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The Effect of Energy Demand on 

Greenhouse Gases and Analysis of 

Their Mitigation in Cambodia 
MATH ROFAT 

 

Abstract 

In this paper, energy demand and GHG emissions were forecast for the next 30 

years by taking 2010 (from the 2010 Cambodian energy system) as the base 

year and using the Long-range Energy Alternative Planning (LEAP) system for 

the analysis. The LEAP model forecasts energy consumption and GHG 

emissions by sector and totals them nationwide by summing up the sectorial 

energy consumption and GHG emissions. All available energy consumption 

activities and socioeconomic data were collected and inputted into the model to 

develop scenarios. Scenarios are self-consistent storylines of the future energy 

system and will show how energy might evolve over time in a particular 

socioeconomic setting and under a particular set of policy conditions. 

Initially, a Business as Usual (BaU) scenario was created based on the current 

energy situation. For this, the base year situation and the expected future 

changes were used based on the likely plans and growth trajectories. The 

scenario was the implementation of anticipated and likely-to-be-carried-out 

projects and policies. Then the Alternative Policy Scenario (AP), which 

simulates new policy measures, was developed to meet the energy demand and 

reduce GHG emissions. The household-sector energy demand was assumed to 

be driven by population growth. The energy demand for industry, commerce, 
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agriculture, and transport were assumed to be driven by their GDP and the retail 

price of oil. 

The computation showed that energy demand and its related GHG emission 

would increase in the next 30 years and would be 5.79 and 5.00 times that of 

the base year values, respectively. The computed results showed that the 

household sector has the third highest GHG emissions contribution. Therefore, 

the selected policy measures were mostly focused on this sector. Under those 

measures, the energy demand could be reduced by 1.65%, 2.21%, and 2.22%, 

and the GHG emissions, by 2.37%, 4.75%, and 7.06% in the years 2020, 2030, 

and 2040, respectively. On the other hand, the transformation analysis and 

efficient charcoal production measures would reduce the input wood demand 

by 50.91%. Furthermore, with efficient charcoal production, the GHG 

emissions could be reduced by 16%, 32.3%, and 50.5% in 2020, 2030, and 2040, 

respectively. 

Finally, recommendations to implement those mitigation measures are given 

for governmental and non-governmental organizations. 
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Chapter 1. Introduction 
 

1.1 Background 

Energy is an important source or input for the economic and social 

development of any nation. Significant energy use is relevant to the nature of 

energy services in different sectors of the economy and to environmental 

constraints (Abdeen Mustafa Omer, 2007). When analyzing energy demand or 

other economic systems, several factors must be considered. Energy is required 

for cooking and lighting in households and for other uses of social services. 

This shows that energy is a vital input for the social and economic development 

of nations, as are capital, labor, and good governance (EngdayahuAmare, 2007). 

Many environmental problems are arising with energy supply and use 

that are related to global warming, such as air pollution, ozone layer depletion, 

forest destruction, and emission of radioactive substances. These issues must 

be considered simultaneously if humanity is to achieve a bright energy future 

with minimal environmental impacts. There is already much evidence that the 

future will be negatively affected if humans continue degrading the 

environment. 

In 2004, global greenhouse gas (GHG) emissions increased by 4% from 

various sources of energy, which resulted in climate change, as the energy 

demand was estimated to increase by more than 50% between 2005 and 2030. 

These increases in energy demand and global GHG emissions reflect the 

broader emerging concern to meet the ongoing energy demand and its 

implications on the environment (UNEP, 2010). 

Cambodia is one of the countries that have a good deal of renewable 

energy potential. Its alternative renewable energy sources, including 

hydropower, natural gas, and solar power, are generally considered relatively 

abundant. The potential of these resources remains largely untapped. Cambodia 

is endowed with a high technical potential for hydropower, estimated at 8,000 
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to 10,000 MW of installed capacity (MIME, 2011). However, its total primary 

energy supply in 2009 amounted to 5.2 million tons of oil equivalent,1 of which 

71.7% was biomass and 28.2% was imported oil. Only 0.1% was hydropower.2 

In the same year, CO2 emissions from energy consumption amounted to 3.93 

million tons of CO2. Both figures, the primary energy consumption and the CO2 

emissions, at least doubled over the past 10 years.3 

The National Census 2008 showed that 91% of households in Cambodia 

use biomass as their main cooking fuel: 84%, firewood and 7%, charcoal. LPG 

is used as the main cooking fuel by sharing7.9% of the households. Cambodia 

is still largely dependent on firewood, particularly in rural areas, and the 

demand for firewood is rising due to population growth. While in urban areas, 

25% of households are using charcoal today, the use of charcoal in rural areas 

is not yet significant (GDE, MIME, 2007). 

 

1.2 Research Problems 

Population growth increases the energy consumption of buildings, 

transport, agriculture, and industries. As stated previously, Cambodia depends 

on the following for its main cooking fuel: 84% of firewood and 7% of charcoal. 

The country is dependent for its own power generation mainly on imported 

heavy fuel oil (93%). Hydropower and coal contribute slightly more than 3% 

each, and biomass contributes less than 1% (DET, 2013). The increase in energy 

consumption results in environmental degradation, which is a serious threat to 

the lives of people, animals, and plants. Thus, it is imperative that we stop 

further degradation. 

An increase in consumption generates carbon emissions that directly 

harm the environment. The energy subsector has an important role to play in 

the effort to avert the dangerous effects of climate change, because it depends 

                                                            
1This figure excludes power trading over the national borders. 
2Data source: OECD/IEA 2011 
3Data source: International Energy Statistics 2012 published by the U.S. Energy Information 
Administration: 
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heavily on fossil fuels. However, stationary units such as generators, 

construction equipment, and refrigerant leakages also contribute significantly 

to emission levels. Many city premises operate generators as backups to 

insufficient electricity. 

- With the increasing population and the creation of a large class of blue-collar 

workers, there is an increasing demand for energy consumption in 

Cambodia, which is increasing air pollution throughout the country. 

- Cambodia, being a developing country, is very vulnerable to the adverse 

effects of climate change because of its low capacity to adopt, lack of 

technology, and low institutional and financial capacities. Controlling 

pollution from the energy sector is vital to improving the quality of the air 

and protecting public health. 

Climate change is one of the greatest social and economic threats faced 

by humans and puts risk and uncertainty at the heart of development. Current 

assessments provide a good, broad understanding of the ways in which 

Cambodia will be vulnerable. The effects of climate change will be felt 

differently by different people in different localities and contexts. Human-

induced climate change is caused by GHG emissions from industry, transport, 

agriculture, and other vital economic sectors. 

 

1.3 Research objectives 

The main objective of this research is to evaluate the level of GHG 

emissions from energy consumption such as air pollution from the energy sector 

through monitoring and modeling of emissions. The research will also assess 

the impact of these emissions on human health and the environment. 

