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The problem of massive emissions of carbon diox-
ide (CO2) from the burning of fossil fuels and their
climatic impact has become major scientific and po-
litical issues. Electricity generation, transportation,
industrial and residential are the main sectors identi-
fied to contribute to the emission of CO2 in Malaysia.
In this study, a comprehensive modeling tool, long-
range energy alternatives planning system (LEAP)
was utilized to project CO2 emissions from year 2000
to year 2020 for each sector. It was projected that
without any mitigation measures being taken up by
the country, 285.73 million tonnes of CO2 will be
released in 2020, which is a 68.86% increase com-
pared to the amount of CO2 emitted in year 2000.
Electricity generation, which gives 43.40% out of total
of emissions, was discovered to be the largest emitting
sector among all sectors. In addition, this study also
reviews recommended mitigation analysis proposed
by other researches as well as implementation of
energy efficiency program in Malaysia. This projec-
tion and mitigation is a hope to provide an important
basis to reduce future CO2 emissions and their associ-
ated impact in Malaysia. � 2010 American Institute of
Chemical Engineers Environ Prog, 00: 000–000, 2010
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INTRODUCTION

CO2 emission has increased rapidly over the past
few decades. Almost 30 billion tonnes of CO2 enters
the atmosphere as a result of human activities each
year [1]. It is true that CO2 is important to prevent the
Earth from becoming frozen ball in space but the

increase of CO2 concentrations has resulted in global
warming and caused disastrous environmental conse-
quences like increased frequency of storms, floods,
and droughts. It has been recorded that global sea
levels has increased by 10–20 cm during the 20th
century [2]. Studies done by Chakraborty et al. [3] and
Spence [4] reported that global CO2 emissions have
increased 30% and temperature has risen by 0.3–
0.68C.

Many countries including Malaysia are playing an
active role in reducing CO2 emissions through
national mitigation and intergovernmental mecha-
nisms such as the United Nations Framework Con-
vention on Climate Change (UNFCC), a nonbinding
agreement aimed at reducing atmospheric concentra-
tions of Greenhouse gasses (GHGs). More than 150
governments, including the major industrial and
developing countries, agreed on a framework con-
vention on climate change [5, 6].

There are six greenhouse gasses with their respec-
tive radiative forcing and global warming potential
(GWP). However, CO2 is the most important of the
GHGs that are increasing in atmospheric concentra-
tion because of human activities [7, 8]. The increase
in CO2 has contributed about 70% of the enhanced
greenhouse effect to date, methane (CH4) about 24%,
and nitrous oxide (N2O) about 6% [7].

GHGs differ from one another in the amount of
energy they trap per kilogram, which is called the
‘‘radiative forcing’’ of the gas and is measured in
watts per square meter of the earth’s surface (Wm22).
The length of time that a kilogram of gas typically
remains in the atmosphere before being removed
through a chemical reaction is known as the ‘‘atmos-
pheric lifetime’’ of the gas. The atmospheric lifetime
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of CO2 can be as long as 200 yrs. CH4, on the other
hand, has a lifetime of only 12 yrs.

Because of environmental concern, a method
introduced by Yale University and Columbia Univer-
sity known as environmental performance index, EPI
has been suggested as an effective way to measure
the quality of the environment [9]. EPI deploys a
proximity-to-target approach by using 25 perform-
ance indicators tracked in six well-established policy
categories, which are then combined to create a final
score [10]. One of the crucial policy categories is
regarding climate change focusing on CO2 emissions
which gives 25% from total score. In 2008, Malaysia
was ranked at number 26 over 149 countries with
final score of 84.0 [10]. As a middle income country,
our performance in EPI is better than high income
countries such as United States and Australia which
are ranked 39 and 46, respectively.

As a result, projections of CO2 emissions in Malay-
sia are therefore an essential and necessary regulatory
response to EPI. It is defined as an attempt to predict
future events. It is also described as a concern of
what the future will look like, that act as an aid for
effective and efficient planning. In this study, a com-
prehensive projection modeling tool, Long-range
Energy Alternatives Planning system (LEAP) was
devised to project CO2 emissions for the period of
2000 to 2020 for each sector involved which are fossil
fuels-based sectors. Potentials of LEAP developed by
Stockholm Environment Institute have been
employed into many studies to illustrate the effects of
current energy activities and trends to identify the
future energy development and environmental
impacts.

