangerous compounds in the environment.
This implies that EI can increase firm performance in the manufacturing industry. In light of
this, the following hypothesis has been proposed:

H5. The EI relates positively to MFP.

3.6 Mediating effect of EI on LCSCP and MFP
The significant expansion in the manufacturing sector in developing nations not only boosts
overall economic activity but also contributes more to global carbon emissions (Rusli et al.,
2012; Bahrin and Sundram, 2014). In addition, decision-makers and officials worldwide are
increasingly focusing on reducing global warming. Manufacturing organizations are now
being compelled to recognize the significance of incorporating low-carbon purchasing into
their SCM to the growing environmental concerns. The LCSCP concept emerged from the
integration of LCPs within the SCM framework. This approach has been adopted by several
organizations as a means to mitigate carbon emissions both within their operations and
throughout their entire SCM (Isaksson et al., 2010; Morali and Searcy, 2013). Firstly, to
effectively execute LCSCP strategies, organizations must possess LCPD capabilities to
identify suitable sources for the development of new environmentally friendly goods and
packaging designs (Das and Jharkharia, 2019; B€ottcher and M€uller, 2015). Secondly, it is
required to include the concept of LCPI in conjunction with robust green knowledge-based
systems and technology to research process improvement (Lee andAhn, 2019; Sundram et al.,
2016a). Thirdly, it is important to incorporate the concept of LCP in the decision-making
process, which is derived from the collection of input fromboth suppliers and consumers (Kuo
et al., 2015; Long and Young, 2016). Finally, it is central to incorporate the concept of LCL to
actively mitigate carbon emissions in high-performance logistics operations (Sundram et al.,
2020; Ali et al., 2020).
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Recently, EI has been givenmore importance in determining the low-carbon impact on the
SCM (Neto et al., 2014; Bossle et al., 2016; Das, 2021). On another note, Lin et al. (2013) find that
boosting a firm’s competitiveness and the economic performance of its goods are essential
prerequisites for EI. In addition to this, EI also contributes to the success of a company’s
production performance (Przychodzen and Przychodzen, 2015). With the appropriate
understanding of EI, companies may enhance their performance in the supply chain by
increasing their productivity, reducing the amount of waste they produce and mitigating the
environmental harm that their operations cause (Sundram et al., 2016b; Azevedo et al., 2012).
For example, Chen (2014) analyzed EI as a mediator between green operations and
environmental performance; Costantini et al. (2017) investigated the direct and indirect effects
of EI for reducing the environmental impact of different sectors; Geng et al. (2021) analyzed
the effect of EI on firm’s environmental and economic outcome, as also themoderating impact
of the environmental system between them. This study examines the impact of EI on the
adoption of LCPs throughout the supply chain and the resulting improvements in a firm’s
economic, operational and environmental performance. Given this context, the following
hypotheses have been proposed for careful examination:

H6a. The EI mediates the relationship between LCPD and MFP.

H6b. The EI mediates the relationship between LCPI and MFP.

H6c. The EI mediates the relationship between LCP and MFP.

H6d. The EI mediates the relationship between LCL and MFP.

4. Methodology
The study employed a structured quantitative research strategy to investigate the interplay
among LCSCPs, EI and MFP in Malaysia. Rooted in a deductive approach and underpinned
by positivist epistemology, the research formulated hypotheses derived from existing
theories to be empirically tested (Bryman and Bell, 2015; Saunders et al., 2019). Utilizing
quantitative methods, numerical data about LCSCP, EI and MFP were systematically
measured and analyzed. Adopting a cross-sectional design, data were collected from
manufacturing firms inMalaysia at a single point in time, offering insights into the prevailing
relationships among LCSCP, EI and MFP within the Malaysian manufacturing landscape.

4.1 Sampling design and data collection
The study focused on individual manufacturing enterprises as the unit of investigation. This
is because manufacturing enterprises are more susceptible to generating carbon emissions
and are also expected to proactively address this issue. The data on LCPs is gathered by
measuring four dimensions: LCPD, LCPI, LCP and LCL. The data is gathered by online
distribution using e-mail questionnaires that were modified from several prior research
projects that focused on LCPs, EI and company performance. The online questionnaires were
conducted in two iterations over a duration of four weeks. The circulation is given to 250
manufacturing firms that were randomly selected using email addresses obtained from the
Federation ofMalaysianManufacturers (FMM) Directory ofMalaysian Industries. Hence, the
cumulative distribution would consist of a total of 500 emails dispatched over a span of
4 weeks. The online questionnaire submission yielded a final count of 122, resulting in a final
response rate of 24.4%. After eliminating the incomplete survey, 120 questionnaires were
kept with a 24% valid return rate as suggested by Sundram et al. (2016a, b). The selected 500
potential respondents were by their job function (equivalent to a senior manager or above)
from several main manufacturing sectors as per in Table 5.
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To assess the presence of non-response bias, the study followedArmstrong and Overton’s
(1977) recommendation by comparing the responses from early and late waves of returned
surveys. Student’s t-tests were conducted, revealing no statistically significant differences
(p 5 0.39) between the early-waves group (n 5 84) and the late-waves group (n 5 36),
indicating that non-response bias was not evident.

4.2 Measurements
Based on the available literature, measurement items for all variables (LCSCP, EI, MFP) are
created as per in Table 2–4.

5. Data analysis and result
In this study, hierarchical regression analysis is utilized, enabling the examination ofmultiple
predictors, including LCSCPs and EI and their respective impacts on the outcome variable,
MFP. By entering predictors in a hierarchical order, the analysis facilitates the assessment of
each predictor’s unique contribution to the variance in the outcome variable. Understanding
the mediating role of EI in the relationship between LCSCPs and manufacturing firm’s
performance is crucial.

5.1 Respondents profile
According to the data presented in Table 5, most of the survey participants are male, with 93
respondents accounting for 77.5%. The remaining 27 respondents, or 22.5%, are female. The
majority of responders fall between the age range of 40–49 years old, comprising 70% of the
total. A significant proportion of them possess a master’s degree (35.8%) and a substantial
number of them are employed in the cement, iron and steel sectors (26.7%). Primarily, 81.7%
of the participants occupy the role of senior management, while 32.5% are employed by
enterprises that have been in operation for a period of five to 10 years. Additionally, out of the
organizations participating, 39 enterprises, accounting for 32.5%, had an annual sales figure
exceeding RM200,000 but falling short of RM500,000. This could also be attributed to the fact
that 32.5% of the enterprises have a substantial workforce, with more than 200 but less than
500 employees.

5.2 Reliability and validity
Factor analysis was used to evaluate the presence of several dimensions in the LCSCP. The
research findings revealed that the primary element of LCSCP is a multifaceted variable

Dimension Measurement item Source

Manufacturing firm
performance

MFP1: “Reduction in energy consumption”
MFP2: “Reduction in natural resource consumption”
MFP3: “Reduction in greenhouse gas emissions”
MFP4: “Reduction of solid waste”
MFP5: “Decrease of cost for reducing energy
consumption”
MFP6: “Increase in market share”
MFP7: “Penetration of new market”
MFP8: “Acquisition of new customers”
MFP9: “Increase in organizational growth”

Das (2021)
Lee and Choi (2021)
Lee and Klassen
(2016)

Source(s): Authors’ compilation

Table 2.
Measurement items

for MFP
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Dimension Measurement item Source

Eco-
innovation

EI1: “Pollution control technologies including wastewater treatment”
EI2: “Cleaning technologies that treat pollution released into the
environment”
EI3: “Cleaner process technologies: new manufacturing processes that are
less polluting and/or more resource-efficient than relevant alternatives”
EI4: “Product design capability that reduces the impact of hazardous
substances, wastes and pollution throughout its lifecycle”
EI5: “Environmental research and development capability to curb the
environmental impact”

