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Preface

This project is one of the research outcomes of Group 7 of Vice Chancellor
Council- Japan Society Promotion Science (VCC-JSPS) The main universi-
ties involved in this collaboration work are Universiti Teknologi Malaysia
and Kyoto University, Japan. Other partners involved in related research
work from the same group are Toyohashi University of Technology and

Ritsumeikan University, Okayama University.

We take this opportunity to thank the Johor State government, Iskandar
Malaysia Development Authority and relevant local authorities for their
support in providing relevant data and information for the modeling of

the project.

In line with Malaysian government effort in supporting UNEP program
to integrate climate change responses into the development processes, this
research findings hope to contribute by modeling and facilitating a transi-

tion of ISKANDAR MALAYSIA, one of the fastest growing regions in Ma-

laysia towards low carbon society.
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Executive Summary

This report aims to show the possibility of de-
veloping Iskandar Malaysia (IM) into Low-
Carbon Region. he methodology involves (i) de-
velop the current inventory of GHG emissions
of IM, and (ii) quantify socio-economic activity
level in 2025 according to IM Comprehensive De-
velopment Plan 2025.

According to the proposed development, the
amount of GHG emissions increase is estimated
based on (1) 2025 BaU (Business as Usual—
without mitigation measures) and (2) 2025 CM
(With Counter Mitigation measures) assumptions
of employed technologies as well as the potential
to reduce the GHG emissions by low-carbon

available by 2025. The Main find-

ings are as follows.

measures

1. Current annual greenhouse gas (GHG) emis-
sions of IM are approximately 12.6 million t-
CO:a.

2. Under the scenario of Without mitigation
measures, the GHG emissions will increase to
45.5 million t-COz, or 3.6 times higher than
2005.

3. By adopting the mitigation options available
by 2025, the emissions can be decreased ap-
proximately 60% and suppressed to 19.6 mil-
lion t-COs.

The current per capita emission for IM area is
9.3 t-CO2 (2005). This current per capita emission
in IM is greater than national average of Malaysia
(5.0 t). In 2025 it will increase to 15.1 t-COz/year
and 6.5 t-CO»/year without and with countermea-
sures, respectively.

In order to mitigate the emission to lower
level, several measures such as diffusion of low-
carbon technologies, energy efficient buildings
and increased use of public transport and renew-

able energy should be introduced.
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Figure 1. GHG emissions and mitigations by means. “efficiency improvement” means improvement

of energy efficiency of energy using equipments or buildings.
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A comprehensive policy to lead the imple- If those policies are planned from the early

mentation of the measures is also required. Fig- stage, IM will be able to develop not only as a
ure 2 shows recommended policies and related premier growth centre but also as a model for

mitigation options. Low-Carbon Region.

Table 1. Estimated socio-economic indicators in 2025 in IM.

2005 2025 2025/2005
Population 1,353,202 3,005,815 22
No. of households 317,762 751,454 24
GDP (mil RM) 37,641 176,224 4.7
GDP per capita (RM/capita) 27,817 58,628 2.1
Gross output (mil RM) 121,431 474,129 3.9
Floor space for commercial (mil m?) 6.8 19.3 2.8
Passenger transport demand (mil p-km) 3,816 8,677 2.3
Freight transport demand (mil t-km) 1,652 5,204 3.1
C N
Buildings (residential and commercial sector)
Environmental performance Environmental performance Subsidy to introduce photo-
standard and evaluation of standard of equipments voltaic power generation system
buildings
Environmental labeling
Adjustment of tax rate of fixed
asset tax Education and information ser-
vice
Low interest loans in investment
to energy efficient buildings Green purchasing policy
A )
4 N
Transport and Land Use Industry
Urban planning Environmental performance Subsidy in investment
standard of vehicles to energy efficient equipments
Transport planning
Tax rate adjustment to energy .
Tax rate adjustment to fixed efficient vehicles Promotion of technology transfer
asset
. p [Piomn @iF1010 1[50 e Low interest loans to investment
Investment in public transport > q
to energy efficient equipments
4 4 4
A ' J

Figure 2. Policy package for Low-Carbon Region




About Iskandar Malaysia

In order to plan for a low-carbon society (LCS)
in Malaysia, it is more effective to look into the
urban areas as they are engines of economic
growth as well as main contributors to CO2 emis-
sion. In the case of Malaysia, the natural resource
management through spatial planning approach
integrates environmentally sustainable develop-
ment concepts. These strategies are incorporated
into the National Physical Plan and then trans-
lated into structure plans. These plans also iden-
tify and manage environmentally sensitive areas
(ESAs) including forest and green lung reserves.
Major urban conurbations are identified and
three economic growth areas are demarcated in
Peninsular Malaysia as regions or sub-regions
where it will develop to be globally competitive.
The South Johor Economic Region (SJER), which
commonly known as the Iskandar Malaysia (IM),
is one of these economic growth centers to be de-
veloped as an integrated global node that encom-
passes Singapore and Indonesia (cf. Figure 1)

The Iskandar Malaysia covers an area of about
2,216.3 km?, about 3 times the size of Singapore
and two times the size of Seoul Metropolitan
Area. IM covers the entire district of Johor Bahru,
and several sub-districts (mukim) of Pontian (cf.
Figure 2). The Planning Area falls under the juris-
diction of five local planning authorities, namely
Johor Bahru City Council, Johor Bahru Tengah
Municipal Council, Pasir Gudang Local Author-
ity, Kulai Municipal Council and Pontian District
Council.

As shown in Figure 3, there are a total of five
flagship zones proposed as key focal points for
developments:

a) Flagship Zone A: Johor Bahru City Centre

(new financial district, central business dis-

Figure 1: Iskandar Malaysia and the surround-
ing region — Singapore and Riau of Indonesia

trict, Danga Bay integrated waterfront city,
Tebrau Plentong mixed development, cause-
way)

b) Flagship Zone B: Nusajaya (Johor state admin-
istrative centre, medical hub, educity, interna-
tional destination resort and southern indus-
trial logistic cluster )

c) Flagship Zone C: Western Gate Development
(Port of Tanjung Pelepas (PTP), 2nd Link
(Malaysia/Singapore), Trade
RAMSAR World Heritage Park and Tanjung
Piai)

d) Flagship Zone D: Eastern Gate Development

Free Zone,

(Pasir Gudang Port and industrial zone, Tan-
jung Langsat Port and Technology Park and
Kim-Kim regional distribution centre)

e) Flagship Zone E: Senai-Skudai (Senai Interna-
tional Airport and Senai cargo hub)