The other objectives of the research include: 

i. To assess the current energy-sector emission levels and 
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ii. To suggest some policy measures to address the anticipated impacts on the 

country’s energy demand and GHG emissions. 

 

1.4 Scope of the study 

The previous study on GHG emission inventories for the country, 

Cambodia did not consider energy efficiency and was only a preliminary study, 

without any mitigation options. This study indicates the current demand share 

and GHG contribution of various sectors. It is useful and helpful for the country 

to trace on how much the GHG has emitted from energy consumption with the 

BAU and AP scenarios for the formulation of a national energy and GHG 

mitigation policy. 

The included mitigation options were selected because they were deemed 

to be as likely to reduce GHGs emissions and as low-cost as the possibly 

improved cooking stoves and efficient lighting devices. Thus, their value in the 

socioeconomic development of the country and the mitigation of indoor air 

pollution is also significant. Furthermore, this study can be used a BAU for 

future similar studies that will be conducted in the country. 

This thesis is divided into five chapters. Chapter 1 introduces the research 

background and significance, and reviews the research situation. Chapter 2 

summarizes the literature reviews conducted in the previous study. Chapter 3 

describes the methodologies used in this paper to analyze Cambodia’s projected 

energy, environmental emissions status, and energy characteristics, and 

supplements the descriptions with data graphics. Chapter 4 presents and 

discusses the results of this study and Cambodia’s projected energy demand 

and GHG emissions. Chapter 5 presents the conclusions and recommendations. 
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Chapter 2. Literature Review 
 

2.1 Energy and Environment 

Many academic researchers have explained the relationship between 

energy and the environment (Jauhiainen, 2008) as follows: the use of much 

energy could damage the environment. Thus, nations all over the world have 

been trying to increasingly use clean energy. However, the impact of energy 

systems on the environment occurs from the household scale to the global scale. 

Indeed, at each scale, the environmental impact of human energy production 

and use accounts for a significant portion of human impact on the environment. 

Such impact is divided into two broad categories: those that directly affect 

human health (environmental health impacts) and those that indirectly affect 

human welfare through impacts on the natural environment (ecosystem 

impacts). The health impact of household energy consumption is high, 

accounting for 4-5% of the global disease burden (John P. Holdren et al). 

Energy services are crucial to the development challenges of providing 

adequate food, shelter, water, sanitation, health services, and access to 

information. The energy consumption level is used as the indicator of the 

economic and social development level of a certain region (Vibol, 2011 July). 

For energy consumption to affect the environment less, renewable energy must 

be used, as it emits a lower level of CO2 to the atmosphere. For instance, the 

European Commission’s Energy Policy 2007 targeted a 20% increase  in the 

share of renewable energy in the EU’s total fuel consumption to reduce the 

continent’s GHG emissions by 2020 (Brussels, 2007).  

Due to the indications that the existing energy supply or consumption 

patterns are not functioning in the proper environment-friendly manner, global 

and regional activities, international obligations to protect the environment, and 

increasing public awareness of environmental degradation such as ozone layer 
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depletion, global warming, deforestation, and air and water pollution have been 

working together to mitigate all the negative impacts of energy use. Human 

activities are recognized as the main causes of environmental degradation due 

to energy use. It is obvious that energy consumption, which is necessary for 

human life, is an important factor of the implementation of development. 

However, the question that is now being asked is this: To what extent are human 

activities responsible for energy consumption and environmental issues. 

However, according to a group of scientists, not all human activities lead to 

environmental degradation. They believe that other natural phenomena such as 

solar activities and volcanic activities contribute more to global warming 

(Derakhshan, 2008). 

 

2.2 Energy and Social Welfare  

Increasing energy consumption is an indicator of economic and social 

development, because energy plays an important role in enhancing social 

welfare. Today, however, nations need to be better at dealing with climate 

variability and its related health effects (Nerlander, 2009). People cannot live 

without energy, and cannot spend even a few days without electricity or fuel 

for transport, heating, cooling, and cooking without severely complaining. 

However, access to basic energy services at affordable prices are still among 

the main social problems in some developing countries. In Cambodia, most of 

the commercial energy used for power generation, transport, and various 

industrial, residential, and commercial uses in Cambodia comes from 

petroleum, which is high-priced. Around 2 billion people have been living 

without access to modern energy services, and most of them are still meeting 

their essential energy needs for cooking and heating from natural resources such 

as firewood and crops (Thomas B et al, 2002). 
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Energy is supporting social health from several viewpoints, e.g., for food 

provision and control of the indoor temperature at a comfortable level. 

Moreover, almost all medical centers and health care services depend on energy 

to implement their activities (Derakhshan, 2008). 

 

2.3 Climate Change and Greenhouse Gas Emissions 

Climate change refers to long-term changes in the temperature, 

precipitation, wind, and other elements of the Earth’s climate system. The 

atmosphere is almost filled with nitrogen and oxygen, but it is the tiny quantities 

of specific “greenhouse gases” that produce the climate change effect 

(Parkpoom, 2007)& (Griffin, 2003). 

Climate change is one of the major challenges of our time and adds 

considerable stress to our societies and to the environment. In fact, it is 

considered the greatest scientific and political challenge of the 21st century 

(Parkpoom, 2007) (Booth, 2012). It ranges from shifting weather patterns that 

threaten food production, to rising sea levels that increase the risk of 

catastrophic flooding. Particularly, the global mean sea level has been rising 

from 1961 to 2003, and the average rate of sea level rise was 1.8±0.5 mm per 

year. For the 20th century, the average rate was 1.7±0.5 mm per year, consistent 

with the TAR estimate of 1-2 mm per year (IPCC, 2007). These show that the 

impacts of climate change are global in scope and unprecedented in scale. 

Without drastic action today, adapting to these impacts in the future will be 

more difficult and costly (UNEP, 2010). 

Global warming refers to an increase in average global temperatures. 

Natural events and human activities reported by IPCC are believed to be 

contributing to an increase in average global temperatures. This is caused 

primarily by increases in the emission of “greenhouse” gases such as carbon 

dioxide (CO2) into the atmosphere (Shah, 2013). 
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About 97.4% of climate scientists believe that human activities 

contribute to climate change. That humanity’s emissions of greenhouse gases 

(GHGs) contribute to climate change is not in dispute, but scientists are 

continually investigating just how the climate will respond to such emissions 

over time and in the various regions of the world. Human-induced climate 

change is caused by GHG emissions from industry, transport, agriculture, and 

other vital economic sectors (WMO, 2013). The contribution of Asian countries 

to global CO2 emissions has increased from 9% in 1973 to nearly 30% in 2009. 

Four of the eight largest CO2-emitting countries in the world (China, India, 

Japan, and the Republic of Korea) are in Asia. Therefore, there is increasing 

pressure for low-carbon development in Asia ( AASA, 2012). 

