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A B S T R A C T

Malaysia is a typical Southeast Asian country that is a dynamic part of the global growth of energy-related CO2

(carbon dioxide) emissions, but little research exists on the driving factors of its energy-related CO2 emission
growth. Most of the related publications have considered only the effect of the change of economic indicators
using econometric methods, and seldom have they considered the technical driving factors from the perspective
of energy systems. In this study, a methodology called the logarithmic mean Divisia index (LMDI) decomposition
method based on energy allocation analysis was applied to define the contributions of technical driving factors
related to the growth of CO2 emissions in Malaysia during the periods 1978–1990, 1990–2002, and 2002–2014.
The technical driving factors include end-use energy structure, electricity generation efficiency, and fuel-mix in
electricity generation. The results indicate that, although the population, GDP per capita and energy intensity are
still the main driving factors influencing the changes of energy-related CO2 emissions in Malaysia, the influence
of technical driving factors is increasing from in 1978–2014. The increasing ratio of electricity in the end-use
stage and the structural changes of fuel-mix in electricity generation contribute to energy-related CO2 emission
growth. Meanwhile, the increasing end-use energy efficiency and electricity supply efficiency effectively slow
down CO2 emissions in Malaysia. Compared with previous publications, the technical driving factors considered
in this study can provide a more detailed explanation for the interaction between energy, the economy, and CO2

emissions. On the basis of an overview of Malaysia's existing policies, policy recommendations for further control
of energy-related CO2 emissions in Malaysia that mainly focus on these technical factors were proposed.

1. Introduction

As the impact of global climate change has become substantial, most
countries have come to an agreement on the urgency of controlling
energy-related carbon dioxide (CO2) emissions [1]. One of the priorities
for national policymakers in reducing energy-related CO2 emissions is

to understand the driving factors behind the growth of energy-related
CO2 emissions [2]. However, this problem is related to the specific
circumstances of each country. Different economic development stages
and energy system conditions lead to different driving factors behind
energy-related CO2 emission growth [3]. Therefore, scientific analysis
on these driving factors in various countries is of great value and will
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not only help national policymakers, but also provide a basis for in-
ternational organizations to set up policies to reduce energy-related
CO2 emissions.

Malaysia, a country of moderate population size and land area and a
more developed economy relative to its neighbours, is a typical
Southeast Asian country. As one an economic growth centre, Southeast
Asia takes part in the global energy system in a dynamic manner and is
on track to emit much more CO2 in the future [4]. In addition, Malaysia
is also representative of countries with an abundance of crude oil and
natural gas resources and a lack of motivation to reduce energy-related
CO2 emissions. Therefore, conducting a case study of Malaysia is
helpful for understanding the typical characteristics and mechanisms of
energy-related CO2 emission growth among these Southeast Asian
countries as well as those with abundant crude oil and natural gas re-
sources.

In the past 40 years, Malaysia has achieved rapid economic growth
in the process of attempting to accomplish industrialization and urba-
nization [5]. This has resulted in the rapid growth of energy con-
sumption and related CO2 emissions. Between 1978 and 2014, the en-
ergy consumption and related CO2 emissions increased from 6,426 ktoe
and 18,687 kt to 68,594 ktoe and 196,332 kt, an average annual growth
rate of 6.80% and 6.75% (see Section 4.2). Although as a developing
country Malaysia has no quantitative commitments under the Kyoto
Protocol, it has already announced its willingness to reduce emissions
[6]. In 2009, the Malaysian government announced the National Policy
on Climate Change [7] to ensure climate-resilient development to fulfil
national aspirations for sustainability. Furthermore, according to the
Intended Nationally Determined Contribution (IND Tables 1, 2, 3, 4,
A1, A2, A3 and A4C) of the government of Malaysia [8], Malaysia in-
tends to reduce its greenhouse gas emissions intensity of GDP by 45%
by 2030, relative to the emissions intensity of GDP in 2005. At the same
time, interestingly, while other countries are gradually stopping con-
struction and beginning to close down coal-fired power plants, the
proportion of coal-fired power in Malaysia is increasing [9], con-
tributing to CO2 emission growth. Therefore, there is a sufficient do-
mestic policy background and an interesting background energy sys-
tems to support the study of the driving factors behind energy-related
carbon emissions in Malaysia.

However, few studies have been published that provide an in-depth
discussion of the driving factors behind energy-related CO2 emission
growth in Malaysia from the perspective of considering energy systems.
According to the literature review (see Section 2.1), most previous
studies have focused on the causality between energy-related CO2

emissions and economic indicators from an economic point of view,
while lacking in analysis of the causality between energy system
characteristics and energy-related CO2 emissions. Although the effect of
the change of economic indicators are important, considering that the
energy system is the bridge between economic development and en-
ergy-related CO2 emissions, a thorough analysis of the energy system is
useful for furthering the understanding of the technical driving factors
of energy-related CO2 emission growth. According to the previous
studies [10], the authors found that these technical driving factors may
include end-use energy structure which audited in standard quantity
(heat value) form, primary energy quantity converted factor (KPEQ) and
primary carbon dioxide emission factor (KC). KPEQ is a key parameter
for establishing the connection between end-use energy consumption
which expressed in standard quantity form, also known as heat value
form, and energy consumption which is expressed in primary energy
quantity form. KPEQ is defined as the total number of units of primary
energy that are consumed to produce one unit of secondary energy. KC

is a key parameter for establishing the connection between energy
consumption expressed in primary energy quantity form and CO2

emissions, it is defined as the total number of units of CO2 emissions
when one unit of end-use energy expressed in primary energy quantity
form is consumed. These technical driving factors can be used to extend
the conventional Kaya identity (see section 2.4), so that we can build

the bridge between economy development and energy system. To re-
veal the driving mechanism from the perspective of energy systems for
energy-related CO2 emission growth in Malaysia, a comprehensive
study should be launched to systematically examine the impact of the
technical driving factors on the energy-related CO2 emissions from the
energy perspective. Hence, this paper aims to apply a methodology
called logarithmic mean Divisia index (LMDI) decomposition method
based on energy allocation analysis [10] to further study the driving
factors behind energy-related CO2 emissions in Malaysia.

First, we conducted an energy allocation analysis for Malaysia. The
technical driving indicators, including end-use energy structure, KPEQ

and KC were obtained through energy allocation analysis, and the
characteristics of the energy system were illustrated by mapping Sankey
diagrams. Considering Malaysia's data availability and the purpose of
this study, we simplified the method of energy allocation analysis (see
Section 3.2), which only the KPEQ of electricity and KC of electricity
were considered. These simplifications can also help us to focus more
on the key changes of Malaysia's energy system on energy-related CO2

emissions. The KPEQ of electricity can reflect the electricity generation
efficiency, while the KC of electricity can reflect the energy mix in
electricity generation. Then, the driving factors of energy-related CO2

emission growth were analysed using the LMDI decomposition method.
Although both the effect of the change of economic indicators and
technical driving factors were considered in this study, we more em-
phasized at technical driving factors. The effect of the change of eco-
nomic indicators included population, GDP per capita, and energy in-
tensity, while the technical driving factors included end-use energy
structure, electricity generation efficiency (KPEQ), and fuel-mix in
electricity generation (KC). In addition, the influence of resource
availability was also discussed. On the basis of the results of decom-
position, after a review of Malaysia's historical statistics and existing
policies, policy recommendations for reducing the energy-related CO2

emissions in Malaysia were finally proposed.
The main contributions of this work are as follows: it applied the

LMDI decomposition method based on energy allocation analysis to
analyse driving factors of energy-related CO2 emission growth in
Malaysia, reveal the driving mechanism from the perspective of energy
systems for energy-related CO2 emission growth in Malaysia over the
course of 36 years was presented according to three economic devel-
opment stages (i.e., 1978–1990, 1990–2002, and 2002–2014).
Compared with previous publications on driving factors of energy-re-
lated CO2 emission growth in Malaysia, three technical factors were
firstly introduced in this study, including end-use energy structure,
electricity generation efficiency, and fuel-mix in electricity generation.
These factors can provide a more detailed explanation for the interac-
tion between energy, the economy, and CO2 emissions, and also be
helpful to propose policy recommendations for reduction of energy-
related CO2 emissions that focus more on key issues of energy systems.

The remaining sections are organized the following way. Section 2.1
is a literature review of the studies on the driving factors of energy-
related CO2 emission growth in Malaysia. Then, section 2.2, section 2.3
and section 2.4 present further literature reviews focused on index
decomposition analysis and energy allocation analysis, respectively.
Section 3 introduces the methodology, which includes an introduction
of the analysis framework in section 3.1, energy allocation analysis in
section 3.2, LMDI decomposition method in section 3.3, and data input
in section 3.4. The results are presented in section 4 and further dis-
cussed in section 5. Policy implications are derived in section 6. Finally,
section 7 finally presents the conclusion of this study.

2. Literature review

2.1. Driving factors of energy-related CO2 emission growth in Malaysia

In the published literature, there were many studies on energy-re-
lated CO2 emission growth in Malaysia. Most of them suggested a
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dynamic interaction between energy-related CO2 emissions and eco-
nomic indicators by applying an econometric methodology, as shown in
Table 1. In addition, several studies focused on scenario analysis or the
projection of future energy-related CO2 emission in Malaysia [11–13].

Therefore, it can be concluded that most of the previous studies on
energy-related CO2 emissions in Malaysia focused only on the causality
between energy-related CO2 emissions and economic indicators from an
economic perspective. Few studies discussed the energy-related CO2

emission growth from a technical perspective. For example, electricity
generation efficiency, fuel-mix in electricity generation, and the pro-
portion of electricity in end-use energy structure were seldom con-
sidered as driving factors in case studies of Malaysia, even though these
driving factors may contribute significantly to the energy-related CO2

emissions changes.
In addition to the econometric methodology mentioned in this

section, there are some decomposition methods which are often used to
analyse the driving factors of energy-related CO2 emissions changes. In
the following section, we review the decomposition methods.