BACKGROUND OF STUDY

LEAP has been used extensively when Bose [11]
used LEAP to develop a model of passenger transport
in the city of Delhi. The model was run under five al-
ternative scenarios to study the impact of different
urban transport policy initiatives that would reduce
total energy requirements in the transport sector of
Delhi and also reduce emission. Subsequently, Bala
[12] studied on computer modeling of the rural
energy system and of CO2 emissions for Bangladesh.
The demand program computes the energy needs
and the biomass program calculates the biomass sup-
plies and requirements. The potential of LEAP model
also demonstrated by Ghaddar and Mezher [13] to
compute the final estimates for potential GHG emis-
sions and mitigation opportunities due to industrial
processes and energy use in the industrial sector of
Lebanon. Two most-likely baseline scenarios have
been developed with low and high economic growth
rates. The work considers 17 mitigation scenarios for
GHG emissions and energy use in industry for each
baseline scenario at different discount rates during
the period 1994–2040.

On the other hand, LEAP was used to analyze the
impact of landfill gas (LFG) electricity generation on
the energy market, the cost of generating electricity
and GHGs emissions in Korea [14]. Business as usual

(BAU) scenario of existing power plants was sur-
veyed and then alternative scenario investigations
were performed using LEAP model. Another study on
electricity sector was utilizing LEAP to develop a sim-
ple model of electricity demand and to estimate gross
electricity generation in China up to 2030 under long-
term energy and environmental policies [15].

Cat et al. [16] adopted LEAP to project CO2 emis-
sions scenarios and mitigation opportunities in Chi-
na’s five sectors in 2020. The scenario analysis time-
span covers the years 2000–2020 with 2020 as the
baseline year. The results show that the emissions in
China’s five major sectors are projected to increase
under all three scenarios due to economic develop-
ment and increased social demand.

LEAP emphasizes the detailed evaluation of spe-
cific energy problems within the context of integrated
energy and environmental planning for each ‘‘what
if’’ scenario or combinations of scenario [17]. The
structure of LEAP is presented in Figure 1. LEAP
model incorporates a full range of energy demand,
conversion, transmission, distribution, and end-use.
The model can simulate over existing as well as
advanced technologies that may be deployed in the
future.

In LEAP, it has the Technology and Environmental
Database (TED) that provides extensive information
describing the current technical characteristics, costs,
and environmental impacts of energy technologies. It
also enables the user to make projections of energy
supply and demand over a long-term planning hori-
zon.

APPLICATION OF LEAP MODEL TO THE MALAYSIA ENERGY SYSTEM

The overall balances for the rural energy system in
Bangladesh are compiled using a bottom-up
approach. This approach starts by looking at various
levels of useful energy for specified functions. In
LEAP model, final energy demand for each sector is
calculated as the product of total activity level (a
measure of the social or economic activity for which
energy is consumed) and energy intensity (average
energy consumption of a branch per unit of activity
level) at each given technology branch. Energy
demand is calculated for the current accounts year
and for each future year in each scenario. In other
words:

Db;s;t ¼ TAb;s;t 3 EIb;s;t (1)

where D is energy demand, TA is total activity, EI is
energy intensity, b is the branch, s is scenario and t is
year (ranging from the base year [0] to the end year).

Note that all scenarios evolve from the same Cur-
rent Accounts data, so that when t 5 0, the above
equation can be written as:

Db;0 ¼ TAb;0 3 EIb;0 (2)

The energy demand calculated for each technol-
ogy branch is uniquely identified with a particular
fuel. Thus, in calculating all technology branches,
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LEAP also calculates the total final energy demand
from each fuel. The total activity level for a technol-
ogy is the product of the activity levels in all
branches from the technology branch back up to the
original Demand branch. In other words:

TAb;s;t ¼ Ab0;s;t 3 Ab00;s;t 3 Ab000;s;t 3 � � � (3)

where A is the activity level in a particular branch b,
b0 is the parent of branch b, b@ is the grandparent,
etc.

Business-As-Usual (BAU) Scenario
To project, BAU scenario is constructed in LEAP to

illustrate the effects of current energy activities and
trends to identify the future energy development and
environmental impacts for Malaysia. This scenario
analysis timespan covers the years 2000–2020 with
2000 as the baseline year. The base year dataset is
developed from the government agencies statistics.

Technically, the scenario in LEAP is based on com-
prehensive accounting of how energy is consumed,
converted, and produced under a range of key
assumptions like macroeconomics condition, popula-
tion growth, and technology. In this study, economic
growths are based on preliminary estimates by Eco-
nomic Planning Unit as shown in Table 1 and directly
affecting the energy demand for industrial sector.
Manufacturing, construction, and mining are the
scopes involved in this sector.