The rapid increase in the global energy consumption in various economic 

sectors, the deforestation of natural forest areas for agriculture to produce more 

food, and industrial growth are supposed to be the causes of the high 

concentration of GHGs in the environment (Engdayahu, 2007). 

Global warming has been one of the most important environmental 

problems of our age. The ever-increasing amount of CO2, the dominant 

contributor to the greenhouse effect, in the environment seems to be 

aggravating this problem. Academics and practitioners alike have been 

debating the reduction of GHG emissions to alleviate global warming (Xing-

Ping Zhang et al, 2009). 

The share of Asian developing countries in global GHG emissions is 

rising rapidly. In 2010, four of the eight largest CO2-emitting countries (China, 

India, Japan, and the Republic of Korea) were in Asia ( AASA, 2012). 

The major impacts of climate change vary greatly among subregions and 

sectors over the diverse Asian continent, and are often negative in one place or 

sector but positive in another place or sector. For example, it is widely believed 

that global warming leads to declining food supply, but global warming will 
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likely benefit agriculture in current cold regions. Also, increases in precipitation 

have been observed in arid Asian regions, in contrast to increasing droughts in 

semi-arid regions. Here is a summary of the possible negative and positive 

impacts of climate change on different sectors of Asian countries ( AASA, 

2012). 

The likely negative impacts of climate change on Asian countries are as follows: 

 Increases in extreme weather events and consequent natural disasters, 

especially floods, typhoons, droughts, heat waves, and wildfires; 

 Threats to crop production and agriculture, and therefore, threats to 

sustainable food supply; 

 Increased risk of vector-borne diseases, such as malaria and dengue fever; 

 Widespread damage to natural ecosystems and loss of biodiversity; 

 Changes in marine productivity due to coral bleaching and impacts on 

mangroves and sea grass beds; 

 Retreat of mountain glaciers and permafrost, and changes in watershed 

hydrology; 

 Changes in hydrological regimes and increased winter flooding, but 

decreases in summer flow, along with more frequent and intense droughts 

in semi-arid regions; 

 More severe water shortages and energy demand in urban and agricultural 

areas due to global warming, and instability in water supply; and 

 Continuous deterioration of environmental quality and land degradation. 

The possible positive impacts of climate change on Asian countries are: 

 Drops in energy demand for winter heating and agricultural greenhouse 

maintenance; 

 Increased agricultural productivity in high-altitude and high-latitude areas, 

such as northeast Asia and the Tibetan Plateau; 

 Expansion of ice-free periods in the northwest Pacific and major rivers in 

northern Asia, which would be beneficial to travel; and 
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 Likely greening in the Gobi and other desert areas in West Asia, Central 

Asia, China, and Mongolia due to increased precipitation in the recent 

decade. 
 

Table 1. Summary of key observed past and present climate trends variability in Asia 

Region Country 
Change in 

Temperature 
Change in Precipitation 

North 

Asia 

Russia 

2-3°C rise in the past 90 

years, more pronounced 

in spring and winter 

Highly variable; 

decrease in 1951-1995 

and increase in the last 

decade 

Mongolia 

1.8°C rise in the last 60 

years, most pronounced 

in winter 

7.5% decrease in 

summer and 9% 

increase in winter 

Central 

Asia 

Regional 

mean 

1-2°C rise in 

temperature per century 

No clear trend in 1900-

1996 

Northwest 

China 

0.7°C increase in the 

mean annual 

temperature in 1961-

2000 

22-33% increase in 

rainfall 

Tibetan 

Plateau 

Regional 

mean 

0.16 and 0.32°C per 

decade increase in the 

annual and winter 

temperatures, 

respectively 

Generally increasing in 

the northeast region 

West 

Asia 

(Middle 

East) 

Iran 

Significant decreases in 

frost days reported by 

several stations in 

different climatological 

zones in Iran in 1951-

2003 due to rises in 

surface temperature 

Decreasing trend in 

precipitation shown by 

some stations (Anzali, 

Tabriz, and Zahedan), 

and increasing trends 

reported by others 

(Mashad and Shiraz) 
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East 

Asia 

China 

Warming in the last 50 

years, more pronounced 

in winter than summer, 

and rate of increase 

more 

pronounced at the 

minimum than the 

maximum temperature 

Annual rainfall decline 

in the past decade in 

Northeast and North 

China, and increase in 

Western China, 

Changjiang River, and 

along the southeast 

coast 

Japan 

About 1.0°C rise in the 

20th century, 2-3°C rise 

in large cities 

No significant trend in 

the 20th century, 

although fluctuations 

increased 

Korea 

0.23°C rise in the 

annual 

mean temperature per 

decade, increase in the 

diurnal range 

More frequent heavy 

rainfall in recent years 

South 

Asia 

India 

0.68°C increase per 

century, increasing 

trends in the annual 

mean temperature, 

warming more 

pronounced post-

monsoon and in winter 

Increase in extreme 

rainfall in the northwest 

during the summer 

monsoon in recent 

decades, fewer rainy 

days along the east 

coast 

Nepal 

0.09°C per year in the 

Himalayas and 0.04°C 

in the Terai region, 

more in winter 

No distinct long-term 

trend in precipitation 

records in 1948-1994 

Pakistan 
0.6-1.0°C rise in the 

mean temperature in 

10-15% decrease in 

coastal belt and hyper-

arid plains, increase in 
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coastal areas since the 

early 1900s 

summer and winter 

precipitation over the 

last 40 years in northern 

Pakistan 

Bangladesh 

Increasing trend of 

about 1°C in May and 

0.5°C in November in 

the 14-year period from 

1985 to 1998 

Decadal rain anomalies 

above long-term 

averages since the 

1960s 

Sri Lanka 

0.016°C increase yearly 

from 1961 to 1990 in 

the entire country, 2°C 

increase yearly in 

central highlands 

Increasing trend in 

February and decreasing 

trend in June 

South-

east 

Asia  

General 

0.1-0.3°C increase per 

decade reported in 

1951-2000 

Decreasing trend in 

1961-1998, fewer rainy 

days throughout SE 

Asia 

Indonesia 

Homogeneous 

temperature 

data not available 

Decline in rainfall in 

southern regions and 

increase in northern 

regions 

Philippines 

0.14°C increase in the 

mean annual, 

maximum, and 

minimum 

temperatures in 1971-

2000 

Increase in the annual 

mean rainfall since the 

1980s and in the 

number of rainy days 

since the 1990s 

Source: Cruz et al., 2007 (Adopted from AASA, 2012) 

 

Climate change must move up on the political agenda, not as an 

environmental issue alone, but as a challenge to human development and 
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economic growth. Adaptation and mitigation must be addressed in a broad 

development context, and the effects of climate change must be recognized as 

additional threats to poverty reduction and sustainable development (MoE, 

2010; UoG, 2009). 