Each of these flagships has a major urban cen-
tre. Among these urban centers are Johor Bahru
City (financial district), proposed Nusajaya urban
centre (new State administrative centre), Pasir
Gudang/Tg. Langsat (port and industrial town-
ship) and Senai-Skudai/Kulai (transport and
cargo hub). Four of the focal points will be lo-

cated in the Nusajaya-Johor Bahru-Pasir Gudang
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Figure 2: Local planning authorities in IM

Figure 3: Flagship zones and compact cities
development in IM

Necessity of development as Low-Carbon Region for IM

Since Malaysia gained independence in 1957,
concerted efforts have been taken by the govern-
ment to improve the quality of life of the people .
Mainly through commercial agricultural pro-
grams in 1960 and 1970s; industrial development
programs in the 1980 and 1990s and value added
and ICT industrial development programs in the
2000s. Rapid urbanization and industrialization
in the last few decades have contributed to the
affluence lifestyle change in Malaysia. The rapid
development tempo has contributed to marked
increase in the demand for urban land use; sea,
land and air transportation demand and other
urban infrastructure and utility development to
meet the demand for better quality of life of ur-
ban residents. These changes have direct impact
on climate change in the form of environmental
hazards and disasters which are evident in recent
years with more frequent occurrences of flood-

ing, landslides and forest fire in Malaysia.

The State of Johor is undergoing a rapid in-
dustrialization process and has huge investments
in manufacturing and infrastructure develop-
ment and hence has high demand for energy con-
sumption. The rapid economic growth places a
heavy demand and stress on resources means
that a continued dependence on energy, in par-
ticular on fossil fuel is important to propel fur-
ther growth. Although the Johor State has been
blessed with relatively large tracts of natural
tropical forests, (almost 60% of its total land
area), some of the forest areas may be converted
into agriculture and other urban use to generate
job opportunities for the growing population.
The pressure for more forested land and peat
land to beonverted into plantations is becoming
more serious with escalating crude palm oil
(CPO) prices and the hype over bio fuel, oil palm
ventures. The fact remains that peat and forest
are vital carbon sinks and that disturbed peat or
forest will be a significant source of carbon emis-

sions.




Background

What is a “Low Carbon Society” ?

In simple terms, a low-carbon society is a soci-
ety that consumes sustainable and relatively low-
carbon energy as compared with our present day
practice to avoid adverse climate change. Hence
conscious efforts need to be taken by community,
industry, institution and government to change
their behavior towards energy consumption and
supply. The Society will adopt a lifestyle that
make more use of alternative renewable energy,
less dependence on fossil fuel and practice 3Rs
(reduce, reuse and recycle) in their everyday life.

The working definition for policy research
(National
Institute for Environmental Studies, 2006) should

and action of a low-carbon society

have the following attributes:
i. Take actions that are compatible with the
principles of sustainable development, ensur-
ing that the development needs of all groups

within society are met.

ii. Make an equitable contribution towards the
global effort to stabilize the atmospheric con-
centration of COz2and other greenhouse gases
at a level that will avoid dangerous climate
change, through deep cuts in global emis-
sions.

iii. Demonstrate a high level of energy efficiency
and use low-carbon energy sources and pro-
duction technologies.

iv. Adopt patterns of consumption and behav-
iour that are consistent with low levels of
greenhouse gas emissions.

In order for Malaysia, is fast developing na-
tion to achieve LCS it would involve a holistic
balance socio- economic and ecological conserva-
tion with the widely use of low-carbon technolo-

gies and changes to lifestyles and institutions.

Principles for a Low-Carbon Society

Under the initiatives of the UK-Japan Low-
Carbon Society movement and the recent Bali
meeting in February 2008, the world needs to
cooperate to make concerted efforts to establish a
low-carbon society by “reducing global emis-
sions by half from the current level by 2050.”

Under the principle of common but differenti-
ated responsibility, developed nations will take
the lead on climate change mitigation and devel-
oping countries will adopt the necessary technol-
ogy and expertise to reduce the often inefficient

and carbon intensive development path of the

pasts.

All countries, organizations, and entities have
to take action based on the following philoso-
phies.

1) Carbon Minimization In All Sectors

“A low-carbon society” in the ultimate sense
would be a society that emits greenhouse gases
only in an amount which can be absorbed by na-
ture (Carbon Neutral Society). To achieve this
goal, we have to have a social system where all
sectors, such as industries, governments, and citi-

zens, will naturally or automatically give special




consideration to their selection and decisions in
order to minimize carbon-dioxide emissions
(carbon minimization).

2) Toward a simpler life style that real-

ize richer quality of life

People would need to forgo the mass-
consumption society, mainly formed by devel-
oped countries, and build a new society in which
value is placed on family or community ties,
health, interactions with mother nature and the
“Mottainai” spirit to improve the quality of life.
This type of consumer choice would lead to a
revolution in the social system, moving toward a

low-carbon and rich society.

3 ) Coexistence with Nature

We recognize human and its society as a part
of the global ecosystem. In order to secure the
CO2 absorption essential for a low-carbon society
and to adapt to the avoidable global warming, it
is important to maintain and restore rich, diverse
natural environments, such as forests. To achieve
this symbiosis, local communities should place
importance on harmony and coexistence with
nature, and promote “nature-friendly technolo-

gies,” such as utilization of biomass.

Objectives of this study

The objectives of this study are,

a) To prepare a summary of a quantitative
scenario study on the establishment of a
sustainable low-carbon society in Iskan-
dar Malaysia

b) To create awareness among local

authorities, the State government, stake-
holders and the community urgent and

decisive actions to be taken to realize a

robust growth and low-carbon Malaysia.



Socio-Economic Scenario in 2025

In the urban and energy demand modeling on GHG emissions of Iskandar Malaysia in the year

2025, several quantitative assumptions have to be made (Table 4).