Das (2021)
Bossle et al.
(2016)
Neto et al.
(2014)

Source(s): Authors’ compilation

Dimension Measurement item Source

Low-carbon product
design

LCPD1: “Designing of products for less environmental
impact”
LCPD2: “Conduct a Life Cycle Analysis (LCA) of carbon
emission during product design”
LCPD3: “Use of cleaner technology such as energy-
efficient equipment”
LCPD4: “Use of alternative low-carbon propensity
materials”
LCPD5: “Collaboration with customers and suppliers for
low-carbon product design”

Das (2021)
Das and Jharkharia
(2019)
Lee and Ahn (2019)
Bai et al. (2017)
B€ottcher and M€uller
(2015)

Low-carbon processes
improvement

LCPI1: “The company conducts projects to reduce
greenhouse gas (GHG) emissions in its production
processes”
LCPI2: “The company introduced innovative process
technologies to dramatically reduce GHG emissions in
your production”
LCPI3: “The company substituted existing energy
sources with cleaner fuels”

Lee and Ahn (2019)
Alves et al. (2017)
Bai et al. (2017)
Jabbour and de Sousa
Jabbour (2014)

Low-carbon
purchasing

LCP1: “Technology transfer for emission reduction”
LCP2: “Supplier training for emission reduction”
LCP3: “Assessment of suppliers based on their emission
reduction goals, strategy and responsible department”
LCP4: “Put pressure to implement ISO 14000 and
environmental management system (EMS)”
LCP5: “A supplier risk assessment for failure to achieve
targeted emission level”

Das and Jharkharia
(2019)
Jabbour and de Sousa
Jabbour (2014)
Mitra and Datta (2014)

Low-carbon logistics LCL1: “Consolidation of demand for emission reduction”
LCL2: “Use of low carbon transport mode for
transportation”
LCL3: “Use of carbon-efficient technologies for
transportation”
LCL4: “Use of non-conventional energy sources for some
activities”
LCL5: “Reduction of material consumption during
production”

Das and Jharkharia
(2019)
Hoen et al. (2014)
Jabbour and deSousa
Jabour (2014)

Source(s): Authors’ compilation

Table 4.
Measurement items
for EI

Table 3.
Measurement items
for LCSCP
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consisting of four dimensions, encompassing a total of 18 elements. After examining the
multicollinearity among the generated components, a measure of sampling adequacy known
as the Kaiser–Meyer–Olkin (KMO) value of 0.754was found. Mitra and Datta (2014) state that
a score above 0.5 signifies successful implementation of the factor analysis test and
appropriate sample exploitation. Based on the previously described facts, it may be
concluded that the matrix did not show any indications of multicollinearity. In addition, the
Bartlett test of Sphericity yielded a very significant result [sig5 0.000]. This citation suggests
that the factor analysis methodologies used were precise and suitable for evaluating the
existence of several dimensions (Hair, 2010). Table 6 presents the results of the factor
analysis. Upon thorough examination, this study eliminated items that had scores lower
than 0.7.

Categories Items Frequency Percentage (%)

Gender Male 93 77.5
Female 27 22.5

Age 18–29 years old 4 3.3
30–39 years old 22 18.3
40–49 years old 84 70.0
More than 50 years old 10 8.4

Level of education PhD 22 18.3
Master’s Degree 43 35.9
Bachelor Degree 31 25.8
Diploma 17 14.2
Other Professional Certificate 7 5.8

Industry sector Automobile 6 5.0
Electronics 16 13.3
Engineering 8 6.7
Consumer goods 28 23.3
Food and beverages 6 5.0
Textiles 11 9.2
Pharmaceuticals 9 7.5
Cement/iron and steel 33 26.7
Other 4 3.3

Designation General Manager (GM) 0 0
Deputy GM 22 18.3
Senior Manager 98 81.7

Year in Operation Less than five years 23 19.2
5–10 years 39 32.5
11–20 years 33 27.5
More than 20 years 25 20.8

Annual sales (thousand RM) ≤50 22 18.3
>50; ≤200 37 30.8
>200; ≤500 39 32.5
>500; ≤1,000 14 11.7
>1,000 8 6.7

Number of employees ≤200 20 16.7
>200; ≤500 39 32.5
>500; ≤1,000 32 26.7
>1,000; ≤2,000 18 15.0
>2,000; ≤3,000 7 5.8
>3,000 4 3.3

Source(s): Authors’ work

Table 5.
Respondent

profile (n 5 120)
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The measurement reliability was evaluated by utilizing Cronbach’s alpha, a commonly used
metric for assessing the consistency of measurements. Reliability is evidenced by a
significant correlation and a high alpha level among items that test a single concept. Based on
the data provided in Table 7, all of the alpha values surpass the criterion of 0.7, which is
deemed suitable for conducting research in the social science field (Nunnally, 1978).

5.3 Correlation analysis
The correlation analysis presented in Table 8 demonstrates the association between the
variables and also indicates themagnitude of the relationship between the four dimensions of

Construct and items Factor loading

Low-carbon supply chain practices

Low-carbon product design
LCPD1 0.818
LCPD2 0.804
LCPD3 0.860
LCPD4 0.730
LCPD5 0.851

Low-carbon processes improvement
LCPI1 0.748
LCPI2 0.813
LCPI3 0.784

Low-carbon purchasing
LCP2 0.742
LCP3 0.705
LCP4 0.920
LCP5 0.810

Low-carbon logistics
LCL2 0.855
LCL3 0.796
LCL4 0.877
LCL5 0.840

Eco-innovation
EI1 0.762
EI2 0.862
EI3 0.844
EI4 0.755
EI5 0.739

Manufacturing firm performance
MFP1 0.882
MFP2 0.927
MFP3 0.926
MFP4 0.859
MFP5 0.957
MFP6 0.869
MFP7 0.880
MFP8 0.762
MFP9 0.772

Source(s): Authors’ work

Table 6.
Factor analysis of
LCSCP constructs
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LCSCP on EI and MFP. In addition, Table 8 demonstrates a substantial positive relationship
between all four dimensions of LCSCP andEI as themediating variable, as well asMFP as the
dependent variable.

5.4 Result of multiple and hierarchical regression analysis
According to the criteria established by Baron and Kenny (1986), one may evaluate the
mediating effect of the individual dimensions of the LCSCP to examine whether LCPD, LCPI,
LCP and LCL are completely mediated by EI in exerting its impact on MFP. When the EI is
controlled, the coefficients of LCPD (0.1251, p 5 0.0773), LCPI (0.1856, p 5 0.0878) and LCP
(0.1345, p 5 0.0798) exhibit a substantial decrease in magnitude and are shown to be
statistically insignificant. Existing empirical evidence indicates that there is a partial
mediation of the connection between LCL, with a coefficient of 0.0772 and a p-value of 0.0094,
by EI. Even though the inclusion of EI as a mediating variable decreases the size of the
coefficient values, they remain statistically significant at the 5% level. In summary, three of
the LCSCP were determined to be entirely influenced by EI, whilst just one was found to be
moderately influenced by EI. The results of the direct and overall impact of the LCSCP, as
depicted in Figure 2, are documented in Table 9, while the outcomes of the hypotheses are
reported in Table 10.