 

2.4 Climate Change and GHG Emission in Cambodia 

Cambodia contributes little to global GHG emissions. However, it has 

recently become a net emitter of GHGs. Deforestation and increasing irrigation 

are the primary driving factors of the country’s rise to the rank of 109 in the list 

of the world’s highest GHG-emitting countries by the World Resources 

Institute (MoE, 2010). Though it emits only 0.29 tons of CO2 per capita per 

year, it will be affected by the impacts of its GHG emissions. Moreover, 

although Cambodia is not highly exposed to climate hazards (except for the 

Mekong Delta on the country’s Vietnam border), almost all its provinces are 

vulnerable to climate change due to their low adaptive capacity and their 

dependence on climate-sensitive livelihoods (MoE, 2010). 

As much as climate change mitigation is about energy, climate change 

adaptation in Cambodia is largely about water and health concerns and the 

strengthening of institutional capacity. The climate change impacts on 

Cambodia will largely be felt in Tonle Sap through changed water flows in the 

Mekong, which are likely to alter the area’s unique flood pulse system, and in 

coastal zones through sea-level rise and increased erosion and salinization 

(MoE, 2010; CNMC, 2010. Such zones will likely be wetter, with higher water 

levels, more extensively flooded areas, and longer flood durations, but the 

effects of climate change on the monsoon system are not yet fully understood. 

Responding to climate change should start by linking efforts to reduce 

vulnerability to present climate-related disasters with those aimed at building 

longer-term resilience to climate change. It is important to note that climate 
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change is not the only factor that is affecting the Mekong flows; the planned 

large-scale hydropower dams are estimated to have a remarkable impact on the 

quantity and quality of the flow. The combined impact is a serious concern of 

Tonle Sap (CNMC, 2010). 
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Chapter 3 Methodology 
 

3.1 Data Collection and Information Source 

For the analysis of the energy data on all energy demand activities were 

collected and the data structure was designed. Secondary data on the 

countrywide energy supply and consumption were collected and classified into 

five major sectors for this thesis: the Household, Transport, Industry, 

Agriculture, and Commercial Services sectors. However, only the household 

sector was considered by using the energy intensity of appliances whose end-

use activities were classified as cooking, lighting, and refrigeration. Other 

sectors were considered by using aggregated data. 

The main inputs in the estimation of energy demand and GHG emissions 

were the activity data and the energy intensities of those activities. Those were 

also the main inputs for the construction of the scenarios that were the storylines 

of how future energy might evolve over time in particular socioeconomic 

settings and under particular sets of policy conditions. 

The activity data that were used for the energy-consuming activities and 

the estimation of intensities were collected from the Rural Electrification Fund 

(Fund); Electricite du Cambodge (EdC); Electricity Authority of Cambodia 

(EAC); Ministry of Industry, Mines and Energy (MIME); Ministry of Public 

Works and Transport (MoPWT); Ministry of the Environment (MoE); Ministry 

of Agriculture, Forestry and Fisheries (MAFF); and Cambodian National 

Statistics of the Ministry of Planning (MoP). 

 

3.2 The overview of existing energy models 
 

3.2.1 EFOM 

The Energy Flow Optimization Model (EFOM) is the national dynamic 

optimization model that represents the energy-producing and-consuming 
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sectors in each state or province. It optimizes the development of these sectors 

under given fuel import prices and useful energy demand over a pre-defined 

time horizon. The development of national energy systems can be subject to 

energy and environmental constraints such as the availability of fuel, 

penetration rates of certain technologies, emission standards, and emission 

ceilings. The model databases contain a wide range of conversion and end-use 

technologies such as conventional technologies, renewable energy technologies, 

efficient fossil-fuel-burning technologies, combined heat and power 

technologies, and energy conservation technologies in the demand sectors. The 

main objective of EFOM-ENV is energy and environmental policy analysis and 

planning, particularly analysis of the cost-effectiveness of energy policy 

options to reduce pollutant emissions (TERI, 2006). 

EFOM was originally developed in a European Community research 

program in the 1970s. It has been applied in all member countries of the 

European Union well as in many other countries, including Russia, Mexico, 

and China. It is a multi-period model that can cover a study time span of 40 

years. 

EFOM has been extended with an environmental module (EFOM-ENV), 

which includes emission reduction technologies with negative emission 

coefficients (DEMENTJEVA, 2009). 

 

3.2.2 TIMES 

The Integrated MARKAL-EFOM System (TIMES) is a recent 

development in the evolution of the MARKAL framework. It was created by 

the Energy Technology Systems Analysis Program (ETSAP) of the 

International Energy Agency (IEA). As with its predecessor, TIMES is a 

dynamic linear optimization framework that finds the least-cost solution under 

given constraints such as the annual or cumulative emission levels. It 

presupposes perfect foresight and parametric data sources. Due to its increased 
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model flexibility, it allows analysis of many problems that formerly required 

undesirable compromises or were beyond the analytical limit (Mäkelä, 2000). 

 

3.2.3 MARKAL 

MARKet Allocation (MARKAL) is a bottom-up, dynamic linear 

programming model of a country’s energy system. It is a family of energy 

system models that depict both supply and demand. MARKAL provides policy 

makers and planners in the public and private sectors extensive details on 

energy-producing and -consuming technologies, and explains the interplay 

between the macro-economy and energy use. As a result, this modeling 

framework has helped in national and local energy planning, and in the 

development of carbon mitigation strategies. 

MARKAL has been widely used in almost 40 countries, including 

developed, transitional, and developing countries. The model was originally 

designed to develop a strategy for the research, development, and 

demonstration activities of IEA. The characteristics of future energy 

technologies were estimated and the influence of these technologies was 

analyzed for several countries through various scenarios. MARKAL was 

developed at the Brookhaven National Laboratory in the USA and at 

Kernforschungsanlage Jülich in Germany. Available resources and economic, 

technical, and environmental characteristics of technologies, together with 

useful energy demands, are the main input parameters in a MARKAL model. 

The modeling horizon in MARKAL can be divided into up to 16 periods with 

equal lengths. Due to new installations and decommissioning of old capacity, 

the market shares of different technologies vary throughout the periods. The 

model constraints include annual energy carrier balances, seasonal district 

heating balances, diurnal electricity balances, and annual availability and 

demand equations. 
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MARKAL has been expanded to be a family of modeling systems. It has 

been linked to the top-down model MACRO, allowing the evaluation of the 

interaction between technology policies and market instruments. MARKAL-

MACRO is a simplified energy-economy model that describes technologies in 

detail. MARKAL-MICRO and MARKAL-ELASTIC_DEMAND (MED) are 

steps closer to a partial equilibrium model, in which useful energy demand has 

been replaced, respectively, with non-linear and stepwise demand curves. The 

equilibrium between supply and demand is calculated by maximizing the sum 

of the consumer and producer surpluses (DEMENTJEVA, 2009). 

