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Abstract: In tenth Malaysian Plan, Malaysian government had voluntarily targeted to reduce its emission intensity to 40% compared 
to the 2005 level by the year 2020 and recently re-pledge to reduce more and declared for 45% emission reduction by 2030. Looking 
at the country’s high dependency to the fossil fuel generation it is a high concern on the increasing CO2 emission in Malaysia. This 
paper intends to analyze the current status of CO2 emissions from electricity generation in Malaysia during the period 1992-2014 by 
applying the LMDI (logarithmic mean Divisia index) technique to find the nature of the factors influencing the changes in CO2 
emissions. The decomposition analysis observed three biggest factors contributed to the reduction of CO2 emission throughout the 
period which is thermal generation effect, electricity generation efficiency effect and electricity structure effect. 
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1. Introduction 

In accordance with the generation plan forecasted 

by the Energy Emission, the natural gas and coal 

consumption in electricity generation is expected to 

continue growing substantially in the next decades 

thanks to its attractive costs [1, 2]. Since it is 

impossible to ultimately stay away from fossil fuel 

combustion in power generation there is a need to 

look closely at Malaysia’s CO2 emission and to find 

the key factor which and observe how it affects the 

increase or may help to decrease the CO2 emission in 

electricity generation. Once the key factor is  

identified it is easier to address the factors and find 

room of improvement in the current policies in order 

to help mitigate the CO2 emission and achieve 

government target of 45% reduction to the level of 

2005 by 2030 [3]. This paper intends to analyze the 

current status of CO2 emissions from electricity 

generation in Malaysia during the period 1992-2014 

by applying the LMDI (logarithmic mean Divisia 

index) technique to find the nature of the factors 

influencing the changes in CO2 emissions. 

                                                           
Corresponding author: Keiichi Okajima, professor, 

research fields: energy system and life cycle assessment. 

The emission from electricity generation in 

Malaysia will be decomposed into several factors 

which are the emission coefficient factor, thermal 

share factor, generation efficiency factor, electricity 

structure factor, electricity intensity factor and 

economic activity factor and the contributing factor is 

then observed how it affects the emission trend in the 

electricity generation of the period of less than 20 

years. The analysis will help into policy making in 

future of Malaysian electricity generation sector. 

2. Methodology 

The most common decomposition analysis method 

used to study the changes of an indicator over a period 

of time in energy consumption analysis is the SDA 

(structural decomposition analysis) and the IDA 

(index decomposition analysis). In order to have a 

deeper understanding of the drivers of energy related 

emissions IDA is most used. The benefit of this IDA 

method is that researchers are able to investigate the 

structural change over the aggregated period of time 

and its impact to the emission and any change in the 

energy intensity as well as the energy consumption in 

the specific industry [4, 5]. Index decomposition 

analysis has been widely used as a tool by researchers 
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and policy makers, as well as international 

organizations to address energy and environmental 

matters in many developed and OECD countries. 

Hoekstra and van den Bergh [7] have concluded that 

for more detailed time and country studies IDA is 

more suitable while SDA is better for a refined 

decompositions of economic and technological effects, 

decompositions of economic and technological effects. 

In the context of decomposition analysis, it is 

recommended that the multiplicative and additive 

LMDI methods being preferred due to their theoretical 

foundation, adaptability, ease of use and result 

interpretation, and some other desirable properties [5]. 

Therefore in order to study Malaysia’s emission trend 

over the period of 1980 until 2015 the logarithmic 

mea Divisia index technique is applied to find the key 

factors affecting the emission from electricity 

generation sectors. 