6. Discussion, conclusion and implication of study
The objective of this study is to investigate the problem of carbon emissions produced by
industrial firms in Malaysia. Incorporating LCPs across the SCM of manufacturing
organizations is essential for resolving this problem. Nevertheless, LCPs in isolation cannot
comprehensively comprehend this issue. Therefore, EI was employed as the intermediate
variable to establish the link between the LCSCP andMFP. Hence, the findings offer valuable
perspectives and validate the paradigm employed in this study. The findings of this study

LCPD LCPI LCP LCL EI MFP

LCPD 0.310**
LCPI 0.402** 0.472**
LCP 0.473** 0.418** 0.505**
LCL 0.585** 0.356** 0.338** 0.325**
EI 0.694** 0.636** 0.701** 0.296** 0.613**
MFP 0.722** 0.457** 0.661** 0.384** 0.599** 0.834**

Note(s): ** Correlation is significant at the 0.01 levels, respectively (2-tailed)
Source(s): Authors’ work

Variables Dimensions Number of items Cronbach’s alpha [α]

LCSCP LCPD 5 0.819
LCPI 3 0.891
LCP 5 0.788
LCL 5 0.712

EI 5 0.862
MFP 9 0.927

Source(s): Authors’ work

Table 8.
Correlation analysis

Table 7.
Reliability analysis
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validate prior research that suggests enterprises that effectively adopt LCSCPs are more
inclined to exhibit elevated levels of EI (Das, 2021; Wang et al., 2020) and improved
manufacturing firm’s performance (Liu et al., 2020; Das and Jharkharia, 2019). Das (2021)
conducted a study on Indian manufacturing enterprises and gathered data that offered
insights into the correlations among LCPs, EI, competitiveness and economic performance.
The findings suggest that there are both direct and indirect correlations between LCSCP and
EI, which positively impact the competitiveness and economic performance ofMFP. The case
study conducted by Wang et al. (2019) illustrates the many forms of relationships between
supply chain partners, particularly with the delegation of carbon reduction initiatives. This

Path Coefficient t-value p-value

Low-carbon product design
LCPD → MFP c 0.7134 10.450 0.0000
LCPD → EI a 0.4112 11.130 0.0000
EI → MFP b 0.9008 15.018 0.0000
LCPD → MFP. EI c’ 0.1251 1.5511 0.0773

Low-carbon process improvement
LCPI → MFP c 0.6775 6.5999 0.0000
LCPI → EI a 0.5478 5.4121 0.0000
EI → MFP b 0.8776 19.583 0.0000
LCPI → MFP. EI c’ 0.1856 1.4445 0.0878

Low-carbon purchasing
LCP → MFP c 0.7453 8.6627 0.0000
LCP → EI a 0.6564 8.6813 0.0000
EI → MFP b 0.9276 17.058 0.0000
LCP → MFP. EI c’ 0.1345 1.9742 0.0798

Low-carbon logistics
LCL → MFP c 0.4012 9.6446 0.0000
LCL → EI a 0.3471 8.6855 0.0000
EI → MFP b 0.8717 18.476 0.0000
LCL → MFP. EI c’ 0.0772 3.0687 0.0094

Source(s): Authors’ work
Table 9.
Direct and total effect

Figure 2.
The total and indirect
effects of LCSCP
and MFP
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study emphasizes the significant impact that these relationships have on the supply chain,
the efficiency of reducing carbon emissions and the overall sustainability of operational
performance. Moreover, companies that give high importance to implementing LCPs as a
component of theMalaysia Initiative for Green Economy can establish strong links across the
supply chain in the manufacturing industry, thereby improving environmental, economic
and operational results.

Theoretical implications derived from this study are multifaceted. Firstly, by pinpointing
specific components of LCSCP – including LCPD, LCPI, LCP andLCL – and demonstrating how
EI serves as a mediator, our analysis enriches existing theories. This granular examination
contributes to amore nuanced theoretical framework, revealing how different aspects of LCSCP
interact with EI to influence MFP. Secondly, our study makes a noteworthy contribution by
revealing the mediation role of EI in each dimension of LCSCP, whether fully or partially, in
shaping MFP. By establishing EI as a pivotal mediator in the intricate relationship between
LCSCP andMFP, our research offers a novel theoretical perspective. This insight advances our
understanding of the nuanced mechanisms through which LCSCP practices affect MFP,
emphasizing the indispensable role of EI in this dynamic. Furthermore, the discovery of partial
mediation between LCL andMFP presents a significant advancement in sustainable SCM. This
finding challenges traditional linear mediation approaches, indicating that while EI plays a
crucial role in enhancingMFP through LCL practice, there are other unexplored factors at play.
Future research should delve into these factors to develop more comprehensive theoretical
frameworks, enhancing our understanding of the relationship between LCL and MFP.
Furthermore, in the context of Malaysia’s aggressive efforts to promote sustainable
development and green initiatives, adopting EI is not only essential for the long-term
sustainability of the manufacturing sector, but also for accomplishing wider economic,
environmental and social goals. Multinational Corporations (MNCs) and Small and Medium-
sized Enterprises (SMEs) that prioritize EI have the potential to achieve greater competitiveness,
cost efficiency, market entry opportunities and an improved reputation. This positions them for
long-term growth and success in a quickly changing global environment.

The managerial implications drawn from this study offer actionable guidance for supply
chain practitioners in Malaysia seeking to navigate the intersection of LCSCP, EI and MFP.
Firstly, our findings indicate that managers can harness their existing LCSCP to catalyze EI,
thereby influencingMFP. This suggests that by strategically promoting eco-friendly product
design, optimizing low-carbon processes and integrating sustainable purchasing and

Hypotheses Relationship Result

H1a LCPD → EI Supported
H1b LCPD → MFP Supported
H2a LCPI → EI Supported
H2b LCPI → MFP Supported
H3a LCP → EI Supported
H3b LCP → MFP Supported
H4a LCL → EI Supported
H4b LCL → MFP Supported
H5 EI → MFP Supported
H6a LCPD → EI → MFP Supported (Full mediation)
H6b LCPI → EI → MFP Supported (Full mediation)
H6c LCP → EI → MFP Supported (Full mediation)
H6d LCL → EI → MFP Supported (Partial mediation)

Source(s): Authors’ work
Table 10.

Hypotheses results
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logistics strategies, managers can significantly bolster EI, subsequently enhancing MFP.
Furthermore, managers now possess the insight to discern which specific components of
LCSCP are most conducive to fostering EI. However, it’s important to note that practices
related to LCL may only moderately influence MFP in the presence of EI. Recognizing these
partially mediated practices is crucial, as they still wield influence over EI. Managers should
prioritize pollution control, cleaning, cleaner process, product design and environmental
research technologies to improve EI in the current industry landscape, which has low mean
scores. Secondly, for managers deliberating investments in sustainable supply chain
initiatives, allocating resources to enhance both LCSCP and EI is paramount to maximizing
benefits forMFP. It’s imperative for investment decisions to not operate in isolation but rather
consider the synergistic relationship between LCSCP, EI and MFP. Managers must
emphasize this synergy to top management when seeking budget allocations for SCM
activities. Additionally, this study has facilitated the development of an empirical model
linking LCSCP, EI and MFP, enabling supply chain managers in manufacturing firms to
identify key success factors. These crucial variables can be utilized as important areas of
achievement to create key performance indicators, which can then be used to measure the
efficacy and efficiency of organizational resources and the entire supply chain. Furthermore,
managers in the electronics industry in Malaysia have a wide range of alternatives when it
comes to selecting themost suitable practices for enhancing their LCSCPs. These possibilities
include practices that cover various stages of the supply chain, from upstream to
downstream, as well as practices that are implemented internally inside the organization or
across the entire supply chain.