 

3.2.4 MESAP 

The Modular Energy System Analysis and Planning (MESAP) software 

is a modular energy planning package developed with the specific needs of 

developing countries in mind. It is designed as a flexible planning package that 

provides energy analysts and planners tools for performing complex energy 

analyses. It consists of basic techniques for energy planning, a set of tested 

energy modules, and data management and processing software. At the heart of 

MESAP is a network-oriented database. Its objective is to assist in energy and 

environmental policy analysis and planning (TERI, 2006). 

 

3.2.5 MESSAGE 

The Model for Energy Supply Strategy Alternatives and their General 

Environmental impact (MESSAGE) is generally used to optimize energy 

supply systems. However, other systems that supply specific demand for goods, 

which have to be processed before delivery to the final consumer, could be 

optimized. The objectives include resource extraction analysis, estimation of 

imports/exports of energy, energy conversion analysis, energy transport and 

distribution analysis, final energy utilization by consumer analysis, 
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recommendations for environmental protection policies and investment 

policies, and analysis of opportunity costs (TERI, 2006). 

MESSAGE was created at the International Institute for Applied Systems 

Analysis (IIASA) in Austria. It was originally used for a study in which seven 

world regions were analyzed over a 50-year time horizon that was divided into 

several periods. Similar to MARKAL and EFOM, MESSAGE can be used to 

describe the overall energy supply system with resource extraction, imports and 

exports, commodity flows, conversion, distribution, and end-use of energy. The 

modeling horizon is divided into periods, which can vary in length. Each period 

is represented by a typical year, which can be divided into load regions. A 

typical division includes winter, intermediate and summer days, with each 

subdivided into three load regions of arbitrary lengths. 

The model’s current version, MESSAGE IV, is a UNIX-based system 

that provides information on the utilization of domestic resources, energy 

imports and exports and trade-related monetary flows, investment requirements, 

the types of production or conversion technologies selected pollutant emissions, 

inter-fuel substitution processes, and temporal trajectories for primary, 

secondary, final, and useful energy. MESSAGE has recently been expanded to 

address as well endogenous learning for various technologies using the Mixed 

Integer Programming (MIP) approach. Another important model development 

includes the extension of the model to cover all six Kyoto GHGs, their drivers, 

and their mitigation technologies (DEMENTJEVA, 2009). 

 

3.2.6 MIDAS 

Mixed Data Sampling (MIDAS) is a large-scale energy system planning 

and forecasting model. It dynamically simulates the energy system, which is 

represented by combining engineering process analysis and econometric 

formulations. The model is used for scenario analysis and forecasting.  
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MIDAS covers the entire energy system, including energy demand by 

sector and fuel, power generation, oil refineries, natural gas, solid fuels 

production, imports, and energy market prices. 

The model ensures consistent and simultaneous annual projection of energy 

demand, energy supply, and energy pricing and costing, so it is both quantity- 

and price-dependent. 

The model output is a time-series of detailed EUROSTAT energy 

balance sheets, lists of costs and prices by sector and fuel, and a set of capacity 

expansion plans that include emission data (Prof. P. Capros, 1996). 

 

3.2.7 LEAP 

The Long-range Energy Alternatives Planning (LEAP) system is a 

widely-used software tool for energy policy analysis and climate change 

mitigation assessment. It was developed at the Stockholm Environment 

Institute (SEI). It has been adopted by hundreds of organizations in more than 

150 countries worldwide. Its users include government agencies, academics, 

non-governmental organizations, consulting companies, and energy utilities. Its 

application scale ranges from cities and states to countries, regions, and the 

whole world. 

LEAP is an integrated modeling tool that can be used to track energy 

consumption, production, and resource extraction in all sectors of the economy. 

It can be used to account for both energy-sector and non-energy-sector GHG 

emission sources and sinks. In addition to tracking GHGs, LEAP can be used 

to analyze emissions of local and regional air pollutants, making it well-suited 

to studies of the climate co-benefits of local air pollution reduction. 

LEAP is intended as a medium- to long-term modeling tool. Most of its 

calculations occur on an annual time-step, and the time horizon can extend for 

an unlimited number of years. Studies typically include both a historical period 
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known as the Current Accounts, in which the model is run to test its ability to 

replicate known statistical data, and multiple forward-looking scenarios. Most 

studies typically use a forecast period of 20-50 years. Some results are 

calculated with a finer level of temporal detail. For example, for electric-sector 

calculations, a year can be split into different user-defined “time slices” to 

represent seasons, types of days, or even representative times of the day. These 

slices can be used to examine how loads vary within the year and how electric 

power plants are dispatched differently in different seasons (SEI, 2011). 

 

3.3 Why LEAP? 

The main objective to be conducted in this study was to define the effects 

of energy demand on GHG emissions from all type of energy uses of Cambodia. 

Therefore, the primary interest was to find an appropriate computer modeling 

package that had the capability to fulfill this objective and account for all the 

calculations needed to get results, assess the current energy-sector emission 

levels and suggest some policy measures to address the anticipated impacts on 

the country’s energy demand and GHG emissions. Although there exists a 

variety of such computer based energy modeling tools, the study concluded in 

using the LEAP system. 

1. LEAP is a user friendly, integrated energy modeling tool that can be used to 

create models of different energy systems, where each requires its own data 

structures. By relying on simpler accounting principles and since many 

aspects of the tool are optional (in accordance with the supporting data), it 

requires a week of training to conduct a typical analysis. 

2. LEAP can account for energy consumption, production and resource 

extraction calculations at all sectors of an economy and can be used to track 

both energy and non-energy sector GHG emission sources and sinks at a 

regional, national or global scale. The software is designed to conduct long-
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range scenario analysis, with the resulting scenarios being self-consistent 

story lines that illustrate how a particular energy system might evolve over 

time, in a particular social context and under a particular set of policy 

measures. That is particularly useful when policy makers need to assess the 

impacts of individual policy measures which can be combined into 

integrated scenarios, as well as the interactions that arise when a variety of 

policy measures are combined. Most of its calculations occur on an annual 

time-step and obtained results are combined into a scenario of typically 20 

to 50 years. 

3. LEAP is notable for the transparency and flexibility that offers to users in 

respect to the wide range of different modeling methodologies that supports 

for both a demand and/or supply side analysis. 

4. LEAP includes Technology and Environmental Database (TED), which 

provides quantitative information on the technical characteristics, costs and 

environmental effects of a wide range of energy technologies as well as 

qualitative information in respect to the availability, cost-effectiveness and 

key environmental issues of energy technologies.  

 

3.4 Information Analysis 

To meet the main objective of this paper, the second activity next to data 

collection and design was to analyze and forecast energy demand and its related 

GHG emission for the planning period of 2010-2040. This was done using the 

LEAP system. 