First, in order to obtain the CO2 emissions from 

Malaysia electricity generation, the key factors that 

contributing to the emission trends are determined as 

variables which are: 

(1) The emissions coefficient effect which denotes 

the changes to the emission affected by the coefficient 

by the fuel used in the electricity generation; 

(2) The thermal power structure effect which 

denotes changes in the emission based on the share of 

the fuel used in thermal combustion in Malaysian 

electricity generation; 

(3) The electricity generation rate effect which 

denotes the changes in the emission from the 

improvement of efficiency of fuel used in the 

electricity generation; 

(4) The structure effect which denotes the change 

structure of electricity generation from the total 

thermal power generation; 

(5) The electricity intensity effect which denotes the 

changes in the emission affected by the changes in 

electricity generation ratio over the total GDP; 

(6) The economic activity effect which denotes that 

an increase activity (GDP) contributes to increase in 

the emission from electricity generation. 

The CO2 emission from electricity generation in 

Malaysia in obtained by 

C

 
(1)

where, 

(a) CO2 emissions based on fuel type f denoted by 

Cf; 

(b) Total thermal power generation denoted by 

ETH; 

(c) Total thermal power generation by fuel type f 

denoted by ETHf; 

(d) Energy consumption by fuel type denoted by Ef; 

(e) Total electricity generation denoted by EG; 

(f) Gross domestic production denoted by GDP. 

Also note that: 

(i) CCf denotes the emission coefficient based on 

fuel type f; 

(ii) ETHS denotes the thermal power generation 

share in total electricity generation; 

(iii) EGf denotes the electricity generation 

efficiency based on fuel type f; 

(iv) ESf denotes the electricity generation share in 

total thermal generation based on fuel type f; 

(v) EI denotes the electricity intensity, the total 

electricity generation over GDP. 

It is assumed that the carbon emission factors of 

coal, gasoline, kerosene, diesel oil, fuel oil and natural 

gas are constant and the very small change of fuel 

grade is over the years. 

Following the LMDI method by Ang et al. [5, 6], 

the changes in CO2 emission from electricity 

generation are then decomposed into: 

 The changes in the coefficient effect ∆Ccoef; 

 The changes in the thermal structure effect 

∆Ctherm; 
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 The changes in the generation efficiency effect, 

∆Cgef; 

 The changes in the electricity structure effect, 

∆Cstruct; 

 The changes in the electricity intensity effect 

∆Cint and the economic activity effect ∆Cgdp. 

Solving the total emissions, the logarithmic mean 

weight function is expressed as: L(x, y) = (y − x)/(lny 

− lnx), where both x and y are positive numbers and x 

≠ y. Thus under the logarithmic mean weight scheme, 

the structural formula for the change of CO2 emissions 

from electricity generation in Malaysia in the 

aggregate year 0 to year t 

∆total = ∆Ccoef + ∆Ctherm + ∆Cgef + 

∆Cstruct + ∆Cint + ∆Cgdp          (2) 

where by 

∆C  
ln ln 

ln  

∆C  
ln ln 

ln 

∆C  
ln ln 

ln  

 ∆C
ln ln 

ln  

∆C
ln ln 

ln  

∆C  
ln ln

ln  

(3)

3. Data Description 

The data for this analysis have been collected from 

the statistic department of MEIH (Malaysia Energy 

Information Hub) for the research period       

which starts in 1992 and ends in 2014. MEIH is a 

portal undertaken and managed by the EC (energy 

commission) of Malaysia. The full data for analysis 

are shown in Table 1, which note the GDP data and 

energy data are in Million Malaysian Ringgit in 

constant 2010 price and kilotonnes of coal  

equivalent (ktoe) in calorific value calculation, 

respectively. 

4. Results 

4.1 CO2 Emission Analysis 

Fig. 1 shows CO2 emission increasing from 20 M 

tonnes to 90 M tonnes from 1992 to 2014 with 

average 8 percent growth until 2009 and a rapid 20% 

increase from 2009 to 2010 returned back to a slow 2 

percent increase in CO2 emission. 

In the early years of the study period major share of 

CO2 emission contributed by crude oil and natural gas 

generation amounting 77.13% of total emission 

however towards the end of projected period 

increasing share of coal in Malaysian electricity 

generation contributes to highest percentage of CO2 

emission with 60.49% share in total CO2 emission 

from thermal power generation. 