The policy implications stemming from this study bear crucial significance for shaping
environmental and economic policies in the Malaysian manufacturing sector, specifically
Malaysia’s New Industrial Master Plan (NIMP, 2030). The current NIMP 2030 places a strong
focus on promoting sustainable and innovative action plans within the industrial sector.
Specifically, the identification of EI as a pivotal mediator between LCSCP andMFP resonates
with the Master Plan’s vision of positioning Malaysia as a hub for innovation-driven
industries. The study’s managerial implications, calling for a culture of innovation and
targeted investments in EI, provide actionable points for policymakers to refine existing
policies within the NIMP 2030, directing incentives toward manufacturing firms embracing
both LCPs and innovative solutions. The component-specific findings, focusing on LCPD,
LCPI, LCP and LCL, offer nuanced insights for integration into the NIMP 2030, guiding
policymakers to develop sector-specific guidelines or incentives. This tailored approach
ensures that the manufacturing sector, vital for economic growth, becomes a key driver of
environmental responsibility. Policymakers are encouraged to tailor interventions, especially
in the specific components identified by the study, to enhance the effectiveness of
sustainability efforts. With Malaysia’s commitment to carbon neutrality by 2050,
policymakers can strategically integrate LCSCP and EI considerations into national
sustainability frameworks, aligning policy objectives with global environmental targets. In
conclusion, the combined implications underscore the need for a proactive, targeted and
integrated policy approach that leverages EI to catalyze sustainable practices, ensuring
Malaysia’s manufacturing sector aligns with national goals and global sustainability
commitments. This holistic approach aims to positionMalaysia as a frontrunner in the global
carbon market landscape while steadfastly advancing towards its carbon reduction targets.
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chain network design”, Do�guş €Universitesi Dergisi, Vol. 19 No. 1, pp. 99-111, doi: 10.31671/
dogus.2018.17.

Alves, M.W.F.M., de Sousa Jabbour, A.B.L., Kannan, D. and Jabbour, C.J.C. (2017), “Contingency
theory, climate change, and low-carbon operations management”, Supply Chain Management:
An International Journal, Vol. 22 No. 3, pp. 223-236, doi: 10.1108/scm-09-2016-0311.

Ambekar, S., Prakash, A. and Patyal, V.S. (2019), “Role of culture in low carbon supply chain
capabilities”, Journal of Manufacturing Technology Management, Vol. 30 No. 1, pp. 146-179, doi:
10.1108/jmtm-01-2018-0024.

Armstrong, S.J. and Overton, T.S. (1977), “Estimating non-response bias in mail surveys”, Journal of
Marketing Research, Vol. 14 No. 3, pp. 396-402, doi: 10.1177/002224377701400320.

Atasu, A., Corbett, C.J., Huang, X. and Toktay, L.B. (2020), “Sustainable operations management
through the perspective of manufacturing & service operations management”, Manufacturing
and service Operations Management, Vol. 22 No. 1, pp. 146-157, doi: 10.1287/msom.2019.0804.

Azevedo, S., Cudney, E.A., Grilo, A., Carvalho, H. and Cruz-Machado, V. (2012), The Influence of Eco-
Innovation Supply Chain Practices on Business Eco-Efficiency (No. 42704), University Library of
Munich, Germany.

Bag, S. and Pretorius, J.H.C. (2020), “Relationships between industry 4.0, sustainable manufacturing
and circular economy: proposal of a research framework”, International Journal of
Organizational Analysis, Vol. 30 No. 4, pp. 864-898, doi: 10.1108/ijoa-04-2020-2120.

Bag, S., Wood, L.C., Mangla, S.K. and Luthra, S. (2020a), “Procurement 4.0 and its implications on
business process performance in a circular economy”, Resources, Conservation and Recycling,
Vol. 152, 104502, doi: 10.1016/j.resconrec.2019.104502.

Bag, S., Wood, L.C., Xu, L., Dhamija, P. and Kayikci, Y. (2020b), “Big data analytics as an operational
excellence approach to enhance sustainable supply chain performance”, Resources,
Conservation and Recycling, Vol. 153, 104559, doi: 10.1016/j.resconrec.2019.104559.

Bahrin, A., and Sundram, V. (2014), “The green supply chain management practices: a green
approach”, SSRN 2493252.

Bai, C., Sarkis, J. and Dou, Y. (2017), “Constructing a process model for low-carbon supply chain
cooperation practices based on the DEMATEL and the NK model”, Supply Chain Management,
Vol. 22 No. 3, pp. 237-257, doi: 10.1108/scm-09-2015-0361.

Bakar, N.A., Peszynski, K., Azizan, N. and Sundram, V.P.K. (2016), “Abridgment of traditional
procurement and e-procurement: definitions, tools and benefits”, Journal of Emerging
Economies and Islamic Research, Vol. 4 No. 1, pp. 74-91, doi: 10.24191/jeeir.v4i1.9080.

Baron, R.M. and Kenny, D.A. (1986), “The moderator-mediator variable distinction in social
psychological research: conceptual, strategic, and statistical considerations”, Journal of
Personality and social Psychology, Vol. 51 No. 6, pp. 1173-1182, doi: 10.1037//0022-3514.51.6.1173.

Bonsu, N.O. (2020), “Towards a circular and low-carbon economy: insights from the transitioning to
electric vehicles and net-zero economy”, Journal of Cleaner Production, Vol. 256, pp. 1-14, doi: 10.
1016/j.jclepro.2020.120659.

Bossle, M.B., de Barcellos, M.D., Vieira, L.M. and Sauv�ee, L. (2016), “The drivers for adoption of eco-
innovation”, Journal of Cleaner Production, Vol. 113, pp. 861-872, doi: 10.1016/j.jclepro.2015.
11.033.

B€ottcher, C.F. and M€uller, M. (2015), “Drivers, practices and outcomes of low-carbon operations:
approaches of German automotive suppliers to cutting carbon emissions”, Business Strategy
and the Environment, Vol. 24 No. 6, pp. 477-498, doi: 10.1002/bse.1832.

Brogi, S. and Menichini, T. (2019), “Do the ISO 14001 environmental management systems influence
eco-innovation performance? Evidence from the EU context”, European Journal of Sustainable
Development, Vol. 8 No. 4, p. 292, doi: 10.14207/ejsd.2019.v8n4p292.

Bryman, A. and Bell, E. (2015), Business Research Methods, 3rd ed., Oxford University Press, Oxford.

Journal of
International
Logistics and

Trade

127

https://doi.org/10.31671/dogus.2018.17
https://doi.org/10.31671/dogus.2018.17
https://doi.org/10.1108/scm-09-2016-0311
https://doi.org/10.1108/jmtm-01-2018-0024
https://doi.org/10.1177/002224377701400320
https://doi.org/10.1287/msom.2019.0804
https://doi.org/10.1108/ijoa-04-2020-2120
https://doi.org/10.1016/j.resconrec.2019.104502
https://doi.org/10.1016/j.resconrec.2019.104559
https://doi.org/10.1108/scm-09-2015-0361
https://doi.org/10.24191/jeeir.v4i1.9080
https://doi.org/10.1037//0022-3514.51.6.1173
https://doi.org/10.1016/j.jclepro.2020.120659
https://doi.org/10.1016/j.jclepro.2020.120659
https://doi.org/10.1016/j.jclepro.2015.11.033
https://doi.org/10.1016/j.jclepro.2015.11.033
https://doi.org/10.1002/bse.1832
https://doi.org/10.14207/ejsd.2019.v8n4p292


Chen, R.H. (2014), “Effects of green operations and green innovation on firm’s environmental
performance”, Industrial Engineering and Management Systems, Vol. 13 No. 2, pp. 118-128, doi:
10.7232/iems.2014.13.2.118.

Cheng, C.C., Yang, C.L. and Sheu, C. (2014), “The link between eco-innovation and business
performance: a Taiwanese industry context”, Journal of Cleaner Production, Vol. 64, pp. 81-90,
doi: 10.1016/j.jclepro.2013.09.050.