 

3.5 Adaptability of LEAP model 

To elaborate the scenarios in the model so as to project the energy 

demand and assess GHG emissions, the LEAP system was used for the period 

of 2010-2040. In this study, the LEAP model was used to simulate the current 
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energy situation and to forecast the future energy demand and GHG emissions 

under certain assumptions with measures of the government. 

LEAP is deterministic, in the sense that all outcomes are specified by the 

user. Based on the assumptions provided by the user, LEAP balances the energy 

flow equations, thereby identifying the energy transformation and primary 

energy supply requirements (Engdayahu, 2007). 

LEAP is an accounting tool that balances the production and 

consumption of energy in an energy system model. It is not a model of a 

particular energy system, but rather a tool that can be used to create models of 

different energy systems. It supports a wide range of methodologies, including 

simple trend projections, econometric forecasts, end-use analyses, and 

engineering-based simulations, or a combination of these techniques. LEAP is 

deterministic, in the sense that all the outcomes are specified by the user. As 

such, it is a tool that calculates the implications of a set of assumptions and tells 

the user what would happen if these were true. Scenario analysis is at the heart 

of the use of LEAP, and LEAP provides a wide range of tools for quickly 

constructing, evaluating, and comparing alternative policy scenarios in terms 

of their energy requirements, their social costs and benefits, and their 

environmental impacts (Phdungsilp, 2006). Based on the user-provided 

assumptions, LEAP balances energy flow equations, thereby identifying energy 

transformation and primary energy supply requirements. The requirements are 

back-calculated from a set of final energy demands, which form the fixed side 

of the first set of the equations in the accounting process. The entire system can 

be included in the model, and the user decides on the level of detail. 

The final energy demand module can be run separately to calculate the 

final energy demand. The LEAP model formula for the final energy demand is 

as follows: 

 

ED = AL x EI,                  (2-1) 
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wherein: 

ED - energy demand, 

AL - activity level, and 

EI - energy intensity. 

The energy conversion module is usually required, and the energy 

demand module runs calculation to balance the energy demand module number 

generated demand for secondary energy (electricity and heat) and the 

consumption of primary energy. 

The LEAP model that runs in Windows uses a tree structure for its input 

data, and its output not only provides a diagram and a table in two forms, but 

the type and timing of the output data can also be flexibly chosen. Therefore, 

the advantage of the LEAP model is that the data are relatively transparent, and 

the requirements for the input data are very flexible. According to the 

characteristics of the research questions and the availability of the data, the form 

and quantity of the input data are selected, unlike some of the models with strict 

data inputs in the requirements because the lack of some data for the model in 

this paper. 

Analysis of environmental emissions often requires access to a comprehensive 

database that describes energy technologies that widely require data and are not 

easy to get. To solve this problem, the LEAP model has an expensive 

technology and environmental database (Technology and Environmental 

Database, TED) that provides a wide range of information and describes the 

characteristics of various energy technologies as well as the impact on the 

environment. More than a dozen agencies report and edit over one thousand 

kinds of technology-related data for TED, including the IPCC and IEA agencies. 

TED can be used as an independently run tool and, as LEAP, as an integrated 

part of the model for calculating the environmental emissions of different 
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energy solutions. The LEAP model calculates environmental emissions using 

the following formula: 

EE = ED x EEF,                                          (2-2) 

wherein: 

EE - Environmental Emissions and 

EEF - Environmental Emission Factors. 

The LEAP model internal calculation process is shown in Equation (2-1) 

 

 

 

 

 

 

 

 

 

 

Figure 1. LEAP calculation flows adapted from (Heaps, 2012) 

 

In summary, the LEAP model has the following characteristics. It is a 

scenario analysis method, a core flexible data structure that can be constructed 

according to the availability of data, and a method for analyzing the object and 

type according to the structure analysis method using a bottom-up model within 

the technical and environmental aspects of most of the data. 

 

3.6 Projection of Energy Demand and GHGs Emission 

In many countries, the detailed breakdown of the energy demand cannot 

be drawn from national statistics. This is particularly true in developing 
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countries, so the following assumptions were used both in the BAU and AP 

scenarios to assess the current and future energy demand and the GHG 

emissions of each social or economic sector. 

 

3.6.1 Driving variables for LEAP data requirements 

The driving variables for the model of energy consumption in households 

are the population size and the number of appliances, but for industry, trade, 

agriculture, and transport, the GDP growth (value-added). Therefore, the total 

population and number of households were projected based on the given annual 

population growth rate estimated by the National Institute of Statistics (NIS). 

Moreover, the average output growth of the agricultural sector and the GDP 

growth of industrial activities were collected from the Ministry of Industry, 

Mines and Energy (MIME), and of commercial activities, from the Ministry of 

Commerce (MoC). On the other hand, the growth of the transport activities was 

determined from the Ministry of Public Works and Transport (MoPWT). 

 

3.6.2 Energy Intensity, Demand and GHG Emissions 

The energy intensity of technologies and devices is crucial in 

determining the energy demand (Engdayahu, 2007). The energy demand in 

each sector was computed using the 2010 baseline energy consumption values 

and intensities from Electricite du Cambodge (EdC). 

The GHG emissions factors were computed using the default emission factors 

with their activities that consumed energy, as suggested by IPCC (2001) and 

the 20-year time horizons of the Global Warming Potentials (GWP), which can 

be applicable to the LEAP model. 

In both the BaU and AP scenarios, the emissions were calculated using 

the factors attached to each end-use technology on the demand side and their 

activities. Production technologies such as charcoal and oil refinery in 

transformation were also attached to the BaU and AP scenarios. 
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3.6.3 Analysis of Scenarios 

Scenario analysis is the premise that assumes that a certain phenomenon 

or trend continued into the future. The situation may appear as conditions or 

consequences of the assessment method. The significance of the situational 

analysis is the accurate prediction of the research objective for the future state, 

but it may appear in the form of different trends under the conditions of the 

state to inspect, compare the energy demand growth for any scenarios created 

for the model. Scenario analysis can affect the future development of a variety 

of uncertainties. Interaction is shadow comprehensive and systematic analysis, 

research for different policies, or measures of future trends and effects. Scenario 

analysis investigates and formulates a strategy for future development, planning, 

and policy development, and measures the more effective method. It is widely 

used in the international energy, environmental, economic, social, military, and 

other fields. 

In this study, to demonstrate future energy consumption and CO2 

emissions, and to evaluate the benefits of energy conservation policies to 

mitigate carbon emissions, two scenarios were analyzed: the BAU scenario and 

the AP scenario. These scenarios are primarily governed by four factors: 

economic growth, population growth, the structure of the economy, and the 

energy structure. Therefore, the main data, such as the demographic, socio-

economic, and general energy demand data, were inputted to establish the BaU 

and AP scenarios as described in the next section. 

 

3.6.3.1 Business-as-Usual Scenario (BaU) 

To analyze how energy demand and GHG emissions will likely evolve 

over time based on base year assumptions, the BAU scenario was established. 