4.2 Decomposition Analysis 

The decomposition analysis by LMDI method is 

shown in Fig. 2. The reduction of CO2 emissions is 

almost due to apparent improvements in electricity 

generation efficiency and thermal power structure 

effect. However, the economic activity effect is the 

most important contributor to increase CO2 emissions 

from electricity generation in Malaysia. 

4.2.1 Emission Coefficient Factor 

This analysis shows that the emissions coefficient 

effect (ΔCcoef) increased the CO2 emissions in most 

years except 1998-1999 and 2002-2003. The 

accumulated (period-wise) effect leads to an increase 

of nearly 7 Mt of CO2 emissions (Fig. 3). However, 

the carbon emission factors of coal, gasoline, kerosene, 

diesel oil, fuel oil and natural gas etc. are assumed 

constant in this paper and the classification of fuel 

used to electricity generation. 
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Table 1  Data for decomposition analysis. 

Year 
Energy input in power stations (ktoe) Thermal power 

generation (ktoe) 

Electricity 
generation 
(ktoe) 

GDP at 2010 
prices (RM 
Million) Diesel Fuel oil Natural gas Coal and coke

1992 160 2,352 3,144 968 2,146 2,521 314,285 

1993 87 2,388 4,374 884 2,568 2,987 345,384 

1994 249 1,957 5,119 925 2,801 3,362 377,201 

1995 265 2,073 6,414 957 3,374 3,909 414,276 

1996 284 2,354 7,489 950 3,975 4,421 455,714 

1997 185 2,482 7,531 882 4,644 4,977 489,085 

1998 275 2,130 8,886 964 4,596 5,220 453,092 

1999 172 950 10,162 1,332 4,762 5,609 480,901 

2000 191 592 11,580 1,495 5,132 5,955 523,504 

2001 278 730 11,922 1,994 5,333 6,112 526,213 

2002 476 1,363 12,424 2,556 5,771 6,384 554,581 

2003 340 289 10,893 4,104 6,134 6,748 586,683 

2004 272 274 10,545 5,327 6,215 7,075 626,481 

2005 298 275 12,271 5,541 6,259 7,108 659,885 

2006 617 171 12,524 5,964 6,687 7,740 696,739 

2007 314 199 12,549 7,486 7,366 8,385 740,625 

2008 299 181 13,651 8,069 7,321 8,423 776,410 

2009 384 205 13,390 9,010 7,957 9,091 764,659 

2010 415 125 12,628 12,951 8,864 9,791 821,434 

2011 981 1,103 10,977 13,013 9,648 10,746 864,920 

2012 811 550 11,533 14,138 10,253 11,562 912,261 

2013 623 392 13,520 13,527 10,627 12,054 955,260 

2014 622 269 13,860 13,648 11,075 12,629 1,012,506 
 

 
Fig. 1  CO2 emission from electricity generation in Malaysia. 
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Fig. 2  Complete decomposition of CO2 emissions change in Malaysia (ktonne). 
 

 
Fig. 3  Change in the emissions coefficient effect (ΔCcoef). 
 

4.2.2 Electricity Thermal Structure Factor 

The next change factor that plays noticeable role in 

the CO2 emission is the change in the structure of 

thermal power generation (ΔCtherm) as illustrated in 

Fig. 4. The major reduction of oil as fuel in thermal 

generation along with the shift is natural gas and coal 

has a big influence in the CO2 reduction in the early 

part of the study period from 1992-2000. However the 

increase of coal in the thermal share from 1997 to 

2010 such as the addition of 2  700 MW coal-fired 

power generation project at Negeri Sembilan come on 

stream, has a negative impact to the emission which 
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Fig. 4  Change in the thermal share generation effect (ΔCtherm). 
 

resulted an increase of 8.5 MtCO2 over the period of 

13 years. The reduction in natural gas share in the 

thermal generation share in Malaysia in 2008 up to 

2011 has influence the decrease of CO2 emission 

totaling up 10.7 Mt. Same trend is observed in 2011 

up to 2014 with the decrease of oil and diesel share in 

thermal generation has given a good impact to CO2 

emission with a reduction of 15.8 Mt. 