The major driver for the projection of residential
energy demand is the number of households. The
assumptions on population growth are 2.2% annually
until 2010 and 2.1% from 2010 to 2020 [18]. For trans-
port sector, only road transport included passenger
and freight transport involved in this calculation. The
BAU scenario was defined by projecting number of
sales, the fuel consumption changes, and the annual
mileage for each vehicle type.

The level of CO2 emissions can be understood to
depend directly on the size of the human population,
on the level of global wealth, on the energy intensity
of the global economy, and on the emissions arising
from the production and use of energy [19]. In LEAP,
CO2 emission is calculated by the following equation
which is directly affected by activity level, Aj (a mea-
sure of social and economic activity) and also emis-
sions factor, EFij are directly taken from the LEAP
databases, which are based on IPCC guidelines for
national greenhouse inventories.

TOTALij ¼ Aj 3 EFij (4)

where:
TOTALij 5 Process emission (t) of gas i from sec-

tor j
Aj 5 Amount of activity or production of process

material in sector j (TJ/year)
EFij 5 emission factor associated with gas i per

unit of activity in sector j (t/TJ)

Table 1. GDP growth assumptions for Malaysia.

2000 2001 2002 2003 2004 2005–2010 2004–2020

Overall GDP 8.9% 0.3% 4.1% 5.3% 6.6% 7.2% 7.1%

Source: [19].

Figure 1. Structure and analytical procedure in LEAP model. Source: [14].
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However, the LEAP model has some limitations in
projecting CO2 emissions. Some of the main points to
note are [17]:
a. LEAP does not include any optimization capabil-

ities.
b. It is not a general or partial equilibrium based sys-

tem. Instead it is a simple demand-driven physical
accounting system. It does not include a built-in
macro model and it does not include any auto-
matic feedbacks to allow energy costs to affect
overall economic growth.

c. It is limited to a fairly high-level social cost-benefit
perspective of the medium- to long-term. It is not
suitable for detailed financial planning, nor is it
suitable for short-run operational planning of
energy systems.

d. In terms of usability, the main limitations are lack
of built-in national data sets. The technology,
emissions and cost data in TED are also quite lim-
ited in scope.

RESULTS AND DISCUSSIONS

Energy Demand Trends
Figure 2 shows the projected development of

energy demand in four sectors in Malaysia from 2000
to 2020. In all four sectors, projections of energy
demand will increase due to dramatic economic de-
velopment and high demand for a better standard of
living, but different sector will vary in their growth
rates. As a result, the final energy demand for sectors
in Malaysia is growing considerably from 26.63 Mtoe
in 2000 to 77.16 Mtoe in 2020. The industrial sector
increases from 39 to 46% of final energy demand in
2020. In industrial sector, assumptions on economic
growth are based on preliminary estimates by the
Economic Planning Unit (2005). The growth for man-

ufacturing, mining and construction is directly affect-
ing the energy demand [18].

The two other sectors share of total final energy
demand declines. This includes the largest single sec-
tor, transportation which the share drops from 54% to
48% in 2020, the residential sector from 6 to 4%
respectively.

In the residential sector, energy demand growth
is related to the number of households and overall
GDP affecting income growth of households [18].
Households used energy to run machines and elec-
trical appliances such as refrigerators and air condi-
tioners. They also used LPG for cooking, kerosene
for lightning and natural gas for heating. To fulfill
the increasing demands, the power sector expands
its capacity and production which leads to increase
use of fossil fuels for power generation. Basic fuels
for electricity generation are oil, coal, natural gas,
and hydropower with CO2, SO2, and NOx as by-
products. The effectiveness of these power plants is
about 35–40% with the remaining chemical energy
converted into heat. The burning processes of fossil
fuels in power plants are one of the major contribu-
tors to industrial air pollution although the burning
of natural gas produces fewer emissions than oil
and coal. In Malaysia, electricity generation is
mostly fossil-based, in particular natural gas and oil.
To ensure reliability and security of energy supply,
the Four-fuel Diversification Strategy was intro-
duced in 1981 as an extension of the 1979 National
Energy Policy. Subsequently the Five-fuel Diversifi-
cation Strategy was introduced in 1999. The ration-
ale for this policy initiative was to reduce Malaysia’s
overdependence on oil in overall energy consump-
tion and gas in the electricity generation sector. In
the electricity generation sector, this policy aimed
for a gradual change in fuel use from 74.9% gas,
9.7% coal, 10.4% hydro, and 5% petroleum in

Figure 2. Projected energy demand for four sectors in Malaysia.
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2000% to 40% gas, 30% hydro, 29% coal, and only
1% petroleum by 2020 [20].

