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A B S T R A C T

Drawing from the resource-based view (RBV) and complexity theories, we test the effects of energy management
practices on renewable energy supply chain (RESC) initiatives in 151 certified (ISO 14001 and ISO 50001)
manufacturing firms in Malaysia. Our results showed three dimensions of energy management practices (EMP) –
top management commitment, energy awareness, and energy auditing – which were positively associated with
the development of RESC initiatives. We found that insufficient knowledge of energy efficiency means firms
struggle to manage energy effectively, constraining opportunities such as converting waste into energy to sup-
port business’ targets. Our work has implications for energy policy. For example, we suggest that the transfer of
energy efficiency management knowledge and technology from multinational to local companies could help to
improve energy usage, and that local companies could generate renewable energy through supply chain net-
works. The findings of this work shed light on how to further develop energy efficiency policy in emerging
economies, with implications for academics, practitioners and decision-makers. This work makes the case for an
integrated discussion of energy management and renewable energy supply chains.

1. Introduction

Drawing on the resource-based view (RBV) and complexity theories,
in this work we test the effect of energy management practices on re-
newable energy supply chain (RESC) activities in the Malaysian man-
ufacturing sector. The manufacturing industry is responsible for ap-
proximately 36% of global CO2 emissions and consumes nearly 50% of
the global energy supply (Rahman et al., 2016). Based on statistics from
the Asian Pacific Energy Center (APEC), CO2 emissions from energy
consumption in Malaysia are anticipated to grow by around 4.2% an-
nually, reaching 414 million tonnes of CO2 in 2030 (Hosseini et al.,
2013). Developing countries such as Malaysia have focused on in-
dustrialisation to achieve higher economic growth (Li and Wei, 2015),
and this industrial sector is currently searching extensively for ways to
reduce energy consumption.

Despite a plethora of campaigns and policies directed towards en-
ergy efficiency and renewable energy (RE), Malaysia has so far had

limited success in achieving energy efficiency; challenges and oppor-
tunities remain and need to be fully understood (Yatim et al., 2016;
Hosseini et al., 2013). A number of studies have shown the fragility of
energy efficiency adoption in the manufacturing sector due to a lack of
employees with adequate knowledge and training for energy efficiency
(Prindle, 2010; Turesky and Connell, 2010), an absence of awareness of
energy consumption patterns (Shrouf and Miragliotta, 2015), structural
uncertainty and the risk of impacting on the quality of products (Lunt
and Levers, 2011), energy efficiency not being a priority due to a lack of
management commitment (Turesky and Connell, 2010; Lunt et al.,
2014), and hesitation on investment due to limited financial resources
and delayed payoffs (Eichhammer, 2004; Rohdin et al., 2007).

The advantages of practicing energy management have been well
studied in developed countries such as Sweden (Brunke et al., 2014;
Backlund et al., 2012a, 2012b), America (Moran et al., 2005), Finland
(Sivill et al., 2013) and Germany (Kannan and Boie, 2003). Never-
theless, developing countries tend to face financial constraints (Painuly
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et al., 2003) and a lack of accessible information (Lunt et al., 2014)
when pursuing energy efficiency (Painuly et al., 2003).

Existing literature on energy efficiency has emphasized environ-
mental management, carbon management (Mohanty, 2012), and bar-
riers to energy management, such as high initial costs, knowledge of
energy conservation, among others. (Brunke et al., 2014). There is still
a lack of empirical studies testing the effects of energy management
practices on RESC in manufacturing industries in emerging economies
such as Malaysia. RE is part of the driving force to enhance energy
efficiency, protect natural resources and improve quality of life (Wee
et al., 2012). Similar to other supply chains, RESC includes elements
such as physical information and financial flows (Cucchiella and
D’Adamo, 2013).

The development and utilisation of RESC are still challenges in
terms of energy conversion costs, geographical constraints, distribution
networks, capital investment, lack of economies of scale and uneven
government subsidies and taxes (Wee et al., 2012; Chatzimouratidis and
Pilavachi, 2009). According to Cucchiella and D’Adamo (2013), there is
a significant impact when supply chains are integrated with RE, such as
better control of supply chain costs, in order to make RE more afford-
able and competitive. Although the initial investment in RE is currently
more costly than conventional energy resources (Stigka et al., 2014), in
the long term it will benefit from economies of scale once manu-
facturing firms are able to generate renewable energy. Costs will fall
once demand for RE increases and supply improves, resulting in in-
creased energy efficiency. Thus, the profits generated from RE effi-
ciency will eventually cover the initial investment cost. RE is able to
provide an energy solution which reduces the negative impact on the
environment (Siano, 2014; Mathiesen et al., 2015).

Consequently, we aim to investigate the effect of EMP on RESC. The
uniqueness of this research is based on: (1) the development of an
original theoretical framework relating EMP to RESC; and (2) a test of
this framework using original empirical data from Malaysian manu-
facturers with ISO 14001 and ISO 50001 certification.