Throughout the study period it is observed that 

Malaysia has shifted from highly depending on major 

fossil fuel such as oil and diesel towards natural gas 

and coal towards the end of study period. This has a high 

impact on the CO2 emission in the electricity generation 

in Malaysia. In 2010 due to the drop in crude oil price 

the generation has increased briefly but later reduced 

and the generation from natural gas and coal has 

dominated the share in total thermal generation. 

4.2.3 Electricity Generation Efficiency Factor 

During the study period, the electricity generation 

efficiency effect (ΔCgef) plays the dominant role in 

decreasing CO2 emissions in 1995-1996, 1997-1998, 

2002-2004, there is an increase in generation 

efficiency of both natural gas, diesel and crude oil in 

the period between 1995 and 1997 which contributed 

to a decrease of 4.96 MtCO2 (Fig. 5). Same trend was 

observed in during 1997-1998 where natural gas 

efficiency has increased tremendously which influenced 

the mitigation of CO2 for a total of 12.3 Mt as shown 

in Fig. 4. The electricity generation efficiency 

improvement has been due to a combination of factors 

including the closure of old inefficient plants, 

improvements in existing technologies, installation of 

new, more efficient technologies, often combined with 

a switch to fuels with a better generating efficiency, 

such as from coal power plants to high-efficiency 

CCGT (combined cycle gas-turbines). However, the 

growth in the use of combined cycle gas turbine plants 

has been an important factor in the improving 

efficiency. Environmental regulation has also been 

important in encouraging improvements and fuel 

switching towards more efficient fuels [8]. However 

towards the end of study period the decreasing 

efficiency of diesel and oil generation most likely due 

to  old  and  inefficient  diesel  and MFO plant 
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Fig. 5  Change in the electricity generation efficiency effect (ΔCgef).  
 

 
Fig. 6  Change in the electricity structure effect (ΔCstruct). 
 

contributed to the increase in CO2 emission. 

4.2.4 Electricity Structure Factor 

In the emission change effect is electricity structure 

effect ΔCstruct another contributor to the emission 

change in electricity generation is the share of thermal 

generation in overall electricity generation as seen in a 

few years throughout the study period 1993-1994, 

1997-1998, 2003-2004, 2005-2006, 2007-2008 where 

there is a decrease in thermal generation share and 

increase in hydropower generation. The introduction 

of renewable energy into the share of electricity 

generation in Malaysia from 2011 onwards also has 

contributed to the decrease of 2.67 MtCO2 emissions 

within three years of deployment as illustrated in Fig. 6. 
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4.2.5 Electricity Intensity Factor 

The results also showed that the electricity intensity 

effect (ΔCint) increase the CO2 emissions in most 

years except 1999-2000 (Fig. 7), the slow growth in 

the electricity generation despite the increasing GDP 

in 2003-2004 when the utilities in particular, TNB, 

was under tremendous pressure to manage the 

increasing cost of supplying electricity. The global 

escalation in fuel cost especially oil and coal and the 

prices of metal-based product coupled with the high 

generation reserve margin situation and the high 

capacity payments to the IPPs (independent power 

producers) [3]. Additionally in 2007-2008 where 

electricity demand contracted as a result of slow 

economic activities due to global financial crisis and 

the final two years in the study period from 2012 to 

2014. In a word, the electricity intensity effect plays 

the dominant role in increasing CO2 emissions in 

Malaysia. 