2.2. Decomposition analysis method of energy-related CO2 emission
changes

Generally, the decomposition analysis methods can be majorly di-
vided into two categories. One is to explore the impact of commodity
production on energy-related CO2 emissions changes from the pro-
duction side of commodities, which index decomposition analysis (IDA)
method is the main method [24]. The other one is to explore the impact
of final demand of commodity on energy-related CO2 emissions changes
from the consumption side of commodities, which the structural de-
composition analysis (SDA) method is the main method [24,25].

In the IDA method, energy-related CO2 emissions refer to CO2

emissions of direct energy consumption consumed by economic sectors
of the economy for the production of commodities, as well as CO2

emissions of energy consumption in residential sector. From this per-
spective, scholars mainly focus on the impact of production structure,
energy intensity and energy structure adjustment on energy-related CO2

emissions. In SDA method, energy-related CO2 emissions are char-
acterized as all energy-related CO2 emissions, including direct and in-
direct emissions, emitted for the production of final demand, after in-
troducing input-output method from economics. From this perspective,
scholars focus on the impact of the structural of final demand and the
input-output efficiency of the entire economic system on energy-related
CO2 emissions. In addition, the SDA method also needs monetary input-
output tables and matching energy balance tables as support.

IDA method and SDA method have specific advantages in solving
specific problems. For example, the IDA method can better describe the
process of energy supply, energy conversion and energy consumption
physically, and can better analyse some technical driving factors, such
as end-use energy structure, energy mix in electricity generation and
electricity generation efficiency. In other words, the IDA method is
closer to the energy system and pays more attention to technical details;

while the SDA method can better reflect the economic development and
the change of the final demand structure for the energy-related CO2

emissions. Su and Ang [26] compared IDA method and SDA method,
and presented a systematic review between these methods.

In 2007, Zhou et al. [27] proposed a method different from IDA and
SDA based on production theory in economics, which is called pro-
duction-theoretical decomposition analysis (PDA) method, in order to
provide a better economic explanation for the changes of energy in-
tensity. Specifically, based on Shepherd output distance function, Zhou
et al. decomposed the change of energy intensity into industrial struc-
ture effect, energy structure effect, production technology effect, tech-
nology efficiency effect, capital-energy substitution effect and labor-
energy substitution effect. PDA method not only provides a better
economic explanation for the change of energy intensity, but also has
more economic policy implications. According to Du and Lin [28], al-
though PDA method has good economic explanatory ability, its main
drawback is that it may give a contrary conclusion to reality in mea-
suring economic structure effect and energy consumption structure ef-
fect. The main reason is that all structural components are symmetrical
in the output distance function, so the PDA method cannot reflect the
different attributes of different economic sectors or energy varieties. In
order to overcome this shortcoming of PDA method, Du and Lin tried to
combine IDA method and PDA method to form a comprehensive ana-
lysis framework, namely IDA + PDA method. Compared with IDA
method, it provides a theoretical explanation for the change of energy
intensity through production theory. Compared with PDA method, it
overcomes the shortcomings of industrial structure effect and energy
consumption structure effect, and makes the decomposition result more
reasonable. Therefore, in the follow-up studies [29–33], the application
of PDA method is mainly in the form of PDA + IDA. Compared with
IDA and SDA methods, the application of PDA are relatively less.

In the authors' opinion, these methods have their own character-
istics and advantages, the selection of method mainly depends on the
research purpose. According to the research purpose of this study,
which we would like to reveal the driving mechanism from the per-
spective of energy systems for energy-related CO2 emission growth in
Malaysia, and make recommendations for the low-carbon development
of Malaysia's from perspective of energy system, IDA method was
chosen as the method of this study. Index decomposition analysis of
energy-related CO2 emissions.

The index decomposition analysis (IDA) originated after the first
global oil crisis and was initially used to analyse the driving factors
influencing the aggregate energy intensity of the industrial sector [24].
However, there are unexplained residual terms in IDA results. To
overcome this problem, Ang and Choi [34,35] proposed a new de-
composition method, called LMDI, and proved that its decomposition
results do not contain any residual terms. Ang [36] also presented a
practical guide for LMDI decomposition method. Since then, LMDI has
become the primary IDA method, widely used to analyse the driving
factors behind energy consumption and its energy-related CO2 emission
growth in various countries and regions.

Table 1
Studies concerning energy-related CO2 emission growth in Malaysia based on econometric methods.

No. Author Economic indicators considered

1 Bekhet and Othman [14] GDP
2 Yii and Geetha [15] Technological innovation
3 Ali et al. [16] GDP, energy consumption, financial development, and openness of trade
4 Begum [17] GDP, energy consumption, and population
5 Lau et al. [18] Foreign direct investment and trade openness
6 Lau et al. [19] GDP, institutional quality, and exports
7 Saboori and Sulaiman [20] GDP and energy consumption
8 Shahbaz et al. [21] GDP, energy consumption, and financial development
9 Azliza et al. [22] Energy consumption and income
10 Bekhet and Othman [23] GDP, energy consumption, urbanization growth, domestic investment, and financial development
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In the previous related studies, the LMDI decomposition method has
not changed much at the methodological level. In most studies, scholars
adopted conventional Kaya identity which as the expression of energy-
related CO2 emission. In Kaya identity, energy-related CO2 emission are
represented as the product of GDP (Q), energy intensity (E/Q) and
carbon emission factor (C/E), as shown in equation (1). The scholars
further used LMDI decomposition method to decompose the increment
of the emissions into several effects.

=C Q E
Q

C
E (1)

with data availability guaranteed, scholars have expanded the con-
ventional Kaya identity to increase the resolution of the economic
sector from the economic side, and to increase the resolution of energy
structure from the energy side, hence the effects of the change of eco-
nomic sectors (Qi/Q) and primary energy structure (Eij/Ei) can be fur-
ther considered in LMDI decomposition method, as shown in equation
(2):
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In the subsequent studies [10], scholars further expanded equation
(1) or (2) from economic side or energy side, according to their research
purposes and the advantages of their discipline, in order to provide
more evidence for the designation of corresponding policies.

On the economic side, some scholars introduced production theory
into Kaya identity to provide a deep mechanism analysis, such as Wang
et al. [37] characterized GDP as Cobb-Douglas production function, and
further considered the effect of capital and labor changes on energy
consumption. In addition, the PDA+IDA method mentioned in the
previous section also improved the resolution of energy intensity, and
further characterized its effects on energy consumption (or its CO2

emissions) as industrial structure effect, energy structure effect, pro-
duction technology effect, technology efficiency effect, capital-energy
substitution effect and labor-energy substitution effect [29–33].

On the energy side, Chong et al. [38] and Ma et al. [10] have
summarized the application of the LMDI decomposition method in both
energy consumption growth (10 cases) and energy-related CO2 emis-
sion growth (52 cases). They found that the change of economic in-
dicators, such as population, gross domestic production, economic
structure and energy intensity, were always considered in the LMDI
decomposition method. However, some technical driving factors, such
as end-use energy structure, electricity generation efficiency, and fuel-
mix in electricity generation, were seldom considered. Hence, they
suggested utilizing energy allocation analysis (see Section 2.3) to obtain
key technical driving factors, including end-use energy structure, KPEQ

and KC, and then further analysing them using the LMDI decomposition
method. After a series of case studies [10,38–40], they proposed a
methodology for analysing the driving factors of energy consumption
and its related CO2 emission growth from the perspective of energy
system, which they referred to as the LMDI decomposition method
based on energy allocation analysis.

Although IDA + PDA method and IDA + Cobb-Douglas production
function may provide some theoretical explanations from the economic
perspective, it may face some difficulties in putting forward some policy
proposals based on the actual energy development, for example the
substitution between labor and energy. We will introduce IDA method
in next section. According to the purpose of this study, LMDI decom-
position method based energy allocation analysis which proposed by
Chong et al. is suitable for the purpose of this paper.

2.3. LMDI decomposition method based on energy allocation analysis

In the LMDI decomposition method based on energy allocation
analysis, the deduction of technical factors is the key. These factors

mainly depended on the rigorous calculations of energy loss between
primary energy resources, such as raw coal, and secondary energy
carriers, such as electricity, which was consumed in the end-use sector.
On the basis of these calculations, the researchers can obtain the energy
efficiency of each secondary energy carrier from the perspective of the
entire energy network. Although the actual quantity or heat value of
various secondary energy carriers in each stage and the amount of
energy loss in the energy conversion stage are generally listed in
available national energy balance tables, the amount of energy loss in
the whole energy system is not always given. As a visualization tool to
present the energy balance and loss process of energy system to pol-
icymakers, a Sankey diagram provides a standardized method for data
processing and loss calculation of energy balance tables. The energy
balance calculation and illustration based on a Sankey diagram is ex-
pected to provide a standardized process for the deduction of technical
factors. Although the amount of energy loss in the whole energy system
can be derived from the energy balance, the calculation process will be
very complex if the energy system contained complex energy conver-
sion stage, like China [41].

A Sankey diagram is a specific type of flow diagram in which the
width of the arrows is proportional to the flow quantity [42] and the
colour of the flow distinguishes the flow type [10]. Sankey diagrams are
named after Irish Captain Matthew Henry Phineas Riall Sankey, who
used this type of diagram in 1898 in a classic figure showing the energy
efficiency of a steam engine. Sankey diagrams have been used as an
effective tool to focus on energy flow and its distribution across various
energy systems for various purposes [43]. For example, Ma et al. [44]
presented a Sankey diagram of China's oil flows to facilitate the analysis
of historical and ongoing trends of China's oil development. Chong et al.
[5] presented a Sankey diagram of Malaysia's energy flows together
with a trend analysis of the main factors influencing the energy flows.
Davis et al. [45] interpreted the energy flow from available primary fuel
to end use in all of the provinces and territories in Canada using a
Sankey diagram. Subramanyam et al. [46] developed Sankey diagrams
that mapped energy flow for both the demand and supply sides for the
province of Alberta, Canada. Li et al. [39] proposed a systematic ana-
lysis framework based on energy Sankey diagrams to understand the
driving factors that influence the energy supply chain, including the
energy supply, energy conversion, and end-use of the Beijing-Tianjin-
Hebei regions in China. He et al. [47] mapped an energy Sankey dia-
gram to present a complete picture of the status quo of residential en-
ergy consumption in rural regions in China. Some scholars have also
focused on the development of the Sankey diagram [41,48,49]. In ad-
dition to its application in the field of energy, the Sankey diagram was
also widely used in other fields, including land [50], waste [51], iron
[52], Cereals [53], rare earth [54], and water resources [55,56].