This work is organised as follows. The next section reviews the lit-
erature on energy management practices and RESC. This is followed by
a description of the data collection procedure and the variables used.
Subsequently the results are presented and analysed. The paper ends
with some conclusions, implications and suggestions for further re-
search.

2. Theoretical development and research hypotheses

2.1. The resource-based view (RBV)

According to the RBV, organisations can develop capabilities and
gain competitive advantage through the set of resources they possess
(Vachon and Klassen, 2008). Resources comprise both tangible and
intangible components (Grant, 1991; Amit and Schoemaker, 1993).
RBV claims that organisations should possess diverse resources and
different levels of capability, and that organisations’ survival and
competitive advantage hinges on their ability to create new resources,
as well as to increase uniqueness in their capabilities (Nath et al., 2010;
Day and Wensley, 1988). Competitive advantage cannot be obtained
simply through possessing greater resources; however, competitive
advantage can be achieved through the way an organisation employs its
rare resources, puts it capabilities to best use, and invests in its current
capabilities, which can lead to “immobility” in its resource-capability
(Song et al., 2007; Peteraf, 1993). RBV posits that resources leading to
sustainable competitive advantage should be valuable, rare, inimitable
and non-substitutable (Barney, 1991). In its extension to the natural
environment, the natural RBV (NRBV) bears that pollution prevention
with limitation of emissions and wastes, product stewardship, and
sustainable development minimising environmental burden are re-
sources leading to sustainable competitive advantage (Hart, 1995; Hart
and Dowell, 2011).

RBV proposes that each organisation has a unique set of resources
and capabilities which, when used optimally, will have a greater impact
on the firm's financial performance (Song et al., 2007). This impact is
attributed to the efficiency with which an organisation is able to con-
vert its resources into “valuable” and “hard to imitate” capabilities,
obtain economies of scale through lower operational costs and achieve
better financial performance (Lieberman and Dhawan, 2005; Hitt et al.,
1997). In this study, RBV is the main theory used to identify and ex-
amine the internal capabilities of organisations, such as management
commitment, energy knowledge, energy awareness, energy auditing
and the utilisation of RESC as a potential resource to gain sustainable
competitive advantage.

2.2. Complexity theory

Complexity theory presents an attractive metaphor for analysing
organisational behaviour (Lewin et al., 1998). Heterogeneity and di-
versity in environmental factors – such as customers, suppliers, gov-
ernments and technology – create complexity in an organisation
(Chakravarthy, 1997). Manufacturing organisations find it more chal-
lenging to plan their strategy and foresee their organisational actions as
business complexity increases (Sarkis et al., 2011). Pertaining to this
study, the implementation of energy management and RESC in manu-
facturing involves various parties, such as organisation management
and government. Extensive organisational complexities, such as orga-
nisational size, can be lead to intensified and hard-to-implement energy
management and RESC projects (Vachon & Klassen, 2006).

Complexity theory proposes that organisations function in a system
that comprises both order and disorder, where the performance results
of the system are determined by the interactions of the involved parties
(Sarkis et al., 2011; Prigogine, 1984). To diminish the uncertainty that
arises from executing energy management and RESC activities (Sarkis
et al., 2011), it is very important to maintain interaction among the
involved parties for knowledge and information sharing as well as
creation of meaning (Yang, 2010). In this study, complexity theory is
used to investigate the relationship between energy management and
RESC.

2.3. Energy management (EM)

Energy management is a solution which aims to utilise the un-
exploited potential of energy saving, overcome barriers of energy effi-
ciency and spread the culture of energy saving and efficiency, bringing
the benefits of reduced energy consumption within the organisation
without affecting productivity and quality (Cagno and Trianni, 2013;
Backlund et al., 2012a, 2012b; Thollander and Ottosson, 2010). Pro-
ductivity and quality can be maintained if the manufacturing firms
monitor energy consumption trends, review the results of energy data
analysis and motivate and train their staff (Trianni et al., 2014). From a
wider perspective, energy management helps sustainability manage-
ment by incorporating economic, environmental and social factors into
overall business practices (Schaltegger et al., 2006; Dincer, 2003). En-
ergy management practices are able to improve results through instal-
ling energy efficiency technology (Seliger, 2007), promoting effective
maintenance (EERE, 2012) and reducing load during non-productive
phases (Herrmann et al., 2008), among other energy-optimising pro-
cesses.

Energy management standards such as the Energy Star, ISO 14001
Environment Management System (EMS) standard, and the ISO
50001:2011 Energy Management System have been introduced glob-
ally. However, there is still a deficit in EM practice within organisations
due to difficulties in benchmarking, the complexity of business activ-
ities and the resources required for firms to properly implement energy
management (Ngai et al., 2013). Energy management practices differ
from one industry to another, and depend on energy consumption and
intensity, organisational size, quality management and geographical
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coverage (Gordić et al., 2010; Turner and Doty, 2007; Sorrell, 2007).
Hence, in order to ensure consistency with existing energy management
standards, as well as to analyse and continuously improve levels of
energy management, a practical framework is necessary.