Table 4. Quantitative assumption in 2025

Average no. of people per household

Labour participation ratio

Demographic composition [Male]
[Female]

Exports

Labour productivity

Private consumption
Government consumption
Fixed capital formation

Modal share

4.00 per household
[Male] 5-64: 90%, 65+: 30% [Female]15-64: 60%, 65+: 20%

0-14: 12.0%, 15-64: 33.9%, 65+: 4.5%
0-14: 11.6%, 15-64: 33.0%, 65+: 5.4%

Primary industry: approximately 1.0% p.a increase
Secondary industry: approximately 6.5% p.a increase
Tertiary industry: approximately 13.2% p.a increase
113,808 RM per labour force from CDP

10% p.a increase

10% p.a increase

155,172 mil RM per 5 years (2021-2025) from CDP
[Railway]10%, [Bus]20%,

[Motorcar]40%, [Motorcycle]15%,

[Walk]10%, [Bicycle] 5%

Scenario quantification

The future socio-economic indicators in 2025
based on the scenario description are estimated
by using a macroeconomic model. The following
are our estimated results about economy, estab-

lishments, and transport.
Economy: Modelling results based on a mac-

roeconomic model shows that Gross Domestic
Product (GDP) (real) of Iskandar Malaysia in
2025 is expected to be approximately RM 176 bil-
lion (4.7 times of the performance in 2005). An
input-output analysis based on final demands in
the macro economy is used to estimate the future
industrial structure in IM. The findings showed
the share of the primary industry will decrease
from 3% (2005) to 2% (2025). In addition, the

share of the secondary industry will decrease
from 51% (2005) to 33% (2025). On the other
hand, the share of the tertiary industry will in-
crease from 46% (2005) to 65% (2025). Labour
participation ratio of productive-age women will
increase from 46 % (2005) to 60 % (2025), and the
ratio of aged population will increase by 5 %
from 2005 to 2025.

Establishments: Number of households in IM

will increase from 318 thousand (2005) to 751
thousand (2025), and average household size IM
will decrease from 4.26 (2005) to 4.00 (2025). The
total floor space of commercial buildings in IM
will increase from 6.8 million square meters

(2005) to 19.3 million square meters (2025).
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Transport: Passenger transport demand in IM
increase
kilometres (2005)
kilometres (2025). On the other hand, freight

will from 3.8 billion passenger-

to 7.8 billion passenger-

transport demand in IM will increase from 1.7
billion tonne-kilometres (2005) to 5.3 billion
tonne-kilometres (2025).

Table 5. Estimation result of scenario quantification in 2025, IM

2005 2025 2025/2005
Population 1,353,200 3,005,815 22
No. of households 317,762 751,454 24
GDP (mil RM) 37,641 176,224 4.7
GDP per capita (RM/capita) 27,817 58,628 21
Gross output (mil RM) 121,431 474,129 39
Primary industry (mil RM) 1,860 5,375 29
Secondary industry (mil RM) 83,502 263,444 3.2
Tertiary industry (mil RM) 36,069 205,309 5.7
Floor space for commercial (mil m?) 6.8 19.3 2.8
Offices 1.3 1.7 29
Shops 5.7 16.3 29
Hospitals & Schools 0.6 1.2 2.1
Passenger transport demand (mil p-km) 3,816 8,677 2.3
Freight transport demand (mil t-km) 1,652 5,303 3.1
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450 Manufacturing
400 | I Construction
Bl Transport related
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S 300 | Tourism and Hospitality
f. I Other Services
8 250 |
E
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o 200 12
150 |
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— 2
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[ —
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Figure 5. Output by industry
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GHG Emissions in 2025

The macro-economic model is used to esti-
mate future energy demand and GHG emissions
for the year 2025 based on the scenario quantifi-
cation. The estimated results about energy de-
mand and GHG emissions are shown in Figure 6,
Figure 7 and Figure 8.

Energy demand in IM is projected to increase
from 3.3 million toe (toe: tonne oil equivalent) in
2005 to 10.9 million toe in 2025 for the BaU case

(BaU: business as usual). Energy demand of in-

12,000 Freight transport
10,936 Il Passenger transport
10,000 | 7o Industry
790 I Commercial
,%'\ 8,000 | I Residential
=
g 5,915
g 6,000 |
ot 6,635 834
o —
&
g 4,000 1 3,286
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550 |
2,000 [ 078
1,091
o L -, .
2005 2025 BaU 2025 CM

Figure 6. Final energy demand by sector
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dustry is expected to be 6.6 million toe and will
maintain the largest share of 61%, followed by
transport (2.2 million toe; 20%), and residential
and commercial (2.1 million toe; 19%) in 2025.
Energy demand by energy sources (Figure 7)
showed that In 2025, there will be a total of 5.0
million toe (toe: tonne oil equivalent) of petro-
leum consumed in the BaU scenario. In addition,
there will be also a marked increase in demand

for natural gas i.e. 3.9 million toe or 3.2 times the
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Hydro power
I Solar & wind power
10,000 1,844 Il Biomass
Natural gas
. 61| 1 Petroleum
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Figure 7. Energy demand by primary energy
18
16 15.1
14
s 12
§ 10 93
<
O 8
%
6
4
2
0 1 1
2005 2025 BaU 2025 CM

Figure 9. Per capita GHG emissions
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consumption in 2005. On the other hand, bio-
mass, solar power, and wind power will be
newly introduced for primary energy in 2025 CM
case (CM: countermeasure). The share of renew-
able energy is expected to be 8% of the total en-
ergy demand.

Based on the energy demand by source, the
GHG emissions in IM are projected to increase
from 12.6 million tonnes of CO:2 in 2005 to 45.5
million tonnes of CO:under the BaU scenario.

The modelling results also showed GHG emis-

sions from industry will be about 4.1 times the
total as compared with year 2005 and the share
will be around 54% of the total GHG emissions.
GHG emissions from passenger transport are
also found to be about 1.6 times the amount in
2005 and the share will be 4% of the total GHG
emissions. GHG emissions per capita will in-
crease from 9.3 tonnes of CO: per capita in 2005
to 15.1 tonnes of CO2 per capita in 2025 BaU sce-

nario.

Table 6. Final energy demand by sector (unit: ktoe) : 2030BaU is a modeling result without any measures to

improve energy efficiency or COz intensity. In 2030CM, higher energy efficiency and fuel shift to less CO: intensive fuel
is assumed. Detailed energy demand and supply table is shown in page 28 to 30.