In the process of the continuous publication of energy Sankey dia-
grams, Cullen and Allwood [57] were early scholars who proposed a
systematic method of energy allocation analysis. They found that most
energy efficiency analysis considered only the potential gains from
known efficiency technologies in the end-use sector, while ignoring the
complex flow of energy through the chains of energy conversion sec-
tors. Hence, they suggested that energy losses in energy conversion
sectors should be calculated into and compensated for in the end-use
energy consumption, allowing for researchers to identify the primary
energy consumption responsibility of each end-use energy consumer.
Further that, they presented this type of energy flow in the form of
Sankey diagram, so called an energy allocation Sankey diagram, and
traced the global energy flows from energy sources to final services
without showing any energy loss. Following their study, Ma et al. [58]
further applied energy allocation analysis to a case study of China and
mapped China's energy allocation Sankey diagram.

On the basis of these studies, Chong et al. [40] further introduced an
input-output method to simplify the calculation and compensation
process of energy losses. With this method, the original energy balance
table was converted into a standardized energy input-output table,
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allowing the Leontief inverse matrix of the energy input-output table to
be calculated. Finally, the primary energy quantity converted factor can
be obtained by using the row vector of the inverse matrix, which can be
used to simplify the calculation of energy loss compensation. Mean-
while, on the basis of this energy allocation analysis, the KPEQ was first
introduced into LMDI decomposition in the form of technical driving
factors of energy consumption growth. Therefore, the three basic steps
of the LMDI decomposition method based on energy allocation analysis
were formed, including: 1) energy allocation analysis of the whole
energy system to acquire technical factors; 2) mapping the energy al-
location Sankey diagram to illustrate major features of the whole en-
ergy system; and 3) LMDI decomposition of energy consumption
growth to reveal the effects of technical driving factors from energy
system perspective.

After Chong et al.’s study, a series of case studies [10,38–40] in
China were published using the LMDI decomposition method based on
energy allocation analysis. The first application of this method in the
driving factor decomposition of energy-related CO2 emission growth
[10] was also carried out in China, by further introducing the KC into
LMDI decomposition. However, this method has not been used in other
countries.

3. Methodology and data input

3.1. Analysis procedure

In this study, we applied the methodology called the LMDI de-
composition method based on energy allocation analysis to study en-
ergy-related CO2 emission growth in Malaysia.

According to Ma et al. [10], we first conducted energy allocation
analysis to understand the features of the energy system of Malaysia,
and delivered three technical influencing factors, included end-use
energy structure, KPEQ, and KC (see section 3.2). These three technical
driving factors will be examined in the LMDI decomposition method, to
reveal the driving mechanism from the perspective of energy systems
for energy-related CO2 emission growth in Malaysia (see section 3.3).
Although the visualization of energy flows was not necessary in this
study, we demonstrated the results of the energy allocation analysis in
the form of a Sankey diagram, as it may help readers and policymakers
better understand the results of the energy allocation analysis.

In order to determine the contributions of the driving factors
quantitatively, an LMDI method was adopted to decompose their con-
tributions to energy-related CO2 emission growth in Malaysia. The
driving factors under consideration included population, GDP per ca-
pita, energy intensity, end-use energy structure, KPEQ and KC. Moreover,
we discussed the impact of resource availability through a literature
review and statistical analysis.

The adjustment of the political goals of the parties and the strategic
plans of the government can interfere with the development trends of
all direct driving factors, such as energy demand, resource availability,
and technology choice. The most powerful strategic plan in Malaysia is
the five-year Malaysia plan, which focuses on the development of the
people-based economy and the capital-based economy with the im-
plementation of high impact projects. In its five-year plans, the gov-
ernment of Malaysia sets a series of targets to be fulfilled in the next five
years. These targets include economic indicators, such as GDP growth
rate, as well as some technical indicators, such as electricity generation
efficiency and primary energy consumption structure. A series of po-
licies and plans, and even legal acts (submitted to parliament), will be
promoted by each department of the government to attempt to meet the
targets of the five-year plan. Therefore, the main policies, plans, and
acts will be taken as the indirect driving factors to help explain the
policy background of the driving factors in the analysis.

3.2. Energy allocation analysis and energy allocation Sankey diagram

We conducted an energy allocation analysis on the energy system in
Malaysia from 1978 to 2014. Detailed information about energy allo-
cation analysis can be found in Chong et al.’s [38] and Ma et al.’s [10]
studies, as well as earlier studies [57,58]. We then mapped the energy
allocation Sankey diagram of Malaysia in 2014 to present the result of
the energy allocation analysis.

The core idea of energy allocation analysis is that, energy losses in
energy conversion sectors should be calculated into and compensated
for in the end-use energy consumption. Similarly, when we introduce
the energy allocation analysis into the calculation of energy-related CO2

emissions, we can calculate emissions responsibility of the energy
conversion stage (especially the thermal power plants) into the emis-
sions responsibility of each end-use sectors. Following this principle,
researchers can determine the boundary selection of energy allocation
analysis according to their own research purposes, therefore, the pro-
cess of energy allocation analysis and the selection of technical influ-
encing factors are not unique.

For example, in order to understand the impact of boiler efficiency
on coal consumption, Chong et al. [40] introduced boiler efficiency into
the energy allocation analysis. Hence, the technical driving factors
considered include not only the energy conversion efficiency, but also
the end-use efficiency of energy. In addition, Chong et al. also suggests
that, researchers can further consider the energy efficiency of various
types of end-use energy consumption, such as the electricity efficiency
of various electrical appliances, according to their own purposes and
data availability. These can be referred to Cullen and Allowood [57],
Ma et al. [58], and Sun et al. [59]. Based on this, by further expanding
the boundary of energy allocation analysis, researchers can further re-
fine more technical driving factors, such as engine efficiency of ve-
hicles, stove thermal efficiency and so on. However, these data are
difficult to obtain, especially for long time series data. Besides, when
the process of energy allocation analysis becomes too complex, it will
also lead to the ambiguity of the purpose of this study. Therefore, ac-
cording to the research purpose in this study, only electricity generation
efficiency and energy mix in electricity generation were considered as
technical influencing factors.

3.3. LMDI decomposition method

The total energy-related CO2 emissions for Malaysia can be ex-
pressed and calculated using equation (3), and can be further expanded
with some major economic indicators and technical indicators, as
shown in equation (4). Economic structure was not considered a driving
factor because of the lack of official historical sectoral energy con-
sumption data. Furthermore, only the KPEQ and KC of electricity are
considered in LMDI decomposition method, as the change of KPEQ and
KC of other secondary energy can be negligible compared with elec-
tricity. Hence, the effect of the change of KPEQ can be understood as the
effect of the change of electricity generation efficiency, while the effect
of the change of KC can be understood as the effect of the change of fuel-
mix change in electricity generation. On the basis of Malaysia's eco-
nomic development stages, the periods 1978–1990, 1990–2002, and
2002–2014 were selected for conducting the LMDI decomposition.

=C E K K
j

SQ j PEQ j C j, , ,
(3)

=C P GDP
P

E
GDP

E
E

K K
j

SQ SQ j

SQ
PEQ j C j

,
, ,

(4)

The elements in equations (3) and (4) above are described in
Table 2. Both additive LMDI decomposition and multiplicative LMDI
decomposition were applied in this study. Additive LMDI decomposi-
tion contributes in the form of absolute values, whereas the multi-
plicative LMDI decomposition contributes in the form of relative values.
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The LMDI formulas for decomposing energy-related CO2 emission
growth in Malaysia are presented in Table 3.

3.4. Data input

The energy balance table [60] published by the Malaysia Energy
Information Hub (MEIH) was the original data source for the energy
flow. The series of end-use energy consumption data [61] and power
generation structure data [9] were also obtained from the MEIH.

In addition, the economic data were obtained from The World Bank
[62]. The data processing approach used to obtain KPEQ and KC for
electricity can be found in Ref. [38]; the KPEQ for other energy types
was considered as 1.00.

The KC for other energy types was taken from the Intergovernmental
Panel on Climate Change (IPCC) [63]: diesel 3.10 t/toe, fuel oil 3.24 t/
toe; gasoline 2.90 t/toe; LPG 2.64 t/toe; Kerosene and ATF 2.99 t/toe;
Refinery gas 2.41 t/toe; natural gas 2.35 t/toe, coal 4.11 t/toe; hy-
draulic and biofuel 0 t/toe.

We presented these data in Appendix part: Table A1, end-use energy
consumption data; Table A2, energy mix in thermal power plants,
electricity generation in thermal power plants, and KPEQ of electricity;
Table A3, CO2 emissions in thermal power plants, and KC of electricity;
Table A4, CO2 emissions according to the energy type.

4. Results

4.1. Energy allocation Sankey diagram of Malaysia

The energy allocation Sankey diagram for Malaysia in 2014 is
presented in Fig. 1. According to the diagram, the main features of
Malaysia's energy system, including energy supply, energy conversion,
and energy end-use, are as follows:

1. Natural gas and crude oil were the major domestic primary energy
suppliers for Malaysia, accounting for 64.0% and 29.9% of the do-
mestic primary energy supply in 2014, respectively, while hy-
draulic, coal, and other renewable energy contributed only 3.5%,
1.7%, and 0.9% of the domestic primary energy supply, respec-
tively.

2. Malaysia is a net exporter of crude oil and natural gas, with 97% of
the natural gas exported in LNG form. However, 89.0% of Malaysia's
coal supply was imported.