It is related to a high economic growth case and assumes that the past trends 
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will continue in the future and no new policies for energy conservation and 

environmental protection will be implemented. 

 

3.6.3.2 Alternative Policy Scenario (APS) 

To meet the increasing energy demand and reduce GHG emissions, a 

number of government intervention policy measures were selected to create an 

alternative policy scenario that reflects a shift towards a more sustainable 

energy pathway that is realized by policies and measures aimed at increasing 

energy efficiency, such as improving cooking stoves for households to reduce 

GHG emissions, which was considered in this study. This means that the 

alternative policy scenario shows and simulates how the projected energy 

demand will evolve with government measures and how GHG emissions will 

be reduced by the new policy measures. APS is the same as the BAU scenario 

with regard to its overall economic and social trends. 

In the implementation of alternative policy analysis in APS, some 

alternative policy options were applied on both the demand side and the 

transformation management side, which focused mainly on the household 

sector, especially the introduction to new improved cooking stoves and efficient 

lighting devices for buildings. 

In the transformation management, efficient charcoal kilns were 

introduced for the analysis of the energy conversion process, which could be 

incorporated in the model to determine the total amount of energy required to 

meet the final energy demand. The efficient charcoal production level was 

taken from the possibility studies done by Groupe Energies Renouvelables, 

Environnement et Solidarités (GERES). 
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Chapter 4. Result and Discussion 

Using the LEAP software to project energy demand and to analyze its 

mitigation, and the 2010 energy balance to the study in this model, the results 

showed the future energy trend and GHG emissions evolution for the whole 

country without policy measures and with the government’s policy 

interventions for the APS. 

 

4.1 Energy Demand Projection 

The results showed that the 2010-2040 aggregate energy demand 

projection and expected demand of each sector without any intervention in 

Cambodia have been increasing, as given in the following table. From 2010 to 

2040, the aggregate energy demand is expected to be 5.80 times that of the base 

year demand (from 91,164 million GJs to 529,522 million GJs). The aggregate 

energy demand is expected to be 163,431, 290,029, and 529,522 million GJs in 

2020, 2030, and 2040, respectively. The average growth rate of aggregate 

energy demand is expected to be 6.04% between 2010 and 2040. 

The share of households in the total demand is expected to fall from 

49.02% in 2010 to 24.34% in 2040. Most commercial services are urban-based. 

Therefore, the fastest demand growth related to urbanization is expected from 

this sector. 

The average growth rate of the energy demand projection and the 

sectorial contribution to the total aggregate energy demand change over the 

projection period. 
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Table 2. Energy Demand of Cambodia in 2010-2040 in Thousand GJs 

Demand: Energy Demand Final Units 
Scenario: BaU 

Sectors 
Year Average 

Growth/ 
Year 2010 2015 2020 2025 2030 2035 2040 

Household 44,690 54,146 66,639 79,791 94,471 111,317 128,914 3.59% 

Industry 9,965 14,424 22,293 34,612 53,662 82,852 127,273 8.86% 

Commercial 4,605 5,892 7,848 10,631 14,542 20,035 27,768 6.17% 

Agriculture 5,527 13,426 21,487 31,696 45,849 65,997 94,892 9.94% 

Transport 26,377 34,254 45,164 60,404 81,505 110,611 150,675 5.98% 

Total 91,164 122,142 163,431 217,134 290,029 390,812 529,522 6.04% 

 

 

 

 

 

 

 

Figure 2. Energy Demand of Cambodia in 2010-2040 

 

The resulting energy demand projections by fuel type showed that the 

annual growth of electricity, petroleum, and biomass use are 8.62%, 6.29%, and 

1.15% per year, respectively. In 2040, electricity, petroleum and biomass 

demand are expected to be 11.95, 6.24, and 1.40 times their base year demand, 

respectively. 

Because of the faster growth rates of electricity and petroleum, the fuels’ 

shares in the total supply are expected to change from 2010 to 2040. The share 

of petroleum products in the total supply is expected to rise from 71.52% in 
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2010 to 76.85% in 2040. Similarly, the electricity share is also expected to rise 

from 8.94% in 2010 to 18.40% in 2040. Conversely, the share of biomass is 

expected to decline from 19.53% in 2010 to 4.73% in 2040. 

 

Table 3. Energy Demand of Cambodia by Fuel Type in 2010-2040 

Demand: Energy Demand Final Units 
Scenario: BaU 
Unit: Thousand Gigajoules 

Sectors 
Year Average 

Growth/ 
Year 2010 2015 2020 2025 2030 2035 2040 

Oil Products 65,203 89,603 120,904 162,611 219,541 298,047 406,962 6.29% 

Electricity 8,153 13,335 21,984 32,669 47,414 68,598 97,478 8.62% 

Biomass 17,807 19,204 20,544 21,854 23,075 24,166 25,083 1.15% 

Total 91,164 122,142 163,431 217,134 290,029 390,812 529,522 6.04% 

 

 

 

 

 

 

 

 

 

 

Figure 3. Energy Demand of Cambodia by Fuel Type in 2010-2040 
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4.2 Greenhouse Gas Emission Projection 

4.2.1 GHG Emission from Petroleum Fuels and Biomass 

The results show that GHG emissions will increase, similar to the energy 

demand; and in 2040, will be 5.02 times that of the base year. Considering 

biomass consumption unsustainable, the GHG emissions of the major economic 

sectors for the next 30 years from the base year (2010), using the GWP for a 

20-year time horizon, are shown in the following table. 

In 2040, GHG emissions are expected to rise from 4,703 to 23,616 

thousand metric tons CO2 equivalents, and total GHG emissions to grow by 

5.53% per year in the projection period, and to be 7,678, 13,250, and 23,616 

thousand metric tons CO2 equivalents in 2020, 2030, and 2040, respectively. 

The results also showed that GHGs emissions from household energy 

consumption would likely rank third highest because of the sector’s share in the 

total biomass supply. The transport sector would be the first because of its high 

dependence on petroleum fuels, followed by the industrial sector, which is the 

second highest GHG emitter. 

 

Table 4. Sectorial GHG Emissions from Petroleum and Biomass in 2010-2040 

Environment: Twenty Year Global Warming Potential 
Units: Thousand Metric Tons CO2 Equivalent 
Scenario: BaU 

Sectors 
Year Average 

Growth/Year 2010 2015 2020 2025 2030 2035 2040 

Household 1,932 2,347 2,860 3,461 4,162 4,978 5,927 3.81% 

Industry 625 843 1,228 1,810 2,683 3,988 5,934 7.79% 

Commercial 176 194 214 237 261 288 318 1.99% 

Agriculture 55 74 109 160 237 352 524 7.80% 

Transport 1,915 2,487 3,277 4,380 5,907 8,014 10,913 5.97% 

Total 4,703 5,945 7,688 10,048 13,250 17,620 23,616 5.53% 
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Figure 4. Greenhouse gas emissions in millions of CO2 eq. in 2010-2040 

 

The contribution of the industry is the second highest. This is because of 

the high dependence of the industry on petroleum. On the other hand, the 

contribution of the agriculture sector is the fourth highest in the national balance 

because farmers still use animals for their purposes. The contribution of the 

commercial sector is the lowest because its energy consumption is centered on 

electricity and LPG. This relative largeness of the sectors’ contributions to the 

total GHG emissions is expected to remain unchanged between 2010 and 2040.  