Much research has shown that energy management is not purely a
technical process of optimising energy consumption, but is practicable
and multidisciplinary in nature and combines knowledge of archi-
tecture, engineering, management, finance, and housekeeping (Lee
et al., 2011; Kannan and Boie, 2003). Successful implementation of
energy management in manufacturing firms depends on the size and
structure of the organisation, business strategy, energy policy and en-
ergy auditing strategy. Manufacturing firms are advised to conduct
feasibility studies before making decisions on energy investment.

Although energy management appears to be cost-effective, there is
still a lack of adoption in the industry due to the energy efficiency
paradox (Brunke et al., 2014; Backlund et al., 2012a, 2012b; Hirst and
Brown, 1990). The energy efficiency paradox refers to organisational
behaviours. Despite the industry understanding the business yield from
energy efficiency, measures are often not implemented due to the high
initial investment and lack of availability of knowledgeable employees.
Providing sufficient energy management training for employees is cri-
tical to successful energy management implementation (Abdelaziz
et al., 2011).

One of the most commonly cited barriers is a fear of production
failure or technical risks, as new technology may disrupt production
and quality due to a lack of technical knowledge in energy management
execution (Brunke et al., 2014; Venmans, 2014; Thollander and
Ottosson, 2010). Without effective managerial commitment energy
management is hard to implement, as top management possess skills
and knowledge of production processes, raw materials and other
methods for maximising the efficiency of manufacturing, and their in-
volvement therefore significantly influences the adoption of energy
management practices (Blass et al., 2014). The degree of energy man-
agement adoption and motivation in an organisation tends to increase
along with increasing energy intensity, and vice versa (Christoffersen
et al., 2006).

Indeed, different industries face various energy efficiency barriers,
and thus, to overcome the gap, existing drivers need to be further im-
proved by re-examining and re-testing them, and importantly by en-
suring that recommended practice is acceptable and practical for all
sectors (Thollander et al., 2013; Ang, 2008). The essential factor for
successful implementation and operation of energy management is
commitment from top management, and without that commitment,
strategies will likely fail (Turner and Doty, 2007; Capehart et al., 2003).
In addition, Antunes et al. (2014) also agree that management com-
mitment and better communication about energy conservation are
important in creating awareness throughout an organisation. Aware-
ness can also be increased through training and courses with top
management support (Abdelaziz et al., 2011). Energy auditing is a key
factor for decision-making in energy management, and helps to obtain
knowledge about energy flows within an organisation (Abdelaziz et al.,
2011).

According to Kannan and Boie (2003), commitment itself is not
enough for successful energy management practice; it must be coupled
with energy audits, which play an important role in identifying the
energy saving possibility of the organisation. The availability of effec-
tive energy measurement outcomes for manufacturing firms is a critical
point to be highlighted during energy auditing (Schulze et al., 2016).
Backlund et al. (2012a, 2012b) and Brunke et al. (2014) propose that
energy audits can also increase awareness of unexploited energy

efficiency potential in organisations, as audits are able to identify en-
ergy flows and allocate necessary financial resources, leading to in-
creased awareness of energy efficiency in the organisation. Abdelaziz
et al. (2011) strongly recommend energy auditing as a preliminary
requisite for energy management adoption. It should begin with man-
agement commitment and firms’ ability to create energy awareness
among employees; firms should then be able to identify the scope of
energy saving.

2.4. Renewable energy supply chain

A supply chain is an interconnected network which includes the
whole sequence of activities from distribution of a service or product to
its end use and disposal, comprises multiple actors, operating on dif-
ferent scales and locations, and also includes the material or product's
manufacture, assembly and delivery (Hoggett, 2013). According to
Vachon (2007), through supply chain management (SCM) and with
collaboration on environmental issues, it possible to monitor reverse
flows of materials, share techniques and knowledge with supply chain
partners, collaborate to control environmental risk and produce en-
vironmentally friendly products.

Today SCM plays an important role in producing renewable energy.
Sustainable SCM (Sarkis and Zhu, 2017) is essential for energy security
in industry as the extensive consumption of energy, resource scarcity,
energy price fluctuations and the transition from fossil fuel-based en-
ergy generation to RE resources have real implications for supply chains
(Halldórsson and Svanberg, 2013). By integrating SCM with RE, the
effectiveness of RE will be boosted throughout the chain. According to
Wee et al. (2012), RESC includes the physical flow of RE products,
which involves the movement of goods and services from the point of
production to the point of consumption. Aslani et al. (2013) highlight
that RESC is comprised of five components: supply, generation, trans-
mission, distribution and demand, as shown in Fig. 1. These compo-
nents cover the process of RESC from raw materials (input) to end user
product (output).