3. Fire-power plants are the major electricity supplier in Malaysia.
Natural gas (including LNG) fired-power plants and coal-fired power
plants accounted for 44.1% and 43.4% of total electricity supply,
respectively. Renewable energy, mainly from hydraulic, accounted
for only 9.1%, and the rest of the renewable energy sources ac-
counted for 0.5%. Oil products also contributed 2.9% of electricity
generation.

4. The manufacturing sector, including the industrial (40.2%) and
agriculture (1.5%) sectors, was the largest end-use energy sector in

Table 2
Description of the elements in equations (3) and (4).

Elements Description

Subscript j End-use energy type, including 1) diesel, 2) fuel oil, 3) petrol, 4) LPG, 5) kerosene, 6) ATF and AV gas, 7) refinery gas, 8) natural gas, 9) coal and coke, 10) biodiesel,
and 11) electricity.

C Total CO2 emissions
P Population
GDP Gross domestic production
ESQ Total end-use energy consumption expressed in Standard Quantity (SQ) form
ESQ,j Total consumption of energy j in the end-use sector expressed in SQ form
KPEQ,j Primary energy quantity converted factor of energy j
KC,j Primary carbon dioxide emission factor of energy j

Table 3
LMDI additive formulas for decomposing the energy-related CO2 emission growth of Malaysia.

IDA identity =C P K Kj
GDP

P
ESQ
GDP

ESQ j
ESQ PEQ j C j

,
, ,

Driving factors Symbols LMDI additive formulae LMDI multiplicative formulae

Change scheme - =
= + + + + +
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Electricity generation efficiency KPEQ,j
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Note: The superscripts 0 and T specify the parameter value at time 0 and T, respectively.
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Malaysia, accounting for 41.7% of the total primary energy con-
sumption in 2014, whereas the transportation and commercial
sector (11.6%) and the residential sector (7.7%) accounted for
34.0% and 24.3% of the total primary energy consumption, re-
spectively. Electricity (46.1%), oil products (41.8%), and natural gas
(8.5%) were the major energy types in the end-use stage.

4.2. Energy consumption and its CO2 emissions in Malaysia

Before discussing the driving factors behind the energy-related CO2

emission growth of Malaysia, the historical energy consumption and its
related CO2 emissions should be understood, as illustrated in Fig. 2. The
calculation of energy-related CO2 emissions can be seen in equation (3).

Referring to Fig. 2, the following can be seen:

• Over the entire time period of 1978–2014, end-use energy con-
sumption grew from 5.04 to 53.50 Mtoe, with an average annual
growth rate (AAGR) of 6.78%, while its related CO2 emissions grew
from 19.65 to 206.68Mt, with an AAGR of 6.75%;
• In the first period, 1978–1990, end-use energy consumption grew
from 5.04 to 13.18 Mtoe, with an AAGR of 8.34%, and its related
CO2 emissions grew from 19.65 to 49.80Mt, with an AAGR of
8.06%;
• In the second period, 1990–2002, end-use energy consumption grew
from 13.18 to 33.12 Mtoe, with an AAGR of 7.98%, and its related
CO2 emissions grew from 49.80 to 123.18Mt, with an AAGR of
7.84%;
• In the third period, 2002–2014, end-use energy consumption grew
from 33.12 to 53.50 Mtoe, with an AAGR of 4.08%, and its related
CO2 emissions grew from 123.18 to 206.68Mt, with an AAGR of
4.41%.

By analysing historical trends, it was revealed that the growth rate

of energy consumption and its related CO2 emissions in Malaysia are
quite similar throughout the period 1978–2014. Furthermore, com-
paring multifarious time periods shows that during the periods
1978–1990 and 1990–2002, the growth rate of energy-related CO2

emissions was lower than the growth rate of energy consumption.
However, during the period 2002–2014, the growth rate of energy-re-
lated CO2 emissions and energy consumption reverse positions. This
phenomenon illustrates the urgency of carrying out this research, be-
cause although the Malaysian government has announced the goal of
reducing CO2 emissions, the CO2 emission factor of energy are still
growing in recent years.

4.3. LMDI decomposition results of energy-related CO2 emission growth

The additive and multiplicative LMDI decomposition results of en-
ergy-related CO2 emission growth in Malaysia are presented in Figs. 3
and 4, respectively. The LMDI decomposition results show that:

• During the period 1978–1990, the continued growth of GDP per
capita, population, energy intensity, and the proportion of elec-
tricity in the end-use energy structure were the main driving factors
behind energy-related CO2 emission growth. Although the in-
creasing electricity generation efficiency and the change in fuel-mix
in the electricity generation sector reduced energy-related CO2

emission growth, the effect was not obvious.
• During 1990–2002, the continued growth of GDP per capita, po-
pulation, and share of electricity in the end-use stage remained the
main reasons for energy-related CO2 emission growth, yet the
growth of population and energy intensity gradually began to ac-
count for a small proportion of the cause of the growth of energy-
related CO2 emissions and the effects of GDP per capita intensified.
The growth of electricity generation efficiency and the change in
fuel-mix in the electricity generation still lowered energy-related

Fig. 1. Energy allocation Sankey diagram for Malaysia, 2014 (Note: the value of energy is expressed in primary energy quantity form).
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CO2 emissions in comparison with the previous period, the mitiga-
tion effect of electricity generation efficiency grew, and the miti-
gation effect of the change in the fuel-mix in electricity generation
decreased.
• During the period 2002–2014, the continued growth of GDP per
capita, population, and share of electricity in the end-use stage
persisted as the major reasons for energy-related CO2 emission
growth. However, the contribution of population was much lower
than that during the previous two periods, and the contribution of
GDP per capita was also lower than that during the previous period.
During this period, energy intensity, which had been the cause of
the growth of energy-related CO2 emissions during the previous two
periods, became the most important factor for decreasing the
growth of energy-related CO2 emissions. In addition, the growth of
electricity generation efficiency contributed more to lowering

energy-related CO2 emissions than during the previous period.
However, the change in the fuel-mix in electricity generation
transformed from a factor decreasing energy-related CO2 emissions
to a factor increasing energy-related CO2 emissions.

4.3.1. The influence of population
Malaysia's population growth had a significant influence on energy-

related CO2 emissions during the periods 1978–1990, 1990–2002, and
2002–2014, with each causing a 36.9% (10.19Mt), 33.7% 23.53Mt),
and 22.3% (32.49Mt) increase in energy-related CO2 emissions.

From the data, it was found that, although energy-related CO2

emissions caused by population growth were increasing, the relative
emissions were decreasing year by year. The major reason was that the
population in Malaysia increased beginning in 1978 with AAGR of
2.34%, which sped up population growth until 1988. In 1988, the

Fig. 2. End-use energy consumption in SQ form (heat value form) in Malaysia and their CO2 emissions in 1978–2014, detailed data can be referred to Tables A1 and
A4, in appendix part.

Fig. 3. LMDI decomposition results (additive) of energy-related CO2 emissions increment in Malaysia (Units: Mt).
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population growth rate in Malaysia reached a peak of 2.98%, and then
started to decrease until 2014 with AAGR of 1.48%. During the periods
1978–1990, 1990–2002, and 2002–2014 the average annual population
growth rate in Malaysia was 2.72%, 2.47% and 1.71%, respectively, as
shown in Fig. 5.

In the future, if Malaysia's population growth rate continues to de-
cline, the impact of population factors on energy-related CO2 emissions
will lessen. The importance and necessity of population policies to in-
fluence energy-related CO2 emissions is relatively small. However, the
Malaysian government should consider the influence of immigration on
population growth.

4.3.2. The influence of GDP per capita
The growth of GDP per capita in Malaysia was the major factor that

drove energy-related CO2 emission growth during the periods
1978–1990, 1990–2002, and 2002–2014, with contributions in each
period being 50.5% (13.25Mt), 56.5% (36.31Mt), and 48.4%
(63.72Mt), respectively.

During the entire period from 1978 to 2014, GDP per capita in
Malaysia showed the following trends: during 1978–1990, GDP grew
from 2,953 to 4,492 USD, and the AAGR was 3.56%; during
1990–2002, GDP grew from 4,492 to 7,056 USD, and the AAGR was
3.83%; and during 2002–2014, GDP grew from 7,056 to 10,512 USD,
and the AAGR was 3.38%. During the first and second periods, Malaysia

Fig. 4. LMDI decomposition results (multiplicative) of energy-related CO2 emissions increment in Malaysia.

Fig. 5. Population and its growth rate in Malaysia, 1978–2014 [62].
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experienced rapid industrialization, urbanization, and motorization.
During these two periods, the country faced a tremendous economic
boom, especially during the second period, in which secondary industry
was the primary focus. After 2002, the country stepped into the late
industrialization period and was focused mainly on the tertiary sector.
At this point, the growth of GDP per capita in Malaysia started to slow
down. During the third period, Malaysia shifted its attention to the
tertiary sector, which mainly focused on knowledge-intensive in-
dustries.

Although Malaysia has entered the late stage of industrialization, its
GDP per capita is still far lower than developed countries. For example,
in 2016, the GDP per capita of the United Kingdom was 3.8 times that
of Malaysia [64]. On the basis of the trends of developed countries, the
GDP per capita of Malaysia should continue to grow in the future, but
its growth rate will be lower than that seen in the mid-industrialization
stage. Therefore, the growth of the per capita GDP will remain the main
driving factor for the growth of energy-related CO2 emissions in Ma-
laysia.

4.3.3. The influence of energy intensity
Malaysia's energy intensity increased energy-related CO2 emission

growth at a rate of 23.9% (6.94Mt) and 19.2% (14.24Mt) during the
periods 1978–1990 and 1990–2002, respectively, and decreased
growth at a rate of 11.9% (−20.45Mt) during the period 2002–2014.