Choudhary, A., Sarkar, S., Settur, S. and Tiwari, M.K. (2015), “A carbon market sensitive optimization
model for integrated forward-–reverse logistics”, International Journal of Production Economics,
Vol. 164, pp. 433-444, doi: 10.1016/j.ijpe.2014.08.015.

Cooke, P. (2020), “Gigafactory logistics in space and time: Tesla’s fourth gigafactory and its rivals”,
Sustainability, Vol. 12 No. 5, p. 2044, doi: 10.3390/su12052044.

Costantini, V., Crespi, F., Marin, G. and Paglialunga, E. (2017), “Eco-innovation, sustainable supply
chains and environmental performance in European industries”, Journal of Cleaner Production,
Vol. 155, pp. 141-154, doi: 10.1016/j.jclepro.2016.09.038.

Das, C. (2021), “Analyzing the effect of low carbon product design on firm performance”, International
Journal of Productivity and Performance Management, Vol. 72 No. 1, pp. 180-199, doi: 10.1108/
ijppm-10-2020-0516.

Das, C. and Jharkharia, S. (2017), “Adoption of product and process eco-innovation for developing low
carbon Economy: a rough set theory based analysis”, in Climate Change Research at
Universities, Springer, Cham, pp. 497-517.

Das, C. and Jharkharia, S. (2018), “Low carbon supply chain: a state-of-the-art literature review”, Journal of
Manufacturing Technology Management, Vol. 29 No. 2, pp. 398-428, doi: 10.1108/jmtm-09-2017-0188.

Das, C. and Jharkharia, S. (2019), “Effects of low carbon supply chain practices on environmental
sustainability: an empirical study on Indian manufacturing firms”, South Asian Journal of
Business Studies, Vol. 8 No. 1, pp. 2-25, doi: 10.1108/sajbs-04-2018-0037.

Du, S., Zhu, J., Jiao, H. and Ye, W. (2015), “Game-theoretical analysis for supply chain with consumer
preference to low carbon”, International Journal of Production Research, Vol. 53 No. 12,
pp. 3753-3768, doi: 10.1080/00207543.2014.988888.

Dubey, R., Gunasekaran, A., Papadopoulos, T. and Childe, S.J. (2015), “Green supply chain
management enablers: mixed methods research”, Sustainable Production and Consumption,
Vol. 4, pp. 72-88, doi: 10.1016/j.spc.2015.07.001.

EPA report (2020), available at: www.epa.gov/sustainability/sustainable-manufacturing (accessed 2
February 2020).

Fransoo, J.C., and Mora-Qui~nones, C.A. (2021), “Decarbonizing urban logistics: perspectives for low-
and middle-income countries”, SSRN 3943360.

Geng, D., Lai, K.H. and Zhu, Q. (2021), “Eco-innovation and its role in performance improvement
among Chinese small and medium-sized manufacturing enterprises”, International Journal of
Production Economics, Vol. 231, 107869, doi: 10.1016/j.ijpe.2020.107869.

Green, K.W., Zelbst, P.J., Meacham, J. and Bhadauria, V.S. (2012), “Green supply chain management
practices: impact on performance”, Supply Chain Management: An International Journal, Vol. 17
No. 3, pp. 290-305, doi: 10.1108/13598541211227126.

Hair, J.F. (2010), Multivariate Data Analysis, 7th ed., Prentice Hall, Upper Saddle River, NJ.

Hart, S.L. (1995), “A natural-resource-based view of the firm”, Academy of Management Review,
Vol. 20 No. 4, pp. 986-1014, doi: 10.2307/258963.

He, Z., Chen, P., Liu, H. and Guo, Z. (2017), “Performance measurement system and strategies for
developing low-carbon logistics: a case study in China”, Journal of Cleaner Production, Vol. 156,
pp. 395-405, doi: 10.1016/j.jclepro.2017.04.071.

Hellstr€om, T. (2007), “Dimensions of environmentally sustainable innovation: the structure of eco-
innovation concepts”, Sustainable Development, Vol. 15 No. 3, pp. 148-159, doi: 10.1002/sd.309.

JILT
22,3

128

https://doi.org/10.7232/iems.2014.13.2.118
https://doi.org/10.1016/j.jclepro.2013.09.050
https://doi.org/10.1016/j.ijpe.2014.08.015
https://doi.org/10.3390/su12052044
https://doi.org/10.1016/j.jclepro.2016.09.038
https://doi.org/10.1108/ijppm-10-2020-0516
https://doi.org/10.1108/ijppm-10-2020-0516
https://doi.org/10.1108/jmtm-09-2017-0188
https://doi.org/10.1108/sajbs-04-2018-0037
https://doi.org/10.1080/00207543.2014.988888
https://doi.org/10.1016/j.spc.2015.07.001
http://www.epa.gov/sustainability/sustainable-manufacturing
https://doi.org/10.1016/j.ijpe.2020.107869
https://doi.org/10.1108/13598541211227126
https://doi.org/10.2307/258963
https://doi.org/10.1016/j.jclepro.2017.04.071
https://doi.org/10.1002/sd.309


Hoen, K.M.R., Tan, T., Fransoo, J.C. and van Houtum, G.J. (2014), “Effect of carbon emission
regulations on transport mode selection under stochastic demand”, Flexible Services and
Manufacturing Journal, Vol. 26 No. 1, pp. 170-195, doi: 10.1007/s10696-012-9151-6.

Hsu, C.W., Kuo, R.J. and Chiou, C.Y. (2014), “A multi-criteria decision-making approach for evaluating
the carbon performance of suppliers in the electronics industry”, International Journal of
Environmental Science and Technology, Vol. 11 No. 3, pp. 775-784, doi: 10.1007/s13762-013-
0265-5.

Ibbotson, K. and Farrell, P. (2019), “The challenges of prioritizing low carbon in public sector Flood
and Coastal Erosion Risk Management (FCERM) construction”, International Journal of
Building Pathology and Adaptation, Vol. 37 No. 5, pp. 615-628, doi: 10.1108/ijbpa-06-2018-0054.

Isaksson, R., Johansson, P. and Fischer, K. (2010), “Detecting supply chain innovation potential for
sustainable development”, Journal of Business Ethics, Vol. 97 No. 3, pp. 425-442, doi: 10.1007/
s10551-010-0516-z.

Jaafar, M., Yahya, R. and Hussain, H. (2014), “Government of Malaysia’s initiative for green economy
and the TVET response”, Scholarly Technical Education Publication Series (STEPS), Vol. 2,
pp. 48-49.

Jabbour, C.J.C. and de Sousa Jabbour, A.B.L. (2014), “Low-carbon operations and production: putting
training in perspective”, Industrial and Commercial Training, Vol. 46 No. 6, pp. 327-331, doi: 10.
1108/ict-01-2014-0005.

Jensen, J.K. (2012), “Product carbon footprint developments and gaps”, International Journal of
Physical Distribution and Logistics Management, Vol. 42 No. 4, pp. 338-354, doi: 10.1108/
09600031211231326.

Jiang, R.J. and Bansal, P. (2003), “Seeing the need for ISO 14001”, Journal of Management Studies,
Vol. 40 No. 4, pp. 1047-1067, doi: 10.1111/1467-6486.00370.

Khan, S.A.R. and Qianli, D. (2017), “Does national-scale economic and environmental indicators spur
logistics performance? Evidence from the UK”, Environmental Science and Pollution Research,
Vol. 24 No. 34, pp. 26692-26705, doi: 10.1007/s11356-017-0222-9.

Klassen, R.D. and Whybark, D.C. (1999), “The impact of environmental technologies on manufacturing
performance”, Academy of Management Journal, Vol. 42 No. 6, pp. 599-615, doi: 10.2307/256982.