CO2 Emissions Trend, 2000–2020
Although Malaysia is not one of the main contribu-

tor of CO2, we ratified the UNFCC on the 13th of July
1994 and also ratified the Kyoto Protocol on the 4th
of September 2002 [21]. Similar to final energy
demand, CO2 emissions are estimated to increase in
this scenario, but at different growth speeds. The fol-
lowing Figure 3 shows CO2 emissions projection from
four main sectors (electricity generation, industrial,
transportation, residential) for the period of 2000–
2020. It is shown that the 285.73 million tonnes of
emissions is contributed in 2020. In the same year, the
largest emitting sector is from electricity generation
which accounted for 43.40% of all emissions in the
four sectors. This sector contributed the most due to
the increasing use of coal (29%) for power generation
which responded to the Five-fuel Diversification Strat-
egy in Malaysia Ninth Plan. A study done by Jaafar
et al. [22] found out that the proposed fuel mix would
result in higher CO2 emissions generation in 2020
which would result 800, 519,000 tonnes of CO2. Sim-
ply put, while the Five-fuel Diversification Strategy
places Malaysia in a position that is less dependent on
oil, the reduction is compensated by higher generation
by coal fuel and hydroelectricity. Coal fuels emitted
the most CO2 compared to other fuels. The cleanest
fuel is hydro and other such as biomass which emitted
zero emission. At the moment, Malaysia produces 86%
of its electricity in conventional power plant and 14%
in hydroelectric power plant [22].

The second largest contributor of CO2 is from
transportation sector which responsible for 30.34% of
total emissions in 2020. It is projected to grow from
31.73 million tonnes in 2003 to 86.43 million tonnes
in 2020. In Malaysia, the transport sector is heavily
reliant on petroleum-based fuels. The fuels involved

are gasoline, natural gas and diesel which are con-
verted into CO2 emissions based on emissions factor
by IPCC in LEAP. Bio-fuels and natural gas currently
play a minor rule in meeting road transport needs.
Industrial sector become the third contributor of CO2

emissions in Malaysia and finally, residential sector
the fourth, with 26.26 and 0.03% respectively. Emis-
sions from industrial sector are mainly contributed
from manufacturing especially electronics, chemical
and rubber industries (National Energy Balance,
2005). At the mean time, residential sector contribute
to the emissions through the use of energy that is
required to run machines and electrical appliances
such as refrigerators. Refrigerators and air condi-
tioners not only consume energy but they pollute the
environment when their coolant fluids release harm-
ful substances into atmosphere.

Figure 4–6 demonstrate the linkages between CO2

emissions and the relative factors: population, GDP
and energy demand. Population is one of the funda-
mental driving forces used to estimate future emis-
sions as an exogenous variable. As illustrated in
Figure 4, CO2 emissions and population have both
increasing over the decades.

Figure 5 depicts the linkage between GDP and
CO2 emissions. GDP is also a fundamental in projec-
ting future CO2 emissions. High GDP may imply
higher consumption on goods and services, invest-
ment at higher rates in some domestic sectors and
more international trade. Based on figure, the emis-
sions have been going up with GDP as energy con-
sumption has increased. The movement in CO2 emis-
sions also has followed the movement in energy
demand quite closely apart from the increase in
hydropower over the period (see Figure 6).

CONTROLLING CO2 EMISSIONS

When we analyze emissions under this scenario,
the outcome gives us the main emissions growth con-

Figure 3. Projected CO2 emissions for four sectors in Malaysia.
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Figure 6. Relationship between energy demand and CO2 emissions in Malaysia. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibray.com.]

Figure 5. Relationship between GDP and CO2 emissions in Malaysia. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibray.com.]

Figure 4. Relationship between population and CO2 emissions in Malaysia. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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tributors if no control options have been exercised in
Malaysia. By referring to Figure 3, a total of 285.73
million tonnes CO2 emissions will be emitted in 2020,
mostly by the power generation (43.40%), followed
by transportation, industrial and finally residential
sector. Power generation and transportation sectors
should both be identified as key control targets, due
to their contribution to emissions.