During the entire period of 1978–2014, the energy intensity in
Malaysia showed the following trends: from 1978 to 1990, it increased
from 0.1294 to 0.1611 toe/USD, with an AAGR of 1.84%; from 1990 to
2002, it increased from 0.1611 to 0.1924 toe/USD, with an AAGR of
1.49%; and from 2002 to 2014, it decreased from 0.1924 to 0.1693 toe/
USD, with an AAGR of −1.06%. During the first period, Malaysia had
higher energy intensity, as the country's industrial sector transformed
from light to heavy industry and the country's infrastructure gradually
matured. During this period, Malaysia primarily constructed infra-
structure such as roads and factories to develop the country's industrial
sector. During the second period, Malaysia still maintained a high rate
of economic development, and energy intensity was also increasing
gradually. However, the growth rate in energy intensity decreased
compared with the first period, mainly because of increasing end-use
energy efficiency and the introduction of energy-saving concepts.
During the third period, the country had moved to the late in-
dustrialization period. That meant that Malaysia's industrial sector had
tended to optimize and move to the tertiary sector, including aspects
like financial and tourist services, which had lower energy intensity.

Although Malaysia's energy intensity has been declining rapidly in

recent years, it is still far higher than that of developed countries. For
example, in 2016, Malaysia's energy intensity was 3.4 times that of the
United Kingdom [64,65]. Thus, compared to other driving factors,
Malaysia's energy intensity decline will likely be the best way to miti-
gate energy-related CO2 emissions in the near future. Therefore, the
Malaysian government should continue to promote industrial up-
grading, improving energy utilization efficiency in the end-use sector,
in order to further reduce energy intensity.

4.3.4. The influence of end-use energy structure
The changes in Malaysia's end-use energy structure increased en-

ergy-related CO2 emissions during the periods 1978–1990, 1990–2002,
and 2002–2014, which contributed by 2.8% (0.90Mt), 4.0% (3.18Mt),
and 4.3% (6.78Mt), respectively. The increased proportion of elec-
tricity, coal, and natural gas in Malaysia's energy consumption sig-
nificantly increased energy-related CO2 emissions, whereas the de-
creased proportion of oil products reduced the total energy-related CO2

emissions.
In the 1970s, Malaysia's economic development faced significant

repercussions from two oil crises, which prompted the Malaysian gov-
ernment to devote attention to energy security. Through various efforts,
the National Energy Policy was announced in 1979 [45].

In 1981, the Malaysian government further introduced the Four-
Fuels Diversification Policy [66], which was aimed at reducing over-
dependence on crude oil and oil products, and also strove hard to re-
place those sources with natural gas, coal, and hydraulics. As a result of
this policy, a portion of oil products' share in the end-use energy
structure (from 82.3% in 1978 to 49.4% in 2014) was replaced by
natural gas (from 3.2% in 1978 to 23.1% in 2014), which directly
contributed to lowering energy-related CO2 emissions. The end-use
consumption of coal grew slowly compared with natural gas. The
proportion of coal in the end-use energy structure increased from 0.5%
in 1978 to 3.2% in 2014, which contributed a small amount of energy-
related CO2 emissions. Malaysia's end-use energy consumption struc-
ture can be seen in Fig. 6.

Additionally, because of improvements in lifestyle and the trans-
formation of the economy, the proportion of electricity in the end-use
energy structure increased from 14.1% in 1978 to 23.7% in 2014.
Notably, The increasing proportion of electricity in the end-use energy
structure significantly increased energy-related CO2 emissions. The
major cause behind this is the fact that the production of electricity
consumes more fossil fuels per unit. For example, in 2014, producing 1
toe of electricity consumed 2.48 toe of primary energy and emitted
7.24 t of energy-related CO2 emissions.

Fig. 6. Malaysia's end-use energy structure.
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Because generation of electricity still relies heavily on coal and
natural gas, the proportion of non-fossil fuels is still small; the rapid
growth of the proportion of electricity in the end-use energy structure
will surely bring on more energy-related CO2 emissions. Electricity
generation efficiency and the electricity generation structure will be
discussed in more detail in Sections 4.3.5 and 4.3.6. Obviously, the
proportion of electricity in end-use energy consumption will continue
to increase in the future in residential, commercial, and industrial
sectors. Hence, the Malaysian government needs to limit unnecessary
electricity consumption and promote electricity conservation awareness
to the public. For example, according to the author's personal experi-
ence, although Malaysia is located in an equatorial region, the indoor
temperature of most commercial buildings and government offices is so
low that most staff and visitors need to wear jackets. According to the
energy allocation Sankey diagrams, space cooling accounted for most of
the energy consumption in both the commercial and residential sectors.
Hence, controlling indoor temperature within an appropriate range will
help to reduce electricity consumption and thus reduce energy-related
CO2 emissions.

4.3.5. The influence of electricity generation efficiency
Malaysia's electricity generation efficiency did not significantly in-

fluence the energy-related CO2 emissions during the period 1978–1990,
but it did decrease the energy-related CO2 emissions during 1990–2002
and 2002–2014, with rates of 3.7% (−3.02Mt) and 5.3% (−8.76Mt).

During 1978–1990, oil-fired power plants and conventional gas-
fired power plants with lower energy conversion efficiency contributed
most of the electricity supply of Malaysia. During 1990–2002 and
2002–2014, more natural gas combined cycle (NGCC) thermal power
plants and advanced coal-fired power plants with higher energy con-
version efficiency were built, which improved the average electricity
generation efficiency in Malaysia [67], as shown in Fig. 7.

Coal-fired power plants, NGCC power plants, gas turbine power
plants, and conventional gas-fired (oil-fired) power plants are the major
types of power plants in Malaysia (Fig. 8). In 2008, the electricity
generation efficiency of these types of power plants were 35%, 44%,
29%, and 35%, respectively [67]. Compared to conventional gas-fired
power plants and gas turbine power plants, NGCC power plants have
higher electricity generation efficiency. Therefore, if Malaysia wants to
reduce CO2 emissions from the electricity generation sector, NGCC
power plants should be preferred over the newly built gas-fired power
plants, while the existing conventional gas-fired power plants and gas
turbine power plants should be modified to function as NGCC power
plants instead. The existing coal-fired power plants could also be

upgraded and retrofitted to increase their electricity generation effi-
ciency.

4.3.6. The influence of fuel-mix in electricity generation
The change of fuel-mix in Malaysia's electricity generation de-

creased the energy-related CO2 emissions during both 1978–1990 and
1990–2002, with rates of 3.2% (−1.07Mt) and 1.1% (−0.87Mt), re-
spectively, while it increased energy-related CO2 emissions during
2002–2014, with a rate of 6.2% (9.72Mt).

Since the Malaysian government started promoting the Four-Fuels
Diversification Policy, gas-fired power plants have become the major
electricity suppliers in Malaysia, as the proportion of electricity from
gas-fired power plants increased from 0.9% in 1978 to 75.2% in 2000.
However, out of consideration for natural gas depletion and national
energy security, the government proposed reducing the proportion of
natural gas in power generation. Since 1988, coal-fired power plants
began contributing less to electricity supply. The proportion of coal-
fired power reached its peak in 2012, at 48.6%, and then decreased to
43.4% in 2014. Although hydraulic power generation grew con-
tinuously, the proportion of hydraulic first increased from 10.8% in
1978 to 29.4% in 1988, only to decrease to 9.1% by 2014.

The fuel-mix in Malaysia's electricity generation is shown in Fig. 9.
As a result of the fuel-mix adjustment in electricity generation, the CO2

emissions factor for electricity first decreased from 2.87 in 1978 to 2.11
in 1988, then increased to 3.09 by 2011, and then decreased to 2.92 by
2014, as illustrated in Fig. 10.

Although Malaysia has abundant natural gas and renewable energy
resources, the Malaysian government is promoting coal-fired power. As
a result, the proportion of coal in the fuel-mix of electricity generation
has increased significantly in recent years and has contributed to en-
ergy-related CO2 emission growth. In addition, we also found that the
proportion of non-fossil energy in the fuel-mix of electricity generation
is still very small, accounting for only 10% in 2014. Although the
Malaysian government has introduced many policies to promote re-
newable energy power generation, it has not achieved the desired re-
sults. At present, many researchers have offered different opinions on
the development of renewable energy in Malaysia and provided cor-
responding policy suggestions [68–73]. However, we still recommend
that the Malaysian government, even in the case of the slow develop-
ment of renewable energy power generation, should control the de-
velopment of coal-fired power and build more NGCC power plants with
high energy-conversion efficiency to meet Malaysia's electricity de-
mand. We also urge the Malaysian government to reconsider the de-
velopment of nuclear power.

Fig. 7. Electricity generation efficiency in Malaysia.
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4.4. The influence of resource availability

The fact that Malaysia is rich in resources has determined its end-
use energy consumption structure and electricity generation structure.
Malaysia has abundant crude oil and natural gas resources, their proven
reserves of which were 3.6 billion barrels and 2.7 trillion cubic meters
in 2017 [74].

It can be seen that, before 1980, countries in the region mostly re-
lied on oil products, regardless of the end-use energy structure or fuel-
mix in electricity generation. After the oil crisis, the government of
Malaysia began to pay attention to a diversified development of energy
and to actively increase the role of natural gas both in the end-use
energy structure and in the fuel-mix in electricity generation. Although
Malaysia has some coal reserves (about 2 billion tons [70]), they are
difficult to acquire because of their remote geographical position.
However, to achieve the target diversification of its energy consump-
tion structure and to ensure a cheap supply of electricity, Malaysia has
begun to build large-scale coal-fired power plants and to import coal
from Indonesia and Australia [75].

Malaysia has several non-hydro renewable energy resources [76].
Since they were first officially promoted in Malaysia in 2000, their
utilization has gradually increased through the efforts of the

government [45]. However, the proportions of these energies in the
energy supply structure are still low.

So far, there are no nuclear power plants in Malaysia.

5. Discussion of the results

Before discussing our findings, we would like to introduce the re-
search contents and results of studies on similar issues from other
scholars. As we mentioned in the literature review, most of these stu-
dies are based on econometric methods designed to test whether
Malaysia's energy-related CO2 emissions and economic development
(represented by GDP per capita) conform to the Kuznets curve hy-
pothesis or whether economic development will inhibit energy-related
CO2 emissions [20,77]. In other words, during the period from the early
industrialization to the middle and late industrialization, Malaysia's
energy-related CO2 emissions would be expected to show an upward
trend with economic development, while after the middle and late in-
dustrialization, Malaysia's energy-related CO2 emissions would be ex-
pected to show a downward trend with economic development.