Krause, D.R., Vachon, S. and Klassen, R.D. (2009), “Special topic forum on sustainable supply chain
management: introduction and reflections on the role of purchasing management”, Journal of
Supply Chain Management, Vol. 45 No. 4, pp. 18-25, doi: 10.1111/j.1745-493x.2009.03173.x.

Kuo, T.C. (2013), “The construction of a collaborative framework in support of low-carbon product
design”, Robotics and Computer-Integrated Manufacturing, Vol. 29 No. 4, pp. 174-183, doi: 10.
1016/j.rcim.2012.12.001.

Kuo, R.J., Hsu, C.W. and Chen, Y.L. (2015), “Integration of fuzzy ANP and fuzzy TOPSIS for evaluating
the carbon performance of suppliers”, International Journal of Environmental Science and
Technology, Vol. 12 No. 12, pp. 3863-3876, doi: 10.1007/s13762-015-0819-9.

Lee, S.Y. and Ahn, Y.H. (2019), “Climate-entrepreneurship in response to climate change: lessons from
the Korean emissions trading scheme (ETS)”, International Journal of Climate Change Strategies
and Management, Vol. 11 No. 2, pp. 235-253, doi: 10.1108/ijccsm-09-2017-0177.

Lee, S.M. and Choi, D. (2021), “Supply chain governance mechanisms, green supply chain
management, and organizational performance”, Sustainability, Vol. 13 No. 23, pp. 131-146.

Lee, S.Y. and Klassen, R.D. (2016), “Firms’ response to climate change: the interplay of business
uncertainty and organizational capabilities”, Business Strategy and the Environment, Vol. 25
No. 8, pp. 577-592.

Lee, K.E., Mokhtar, M., Khalid, R.M., Goh, T.L., Simon, N. and Wang, K.C.M. (2022), “Strategies for a
low carbon island towards climate change adaptation and mitigation (Goal 13)”, in Good
Governance and the Sustainable Development Goals in Southeast Asia, Routledge, pp. 155-165.

Journal of
International
Logistics and

Trade

129

https://doi.org/10.1007/s10696-012-9151-6
https://doi.org/10.1007/s13762-013-0265-5
https://doi.org/10.1007/s13762-013-0265-5
https://doi.org/10.1108/ijbpa-06-2018-0054
https://doi.org/10.1007/s10551-010-0516-z
https://doi.org/10.1007/s10551-010-0516-z
https://doi.org/10.1108/ict-01-2014-0005
https://doi.org/10.1108/ict-01-2014-0005
https://doi.org/10.1108/09600031211231326
https://doi.org/10.1108/09600031211231326
https://doi.org/10.1111/1467-6486.00370
https://doi.org/10.1007/s11356-017-0222-9
https://doi.org/10.2307/256982
https://doi.org/10.1111/j.1745-493x.2009.03173.x
https://doi.org/10.1016/j.rcim.2012.12.001
https://doi.org/10.1016/j.rcim.2012.12.001
https://doi.org/10.1007/s13762-015-0819-9
https://doi.org/10.1108/ijccsm-09-2017-0177


Liljestrand, K., Christopher, M. and Andersson, D. (2015), “Using a transport portfolio framework to
reduce carbon footprint”, International Journal of Logistics Management, Vol. 26 No. 2,
pp. 296-312, doi: 10.1108/ijlm-06-2013-0073.

Lin, R.J., Tan, K.H. and Geng, Y. (2013), “Market demand, green product innovation, and firm
performance: evidence from Vietnam motorcycle industry”, Journal of Cleaner Production,
Vol. 40, pp. 101-107, doi: 10.1016/j.jclepro.2012.01.001.

Liu, X., Qian, C. and Wang, S. (2020), “When do 3PLs initiate low-carbon supply chain integration?”,
International Journal of Operations and Production Management, Vol. 40 No. 9, pp. 1367-1395,
doi: 10.1108/ijopm-12-2019-0809.

Liu, X., Grant, D.B. and Wei, Z. (2022), “Strategic initiatives and institutional conformity for low
carbon supply chain integration”, International Journal of Logistics Research and Applications,
Vol. 25 No. 3, pp. 1-18, doi: 10.1080/13675567.2022.2162023.

Long, T.B. and Young, W. (2016), “An exploration of intervention options to enhance the management
of supply chain greenhouse gas emissions in the UK”, Journal of Cleaner Production, Vol. 112,
pp. 1834-1848, doi: 10.1016/j.jclepro.2015.02.074.

Luo, Z., Gunasekaran, A., Dubey, R., Childe, S.J. and Papadopoulos, T. (2017), “Antecedents of low
carbon emissions supply chains”, International Journal of Climate Change Strategies and
Management, Vol. 9 No. 5, pp. 707-727, doi: 10.1108/ijccsm-09-2016-0142.

Mitra, S. and Datta, P.P. (2014), “Adoption of green supply chain management practices and their
impact on performance: an exploratory study of Indian manufacturing firms”, International
Journal of Production Research, Vol. 52 No. 7, pp. 2085-2107, doi: 10.1080/00207543.2013.849014.

Mkumbo, F.A.E., Ibrahim, A.R., Salleh, A.L., Sundram, V.P.K. and Atikah, S.B. (2019), “The influence
of supply chain practices and performance measurement practices towards firm performance”,
International Journal of Supply Chain Management, Vol. 8 No. 3, pp. 809-819.

Morali, O. and Searcy, C. (2013), “A review of sustainable supply chain management practices in
Canada”, Journal of Business Ethics, Vol. 117 No. 3, pp. 635-658, doi: 10.1007/s10551-012-1539-4.

Moshood, T.D., Nawanir, G., Mahmud, F., Sorooshian, S. and Adeleke, A.Q. (2021), “Green and low
carbon matters: a systematic review of the past, today, and future on sustainability supply
chain management practices among manufacturing industry”, Cleaner Engineering and
Technology, Vol. 4, 100144, doi: 10.1016/j.clet.2021.100144.

Mustaffa, N.K., Abdul Kudus, S., Abdul Aziz, M.F.H and Anak Joseph, V.R. (2022), “Strategies and the
way forward of low carbon construction in Malaysia”, Building Research and Information,
Vol. 50 No. 1, pp. 1-18.

Neto, A.S., Jabbour, C.J.C. and de Sousa Jabbour, A.B.L. (2014), “Green training supporting eco-
innovation in three Brazilian companies: practices and levels of integration”, Industrial and
Commercial Training, Vol. 46 No. 7, pp. 387-392, doi: 10.1108/ict-02-2014-0010.

Nishitani, K., Kokubu, K. and Kajiwara, T. (2016), “Does low-carbon supply chain management reduce
greenhouse gas emissions more effectively than existing environmental initiatives? An
empirical analysis of Japanese manufacturing firms”, Journal of Management Control, Vol. 27
No. 1, pp. 33-60, doi: 10.1007/s00187-015-0224-z.

Nunnally, J.C. (1978), Psychometric Theory, 2nd ed., McGraw-Hill, New York, NY.

Plambeck, E.L. (2012), “Reducing greenhouse gas emissions through operations and supply chain
management”, Energy Economics, Vol. 34 No. 1, pp. S64-S74, doi: 10.1016/j.eneco.2012.08.031.

Przychodzen, J. and Przychodzen, W. (2015), “Relationships between eco-innovation and financial
performance–evidence from publicly traded companies in Poland and Hungary”, Journal of
Cleaner Production, Vol. 90, pp. 253-263, doi: 10.1016/j.jclepro.2014.11.034.

Pujari, D. (2006), “Eco-innovation and new product development: understanding the influences on
market performance”, Technovation, Vol. 26 No. 1, pp. 76-85, doi: 10.1016/j.technovation.2004.
07.006.