RESC is a process of transforming raw energy into usable energy.
According to Halldórsson and Svanberg (2013), RESC management
involves a set of effective management principles covering the flows
between the points of consumption (demand, transmission of energy to
end users) and the point of origin of raw material (acquisition of energy
resources). According to Hoggett (2013), RESC comprises various in-
terrelated sub-chains relating to vendors and customers, based on types
of energy, technologies and the infrastructure that links to them, and
the resources, labour, equipment, installation and operation systems
needed for development. The integration of SCM with RE not only
improves energy accessibility, but also simplifies fossil fuel replacement
with systems of supply and RE conversion (Halldórsson and Svanberg,
2013).

The performance of RESC can be enhanced by increasing the flex-
ibility of SCM and improving cost control in supply chains, with the aim
of making RE more price competitive (Cucchiella and D’Adamo, 2013).
The industrial sector can increase awareness of the benefits of energy
saving, thus relating energy efficiency to RESC (Edenhofer et al., 2011).
Fig. 2 demonstrates pure RESC processes from supply, manufacturing,
and distribution to demand. Energy flow is portrayed as an example of
this RESC flow to illustrate the relationship between energy production
and consumption. In the RESC, technology is a key factor to enhance
efficiency and to improve the distribution network. For demand, the
commercialisation of RE would be an important step towards replacing
conventional energy. Thus, efficient RE generation and storage

Fig. 1. Domain of renewable energy supply
chain.
Source: Aslani et al. (2013)
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technologies are crucial innovations for RE.
The United Nations Development Programme (UNDP, 2012) states

that RE activities involve five key stakeholder groups: investors, end
users, policymakers, utilities and supply chains. Each stakeholder faces
a number of challenges that can hinder them in the RE technology
implementation process. The manufacturing sector plays the role of
investor, with government as regulator, creating policy that supports
the achievement of RE in the long run and encourages the end user to
support, utilise and pay for RE technologies. To prevent barriers, it is
therefore important for all five types of stakeholder to be taken into
consideration. Table 1 demonstrates the five key stakeholder groups for
an RE barrier assessment.

3. Theoretical framework

The theoretical framework for this study is based on the hypotheses
shown in Fig. 3. The RBV theory is the basis for this framework and
claims that an organisation's capabilities are resources and that through
these capabilities competitive advantage is strengthened (Vachon and
Klassen, 2008). The RBV theory influences the independent variable in
order to enhance the deployment of RESC. The second theory is Com-
plexity Theory, which explains the challenge of managing EMP and the
deployment of RESC, as the strategy for implementing EMP is complex.
Both theories are used to build the theoretical framework. This fra-
mework aims to guide research efforts and provide an in-depth un-
derstanding for industries in the field of energy management practice.
RESC also plays an important role in the acceleration of energy man-
agement practices, with regard to meeting energy security within the
supply chain network and enhancing energy efficiency, as well as
minimising CO2 emissions with the use of clean energy (Fig. 4).

3.1. Development of hypotheses

The effectiveness of energy management depends on the types of
energy systems with which it is integrated. (Olatomiwa et al., 2016).
Based on a study by Olatomiwa et al. (2016) and Al-Nory and El-
Beltagy (2014), integrating energy management with RE can ensure its
optimisation, the stability of energy supply, a reduction in operational
cost and accelerated energy efficiency. RE plays a role in enhancing
energy management's fundamental objectives: the improvement of en-
ergy efficiency, the reduction of CO2 emissions, and the encouragement
of green practices (Mohanty, 2012). According to Fernando and Yahya
(2015), management commitment and RE adoption are interconnected,
as the success of setting up RE in organisations is heavily reliant on the
support and commitment of management. Management commitment is
a prerequisite for an organisation to move towards sustainability
(Eccles et al., 2012).

Management commitment is important as it provides a strong
foundation for staff involvement in energy management. Top manage-
ment can inspire others throughout their organisation by expressing
long-term views during decision-making, providing clear direction, and
exhibiting a high level of technical knowledge in the integration of
energy management with business (Rauter et al., 2015). Energy
knowledge is the key factor for organisations to gain competitive ad-
vantages in RE; however, as the adoption of RE technology is complex,
both technical knowledge and information sharing are required to
tackle the uncertainty and challenges it presents (Seetharaman et al.,
2016; Lee et al., 2015).

In terms of Complexity Theory, integrating RESC with energy
management is complicated as RESC requires knowledgeable personnel
with an in-depth understanding of RE functions as well as the skills to

Fig. 2. A pure renewable energy supply chain flow.

Table 1
Five key stakeholder groups for a renewable energy barrier assessment.
Source: UNDP (2012).

Stakeholder Description/barriers

Project developers and investors The barriers faced by project developers and investors in RE, such as a lack of track records on the performance of RE technologies,
uncertainties in local energy markets and politics.

End users The RE-related barriers encountered by end users consist of a lack of awareness regarding RE and its potential and lack of financial ability to
afford cleaner energy technologies.

Policymakers This group comprises individuals in charge of creating the rules and regulations that manage the energy industry. The challenges encountered
by policymakers include a lack of government support, a lack of incentives and limited information to inform potential policies.