In this study, our results show that economic development (GDP per
capita) is the most important factor in increasing the growth of energy-
related CO2 emissions, whether in 1978–1980, 1980–1992, or

Fig. 8. Electricity generation for various types of power plants in Malaysia, 2008 (Unit: GWh).

Fig. 9. Fuel-mix in electricity generation in Malaysia from 1978 to 2014.
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1992–2014. Moreover, considering the characteristics of the LMDI de-
composition method adopted in this study, as long as the economy
continues to develop, it will continue to contribute to the increase of
energy-related CO2 emissions. However, the overall results of this study
are still consistent with those of previous studies. The main reason is
that using the LMDI decomposition method, along with the impact of
economic indicators such as population and GDP per capita on energy-
related CO2 emissions, the impact of technical indicators reflecting the
characteristics of the energy system on energy-related CO2 emissions
can also be considered, and these technical indicators will likely inhibit
the growth of energy-related CO2 emissions. With the passage of time,
which can otherwise be understood as economic development, these
changes in technical indicators will begin to inhibit energy-related CO2

emissions such that the growth rate of energy-related CO2 emissions is
lower than the economic growth rate. When the energy-related CO2

emissions restrained by the changes of these technical indicators exceed
the rate of increase of energy-related CO2 emissions contributed by
economic growth, the energy-related CO2 emissions will reach their
peak and show a downward trend. That is to say, because these tech-
nical indicators are tightly intertwined with economic indicators, there
is a quantitative relationship between energy-related CO2 emissions and
economic development, which first increases and then decreases, as
explained by the Kuznets curve hypothesis.

In the LMDI decomposition method adopted in this study, the
technical indicators considered included energy intensity, end-use en-
ergy structure, electricity generation efficiency, and fuel-mix in elec-
tricity generation. It can be seen that, although energy intensity in-
creased in 1978–1980 and 1980–1992, contributing to the increase in
energy-related CO2 emissions, it showed a downward trend in
1992–2014, thus inhibiting energy-related CO2 emissions. The reasons
for the decline in energy intensity included not only the improvement
in end-use energy efficiency but also the transformation of the eco-
nomic structure from heavy chemical industries with high energy in-
tensity to advanced manufacturing and tertiary industries. In addition,
in 1978–2014, the continuous improvement of electricity generation
efficiency was also one of the main factors in restraining the growth of
energy-related CO2 emissions, while the increasing proportion of elec-
tricity in the end-use energy consumption continued to contribute to
the increase in energy-related CO2 emissions. The changes in Malaysia's
fuel-mix in electricity generation restrained energy-related CO2 emis-
sions from 1978 to 2002, but in 2002–2014 they suddenly contributed
more to the increase in energy-related CO2 emissions, mainly due to the
significant increase in the proportion of coal in the fuel-mix in elec-
tricity generation during this period. Therefore, observing these three

factors separately can further explain the impact of technical factors on
energy-related CO2 emission growth in more detail, especially when
combined with detailing changes in the energy system.

In summary, we can find that the change in energy-related CO2

emissions rates is mainly the result of the interaction between economic
factors and technical factors. When the mitigation of energy-related
CO2 emissions that were restrained by technical indicators exceeds the
amount of energy-related CO2 emissions contributed by economic in-
dicators, energy-related CO2 emissions will show a downward trend.
Therefore, the results of the LMDI decomposition method are consistent
with results based on econometrics methods. Compared with econo-
metric methods, the LMDI decomposition method considers more
technical factors—it can consider the driving factors more compre-
hensively from both economic and technical perspectives and provide
policy makers with more policy recommendations related to the energy
system. In addition, the results and discussions of the technical influ-
encing factors considered in the LMDI decomposition method can
provide support for the conclusions drawn from econometric methods
and further explain the mitigation mechanism of energy-related CO2

emissions.

6. Policy implications

Before we gave policy implications, we reviewed Malaysia's past
energy-related policies and acts. We can see that since the founding of
Malaysia, the country's energy-related policies and acts concerns have
undergone changes in the following manner: 1) diversification of fossil
energy and hydraulic consumption; 2) development of renewable en-
ergy; 3) improvement of energy efficiency and promotion of new
technologies; 4) more and more emphasis on actively facing the chal-
lenge of global climate change. These changes are shown in Table 4.

Comparing these policy changes with our results, we find that (1)
the energy diversification policy promoted by the Malaysian govern-
ment before 2000 was successful; (2) the National Green Technology
Policy played a role in improving energy efficiency after 2009; and (3)
the effect of the Fifth Fuel Policy in 2000 and the National Renewable
Energy Policy and Action Plan in 2010 had no significant effect.

It can also be seen that the political changes in Malaysia in May
2018 brought uncertainties to the country's energy development [78].
Because of the emerging new concept of governing, energy develop-
ment in Malaysia faces uncertainty. For example, the dominant market
position of Petronas, owned by the Malaysian government and vested
with its entire store of oil and gas resources, has become controversial
[79]. Furthermore, the serious ecological crisis due to large-scale

Fig. 10. CO2 emission factor, not considering energy conversion efficiency and considering only the fuel-mix in electricity generation, in Malaysia, 1978–2014.
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hydraulic development in Sarawak (which takes up more than 90% of
Malaysian hydraulic resources) has also fostered controversy, particu-
larly because blocking the rivers to build dams drowns a large area of
tropical rain forest and also destroys the culture of local minorities
[80,81]. At the same time, Malaysia's Ministry of Energy, Green Tech-
nology and Water announced that the government will reconsider
Malaysia's nuclear power development plan and set it aside [82]. Thus,
it can be seen that the current energy policy and carbon reduction road
map still contain great uncertainty. Therefore, the government should
combine its governing concept and the current economic and energy
development to promote low-carbon development in Malaysia.

On the basis of the results in section 4 and discussions in section 5,
through the comparison with the above review of existing policies and
policy debates, the policy implications of this study can be summarized
as follows:

• The Malaysian government must study and determine long-term
control targets for total energy-related CO2 emissions as soon as
possible, and most crucially, they must develop predictions of the
nation's peak of energy-related CO2 emissions and actively guide
society to reach that peak as soon as possible. By doing so, the
government can strengthen the climate change awareness of society
as a whole and promote the introduction and implementation of the
following energy policy suggestions. As described in the introduc-
tion and the above policy review, Malaysian society still lacks suf-
ficient willingness to rapidly transition the energy system and build
a low-carbon society. Currently, Malaysia's energy-related CO2

emissions continue to increase along with the growth of economy
and, therefore, will face more and more pressure to reduce CO2

emissions in the future.
• The Malaysian government must further strengthen the control of
energy intensity in the near-term through increasing end-use energy
efficiency and adjusting the economy structure. From the perspec-
tive of economic development, the government of Malaysia does not
have any reason to lower energy-related CO2 emissions by reducing
population or limiting their economic growth. However, the GDP
per capita will remain the main driving factor of energy-related CO2

emission growth in the future. Therefore, this increased contribution
may be offset through reducing energy intensity.
• The Malaysian government must focus on exploring and reflecting
on the reasons for the slow development of renewable energy and
should systematically plan a roadmap for renewable energy devel-
opment in light of economic development, national income, and the
formation mechanism of energy prices, so as to ensure that the

roadmap is acceptable to all stakeholders.
• The Malaysian government must restrict the development of coal-
fired power plants. Even if the development of renewable energy is
still slow, the Malaysian government should give priority to building
NGCC power plants, which have higher electricity generation effi-
ciency and lower CO2 emissions. This is mainly due to the fact that
the rapidly increasing proportion of coal in the fuel-mix of elec-
tricity generation has become one of the main factors driving the
growth of energy-related CO2 emissions in Malaysia since 2000.
• The Malaysian government must instil energy-saving awareness in
its citizens in order to reduce unnecessary electricity consumption.
In particular, people need to understand that indoor temperatures
should not be set too low as a means of reducing unnecessary space-
cooling-related electricity consumption, which accounted for 59%
and 13% of energy consumption in the commercial and residential
sectors, respectively.

7. Conclusions

In this study, an LMDI decomposition method based on energy al-
location analysis was used for the first time in Malaysia to provide a
more comprehensive understanding of the contributions of technical
factors to energy-related CO2 emission growth. Technical driving fac-
tors, including energy intensity, end-use energy structure, the primary
energy quantity converted factor, and the primary carbon dioxide
emission factor were deduced for Malaysia for the first time.
Furthermore, we mapped the results of an energy allocation analysis of
Malaysian energy use in 2014 in the form of a Sankey diagram. Then,
we applied the LMDI decomposition method to reveal the effects of the
various driving factors of energy-related CO2 emission growth in
Malaysia during 1978–1990, 1990–2002, and 2002–2014.

The LMDI decomposition results indicate that GDP growth per ca-
pita, population, and proportion of electricity in end-use are the major
driving factors of the growth of energy-related CO2 emissions in
Malaysia during the periods 1978–1990, 1990–2002, and 2002–2014.
In addition, the increasing electricity supply efficiency restrained the
energy-related CO2 emissions in Malaysia during all three periods. The
energy intensity first increased energy-related CO2 emissions during the
periods 1978–1990 and 1990–2002 and then reduced energy-related
CO2 emissions during 2002–2014. The change in fuel-mix in electricity
generation did not influence energy-related CO2 emissions significantly
during the periods 1978–1990 and 1990–2002, but it increased energy-
related CO2 emissions during the period 2002–2014 because of the
introduction of coal-fired power plants in Malaysia. Following these

Table 4
A summary of energy-related acts and policies in Malaysia [5,7,8].