JILT
22,3

130

https://doi.org/10.1108/ijlm-06-2013-0073
https://doi.org/10.1016/j.jclepro.2012.01.001
https://doi.org/10.1108/ijopm-12-2019-0809
https://doi.org/10.1080/13675567.2022.2162023
https://doi.org/10.1016/j.jclepro.2015.02.074
https://doi.org/10.1108/ijccsm-09-2016-0142
https://doi.org/10.1080/00207543.2013.849014
https://doi.org/10.1007/s10551-012-1539-4
https://doi.org/10.1016/j.clet.2021.100144
https://doi.org/10.1108/ict-02-2014-0010
https://doi.org/10.1007/s00187-015-0224-z
https://doi.org/10.1016/j.eneco.2012.08.031
https://doi.org/10.1016/j.jclepro.2014.11.034
https://doi.org/10.1016/j.technovation.2004.07.006
https://doi.org/10.1016/j.technovation.2004.07.006


Qian, C., Wang, S., Liu, X. and Zhang, X. (2019), “Low-carbon initiatives of logistics service providers:
the perspective of supply chain integration”, Sustainability, Vol. 11 No. 12, p. 3233, doi: 10.3390/
su11123233.

Rajagopal, P., Azar, N.A.Z., Atikah, S.B., Appasamy, G. and Sundram, V.P.K. (2016), “Determinants of
supply chain responsiveness among firms in the manufacturing industry in Malaysia”,
International Journal of Supply Chain Management, Vol. 5 No. 3, pp. 18-24.

Rao, P. and Holt, D. (2005), “Do green supply chains lead to competitiveness and economic
performance?”, International Journal of Operations and Production Management, Vol. 25 No. 9,
pp. 898-916, doi: 10.1108/01443570510613956.

Rasi, R.Z., Rakiman, U., Radzi, R.Z.R.M., Masrom, N.R. and Sundram, V.P.K. (2021), “A literature
review on blockchain technology: risk in supply chain management”, IEEE Engineering
Management Review, Vol. 50 No. 1, pp. 186-200, doi: 10.1109/emr.2021.3133447.

Rennings, K. (2000), “Redefining innovation—eco-innovation research and the contribution from
ecological economics”, Ecological Economics, Vol. 32 No. 2, pp. 319-332, doi: 10.1016/s0921-
8009(99)00112-3.

Rusli, K.A., Abd Rahman, A. and Jo, A.H. (2012), “Green supply chain management in developing
countries: a study of factors and practices in Malaysia”, UMT 11th International Annual
Symposium on Sustainability Science and Management, Terengganu, Malaysia, 09th–11th
July 2012.

Sarkis, J., Gonzalez-Torre, P. and Adenso-Diaz, B. (2010), “Stakeholder pressure and the adoption of
environmental practices: the mediating effect of training”, Journal of Operations Management,
Vol. 28 No. 2, pp. 163-176, doi: 10.1016/j.jom.2009.10.001.

Saunders, M., Thornhill, A. and Lewis, P. (2019), Research Methods for Business Students, 8th ed.,
Pearson Education, Harlow.

Saxena, L.K., Jain, P.K. and Sharma, A.K. (2018), “Tactical supply chain planning for tire
remanufacturing considering carbon tax policy”, The International Journal of Advanced
Manufacturing Technology, Vol. 97 No. 1, pp. 1505-1528.

Selvaraju, M., Beleya, P. and Sundram, V.P.K. (2017), “Supply chain cost reduction using mitigation &
resilient strategies in the hypermarket retail business”, International Journal of Supply Chain
Management, Vol. 6 No. 2, pp. 116-121.

Seuring, S. and M€uller, M. (2008), “From a literature review to a conceptual framework for sustainable
supply chain management”, Journal of Cleaner Production, Vol. 16 No. 15, pp. 1699-1710, doi: 10.
1016/j.jclepro.2008.04.020.

Shaharudin, M.S., Fernando, Y., Jabbour, C.J.C., Sroufe, R. and Jasmi, M.F.A. (2019), “Past, present, and
future low carbon supply chain management: a content review using social network analysis”,
Journal of Cleaner Production, Vol. 218, pp. 629-643, doi: 10.1016/j.jclepro.2019.02.016.

Snir, E.M. (2001), “Liability as a catalyst for product stewardship”, Production and Operations
Management, Vol. 10 No. 2, pp. 190-206, doi: 10.1111/j.1937-5956.2001.tb00078.x.

Sundram, V.P.K., Ibrahim, A.R. and Govindaraju, V.C. (2011), “Supply chain management practices in
the electronics industry in Malaysia: consequences for supply chain performance”,
Benchmarking: An International Journal, Vol. 18 No. 6, pp. 834-855, doi: 10.1108/
14635771111180725.

Sundram, V.P.K., Atikah, S.B. and Govindaraju, V.C. (2016a), Supply Chain Management: Principles,
Measurement and Practice, University of Malaya Press, Kuala Lumpur.

Sundram, V.P.K., Chandran, V.G.R. and Bhatti, M.A. (2016b), “Supply chain practices and
performance: the indirect effects of supply chain integration”, Benchmarking: An
International Journal, Vol. 23 No. 6, pp. 1445-1471, doi: 10.1108/bij-03-2015-0023.

Sundram, V.P.K., Atikah, S.B., Othman, A.A. and Munir, Z.A. (2017), “Green supply chain
management practices in Malaysia manufacturing industry”, International Journal of Supply
Chain Management, Vol. 6 No. 2, pp. 89-95.

Journal of
International
Logistics and

Trade

131

https://doi.org/10.3390/su11123233
https://doi.org/10.3390/su11123233
https://doi.org/10.1108/01443570510613956
https://doi.org/10.1109/emr.2021.3133447
https://doi.org/10.1016/s0921-8009(99)00112-3
https://doi.org/10.1016/s0921-8009(99)00112-3
https://doi.org/10.1016/j.jom.2009.10.001
https://doi.org/10.1016/j.jclepro.2008.04.020
https://doi.org/10.1016/j.jclepro.2008.04.020
https://doi.org/10.1016/j.jclepro.2019.02.016
https://doi.org/10.1111/j.1937-5956.2001.tb00078.x
https://doi.org/10.1108/14635771111180725
https://doi.org/10.1108/14635771111180725
https://doi.org/10.1108/bij-03-2015-0023


Sundram, V.P.K., Rajagopal, P., Atikah, S.B. and Subramaniam, G. (2018a), “The role of supply chain
integration on green practices and performance in a supply chain context. A conceptual approach
to future research”, International Journal of Supply Chain Management, Vol. 7 No. 1, pp. 95-104.

Sundram, V.P.K., Rajagopal, P., Nur Atiqah, Z.A., Atikah, S.B., Appasamy, G. and Zarina, A.M.
(2018b), “Supply chain responsiveness in an Asian global electronic manufacturing firm: ABX
energy (M)”, International Journal of Supply Chain Management, Vol. 7 No. 2, pp. 23-31.

Sundram, V.P.K., Chhetri, P. and Atikah, S.B. (2020), “The consequences of information technology,
information sharing and supply chain integration, towards supply chain performance and firm
performance”, Journal of International Logistics and Trade, Vol. 18 No. 1, pp. 15-31, doi: 10.
24006/jilt.2020.18.1.015.

Syakirah, N., Rajagopal, P., Sundram, V.P.K., Zuraidah, R.R., Ratna, M.N. and Zamry, G. (2020),
“Achieving supply chain excellence through effective supplier management: a case study of a
marine organisation”, International Journal of Supply Chain Management, Vol. 9 No. 4, pp. 11-23.

Tang, T., Xu, H., Shang, J., and Zhang, Z. (2022), “Green credit and sharing contract-driven financing
strategies in a low-carbon supply chain with yield uncertainty”, SSRN 4089780.