Coal Petroleum Natural gas Biomass S‘(/)\}?;sz Electricity Total
2005

Residential 0 47 0 0 193 240
Commercial 0 53 0 0 328 382
Industry 50 679 623 0 0 381 1,733
Passenger Transport 0 357 0 0 0 359
Freight Transport 0 568 0 0 0 572
Total 50 1,704 632 0 0 901 3,286
Share 2% 52% 19% 0% 0% 27% 100%

2030BaU
Residential 0 213 0 877 1,091
Commercial 0 135 0 839 978
Industry 228 2,594 2,367 0 1,446 6,635
Passenger Transport 0 585 4 200 0 1 790
Freight Transport 0 1,432 10 0 0 0 1,442
Total 228 4,960 2,386 200 0 3,163 10,936
Share 2% 45% 22% 2% 0% 29% 100%

2030CM
Residential 0 16 52 130 452 649
Commercial 0 18 25 49 592 685
Industry 100 346 2,275 774 3,494
Passenger Transport 0 70 116 65 2 253
Freight Transport 0 230 384 213 6 834
Total 100 680 2,852 279 179 1,825 5,915
Share 2% 11% 48% 5% 3% 31% 100%

13



Mitigation potential of IM in 2025

The model results estimated that total GHG
emissions in IM is to be reduced from 45.5 mil-
lion tonnes CO:2 in the BaU case to 19.6 million
tonnes CO: in the CM case by adoption of coun-
termeasures for mitigating GHG emissions in
2025. Based on the model simulation, the reduc-
tions of GHG emissions by types of countermea-
sures contributed by several measures.

Among the measures, efficiency improvement
for industry accounts for the largest proportion,
43.2% of the total reductions, followed by effi-
ciency improvement for efficiency improvement

for power sector (18.3%), efficiency improvement

for buildings (17.8%), fuel shifting (15.3%), logis-
tics improvement (3.1%), energy efficiency for
transport (3.0%) and transport demand manage-
ment (2.5%).

Among the categories of countermeasures,
local governments should take effective meas-
ures in transport demand management, and
penetration of renewable energy. In order to real-
ize a low carbon society, IM has to have new and
bold policies to encourage and promote busi-
nesses and citizens to take these countermea-

sures.
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Figure 10. Breakdown of emissions reduction potential
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Environmental & Energy Policies in Malaysia (1)

Climate Change Policy in Malaysia

The Climate Change policy in Malaysia has been
in the pipe line of being constructed for a long period
of time now. Datuk Douglas Uggah Embas, the Min-
ister of Natural Resources and Environment Malay-
sia, said that this is because Malaysia wants to ensure
a broad-based support, during the United Nations
(UN) climate summit in Poland in December 2008.
The Climate Change Performance Index, a report is-
sued annually by German Watch and Climate Action
Network Europe, ranked Malaysia in the bottom 10 of
the list. It was in the company of big greenhouse gas
polluters like the United States, Australia, Canada
and Saudi Arabia. Malaysia a developing nation
should take more initiative towards making changes

to lessen the effects of climate change.

Energy and Environment

Energy and the environment are interrelated is-
sues and it must be addressed together. They are fast
becoming the focus of widespread attention as a
global priority issues. It is increasingly important for
the public to control their usage of energy resources
from the perspective of environmental preservation
and to increase their efficiency of energy consump-
tion. Energy production and consumption, however,
puts undeniable pressure on the environment, which

leads towards the alarming issue of Climate Change.

Principal Energy Objectives

National energy policies ensure that adequate and
available supplies are reasonably priced to support
national economic development objectives. These
measures place a priority on oil and gas resources
serving the needs of the nation, while taking into ac-
count the need for conservation and environmental
protection.

Guiding these policies are three principal energy
objectives that are instrumental for future energy sec-

tor development:

* The Supply Objective: To ensure the provision of
adequate, secure, and cost-effective energy sup-

plies through developing indigenous energy re-

sources both non-renewable and renewable en-
ergy resources using the least cost options and
diversification of supply sources both from within
and outside the country;

*The Utilization Objective: To promote the effi-
cient utilization of energy and to discourage
wasteful and non-productive patterns of energy
consumption; and

*The Environmental Objective: To minimize the
negative impacts of energy production, transpor-
tation, conversion, utilization and consumption on

the environment.

Government strategies at achieving national en-
ergy objectives include the following:

* Secure supply - Diversification of fuel type and
sources, technology, maximize use of indigenous
energy resources, adequate reserve capacity to
cater for contingencies [adequate reserve margin
for generation, upgrading transmission and distri-
bution networks and distributed generation

(islanding);

* Sufficient supply - Forecast demand, right energy
pricing and formulate plans to meet demand.

e Efficient supply - Promote competition in the
electricity supply industry.

¢ Cost-effective supply - Promote competition and
provide indicative supply plan to meet demand
based on least cost approach using power com-
puter software such as WASP;

* Sustainable supply - Promote the development of
renewable and co-generation as much as possible.
® Quality supply (low harmonics, no surges and
spikes, minimal variation in voltage) - Match qual-

ity with customer demand with variable tariffs;

e Efficient utilization of energy - Bench marking,
auditing, financial and fiscal incentives, technol-
ogy development, promotion of ESCOs, Labelling,
Ratings, correct pricing, energy managers; and

* Minimizing Negative Environmental Impacts -
Monitor the impacts, improve efficiency of utiliza-

tion and conversion and promote renewable.

( Continue to page 21)
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Mitigation Options (1)

Bllildillgs (residential & commercial sector)

According to the South Johor Economic Re-
gion Comprehensive Development Plan 2006-
2025, population of the region in 2005 is 3 mil-
lion. Since energy demand of residential sector
is thought to be determined based on number of
household rather than population, we assumed
average occupants of a household in 2025 by us-
ing the assumptions of household size in 2025
(four members per household), then the number
of households will increase to 751,454 in 2025
from 317,762 in 2005.

consumption increases to 1,091 ktoe and GHG

emissions 7,715 kt-COz, 4.5 times and 5.3 times

In the BaU case, energy

greater than 2005, respectively. The emissions

can be mitigated in the CM case, 4,743 kt-CO2 or
61% lower than BaU case. The largest mitiga-
tion potential is found in efficiency improvement

(buildings) (54%).