Acts/Policies Year Description

Petroleum Development Act 1974 Establish state-owned oil and gas company, Petronas.
National Petroleum Policy 1975 Regulate the oil and gas industries to achieve the country's economic needs.
National Energy Policy 1979 Ensure the stability of energy supplies, which is the guideline for energy policy in the future, based on three principal

objectives: supply objectives, utilization objectives, and environment objectives.
National Depletion Policy 1980 Safeguard the country's finite and non-renewable petroleum resources from over-exploitation.
Four-Fuels Diversification Policy 1981 Reduce over-dependence on oil as the main energy source, and replace oil with natural gas, coal, and hydro.
Fifth Fuel Policy 2000 Introduce renewable energy as fifth fuel.
National Biofuel Policy 2006 Encourage the use of environmentally friendly, sustainable, and viable sources of biomass energy.
National Green Technology Policy 2009 Provide direction and motivation for Malaysians to continuously enjoy a good quality of life and a healthy

environment, including improving energy efficiency.
National Renewable Energy Policy and Action

Plan
2010 Promote renewable energy, including a comprehensive roadmap of Malaysian renewable energy development.

National Policy on Climate Change 2009 Ensure climate-resilient development to fulfil national aspirations for sustainability.
INDC 2015 Malaysia intends to reduce its greenhouse gas (GHG) emissions intensity of GDP by 45% by 2030 relative to the

emissions intensity of GDP in 2005.
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main findings, we provided several policy implications for the
Malaysian government to enhance the control of CO2 emissions from
the perspective of the energy system, as discussed in Section 6.

In summary, our findings indicate that the change in energy-related
CO2 emissions is mainly the result of the interaction between economic
factors and technical factors. When the mitigation of energy-related
CO2 emissions restrained by technical indicators exceeds the rate of
increase of energy-related CO2 emissions contributed by economic in-
dicators, energy-related CO2 emissions will show a downward trend.
Therefore, the results of the LMDI decomposition method are consistent
with those based on econometrics methods. Compared to econometric
methods, the LMDI decomposition method considers more technical
factors, so that the driving factors can be explored more comprehen-
sively from both economic and technical perspectives, providing policy
makers with more policy recommendations related to the energy
system. In addition, the results and discussions of the technical influ-
encing factors considered in the LMDI decomposition method can
provide support for the conclusions drawn from econometric methods
and explain the mitigation mechanism of energy-related CO2 emissions.

In future research, we suggest using this method to study the driving
factors of energy-related CO2 emission growth in other Southeast Asian
countries and in other regions as well.
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Appendix. detailed data input

Table A1
End-use energy consumption data of Malaysia which was expressed in SQ (heat value) form (Unit: Mtoe).

Year Diesel Fuel Oil Gasoline LPG Kerosene ATF Refinery Gas Natural gas Coal and coke Electricity generated Biodiesel Total

1978 1.88 0.71 1.01 0.1 0.34 0.22 0.03 0.03 0.02 0.71 0 5.04
1979 2.11 0.81 1.18 0.11 0.36 0.21 0.03 0.03 0.03 0.79 0 5.66
1980 2.37 0.85 1.32 0.12 0.35 0.26 0.02 0.04 0.05 0.86 0 6.23
1981 2.81 0.73 1.42 0.12 0.37 0.29 0.03 0.04 0.1 0.93 0 6.84
1982 3.09 0.42 1.53 0.14 0.36 0.35 0.02 0.05 0.09 1.01 0 7.07
1983 3.05 0.6 1.76 0.17 0.35 0.34 0.03 0.05 0.25 1.1 0 7.69
1984 2.9 0.53 1.93 0.19 0.36 0.37 0.04 0.13 0.27 1.18 0 7.89
1985 2.77 0.55 2.09 0.23 0.31 0.29 0.03 0.52 0.36 1.29 0 8.43
1986 2.8 0.49 2.18 0.27 0.3 0.43 0.03 1.06 0.27 1.39 0 9.21
1987 3.03 0.53 2.3 0.33 0.27 0.44 0.03 1.13 0.33 1.5 0 9.87
1988 3.28 0.6 2.45 0.38 0.26 0.46 0.03 1.06 0.19 1.66 0 10.36
1989 3.82 0.79 2.59 0.42 0.21 0.5 0.01 1.07 0.6 1.85 0 11.84
1990 4.42 0.88 2.9 0.55 0.2 0.63 0.01 1.09 0.51 1.98 0 13.18
1991 4.87 0.95 3.14 0.61 0.18 0.69 0.01 1.13 0.6 2.28 0 14.45
1992 5.29 1.09 3.33 0.73 0.16 0.76 0 1.37 0.67 2.52 0 15.92
1993 5.34 1.29 3.67 1.12 0.15 0.88 0.01 1.72 0.49 2.99 0 17.64
1994 5.64 1.39 4.14 0.93 0.15 0.98 0.01 1.86 0.6 3.36 0 19.06
1995 5.81 1.51 4.55 2.22 0.18 1.16 0.01 1.94 0.71 3.91 0 21.98
1996 6.74 1.77 5.21 1.22 0.2 1.34 0 2.47 0.73 4.42 0 24.08
1997 7.31 1.98 5.59 1.25 0.17 1.44 0 2.47 0.74 4.98 0 25.92
1998 6.25 1.68 5.85 1.3 0.17 1.62 0 2.73 0.77 5.22 0 25.59
1999 6.51 1.79 6.79 1.52 0.16 1.42 0 3.02 0.61 5.61 0 27.44
2000 7.63 1.88 6.39 1.36 0.13 1.57 0 3.86 0.99 5.96 0 29.77
2001 8.12 1.5 6.83 1.39 0.1 1.76 0 4.62 0.98 6.11 0 31.41
2002 8.04 1.59 6.95 1.54 0.09 1.79 0.01 5.64 1.09 6.38 0 33.12
2003 8.54 1.26 7.36 1.44 0.09 1.85 0.01 5.89 1.21 6.75 0 34.39
2004 9.26 1.46 7.84 1.54 0.09 2.06 0.01 6.49 1.31 7.08 0 37.13
2005 8.67 1.95 8.21 1.51 0.08 2.01 0.01 6.98 1.35 7.11 0 37.89
2006 8.54 1.9 7.52 1.52 0.08 2.15 0.01 7.56 1.34 7.74 0 38.36
2007 9.51 2.2 8.6 1.48 0.08 2.16 0.01 7.71 1.36 8.39 0 41.48
2008 9.17 1.96 8.84 1.48 0.08 2.11 0 7.82 1.71 8.42 0 41.59
2009 8.63 1.29 8.77 2.51 0.03 2.12 0 6.8 1.61 9.09 0 40.85
2010 8.39 0.48 9.56 2.92 0.02 2.38 0 6.25 1.83 9.79 0 41.62
2011 8.71 0.41 8.16 2.89 0.02 2.55 0 8.52 1.76 10.75 0.02 43.79
2012 8.76 0.77 8.92 2.89 0.04 2.52 0 10.21 1.74 11.56 0.12 47.52
2013 9.57 0.33 12.66 2.95 0.03 3 0 10.08 1.54 12.05 0.19 52.39
2014 10.16 0.25 12.71 2.63 0.02 3.16 0 9.64 1.71 12.63 0.3 53.2

Note: These end-use energy consumption data was acquired from the end-use energy consumption database of MEIH. However, we replaced the data of electricity
with the data from the electricity generation database of MEIH, as the data from end-use energy consumption database did not include the electricity transmission
loss.
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Table A2
Fuel consumption in thermal power plants, electricity generation in thermal power plants, and KPEQ of electricity.

Year Fuel consumption in thermal power plants Electricity generation in thermal power plants KPEQ

Diesel Fuel Oil Natural Gas Coal and Coke Biomass Biogas Total

Unit Mtoe Mtoe Mtoe Mtoe Mtoe Mtoe Mtoe Mtoe –

1978 0.15 1.84 0.02 0.00 0.00 0.00 2.01 0.63 3.17
1979 0.25 1.93 0.02 0.00 0.00 0.00 2.20 0.70 3.17
1980 0.29 2.06 0.03 0.00 0.00 0.00 2.38 0.74 3.20
1981 0.27 2.10 0.04 0.00 0.00 0.00 2.41 0.80 3.03
1982 0.33 2.36 0.04 0.00 0.00 0.00 2.73 0.89 3.08
1983 0.46 2.37 0.06 0.00 0.00 0.00 2.89 0.95 3.05
1984 0.32 2.35 0.08 0.00 0.00 0.00 2.75 0.89 3.10
1985 0.35 2.17 0.54 0.00 0.00 0.00 3.06 0.96 3.17
1986 0.24 2.21 0.70 0.00 0.00 0.00 3.16 1.04 3.05
1987 0.18 2.09 0.82 0.00 0.00 0.00 3.09 1.08 2.87
1988 0.23 2.05 0.99 0.07 0.00 0.00 3.35 1.18 2.84
1989 0.32 1.89 1.00 0.60 0.00 0.00 3.81 1.40 2.73
1990 0.12 2.87 1.36 0.81 0.00 0.00 5.16 1.64 3.16
1991 0.16 2.69 2.53 0.96 0.00 0.00 6.35 1.90 3.33
1992 0.16 2.35 3.14 0.97 0.00 0.00 6.62 2.15 3.09
1993 0.09 2.39 4.37 0.88 0.00 0.00 7.73 2.57 3.01
1994 0.25 1.96 5.12 0.93 0.00 0.00 8.25 2.80 2.95
1995 0.27 2.07 6.41 0.96 0.00 0.00 9.71 3.37 2.88
1996 0.28 2.35 7.49 0.95 0.00 0.00 11.08 3.98 2.79
1997 0.19 2.48 7.53 0.88 0.00 0.00 11.08 4.64 2.39
1998 0.28 2.13 8.89 0.96 0.00 0.00 12.26 4.80 2.55
1999 0.17 0.95 10.16 1.33 0.00 0.00 12.62 4.96 2.54
2000 0.19 0.59 11.58 1.50 0.00 0.00 13.86 5.36 2.59
2001 0.28 0.73 11.92 1.99 0.00 0.00 14.92 5.51 2.71
2002 0.48 1.36 12.42 2.56 0.00 0.00 16.82 5.93 2.84
2003 0.34 0.29 10.89 4.10 0.00 0.00 15.63 6.31 2.48
2004 0.27 0.27 10.55 5.33 0.00 0.00 16.42 6.57 2.50
2005 0.30 0.28 12.27 5.54 0.00 0.00 18.39 6.66 2.76
2006 0.62 0.17 12.52 5.96 0.00 0.00 19.28 7.19 2.68
2007 0.31 0.20 12.55 7.49 0.00 0.00 20.55 7.83 2.63
2008 0.30 0.18 13.65 8.07 0.00 0.00 22.20 7.78 2.85
2009 0.38 0.21 13.39 9.01 0.00 0.00 22.99 8.52 2.70
2010 0.42 0.13 12.63 12.95 0.00 0.00 26.12 9.25 2.82
2011 0.98 1.10 10.98 13.01 0.00 0.00 26.07 10.09 2.58
2012 0.81 0.55 11.53 14.14 0.07 0.00 27.10 10.78 2.51
2013 0.62 0.39 13.52 13.53 0.16 0.01 28.23 11.05 2.55
2014 0.62 0.27 13.86 13.65 0.10 0.01 28.51 11.48 2.48

Note: KPEQ of electricity is defined as the total number of units of primary energy that are consumed to produce one unit of electricity. In this case, KPEQ=Total fuel
consumption in thermal power plants/Electricity generation in thermal power plants.