Utilities Utilities denotes entities that produce and transmit power or electricity. Challenges faced by utilities include a lack of experience in planning
and managing RE generation, lack of technical know-how about RE technologies and economic conflicts of interest.

Supply chain The Supply Chain includes firms that manufacture, distribute, install and maintain RE technologies. Supply Chain stakeholders face challenges
such as lack of expertise in RE technologies and low demand for RE equipment.

Y. Fernando et al. Energy Policy 118 (2018) 418–428

421



implement them. Management must have a strong commitment to staff
training and energy audits in order to understand the complex flow of
RE, and must make continuous improvements to avoid jeopardising
productivity. Based on the literature reviewed, which links EMP and
RESC, the following hypotheses are proposed:

H1. Management Commitment has a positive and significant
relationship with RESC

H2. Energy Awareness has a positive and significant relationship with
RESC

H3. Energy Knowledge has a positive and significant relationship with

RESC

H4. Energy Auditing has a positive and significant relationship with
RESC

3.2. Research methods

The sample population in this study is manufacturing firms in
Malaysia. The sample is based on firms listed in the Federation of
Malaysian Manufacturers (FMM) directory (2015) which are ISO 14001
and ISO 50001 certified. The unit of analysis is at the organisational

Fig. 3. Proposed theoretical framework.
Source: Wee et al. (2012)

Fig. 4. Structural model for energy management practices and its effect on RESC.
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level, where the target respondents were drawn from the senior ex-
ecutive level and above, i.e. senior executives, managers, senior man-
agers, directors, general managers, vice presidents and CEOs, as they
have the necessary knowledge and information to represent their firm.
Data was collected using structured questionnaires distributed via an
online survey.

This study used two statistical approaches: IBM SPSS software ver-
sion 24 and Smart Partial Least Squares (SmartPLS) in Structural
Equation Modelling (SEM) software version 3.2.4. SmartPLS was used
to analyse the data collected for this study. Its main calculation func-
tions, such as PLS Algorithm and Bootstrapping, were used to determine
the viability of the model and test the hypotheses using the identified
variables (Hair et al., 2014a, 2014b). However, the summary of re-
spondents’ demographics was generated using IBM SPSS. A stratified
random sampling method was used, as the manufacturing firms possess
heterogeneous characteristics and combine multiple elements. The
stratified random sampling first involved a process of segregation,
which was followed by random selection of subjects from each stratum
(Sekaran and Bougie, 2016).

3.3. Pre-testing survey instrument

Before disseminating the survey questionnaire to target re-
spondents, a pre-test was run in order to identify any major issues with
the survey questions and descriptions (Haron et al., 2017). To ensure
there were no fundamental problems with the questions or difficulty
understanding the concepts, a pre-test was conducted by nine aca-
demics and industrial practitioners. Based on the comments received
from the group of pre-test respondents, questions and descriptions were
added or altered; in particular, explanations of key terms, language and
grammar. Respondents’ feedback showed that the online survey tools
were easy and convenient to use.

3.4. Pilot test

After pre-testing was completed, a pilot test was conducted before
the actual distribution of the questionnaire to the target respondents.
The objective of the pilot test was to ensure the internal validity of the
questionnaire and to avoid measurement error. It is important to note
that a pilot test must capture the simplicity of the statements used in the
questionnaire. According to Hertzog (2008), appropriate sample size
for a pilot test ranges from 10 to 40 per group, who are tested for their
adequacy and ability to provide estimates precise enough to meet a
variety of possible objectives. Convenience sampling, which is a non-
probability sampling method, was used to conduct the pilot test, as this
method collects data from a population who are convenient in their
suitability and availability to participate in the study. Through con-
venience sampling, a total of 20 questionnaires were distributed to the
targeted respondents of the pilot test, who were all middle-range
managers in manufacturing firms in Malaysia. This study used middle
management as pilot study respondents because middle management
was thought to have equivalent knowledge to top management.

Questionnaires were distributed face-to-face by making an ap-
pointment with the top management after getting their approval for
their middle managers to participate in a pilot test. All respondents’
feedback showed that they were satisfied with the language used in the
questionnaire. There were no significant changes made to the ques-
tionnaire, only a few minor changes to grammar and sentence structure.
All the pilot test respondents were excluded from the final data analysis.
Subsequently, all the responses were analysed using IBM SPSS Statistics
Version 24 to test the reliability of the questionnaire based on
Cronbach's Alpha values. The questions for each variable were tested
and results showed Cronbach's alpha values greater than 0.800.

4. Findings

A total of 480 questionnaires were distributed based on the manu-
facturing firms in Malaysia listed in the Federation of Malaysian
Manufacturers (FFM) list of companies.