Thornley-Walker, R. (2010), “Carbon footprint and risk”, ICE proceedings, pp. 147-160.

Tian, G., Lu, W., Zhang, X., Zhan, M., Dulebenets, M.A., Aleksandrov, A., Fathollahi-Fard, A.M. and
Ivanov, M. (2023), “A survey of multi-criteria decision-making techniques for green logistics
and low-carbon transportation systems”, Environmental Science and Pollution Research, Vol. 30
No. 20, pp. 57279-57301, doi: 10.1007/s11356-023-26577-2.

Tseng, C.H., Chang, K.H. and Chen, H.W. (2021), “Strategic orientation, environmental management
systems, and eco-innovation: investigating the moderating effects of absorptive capacity”,
Sustainability, Vol. 13 No. 21, 12147, doi: 10.3390/su132112147.

Vatumalae, V., Rajagopal, P., Sundram, V.P.K. and Hua, Z. (2022), “A study of retail hypermarket
warehouse inventory management in Malaysia”, SMART Journal of Business Management
Studies, Vol. 18 No. 1, pp. 71-79, doi: 10.5958/2321-2012.2022.00009.4.

Wang, L., Xu, T. and Qin, L. (2019), “A Study on supply chain emission reduction level based on
carbon tax and consumers’ Low-carbon preferences under stochastic demand”, Mathematical
Problems in Engineering, Vol. 2019, pp. 1-20, doi: 10.1155/2019/1621395.

Wang, W., Li, Y., Lu, N., Wang, D., Jiang, H. and Zhang, C. (2020), “Does increasing carbon emissions
lead to accelerated eco-innovation? Empirical evidence from China”, Journal of Cleaner
Production, Vol. 251, 119690, doi: 10.1016/j.jclepro.2019.119690.

Wiedmann, T. and Minx, J. (2008), “A definition of ‘carbon footprint”, in Pertsova, C.C. (Ed.), Ecological
Economics Research Trends, Nova Science, Hauppauge, NY, Chapter 1, pp. 1-11.

Xin, C., Zhou, Y., Zhu, X., Li, L. and Chen, X. (2019), “Optimal decisions for carbon emission reduction
through technological innovation in a hybrid-channel supply chain with consumers’ channel
preferences”, Discrete Dynamics in Nature and Society, Vol. 2019, pp. 1-24, doi: 10.1155/2019/
4729358.

Yang, B., Liu, L. and Yin, Y. (2021), “Will China’s low-carbon policy balance emission reduction and
economic development? Evidence from two provinces”, International Journal of Climate Change
Strategies and Management, Vol. 13 No. 1, pp. 78-94, doi: 10.1108/ijccsm-08-2020-0093.

Yang, Z., Huang, H. and Lin, F. (2022), “Sustainable electric vehicle batteries for a sustainable world:
perspectives on battery cathodes, environment, supply chain, manufacturing, life cycle, and
policy”, Advanced Energy Materials, Vol. 12 No. 26, 2200383, doi: 10.1002/aenm.202200383.

Zhu, Q. and Sarkis, J. (2007), “The moderating effects of institutional pressures on emergent green
supply chain practices and performance”, International Journal of Production Research, Vol. 45
Nos 18-19, pp. 4333-4355, doi: 10.1080/00207540701440345.

Zhu, Q., Sarkis, J. and Lai, K.H. (2007), “Green supply chain management: pressures, practices and
performance within the Chinese automobile industry”, Journal of Cleaner Production, Vol. 15
Nos 11-12, pp. 1041-1052, doi: 10.1016/j.jclepro.2006.05.021.

JILT
22,3

132

https://doi.org/10.24006/jilt.2020.18.1.015
https://doi.org/10.24006/jilt.2020.18.1.015
https://doi.org/10.1007/s11356-023-26577-2
https://doi.org/10.3390/su132112147
https://doi.org/10.5958/2321-2012.2022.00009.4
https://doi.org/10.1155/2019/1621395
https://doi.org/10.1016/j.jclepro.2019.119690
https://doi.org/10.1155/2019/4729358
https://doi.org/10.1155/2019/4729358
https://doi.org/10.1108/ijccsm-08-2020-0093
https://doi.org/10.1002/aenm.202200383
https://doi.org/10.1080/00207540701440345
https://doi.org/10.1016/j.jclepro.2006.05.021


Zhu, Q., Sarkis, J. and Lai, K.H. (2008), “Confirmation of a measurement model for green supply chain
management practices implementation”, International Journal of Production Economics,
Vol. 111 No. 2, pp. 261-273, doi: 10.1016/j.ijpe.2006.11.029.

Zulfakar, M., Chan, C., Jie, F. and Sundram, V.P.K. (2019), “Halal accreditation and certification in a
non-muslim country setting: insights from Australia halal meat supply chain”, International
Journal of Supply Chain Management, Vol. 8 No. 1, pp. 10-17.

Further reading

Doran, J. and Ryan, G. (2014), “Eco-Innovation–does additional engagement lead to additional
rewards?”, International Journal of Social Economics, Vol. 41 No. 11, pp. 1110-1130, doi: 10.1108/
ijse-07-2013-0169.

Mele, C. and Russo-Spena, T. (2015), “Eco-innovation practices”, Journal of Organizational Change
Management, Vol. 28 No. 1, pp. 4-25, doi: 10.1108/jocm-08-2013-0146.

Stawiarska, E. (2017), “Eco-innovation applied to the logistics and transport processes”, 17th
International Multidisciplinary Scientific Geoconference SGEM 2017, pp. 207-216.

Viale, L., Vacher, S. and Bessouat, J. (2022), “Eco-innovation in the upstream supply chain: re-thinking
the involvement of purchasing managers”, Supply Chain Management: An International
Journal, Vol. 27 No. 2, pp. 250-264, doi: 10.1108/scm-11-2020-0591.

Wanke, P.F., Jabbour, C.J.C., Antunes, J.J.M., de Sousa Jabbour, A.B.L., Roubaud, D., Sobreiro, V.A. and
Gonzalez, E.D.S. (2021), “An original information entropy-based quantitative evaluation model
for low-carbon operations in an emerging market”, International Journal of Production
Economics, Vol. 234, 108061, doi: 10.1016/j.ijpe.2021.108061.

Corresponding author
Veera Pandiyan Kaliani Sundram can be contacted at: veera692@uitm.edu.my

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

Journal of
International
Logistics and

Trade

133

https://doi.org/10.1016/j.ijpe.2006.11.029
https://doi.org/10.1108/ijse-07-2013-0169
https://doi.org/10.1108/ijse-07-2013-0169
https://doi.org/10.1108/jocm-08-2013-0146
https://doi.org/10.1108/scm-11-2020-0591
https://doi.org/10.1016/j.ijpe.2021.108061
mailto:veera692@uitm.edu.my

	The mediating effect of eco-innovation on low-carbon supply chain practices toward manufacturing firm performance in Malaysia
	Introduction
	Literature review
	An overview of low-carbon supply chain practices (LCSCPs)
	The general idea of eco-innovation (EI)
	The concept of manufacturing firm performance (MFP) in Malaysia

	Theoretical framework and hypothesis developments
	Relationships between LCPD, EI and MFP
	Relationships between LCPI, EI and MFP
	Relationships between LCP, EI and MFP
	Relationships between LCL, EI and MFP
	Relationships between EI and MFP
	Mediating effect of EI on LCSCP and MFP

	Methodology
	Sampling design and data collection
	Measurements

	Data analysis and result
	Respondents profile
	Reliability and validity
	Correlation analysis
	Result of multiple and hierarchical regression analysis

	Discussion, conclusion and implication of study
	References
	Further reading