1000

800 751

600

318

No. of hosuehold ('000)

o

2005 2025

Figure 11. Number of households

Commercial sector

Energy demand of commercial sector is esti-
mated based on the floor space of the buildings.
Driven by growth of tertiary industry, in 2025, it
will increase 2.8 times greater than 2005. In the
BaU case, energy consumption increases to 978
ktoe and GHG emissions 7,195 kt-CO», 2.6 times
and 3.0 times greater than 2005, respectively.
The emissions can be mitigated in the CM case,
3,802 kt-COz or 47% lower than BaU case. The

largest mitigation potential is found in efficiency

improvement (buildings) (56%).
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Figure 12. Floor space of commercial

Policy promoting mitigation measures of buildings and construction

In order to promote mitigation measures of
the building and construction sector, required
policies related to building design, energy effi-
cient equipment and use of renewable energy
should be explored. Figure 14 shows the example
of the policies; performance standard or guide-

lines of buildings, tax rate adjustment, subsidy,

labeling and green purchasing policy of the gov-
ernment itself. In addition, it is equally important
for financial and funding companies to have the
corporate social responsibilities to promote in-
vestments that bring about energy efficiency im-
provement and promote the use of renewable

energy.
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Figure 14. Changes from base year (left) and breakdown of emission mitigation by means (right) in
commercial sector

Figure 15. Mitigation measures and Mitigation of GHG emissions from

policies for buildings Residential and Commerecial sector
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Mitigation Options (2)

Transport (passenger & freight)

In 2025, passenger transport demand will in-
crease to 8,677 passenger-km or 2.3 times greater
than 2005 due to population growth. Currently,
other than non motorist transport such as walk or
bicycle, motorized vehicle is the main mode of
mobility. If modal share does not change, en-
ergy demand and GHG emissions of this sector
will increase to 790 ktoe and 1,672kt-CO:2 in 2025,
respectively. However in the countermeasure
case, energy efficiency improvement of the vehi-
cles can mitigate the emissions at around 13%
and transport demand management (compact
urban structure and using public transport,
which are shown in the Comprehensive Develop-

ment Plan 2005-2025), can have savings of 51%.
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Figure 16. Passenger transport demand

Freight transport sector

Due to the growth of output of the manufac-
turing industries, freight transport demand will
increase to 5,204 tonne-km or 3.2 times greater
than 2005. Without mitigation measures, en-
ergy demand will increase proportionally, and so
GHG emissions. Energy efficiency improve-
ment of the vehicles and shifting fuel to biomass/

biofuel can mitigate the emissions at around 69%.
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Figure 17. Freight transport demand

Policy promoting mitigation measures of transport sector

One important aspect of the emission mitiga-
tion of this sector is transport demand manage-
ment, including land use policy and investment
to public transport. However those are already

shown in the CDP, those policies should be as-

sessed also from the view point of low carbon
city. Energy efficiency improvement of vehicles
and diffusion of biomass fuel will need incen-

tives such as tax or subsidy.
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Figure 20. Mitigation measures and
policies for transport and
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Mitigation Options (3)

Industry & Power sector

In this report, "Industry sector" as an energy COz2.  Including mitigation effects of fuel shift-

consuming sector means primary and secondary  ing and efficiency improvement of power sector,
industries. Assuming GDP increase of 8.0% per  the reduced GHG emissions add up to 3,104 kt-

year, which is shown in the CDP, output of those =~ CO:z or 13% of BaU case emissions.

industries will increase to RM 474,129 million To promote mitigation measures of industries,
or 3.9 times greater than 2005 in 2025. Without incentive to investment in energy efficiency im-
energy efficiency improvement (BaU case), en- provement is essentially important. Tax, sub-
ergy demand and GHG emissions will increase sidy and low interest loans will be central poli-

to 2.0 times and 1.8 times from 2005, respectively.  cies for this sector. Promotion of technology
In the CM case, energy efficiency improvement transfer from abroad is also effective.

of this sector can reduce the emissions 10,831 kt-
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Figure 22. Changes from base year (left) and breakdown of emission mitigation amount by means
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Figure 21. Output by industry
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Power generation and renewable energy

In this report, mitigation amount due to effi-
ciency improvement of power generation has
been computed in sectors consuming electricity.
Sum of those are 4,592 kt-CO2, or 18.3% of the
whole mitigation potential. However power gen-
eration is a state-level strategy rather than city-
level energy policy, it cannot be ignored also
from the view point of the low carbon city. If

GHG emissions from the power sector per elec-

tricity generation is lower, burden of mitigation
measures of a region can also be lowered. This
time we assumed only fuel efficiency improve-
ment. Using fuel with less CO2 emissions or car-

bon capture and storage are other options, for

example.

Promotion of technology transfer

Promotion of investment to im-
prove energy efficiency

Environmental & Energy Policies in Malaysia (2)

(Continue from page 15)

The key policies guiding energy-related activities
in Malaysia are:

¢ Petroleum Development Act 1974 — Established
Petronas as the national oil company and vested it
with the responsibility for exploration, develop-
ment, refining, processing, manufacturing, mar-
keting and distribution of petroleum products.

* National Energy Policy 1979 — Set the overall en-
ergy policy with broad guidelines on long-term
energy objectives and strategies to ensure efficient,
secure and environmentally sustainable supplies
of energy.

* National Depletion Policy 1980 — Introduced to
safeguard the exploitation of natural oil reserves
because of the rapid increase in the production of
crude oil.

* Four Fuel Diversification Policy 1981 — Designed
to prevent over-dependence on oil as the main
energy resource, its aim was to ensure reliability
and security of the energy supply by focusing on
four primary energy resources: oil, gas, hydro-
power and coal.

e Fifth Fuel Policy (Eighth Malaysia Plan 2001-
2005) — In the Eighth Malaysian Plan, Renewable
Energy was announced as the fifth fuel in the en-
ergy supply mix. Renewable Energy is being tar-

geted to be a significant contributor to the coun-
try's total electricity supply. With this objective in
mind, greater efforts are being undertaken to en-
courage the utilization of renewable resources,
such as biomass, biogas, solar and mini-hydro, for
energy generation.

* Energy Efficiency and Renewable Energy (Ninth
Malaysia Plan 2006-2010) - The Ninth Plan
strengthens the initiatives for energy efficiency
and renewable energy put forth in the Eighth Ma-
laysia Plan that focused on better utilization of
energy resources. An emphasis to further reduce
the dependency on petroleum provides for more

efforts to integrate alternative fuels.

The implementation of energy efficiency measures
can lead to a reduction of Malaysia’s current GHG
emissions. Thus, the potential viability of energy effi-
ciency and renewable energy needs to be seriously
looked into as a way of achieving cost, energy and

environmental savings for the nation.

Reference

ENERGY EFFICIENCY POLICY, PROGRAMS AND INDICATORS
IN MALAYSIA, Energy Efficiency Indicator Workshop Moscow 12-
15 Sep 05

Malaysia To Address Climate Adaptation Measures Sep 06, 2007,
UNDP Malaysia

Pusat Tenaga Malaysia, http://www.ptm.org.my/
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Policy package for Low-Carbon

A policy package towards low-carbon Iskandar Malaysia

Comprehensive policy, plan or action is neces-
sary to realize Low-Carbon Region. Figure 24
shows the policies aforementioned in the mitiga-
tion measures of each sector. It takes decades to
create a low-carbon city because energy con-

sumption has strong inertia and it is needed to

construct infrastructure and renew the stock to

change the current status. Therefore, it is impor-
tant to consider creating Low-Carbon Region in
the goals of development at earlier stage. Hence
it is imperative to set a GHG emissions target as
one of the goals of Iskandar Malaysia develop-

ment.