There are several possible strategies to reduce the
amount of CO2 emitted from fossil-fuel power plants.
Potential approaches include increasing plant effi-
ciency, employing fuel balancing or fuel switching,
making enhanced use of renewable energy and
employing CO2 carbon capture and sequestration
[23]. As mentioned earlier, Malaysia is currently
adopting the Five-fuel Diversification Strategy energy
mix implemented in the year 1999. In this strategy,
the energy mix in Malaysia is contributed by five
main sources, namely natural gas, coal, hydro, petro-
leum and renewable energy [24]. Among the various
sources of renewable energy, biomass seems to be a
very promising option for Malaysia. In line with the
promotion of using biomass energy a Biomass Power
Generation and Cogeneration project (BioGen) was
commissioned in October [24]. The main objective of
this project was to reduce the growth rate of green-
house gas emission from fossil fired combustion
processes. The government targeted on the residues
from palm oil mill industries since Malaysia has
become the largest palm oil producer in the world.

In the report of Economic Planning Unit [18], it has
focused on the feasibility of various renewable
energy and energy efficiency technology options for
several categories for instance transportation, power
plants, building and manufacturing. In transportation
sector, alternative transport fuels such as hydrogen as
well as palm-diesel and natural gas are potentially
offering significant environmental benefits which
accounted almost 20% reduction of greenhouse gasses.
Natural gas reserves in Malaysia are the largest in South
East Asia and 12th largest in the world. With a produc-
tion rate of 1000 million cubic feet per day, natural gas
could still contribute to the energy mix for the next 87
yrs as compared to about 12 yrs for oil [16]. This oppor-
tunity should be taken by government to promote natu-
ral gas vehicle due to environmental concern.

In term of energy efficiency, a number of options
for improving the efficiency of road transport such as
periodic technical inspections of vehicles and incen-
tives for retiring older vehicles, R&D to promote the
introduction of diesel cars and etc. A study done by
[16] stated a few mitigation options in order to reduce
CO2 emissions included transmissions technologies,
vehicle technologies, engine technologies, bus rapid
transit and finally fuel switching. Cost information
should be an important consideration when devising
mitigation options. How much emission reduction
potential can be achieved will be limited by the costs
of bringing about the reduction.

Under the World Solar Programme, the Ministry of
Education has drafted proposals for including solar
energy into school curricula. While the complete pic-
ture will emerge now that the National Communica-

tion is published, it is important that the international
community help Malaysia build-up its national
capacity to draw up appropriate mitigation and cli-
mate-friendly policies and plans. Technology sharing
remains a vital need. Capacity-building must not be
confined to government agencies but must be
extended to NGOs and the private sector. It is imper-
ative that awareness of the problem is raised among
all sectors, and NGOs working with the mass media
could be most effective.

On the other hand, the reduction of CO2 emissions
can be achieved by the Clean Development Mecha-
nism (CDM). This happens because the CDM trans-
fers reduction of CO2 into Certified Emission Reduc-
tions (CER). The CERs can be sold to industrialized
country governments and private companies as part
of their obligation towards commitments under the
Kyoto Protocol and UNFCC. Malaysia itself already
has 22 registered CDM projects. As at March 2007, two
of the 22 CDM projects had sold 320, 000 tonnes of
CERs valued at less than RM 10 million. It is expected
that CER trading will be increased up to 100 million
tones of carbon credit potential, which translates into
RM 4.8 billion in potential revenue [25].

CONCLUSIONS

Final energy demand and CO2 emissions in Malay-
sia’s four sectors are projected to increase under BAU
scenario due to economic development and
increased social demand. Similar to energy demand,
CO2 emissions are estimated to increase, but at differ-
ent growth speeds. Total CO2 emissions in 2000 in all
four sectors were 88.97 million tonnes. In 2020, these
emissions will reach 285.73 million tonnes if no con-
trol options have been exercised. The major sector
which discharge the most CO2 in 2020 will come
from electricity generation (43.45%) sector since coal
have been utilized as the main fuel for combustion
followed by transport sector (30.25%), industrial sec-
tor (26.26%) and finally residential sector (0.03%).
Since currently Malaysia adopting Five-fuel Diversifi-
cation Strategy, renewable energy such as biomass is
an economical option to replace fuel based fossils
especially oil and natural gas in order to generate
electricity in Malaysia. Natural gas should be pro-
moted in transportation sector to replace dependency
on oil or diesel which offers great benefits for the
environment, society and the country.

LITERATURE CITED

1. Goodall, C. (2007). How to live a low carbon life:
the individual’s guide to stopping climate change
(1st Edition), United Kingdom: Earthscan.