4.2.6 Economic Activity Factor 

Throughout the study period it is observed that the 

increasing GDP prices due to growing economy in 

Malaysia has highly contributed to the emission of 

CO2 in electricity generation with exception in 

1997-1998 where Asian economic crisis has impacted 

the Asian economy which leads to reduction of 

manufacturing hence the slow growth in CO2 emission 

as shown in Fig. 8. However the economy slowly 

picked up and the CO2 emission has increased again in 

the following year. On 2008-2009 the world economic 

crisis that impacted the dollar price which had been 

tied to Malaysian Ringgit also has a big impact to 

Malaysian economy. The fall of crude oil prices has 

slowed down and promoted Malaysia to shift away to 

gas and coal due to competitive prices. 

5. Discussion 

As illustrated in Fig. 9, in comparison between the 

first five years and the last five years of the study 

period it is found that the contributing effect that has 

highly affected the emission of CO2 in the electricity 

generation in Malaysia that has generation efficiency 

effect, thermal share generation effect and electricity 

structure effect. The increasing generation efficiency 

in the late years of 2009 to 2014 has contributed to the 

decrease of 5 MtCO2 while the shift towards natural 

gas and coal from generation from crude oil and diesel 

have the highest contribution which resulted a 

reduction of neat 10 MtCO2 compared to early years 

of study period from 1992-1997. The shift from fuel  
 

 
Fig. 7  Change in electricity intensity effect (ΔCint). 
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Fig. 8  Change in activity effect (ΔCgdp). 
 

 
Fig. 9  Comparison of accumulative CO2 emission decomposition analysis from electricity generation in Malaysia 1992-1997 
vs. 2000-2014 (MtCO2). 
 

and diesel generation in early study period is towards 

bigger share of natural gas and coal in 2008 and 

afterwards contributed to high reduction of CO2 

emission from electricity generation in Malaysia. The 

increasing share of natural gas and coal from 2002 

onwards has reduced 80 percent of CO2 emission 

compared to the emission in the first half of the study 

period where fuel oil and diesel has bigger share in 

Malaysian electricity generation due to its cheap price. 

The integration of renewable and increasing share 

of hydropower has influenced a positive result of 2.5 

MtCO2 decrease in the last 5 years. 

6. Conclusions 

The decomposition analysis has found that 

increasing CO2 emission from electricity generation 
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was mainly contributed by the increasing economic 

activity which leads to higher consumption of 

electricity and energy from fossil fuel combustion. 

However from the six contributing factors it is 

found that there are three effects that highly influence 

the reduction of carbon dioxide emission in electricity 

generation. 

The first contributor is the thermal power structure 

factor which shows a tremendous reduction in 

emission trend thanks to the shift from crude oil and 

diesel generation to a less emitting fuel, natural gas 

and coal. The high share of natural gas has positively 

affected the decrease of CO2 emission. However 

towards the recent years, the increasing share of coal 

combustion has a small negative impact to the 

emission trend. There is a need to promote into 

switching into more efficient fuel in terms of high 

efficiency combustion and cleaner coal or high 

efficient gas turbine plants to increase the mitigation 

of CO2 emission and to retire all diesel power plant 

and introduction of more solar PV plant with gas 

power plan as baseline [9, 10]. 

The second contributor would be the generation 

efficiency factor, the improvement in the fuel 

efficiency in the thermal generation has positively 

decrease the CO2 emission and several efficiency 

improvement taken by the utility companies in 

Malaysia such as converting into higher efficient of 

coal and a efficient combine gas turbine plant has 

contributed a major decrease in emission trend. By 

increasing electricity efficiency, CO2 emission 

mitigation can be achieved with government target to 

reduce up to 40 percent emission. 

The third contributor to the reduction of CO2 

emission is the electricity structure effect which 

observed the integration of renewable energy and 

hydropower gives a good impact in the emission trend. 

Therefore more renewable energy such as solar PV 

generation is favorable towards reducing the emission 

in electricity generation in Malaysia. Integration of 

renewable energy in term of Solar, biogas and biomass 

to receive full potential will positively affect the 

reduction of CO2 emission mitigation. 
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