Needs for further research

In this preliminary report, simple modeling
method is adopted due to the constraints of data
and information availability. Based on this re-
port, more concrete and detail research to investi-
gate strategy to realize Low-Carbon Region on
IM is desired.

Pertinent research information required for
more sophisticated modeling work includes;

more detailed and disaggregated information

especially energy consumption from transport
demand, availability of renewable energy re-
sources in Iskandar Malaysia and the Johor State
and GHG emissions from land use and land use
change. With this information, it will be possible
to show more valid estimation of GHG emissions
and reductions, which enables the assessment of
each mitigation measures and priority of the poli-

cies being carried out.




Region

Low-Carbon Region Policy Package

Buildings (residential and commercial sector)

Environmental performance Environmental performance Subsidy to introduce photo-
standard and evaluation of standard of equipments voltaic power generation

buildings

Environmental labeling system
Adjustment of tax rate of
fixed asset tax Education and information
service
Low interest loans in invest-
ment to energy efficient Green purchasing policy
buildings 7 7 7
Transport and Land Use Industry
Urban planning Environmental performance Subsidy in investment

Transport planning

Tax rate adjustment to fixed
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Investment in public trans-
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standard of vehicles

Tax rate adjustment to en-
ergy efficient vehicles

Promotion of bio fuel
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Figure 24. Policy package for Low-Carbon Region
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Methodology

A Procedure to create a local LCS scenario

In order to create a local low-carbon society sce-
nario, We developed a method based on the idea of
"back casting", which sets a desirable goal first, and
then seek the way to achieve it. Figure 25 shows over-

view of the method.

(1) Setting framework

Framework of a LCS scenario includes; target area,
base year, target year, environmental target, number
of scenarios. Among them, the base year is compared
with target year. The target year should be far enough
to realize required change, and near enough to image
the vision for the people in the region. In this study,
we set the target year of IM, 2025. This is also a suit-
able time span for a LCS study for the reasons above.
As an environmental target, we targeted CO: from
energy use because it will be a main source of GHG
emissions from IM in 2025.

(2)Assumptions of socio-economic situations

Before conducting quantitative estimation, qualita-
tive future image should be written. It is an image of
lifestyle, economy and industry, land use and so on.

We could use the assumptions showed in the CDP.

(3)Quantification of socio-economic assumptions

To estimate Snapshot based on future image of (2),
values of exogenous variables and parameters are set.
Using those input, ExSS calculates socio-economic
indices of the target year such as population, GDP,
output by industry, transport demand, and so on.

(4)Collection of low-carbon measures

To collect counter measures which are thought to
be available in the target year. For example, high en-
ergy-efficiency devices, transport structure change
such as public transport, use of renewable energy,
energy saving behavior and carbon sink. Technical
data is required to estimate their effect to reduce GHG
emissions. In this research we employed the measure
showed in preceding study in the Shiga prefecture,
Japan because of information availability and similar-
ity of industrial structure and population size of Shiga

and IM region.

(1) Setting Framework ]—

economic assumptions

(2) Description of socio-
measures

) s

Collection of low carbon]

' l

(5) Setting introduction of
measures in target year

[ (3) Quantification of socio- ] [

]

economic assumptions
[ (6) Estimation of GHG ]

emissions in the target year

J

(7) Confirming measures set and
suggestion of policy recommendations

Figure 25. Procedure to create a local LCS scenario

(5)Setting introduction of counter measures
Technological parameters related to energy de-
mand and CO: emissions, in short energy efficiency,
are defined. Since there can be various portfolios of
the measures, one must choose appropriate criteria.
For example, cost minimization, acceptance to the
stakeholders, or probability of technological develop-

ment.

(6)Estimation of GHG emission in the target year

Based on socio-economic indices and assumption
of measures' introduction, GHG emissions are calcu-
lated.

(7)Proposal of policies

Propose policy set to introduce the measures de-
fined. Available policies depend on the situation of the
municipality or the country which it belongs. ExSS can
calculate emission reduction of each counter measure.

Therefore, it can show reduction potential of meas-
ures which especially needs local policy. It can also
identify measures which have high reduction poten-

tial and therefore important.
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Quantitative estimation tool “Extended Snapshot Tool”

Figure 26 shows the structure of the Extended
Snapshot Tool (ExSS); seven blocks with input pa-
rameters, exogenous variables and variables between
modules. ExSS is a system of simultaneous equations.
Given a set of exogenous variables and parameters,
solution is uniquely defined. In this simulation model,
only COz emission from energy consumption is calcu-
lated, even though, ESS can be used to estimate other
GHG and environmental loads such as air quality. In
many LCS scenarios, exogenously fixed population
data are used. However, people migrate more easily,
when the target region is relatively a smaller area such
as a state, district, city or town. Population is decided
by demand from outside of the region, labor participa-
tion ratio, demographic composition and relationship
of commuting with outside of the region. To deter-
mine output of industries, input-output approach with
“export-base approach” is combined in line with the
theory of regional economics.

Industries producing export goods are called "basic
industry". Production of basic industries induces other

industries i.e. non-basic industries, through demand

of intermediate input and consumption of their em-
ployees. Number of workers must fulfill labor de-
mand of those productions. Given assumptions of
where those workers live and labor participation ratio,
population living in the region is computed. This
model enables us to consider viewpoints of regional
economic development to estimate energy demand
and CO: emissions. For future estimation, assumption
of export value is especially important if the target
region is thought to (or, desired to) develop led by
particular industry, such as automotive manufactur-
ing.

Passenger transport demand is estimated from the
population and freight transport demand whereby it
is a function of output by manufacturing industries.
Floor area of commerce is determined from output of
tertiary industries. Other than driving force, activity
level of each sector, energy demand by fuels deter-
mined with three parameters. One is energy service
demand per driving force, energy efficiency and fuel
share. Diffusion of counter measures changes the

value of these parameters, and so GHG emissions.
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Figure 26. Overview of calculation system of Extended Snapshot Tool
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SECTOR

Energy Supply Sector

indicators and energy demand in 2025 are based on
the modelling of the socio-economic variables and
energy balance table in 2025. Most of the socio-
economic indicators and energy balance table on Is-

kandar Malaysia are obtained from published statis-

Collection and estimation of information

The estimated results of the future socio-economic

PROCEDURE TO MAKE IM ENERGY BALANCE TABLE

(final demand sector).

tics and secondary sources. Assumptions are used
where information for macroeconomic analysis is not
available for the Iskandar Malaysia region.