4.1. Profile of manufacturing firms

There are more than 2600 manufacturing and service firms regis-
tered with the FMM. For the purpose of this study, the 480 manu-
facturing firms certified with ISO 14001 and ISO 50001 were selected
as target respondents. The highest number of responses came from the
Electrical & Electronics sector, representing 52.3% of respondents,
while the other sectors had relatively equal distribution. ISO 14001 is
an industry standard and framework which allows organisations to set
up an effective environmental management system; however, it does
not state requirements for environmental performance. ISO 50001
provides a stronger framework compared to ISO14001, facilitating or-
ganisations to incorporate energy management into their overall efforts
to improve quality and environmental management. 151 of the com-
panies which responded (100%) have been certified with ISO 14001
Environment Management Systems (EMS), and 15 (9.93%) have ISO
50001 Energy Management certification (Table 2).

4.2. Construct validity

The construct validity indicates that all the items used show suffi-
cient loading on their respective constructs. Hair et al. (2013) suggests
that factor loading should be used to assess construct validity. 0.5 is
used as a cut-off value for significant loading, while any item with a
value greater than 0.5 in two or more factors is considered to have
significant cross-loading (Hair et al., 2014a, 2014b). The individual
items are each highly loaded within their own construct. The cross-
loading values are lower than the main loadings, therefore the construct
is considered valid (Table 3).

4.3. Convergent validity

Table 4 shows all the factors evaluated in this study, including
factor loadings, composite reliability and average variance (AVE).
Convergent validity indicates the extent to which multiple items mea-
suring the same concept are in agreement. Based on Hair et al. (2013),
factor loadings, composite reliability and AVE should be used to assess
convergent validity. Composite reliability is a measure of internal
consistency, and should give values higher than 0.7, which indicate
higher levels of reliability. AVE is the degree to which a latent construct
explains the variance of its indicators, and its value should be above 0.5

Table 2
Profile of manufacturing firms.

Frequency Percentage

Industrial type
Automation & Machinery 10 6.60%
Electrical & Electronics 79 52.30%
Fabrication & Metal 13 8.60%
Rubber 12 7.90%
Chemicals 10 6.60%
Oil & Gas 9 6.00%
Health Care 5 3.30%
Food & Beverages 8 5.30%
Paper & Pulp 5 3.30%

ISO14001 Certification
Yes 151 100%
No 0 0%

ISO50001 Certification
Yes 15 9.93%
No 136 90.07%
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for all constructs.
In this study, all measurement items gave factor loading values

above 0.5, hence no items needed to be removed. According to Hair

et al. (2013), composite reliability values should be higher than 0.708.
The composite reliability values in this study range from 0.952 to
0.979, exceeding the recommended value. The AVE values for this
study range from 0.737 to 0.903, which means that on average, the
construct explains more than half of the variance of the indicators.
Thus, it can be confirmed that the measurement model has an adequate
level of convergent validity.

Table 4 summarises the measurement results of this model. The
results show that all constructs – namely energy audits, energy
awareness, energy management, energy knowledge, energy commit-
ment and RESC – meet the convergent validity criteria. The t-statistics
in Table 4 indicate that all measurement model loadings are statistically
significant (< 0.05) (Hair et al., 2013).

4.4. Discriminant validity

Discriminant validity denotes the extent to which one construct is
truly distinct from other constructs, in terms of how much it correlates
with other constructs as well as to what extent indicators represent only
a single construct. According to Gefen and Straub (2005), each item
should load heavily within its own construct, the average variance
shared between items of the same construct should be greater than the
average variance shared with other constructs, and the square root of
the average of the construct should be larger than 0.707.

The diagonal elements in Table 5 represent the average variance
extracted, and the values below these diagonal elements show the
correlation amongst the variables. Discriminant validity can be as-
sumed if the diagonal elements are higher than the other off-diagonal
elements in their respective rows and columns. Table 5 shows that the
squared correlation of all constructs is lower than the square root of
average variance extracted from measurement items.

According to Henseler et al. (2015) the Fornell-Larcker criterion and
assessment of cross-loadings have low sensitivity in detecting dis-
criminant validity problems. In fact, the Fornell-Larcker criterion does
not depend on inference statistics and, thus, no technique for

Table 3
Loading and cross loading.

Variable EAU EAW EK MC RESC

Energy audit EAU1 0.964 0.675 0.669 0.773 0.527
EAU2 0.949 0.665 0.676 0.751 0.526
EAU3 0.956 0.673 0.651 0.757 0.529
EAU4 0.938 0.678 0.634 0.791 0.481
EAU5 0.944 0.667 0.623 0.743 0.520

Energy awareness EAW1 0.567 0.799 0.530 0.607 0.581
EAW2 0.681 0.941 0.638 0.649 0.671
EAW3 0.722 0.920 0.655 0.637 0.638
EAW4 0.639 0.933 0.672 0.612 0.655
EAW5 0.582 0.924 0.667 0.667 0.653

Energy knowledge EK1 0.620 0.668 0.910 0.657 0.524
EK2 0.657 0.654 0.953 0.709 0.552
EK3 0.696 0.695 0.942 0.733 0.562
EK4 0.580 0.612 0.924 0.677 0.509
EK5 0.647 0.646 0.948 0.686 0.522