2. Mukhtar, H., Kamaruddin, P.N.F.M., & Radha-
kishnan, V.R. (2004). Carbon credit trading for
CO2 reduction: Opportunities for Malaysia. Technol-
ogy cluster: Oil and gas, (Volume 4, Number 2). Avail-
able at: http://www.utp.edu.my/publications/
platform/Platform%20v4n2.pdf.

3. Chakraborty, S., Tiedemann, A.V., & Teng, P.S.
(2000). Climate change: Potential impact on plant
diseases, Environmental Pollution, 108, 317–326.

Environmental Progress & Sustainable Energy (Vol.00, No.00) DOI 10.1002/ep Month 2010 7



4. Spence, C. (2005). Global warming: Personal sol-
utions for a healthy planet (1st Edition), New
York: Palgrave Macmillan.

5. Barker, T., Ekins, P., & Johnstone, N. (1995).
Global warming and energy demand (1st Edi-
tion), New York: Routledge.

6. Lund, H. (2006). The Kyoto mechanisms and
technological innovation, Energy, 31, 2325–2332.

7. Houghton, H. (2004). Global warming (3rd Edi-
tion), New York: Cambridge University Press.

8. George Philander, S. (2008). Encyclopedia of
global warming and climate change (1st Edition),
Los Angeles: SAGE Publications.

9. Ujang, Z. (2008). EPI Mantapkan Proses Lestari
Alam Sekitar, Berita Harian.

10. Esty Daniel, C., Levy, M.A., Kim, C.H., de Sherbi-
nin, A., Srebotnjak, T., & Mara, V. (2008). 2008
Environmental performance index, New Haven:
Yale Center for Environmental Law and Policy.

11. Bose, R.K. (1995). Energy demand and environ-
mental implications in urban transport—Case of
Delhi, Atmospheric Environment, 30, 403–412.

12. Bala, B.K. (1997). Computer modeling of the ru-
ral energy system and of CO2 emissions for Ban-
gladesh, Energy, 22, 99–1003.

13. Ghaddar, N., & Mezher, T. (1999). Modelling of
current and future energy intensity and green-
house gas emissions of the lebanese industrial
sector: Assessment of mitigation options, Applied
Energy, 63, 53–74.

14. Shin, H.C., Park, J.W., Kim, H.S., & Shin, E.S.
(2005). Environmental and economic assessment
of landfill gas electricity generation in Korea
using LEAP model, Energy Policy, 33, 1261–1270.

15. Zhang, Q., Weili, T., Yumei, W., & Yingxu, C.
(2007). External costs from electricity generation

of China up to 2030 in energy and abatement
scenarios, Energy Policy, 35, 4295–4304.

16. Cai, W., Wang, C., Chen, J., Wang, K., Zhang, Y.,
& Lu, X. (2008). Comparison of CO2 emissions
scenarios and mitigation opportunities in China’s
five sectors in 2020, Energy Policy, 36, 1181–1194.

17. SEI-B. (2006). Long-range energy alternatives plan-
ning system, user guide for LEAP Version 2006,
Boston, USA, Available at: http://www.seib.org.

18. Economic Planning Unit. (2005). Energy outlook and
policy options: Report for discussion (1st Edition).

19. Intergovermental Panel of Climate Change.
(2005). Carbon dioxide capture and storage.
United States of America: Cambridge University
Press, New York.

20. Economic Planning Unit. (2006). Retrieved on
January 10th, 2008, Available at: http://www.
epu.jpm.my/.

21. Masjuki, H.H., Mahlia, T.M.I., Choudhury, I.A., &
Saidur, R. (2002). Potential CO2 reduction by fuel
substitution to generate electricity in Malaysia,
Energy Conversion and Management, 43, 763–770.

22. Jaafar, A.H., Al-Amin, A.Q., & Siwar, C. (2008).
Environmental impact of alternative fuel mix in
electricity generation in Malaysia, Renewable
Energy, 33, 2229–2235.

23. Hashim, H., Douglas, P., Elkamel, A. & Croiset, E.
(2005). Optimization model for energy planning
with CO2 emission considerations, Industrial and
Engineering Chemistry Research, 44, 879–890.

24. Rahman Mohamed, A., & Lee, K.T. (2006). Energy
for sustainable development in Malaysia: Energy
policy and alternative energy, Energy Policy, 34,
2388–2397.

25. Huge Potential in Carbon Trading. (2008). The
Star. p. 11.

8 Month 2010 Environmental Progress & Sustainable Energy (Vol.00, No.00) DOI 10.1002/ep