The followings are the procedures for estimating

socio-economic indicators and energy balance table

REFERENCES

Indigenous Production
Imports

Exports

Error term

Ministry of Energy, Water and Communications,
Malaysia: National Energy Balance 2005 Malaysia

Energy Demand Sector

Transformation Sector

Utility generation
Refineries

Losses & own use

Statistical Discrepancy

Ministry of Energy, Water and Communications,
Malaysia: National Energy Balance 2005 Malaysia

Industry Sector

Agriculture

Mining

Food Products and Beverages

Chemicals and Chemical Products

Electric and Electronic Products and Machinery
Fabricated Metal Products and Machinery
Other Non-Metallic

Rubber and Plastics Products

Construction

Energy consumption for each industry in IM

= Energy consumption for each industry in Malaysia
* Value of gross output for each sector in IM

/ Value of gross output for each sector in Malaysia

Ministry of Energy, Water and Communications,
Malaysia: National Energy Balance 2005 Malaysia,
Dept. of Statistics, Malaysia(2005): Input-Output
tables, Malaysia 2000

Residential & Commercial Sector

Residential Sector

Energy consumption for residential sector in IM
= Average energy consumption per household in IM
* No. of households in IM

Ministry of Energy, Water and Communications,
Malaysia(2005): National Energy Balance 2005 Malay-
sia, IDR Master Plan(2005), Dept. of Statistics, Malay-
sia(2006): State/District Data Bank 2006

Commercial Sector

Energy consumption for commercial sector in IM  (excl. electricity)
= Energy consumption for commercial sector in Malaysia

* No. of employed people for services in IM

/ No. of employed people for services in Malaysia

Energy consumption for commercial sector in IM  (electricity)
= Energz/ consumption for commercial sector in Malaysia

* No. of employed people for services in IM

/ No. of employed people for services in Malaysia

* Energy consumption for residential sector in IM

/ Energy consumption for residential sector in Malaysia

* No. of household in IM / No. of households in Ma%;ysia

IDR Master Plan(2005), Dept. of Statistics, Malaysia
(2006): State/District Data Bank 2006

Transport Sector

Passenger transport

Energy consumption for motorcars in IM

Dept. of Statistics, Malaysia(2006): State/District Data

Motorcar = Energy consumption for motorcars in Malaysia
*No. o%lmotorcars in IM / No. of motorcars in Malaysia Bank 2006
Energy consumption for motorcycles in IM - . . -
Motorcycle = Energy consumption for motorcycles in Malaysia BD:gﬁ';éO%musncs’ Malaysia(2006): State/District Data
* No. of motorcycles in IM / No. of motorcycles in Malaysia
Energy consumption for buses in IM N - . . it
Bus = Enérgy consumption for buses in Malaysia BDcp]i. ;({O%tahshcs/ Malaysia(2006): State/District Data
* No. of buses in IM / No. of buses in Malaysia an
Energy consumption for railways in IM
Railways = Energy consumption for railways in Malaysia Dept. of Statistics, Malaysia(2006): Year Book of Statis-
Y * Passenger traffic volume of railways in IM tics, Malaysia 2006
/ Passenger traffic volume of railways in Malaysia
Ship Unconsidered
Aviation Unconsidered

Freight transport

Goods vehicle

Energy consumption for goods vehicles in IM
= Energy consumption for goods vehicles in Malaysia
* No. of goods vehicles in IM / No. of goods vehicles in Malaysia

Dept. of Statistics, Malaysia(2006): State/District Data
Bank 2006

Energy consumption for railways in IM
= Energy consumption for railways in Malaysia

Dept. of Statistics, Malaysia(2006): Year Book of Statis-

Railways * Freight traffic volume of railways in IM tics Malaysia 2006
/ Freight traffic volume of railways in Malaysia

Ship Unconsidered

Aviation Unconsidered
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(GRDP)

(current price)

Percentage of GRDP by industry in IM is cited from IDR Master Plan.

SOCIO-ECONOMIC INDICATOR UNIT PROCEDURE TO ESTIMATE IM SOCIO-ECONOMIC INDICATORS 20 REFERENCES
Eopplat;c())g ér; él;/IS is cited from Comprehensive Development Plan for South Johor Economic gcesrioﬁil?gthasttllsif’c;v-[ %ll?r}rllsefas(ezr?gg)éé\(l)[; laysia
. egion . y Dgpt: of Statistics, Malaysia(2006): State/
Population person Population by age cohort and sex in IM = Population in IM * age cohort ratio * Sex ratio Eﬁ;;{:;g.aﬁai?gﬁalz(g%%é): Comprehensive
ége Coh‘?rt raf“’:s([)o;f] %0'5 /‘i’ [18'563]66'4 o, [65+]3.1%, Development Plan for South Johor Economic
ex ratio: [male]50.5%, [female]49.5% Region 2006-2025
Labour participation ratio % Labour participation ratio in IM = Labour participation ratio in Johor Bieslz&C(;fg;z:;i%t:;fl,(l\z/{)aggysia(ZO%): State/
No. of employed people in IM L . .
o of emploved beanle o = Population by sex in IM (15+) * Labour participation ratio by sex in IM Dept. of Statistics, Malaysia(2006): State/
) ployed peop p No. of employed people by industry in IM District Data Bank 2006
=No. of employed people by each industry in Malaysia
* Paid wage of each industry in IM / Paid wage of total industry in IM
Commuting . % Commuting OD matrix in IM is cited from researchers’ estimation adjusted by CS Ho 1992 S Ho 1992 studies
origin-destination (OD) matrix studies.
No. of households in IM 2000 is cited from Population & Housing Census of Malaysia 2000; L .
Population Distribution by Local Authority Areas and Mukims Pept&olflsmt}mcé Mﬂlaysfli/([ﬂl]m){ Pﬂz’(};(‘)l(}a‘
) . ion ousing Census of Malaysia ;
No. of households household I:Il%oOfol’z?\l?)S;sg(ﬁglsdlsni?ﬁVzIOZ%SOO Population Distribution by Local Authority
* No. of places of residence in IM 2005 / No. of places of residence in IM 2000 Areas and Mukims
No. of places of residence in IM 2000 is cited from Population & Housing Census of Malaysia thgs E&Olf[?)tast,l,s,ncé l;lllsalg}(])?%[z?m; ng(%a—
2000; Population Distribution by Local Authority Areas and Mukims Populati uD gt ]; tu b La a}i Aa thorit
Place of residence residence Ateas and Mukims, Valuation and Property
No. of places of residence in IM 2005 is estimated from year 2000 based on Property Market Services Departmer’n, Ministry of Finar?ce, Y
Report 2005. Malaysia(2006): Property Market Report 2005
Dept. of Statistics, Malaysia(2006): Malaysna
Gross Regional Domestic Product RM Economic Statistics - Time Series 2005, Johor

State Economic Planning Unit(2006), IDR
Master Plan(2005)

Value of gross output

RM
(current price)

Value of gross output for manufacturing industry in IM is cited from IDR Master Plan(2005).