Management commitment MC1 0.679 0.575 0.587 0.827 0.523
MC2 0.685 0.592 0.641 0.919 0.567
MC3 0.764 0.656 0.701 0.942 0.624
MC4 0.755 0.654 0.697 0.934 0.668
MC5 0.699 0.651 0.676 0.842 0.574

Renewable energy supply
chain

RESC1 0.390 0.458 0.372 0.390 0.701
RESC10 0.251 0.454 0.354 0.344 0.737
RESC2 0.574 0.697 0.509 0.580 0.873
RESC3 0.578 0.709 0.509 0.643 0.881
RESC4 0.545 0.690 0.533 0.586 0.906
RESC5 0.511 0.643 0.544 0.637 0.944
RESC6 0.467 0.624 0.549 0.661 0.914
RESC7 0.475 0.623 0.529 0.632 0.911
RESC8 0.437 0.570 0.531 0.629 0.887
RESC9 0.358 0.535 0.414 0.498 0.804

Note: Bolded numbers indicate the highest loadings and are above the re-
commended values of 0.5.

Table 4
Result of measurement model.

Variable Items Loadings (standardized estimate) t-value Composite reliability Average variance extracted Cronbach alpha

Energy audit EAU1 0.964 29.532 0.979 0.903 0.973
EAU2 0.949 26.434
EAU3 0.956 30.726
EAU4 0.938 17.573
EAU5 0.944 22.124

Energy awareness EAW1 0.799 15.292 0.957 0.819 0.944
EAW2 0.941 25.767
EAW3 0.920 25.311
EAW4 0.933 26.505
EAW5 0.924 23.044

Energy knowledge EK1 0.910 18.739 0.972 0.876 0.964
EK2 0.953 22.342
EK3 0.942 22.554
EK4 0.924 18.124
EK5 0.948 26.169

Management commitment MC1 0.827 15.130 0.952 0.799 0.936
MC2 0.919 22.390
MC3 0.942 24.816
MC4 0.934 24.325
MC5 0.842 15.710

Renewable energy supply chain RESC1 0.701 7.642 0.965 0.737 0.959
RESC10 0.737 7.510
RESC2 0.873 19.307
RESC3 0.881 20.839
RESC4 0.906 20.148
RESC5 0.944 23.617
RESC6 0.914 19.576
RESC7 0.911 19.872
RESC8 0.887 18.593
RESC9 0.804 13.947
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statistically testing discriminant validity has been developed to date. As
a solution, Henseler et al. (2015) propose that a Heterotrait-Monotrait
(HTMT) criterion should be used as an alternative measure of dis-
criminant validity, by which the model meets the criterion if the HTMT
value is below 0.9 for reflective indicators. Table 6 indicates the result
of the HTMT criterion test. As all the HTMT criterion values are below
0.90, discriminant validity is established. Overall, the measurement
model demonstrates adequate convergent validity and discriminant
validity, hence the discriminant validity is confirmed and acceptable for
hypothesis testing.

4.5. Hypothesis testing

The next step was to test the hypotheses of the study by running PLS
Bootstrapping in SmartPLS 3.2.4. The R-square (R2) value of RESC is
0.567, meaning that 56.7% of variance can be explained by energy
management practices. Our R2 value has moderate power, as the rule of
thumb for an acceptable R2 value is 0.25 for weak, 0.5 for moderate and
0.75 for substantial (Hair et al., 2014a, 2014b). For the purpose of
hypothesis testing, the critical value for a one-tail t-test was applied.
The t-value on a one-tailed test of statistical significance must be
greater than 1.645 when tested at< 0.05 p-value level of significance
(Table 7).

Our main hypothesis predicts that energy management practices
will have a positive relationship with RESC, and consists of 4 more
specific hypotheses. H1 (t-value = 4.288) and H2 (t-value = 7.424),
which predict the influences of management commitment and energy
awareness, are positively related to RESC and are found to be statisti-
cally significant at p < 0.05. Therefore, H1 and H2 were accepted. H3
predicts that energy knowledge is positively related to RESC, while the
results show that it is statistically insignificant at p < 0.05 (t-value =
0.003); therefore, H3 was rejected. H4 proposes that energy auditing is
positively related to RESC and was found to be statically significant at
p < 0.05 (t-value = 2.312). Hence H4 was accepted.

5. Discussion

It is clear that management commitment has become a key cap-
ability for implementing green supply chain management (GSCM)
practices in an organisation, as consistent managerial support is

important in motivating staff to practice GSCM and enhancing green
manufacturing capabilities (Luthra et al., 2016; Gavronski et al., 2011).
According to Fernando and Yahya (2015), top management support is
the main driver for the success of RE deployment in an organisation.
This finding is consistent with existing literature, where the relationship
between management and RESC is supported. This study emphasises
that the management commitment dimension of energy management
practices is important in RESC deployment. With full management
commitment and support for RE deployment, a successful energy
management outcome is expected, according to this study.