Table A3
CO2 emissions in thermal power plants and KC of electricity.

Year CO2 emissions in thermal power plants KC

Diesel Fuel Oil Natural Gas Coal and Coke Biomass Biogas Total

Unit Mt Mt Mt Mt Mt Mt Mt t/toe

1978 0.45 5.96 0.05 0.00 0.00 0.00 6.46 2.87
1979 0.77 6.25 0.06 0.00 0.00 0.00 7.07 2.83
1980 0.89 6.67 0.08 0.00 0.00 0.00 7.63 2.76
1981 0.85 6.79 0.08 0.00 0.00 0.00 7.72 2.75
1982 1.03 7.63 0.08 0.00 0.00 0.00 8.75 2.80
1983 1.43 7.67 0.14 0.00 0.00 0.00 9.24 2.76
1984 0.99 7.61 0.19 0.00 0.00 0.00 8.80 2.40
1985 1.07 7.04 1.27 0.00 0.00 0.00 9.37 2.30
1986 0.74 7.16 1.65 0.00 0.00 0.00 9.55 2.26
1987 0.57 6.75 1.92 0.00 0.00 0.00 9.24 2.15
1988 0.72 6.64 2.32 0.29 0.00 0.00 9.98 2.11
1989 0.99 6.11 2.36 2.48 0.00 0.00 11.93 2.37
1990 0.36 9.30 3.19 3.34 0.00 0.00 16.20 2.59
1991 0.51 8.70 5.95 3.96 0.00 0.00 19.11 2.51
1992 0.50 7.61 7.38 3.98 0.00 0.00 19.47 2.50
1993 0.27 7.73 10.27 3.63 0.00 0.00 21.90 2.43
1994 0.77 6.33 12.02 3.80 0.00 0.00 22.93 2.32
1995 0.82 6.71 15.06 3.93 0.00 0.00 26.52 2.36

(continued on next page)
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Table A3 (continued)

Year CO2 emissions in thermal power plants KC

Diesel Fuel Oil Natural Gas Coal and Coke Biomass Biogas Total

Unit Mt Mt Mt Mt Mt Mt Mt t/toe

1996 0.88 7.62 17.58 3.91 0.00 0.00 29.98 2.43
1997 0.57 8.03 17.68 3.63 0.00 0.00 29.91 2.52
1998 0.85 6.89 20.86 3.96 0.00 0.00 32.57 2.45
1999 0.53 3.08 23.85 5.48 0.00 0.00 32.94 2.31
2000 0.59 1.92 27.18 6.15 0.00 0.00 35.84 2.33
2001 0.86 2.36 27.98 8.20 0.00 0.00 39.41 2.38
2002 1.48 4.41 29.16 10.51 0.00 0.00 45.56 2.52
2003 1.05 0.94 25.57 16.87 0.00 0.00 44.43 2.66
2004 0.84 0.89 24.75 21.90 0.00 0.00 48.38 2.74
2005 0.92 0.89 28.80 22.78 0.00 0.00 53.40 2.72
2006 1.91 0.55 29.40 24.52 0.00 0.00 56.38 2.72
2007 0.97 0.64 29.46 30.78 0.00 0.00 61.85 2.81
2008 0.93 0.59 32.04 33.18 0.00 0.00 66.73 2.78
2009 1.19 0.66 31.43 37.04 0.00 0.00 70.33 2.87
2010 1.29 0.40 29.64 53.25 0.00 0.00 84.58 3.06
2011 3.04 3.57 25.77 53.50 0.00 0.00 85.88 3.09
2012 2.51 1.78 27.07 58.13 0.00 0.00 89.49 3.08
2013 1.93 1.27 31.73 55.62 0.00 0.00 90.55 2.94
2014 1.93 0.87 32.53 56.11 0.00 0.00 91.44 2.92

Note: KC is a key parameter for establishing the connection between electricity consumption expressed in primary energy quantity form and CO2 emissions, it is
defined as the total number of units of CO2 emissions when one unit of electricity expressed in primary energy quantity form is consumed.
KC of electricity= Total CO2 emissions in thermal power plants/total electricity generation expressed in PEQ form.

Table A4
Energy-related CO2 emissions in Malaysia, according to the end-use energy type (Unit: Mtoe).

Year Diesel Fuel Oil Gasoline LPG Kerosene ATF Refinery Gas Natural gas Coal and coke Electricity generated Biodiesel

1978 5.82 2.30 2.93 0.27 1.01 0.64 0.07 0.07 0.09 6.46 19.65
1979 6.54 2.61 3.42 0.30 1.07 0.62 0.06 0.08 0.14 7.07 21.91
1980 7.34 2.74 3.82 0.32 1.05 0.76 0.06 0.08 0.22 7.63 24.02
1981 8.71 2.38 4.13 0.33 1.10 0.85 0.06 0.09 0.41 7.72 25.77
1982 9.59 1.37 4.43 0.36 1.09 1.04 0.06 0.11 0.38 8.75 27.16
1983 9.45 1.96 5.09 0.46 1.05 1.01 0.06 0.11 1.02 9.24 29.46
1984 8.99 1.71 5.58 0.50 1.07 1.11 0.09 0.31 1.11 8.80 29.26
1985 8.59 1.79 6.05 0.60 0.93 0.86 0.07 1.21 1.49 9.37 30.97
1986 8.69 1.58 6.32 0.72 0.90 1.28 0.07 2.48 1.10 9.55 32.68
1987 9.38 1.71 6.66 0.87 0.80 1.30 0.07 2.66 1.34 9.24 34.03
1988 10.15 1.94 7.11 1.00 0.76 1.37 0.08 2.48 0.78 9.98 35.64
1989 11.83 2.54 7.50 1.10 0.63 1.49 0.03 2.51 2.45 11.93 42.00
1990 13.70 2.86 8.41 1.45 0.61 1.88 0.02 2.57 2.11 16.20 49.80
1991 15.10 3.06 9.09 1.61 0.54 2.06 0.03 2.64 2.46 19.11 55.71
1992 16.40 3.52 9.64 1.93 0.48 2.29 0.00 3.21 2.76 19.47 59.70
1993 16.55 4.19 10.63 2.95 0.44 2.62 0.02 4.03 2.00 21.90 65.33
1994 17.49 4.51 12.00 2.44 0.45 2.93 0.02 4.37 2.46 22.93 69.60
1995 18.00 4.87 13.19 5.84 0.53 3.47 0.02 4.54 2.93 26.52 79.92
1996 20.87 5.73 15.09 3.21 0.59 3.99 0.01 5.81 2.99 29.98 88.27
1997 22.67 6.40 16.20 3.29 0.51 4.30 0.01 5.79 3.04 29.91 92.11
1998 19.37 5.43 16.97 3.43 0.49 4.84 0.01 6.40 3.15 32.57 92.68
1999 20.16 5.80 19.70 4.02 0.48 4.26 0.01 7.10 2.50 32.94 96.96
2000 23.64 6.07 18.52 3.59 0.39 4.71 0.01 9.07 4.07 35.84 105.90
2001 25.15 4.85 19.79 3.67 0.30 5.27 0.01 10.85 4.02 39.41 113.31
2002 24.92 5.15 20.15 4.07 0.28 5.34 0.01 13.25 4.47 45.56 123.18
2003 26.46 4.07 21.34 3.79 0.28 5.54 0.02 13.82 4.98 44.43 124.72
2004 28.70 4.74 22.73 4.07 0.26 6.15 0.03 15.23 5.37 48.38 135.65
2005 26.87 6.33 23.81 3.98 0.25 6.01 0.02 16.39 5.54 53.40 142.60
2006 26.47 6.15 21.80 4.01 0.24 6.44 0.03 17.75 5.49 56.38 144.75
2007 29.48 7.13 24.94 3.89 0.23 6.45 0.02 18.09 5.60 61.85 157.67
2008 28.41 6.35 25.64 3.89 0.22 6.32 0.00 18.35 7.04 66.73 162.96
2009 26.76 4.18 25.42 6.61 0.09 6.34 0.00 15.96 6.63 70.33 162.32
2010 25.99 1.55 27.72 7.71 0.06 7.12 0.00 14.68 7.51 84.58 176.91
2011 27.00 1.34 23.65 7.63 0.06 7.64 0.00 19.99 7.23 85.88 180.41
2012 27.14 2.49 25.86 7.63 0.11 7.54 0.00 23.96 7.17 89.49 191.39
2013 29.65 1.06 36.70 7.77 0.09 8.97 0.00 23.65 6.33 90.55 204.78
2014 31.49 0.80 36.84 6.95 0.07 9.45 0.00 22.63 7.03 91.44 206.68
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