Value of gross output by industry in IM (except manufacturing industry)
= Intermediate input by industry in IM + Value added by industry in IM

Dept. of Statistics, Malaysia(2005): Input-
Output tables, Malaysia 2000, Johor State
Economic Planning Unit(2006), IDR Master
Plan(2005)

Intermediate input

RM
(current price)

Intermediate input of manufacturing industry in IM
= Intermediate input of manufacturing industry in Johor * 0.606

Intermediate input by industry in IM (except manufacturing industry)
= Intermediate Input by industry in Malaysia
* Value added by industry in IM / Value added by industry in Malaysia

Dept. of Statistics, Malaysia(2005): In
Output tables, Malaysia 2000, Johor
Economic Planning Unit(2006)

ut-
tate

Value added

RM
(current price)

Value added of manufacturing industry in IM

= Value added of manufacturing industry in Johor * 0.606

Total value added of industries in IM

= Value added of manufacturmg industry in IM

/ Percentage of regional GDP o manufacturmg industry in IM
Value added by industry in IM (except manufacturing industry)
=Total value added of industries in IM

* Percentage of regional GDP by industry in IM

Dept. of Statistics, Malaysia(2005): Input-
Output tables, Malaysia 2000

Paid wage

(current price)

Paid wage of manufacturing industry in IM
= Paid wage of manufacturing industry in Johor * 0.606
Paid wage by industry in IM (except manufacturing industry)
= Paid wage by industry in Malaysia
* Value added by industry in IM / Value added by industry in Malaysia

Dept. of Statistics, Malaysia(2005): Input-
Output tables, Malaysia 2000

Private consumption expenditure

RM
(current price)

Private consumption expenditure in IM
= Private consumption expenditure in Malaysia
* Population in IM / Population in Malaysia

Dept. of Statistics, Malaysia(2005): Input-
Output tables, Malaysia 2000

Government consumption
expenditure

RM
(current price)

Government consumption expenditure in IM
= Government consumption expenditure in Malaysia
* Population in IM / Population in Malaysia

Dept. of Statistics, Malaysia(2005): Input-
Output tables, Malaysia 2000

Gross fixed capital formation

(current price)

Gross fixed capital formation in IM
= Private investment expenditure in IM + Government investment expenditure in IM

Dept. of Statistics, Malaysia(2005): Input-
Output tables, Malaysia 2000

Private investment expenditure

RM
(current price)

Private investment expenditure in IM
= Private investment expenditure in Malaysia
* Population in IM / Population in Malaysia

Johor State Economic Planning Unit(2006)

Government investment
expenditure

RM
(current price)

Government investment expenditure in IM
= Government investment expenditure in Malaysia
* Population in IM / Population in Malaysia

Johor State Economic Planning Unit(2006)

Valuation and Property Services Depart-

Floor space of building stocks m? Floor space of building stocks by building type is cited from Property Market Report 2005. ment, Ministri of Finance, Malaysia(2006):
Property Market Report 2005
No. of vehicles in IM
No. of vehicles vehicle = No. of vehicles in Malaysia B;esfgmotfggz::g;cr:l;kMalay51a(2006) State/
* No. of households in IM / No. of households in Malaysia
Trip per person per day trip/person/day | Trip per person per day =2.25
JICA(1997): A Study on Integrated Urban
Transportation Strategies for Environmental
Modal share in passenger % Modal share in passenger in IM is estimated from JICA and Malaysia Traffic Survey. Improvement in Kuala Lumpur, Ministry of
Work, Malaysia(2006): Road Traffic Volume
Malaysia 2006
JICA(1997): A Study on Integrated Urban
Average trip distance km Average trip distance in IM is estimated from JICA(1997). Transportation Strategies for Environmental

Improvement in Kuala Lumpur

Passenger transport volume:
Passenger vehicles
(motorcar, motorcycle, bus)

passenger-km

Passenger transport demand of passenger vehicles in IM (passenger-km)
= Population in IM * Trip per person per day * 365 *Average trip distance

Passenger transport volume:

passenger-km

Passenger transport demand of railways in IM (passenger-km)

Dept. of Statistics, Malaysia(2006): Year Book
of Statistics Malaysia 2006,

Rail = Passenger transl};)ort demand of railways in Malaysia (passenger-km)
anways * main stations of KTM in IM / main stations of KTM in Malaysia Keretapi Tanah Melayu (KTM)
Modal share in freight % Modal share in freight is estimated from freight transport demand.
Freight transport demand of goods vehicles in IM (vehicle-km)
=No. of goods vehicles in IM
Freight transport volume: * Average travel distance per goods vehicle per year (km) in Fulton and Eads(2004) Fulton, L. and G. Eads(2004): IEA-SMP
Goods vehicles tonne-km i . R Model Documentation and Reference Case
00ds ve. Freight transport demand of vehicles in IM (tonne-km) Projection
= Freight transport demand of goods vehicles in IM (vehicle-km)
* Average load (tonne per vehicle) in Fulton and Eads(2004)
Freight transport volume: Freight transport demand of railways in IM (tonne-km) Dept. of Statistics, Malaysia(2006): Year Book
R Slg ansport votume: tonne-km = Freight transport demand of railways in Malaysia (tonne-km) of Statistics, Malaysia 2006,
atways * main stations of KTM in IM / main stations of KTM in Malaysia Keretapi Tanah Melayu (KTM)
CO2 emission factor by energy (except electricity) is cited from Ministry of the Environment, Ministry of Energy, Water and Communica-
CO:2 emission factor kt-C/ktoe Japan. tions, Malaysia(2005): National Energy

CO: emission factor of electricity in IM is based on National Energy Balance 2005 Malaysia.

Balance 2005 Malaysia
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