Energy awareness was found to be one of the most important
variables impacting the deployment of RE, supporting Liu et al. (2010)
suggestion that if management are aware of the benefits of energy ef-
ficiency but reluctant to implement them, this will lead to poor results
in environmental management implementation and achieving sustain-
able business performance. Thus, this finding is consistent with hy-
pothesis H2, as energy awareness has a positive relationship with RESC.
Furthermore, energy auditing was also found to have a significantly
relationship with RESC (H4). This is aligned with the finding by Moya
et al. (2016) that energy auditing techniques help to increase knowl-
edge of energy flows and develop practical findings in the study of RE.
This knowledge can then be used to guide manufacturing firms to re-
place their dependence on current conventional energy and make en-
ergy management more efficient.

6. Final remarks and limitations

6.1. Final remarks and implications for energy policy in emerging economies

This work indicates that the internal structure of an organisation
plays an essential role in implementing and adopting energy manage-
ment practices and strengthening competitive advantage in the manu-
facturing sector. Four crucial elements of energy management practice
have been identified within the literature (management commitment,
energy awareness, energy knowledge and energy auditing) and specific
findings relating to each key element have been discovered.

The results identified energy management – i.e. management com-
mitment, energy awareness and energy auditing – as having a sig-
nificant effect on RESC. Energy knowledge is still not sufficient among
manufacturing firms, as can be seen from the insignificant relationship
between knowledge and RESC. It is important for manufacturing firms
to understand the need to achieve competitiveness in the long run by
incorporating RESC into energy management in order to enhance en-
ergy efficiency. Incorporating RESC into energy management practice
enables organisations to reduce dependency on conventional energy.
Hence, it is crucial to understand the positive outcomes of RESC
through practical implementation of energy management practices. In a
nutshell, this study contributes to the industrial sector's understanding
of best practice in energy management and how adopting RESC can
help firms. Lastly, it is hoped that this study's framework will contribute
effectively to strategic energy management in the manufacturing sector,

Table 5
Discriminant validity of constructs (Fornell-Larker Criterion).

[1] [2] [3] [4] [5]

Energy Audit [1] 0.950
Energy Awareness [2] 0.707 0.905
Energy Knowledge [3] 0.685 0.701 0.936
Management Commitment [4] 0.803 0.701 0.741 0.894
Renewable Energy Supply Chain [5] 0.544 0.708 0.571 0.665 0.858

Note: Diagonals (in bold) represent the average variance extracted, while the
other entries are the squared correlations.

Table 6
Results of HTMT criterion for discriminant validity.

[1] [2] [3] [4] [5]

Energy audit [1]

Energy awareness [2] 0.738
[0.649–0.815]

Energy knowledge [3] 0.706 0.733
[0.594–0.814] [0.641–0.822]

Management commitment [4] 0.741 0.747 0.778
[0.787–0.889] [0.670–0.812] [0.698–0.845]

Renewable energy supply chain [5] 0.554 0.737 0.588 0.687
[0.463–0.633] [0.661–0.806] [0.499–0.667] [0.612–0.758]
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reducing carbon emissions in the long run and achieving sustainable
business performance.

6.2. Limitations of this study and further developments

There are certain limitations which need to be highlighted to pro-
vide guidance to future scholars. Some organisations rejected partici-
pating in this study because they were receiving too many survey
questionnaires from researchers and did not have the time and per-
sonnel to assist. Others had organisational policy constraints and thus
were unable to participate in this study. Additionally, the FMM direc-
tory is not up to date on companies' details, such as some email ad-
dresses and contact numbers. In addition, the contact details provided
in the directory are mostly customer service contact numbers; thus, in
order to obtain senior management contact details, there is often a need
to visit the respective company's website, which is time consuming. Our
study did not aim to understand the main motivations of the surveyed
companies in adopting sustainability practices (Paulraj et al., 2017).

We also suggest that it is important to shed further light on emer-
ging topics in supply chain management which, somehow, have been
neglected when it comes to energy supply chains. For example, issues
such as the use of big data (Gunasekaran et al., 2017), agility (Dubey
et al., 2018), resilience (Ivanov et al., in press), and quality manage-
ment can help to better understand supply chain management in the
energy industry. Additionally, emerging topics in sustainability, such as
the circular economy (Koh et al., 2017), sustainable performance
management (Dubey et al., 2017), the base of the pyramid (Gold et al.,
2013), and the human side of sustainability supply chains (Jackson
et al., 2014) could be further explored. We suggest that it is important
to understand how to transfer knowledge from academia to practi-
tioners (MacIntosh et al., 2017) in the field of sustainable supply chains.

Lastly, while all organisations participating in this study are ISO
14001 certified, only a few are ISO 50001 certified. This points to a
neglect of genuine energy saving concern, as ISO 14001 is more con-
cerned with environmental sustainability. This limitation would pro-
vide a good opportunity to look at the success of ISO 14001 and ISO
50001 certification in Malaysia and their performance in energy saving.
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