The GHG emissions growth rate is fastest for agriculture, which is 

expected to rise by 7.80% per year. This is because of the fastest growth in the 

energy demand of the agriculture sector. 

 

4.2.2 GHG from Petroleum Fuels 

These results show only GHG emission projections from oil products, 

which are mainly used for transport, domestic cooking in households, and 

industries. The biggest contribution in 2040 is expected to be that of the 

transport sector (47.69%), followed by the industrial sector (25.93%) and the 
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household sector (24.07%). This is because of the high dependence of the 

transport and industry sectors on petroleum fuels. However, households highly 

depend on biomass, as stated previously, but their petroleum consumption for 

domestic lighting and cooking is still significant. This consumption of 

petroleum fuels is also expected to grow with economic and population growth. 

The petroleum demand of the transport sector is expected to be faster than that 

of the industrial and household sectors. Therefore, the second largest 

contribution is expected to be that of the industrial sector. 

Table 5. GHG Emissions of Cambodia from Petroleum Fuels in 2010-2040 

Environment: 20-Year Global Warming Potential 
Scenario: BaU, Fuel: Selected Fuels (7/13) 
Unit: Metric Tons CO2 Equivalent 

Sector 
Year 

2010 2015 2020 2025 2030 2035 2040 
% of share 

in 2040 

Household 1,643 2,030 2,518 3,095 3,774 4,572 5,508 24.07% 

Industry 625 843 1,228 1,810 2,683 3,988 5,934 25.93% 

Agriculture 55 74 109 160 237 352 524 2.29% 

Transport 1,915 2,487 3,277 4,380 5,907 8,014 10,913 47.69% 

Total 4,238 5,433 7,131 9,445 12,601 16,926 22,879 100% 

 

In other words, GHGs emissions from agriculture are expected to be the 

lowest in the country. This is because the agriculture sector still uses traditional 

approaches such as animals for plowing. 

 

4.3 Analysis of Energy Demand Mitigation 

Energy demand mitigation in the BAU scenario is likely to change over 

time. The APS simulates how the growing energy demand can be met with the 

selected intervention measures. Therefore, the implementation effectiveness of 

the measures would depend on the difference between the energy demand in 

the BAU scenario and the APS, as shown in the following table. 
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Table 6. Comparison of Energy Demand in the BaU and AP Scenarios 

Demand: Energy Demand Final Units 
Unit: Thousand Gigajoules 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 91,164 120,742 160,525 212,439 283,189 381,418 517,105 

BaU 91,164 122,001 163,141 216,685 289,415 390,027 528,568 

Reduction 0 
1,259 

(1.04%) 
2,616 

(1.63%) 
4,246 

(2.00%) 
6,226 

(2.20%) 
8,609 

(2.26%) 
11,463 

(2.22%) 

 

The results calculated with the LEAP model showed that the energy 

demand reductions that would be attained with those measures, if fully 

implemented, would be 1.63%, 2.20%, and 2.22% of the aggregate demand in 

2020, 2030, and 2040, respectively. With those government policy intervention 

measures, the average energy demand growth could be reduced from 6.03% per 

year to 5.01% between 2010 and 2040. 

 

 

 

 

 

 

 

Figure 5. Energy Demand Comparisons of the BaU and APS Scenarios 
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4.3.1 Energy Demand Mitigation in Household Sector 

The results of the mitigation analysis were focused on both urban and 

rural households. The comparisons showed that the reductions achieved by the 

measures adopted in the household sector would be 4.10%, 7.10%, and 9.84% 

of the household energy demand in 2020, 2030, and 2040, respectively. With 

the implementation of such measures, the average growth in the energy demand 

of the households could be reduced from 3.56% to 3.23% between 2010 and 

2040. 

 

Table 7. Comparison of Household Energy Demand: BaU and AP Scenarios 

Demand: Energy Demand Final Units 
Unit: Thousand Gigajoules 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 44,690 52,745 63,733 75,096 87,631 101,923 116,496 

BaU 44,690 54,004 66,349 79,342 93,856 110,532 127,959 

Reduction 0 
1,259 

(2.39%) 
2,616 

(4.10%) 
4,246 

(5.56%) 
6,225 

(7.10%) 
8,609 

(8.45%) 
11,463 

(9.84%) 

 

4.3.1.1 Mitigation Measures in Urban Households 

Some measures were chosen to be taken in the urban households’ 

following activities: cooking and lighting. 

 

a) Urban cooking  

Improved cooking stoves were used throughout the country to enhance 

living standards. Thus, in urban cooking, increasing distribution of improved 

charcoal stoves and LPG stoves were considered. However, they are starting to 

spread in communities slowly. Further efforts are needed to increase the 

penetration of these stoves to reduce the demand for charcoal for household 

cooking. The results of the analysis showed that improved charcoal stoves 
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would reduce the charcoal demand for urban cooking by 3.9%, 6.80%, and 9.93% 

in 2020, 2030, and 2040, respectively. 

 

Table 8. Urban Cooking Energy Demand by Improved Stoves 

Demand: Energy Demand Final Units 
Unit: Thousand Gigajoules 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 14,557 17,848 21,920 26,689 32,260 38,750 46,294 

BaU 14,557 18,300 22,775 28,111 34,455 41,982 50,891 

Reduction 0 452 
(2.53%) 

855 
(3.90%) 

1,422 
(5.33%) 

2,195 
(6.80%) 

3,232 
(8.34%) 

4,597 
(9.93%) 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Energy Demand Comparison for Urban Cooking: BaU to APS scenarios 

 

Changing from inefficient PLG to efficient LPG stoves would reduce the 

urban cooking energy demand by 1.83%, 3.79% and 5.90% in 2010, 2020 and 

2030, respectively. 
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Table 9. Mitigation of Energy Demand in Urban Cooking, LPG 

Demand: Energy Demand Final Units 
Unit: Thousand Gigajoules 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 13,509 16,831 20,756 25,377 30,805 37,164 44,597 

BaU 13,509 16,982 21,135 26,086 31,974 38,958 47,226 

Reduction 0 
151 

(0.90%) 
379 

(1.83%) 
709 

(2.79%) 
1,169 

(3.79%) 
1,794 

(4.83%) 
2,629 

(5.90%) 

 

 

 

 

 

 

 

 

 

Figure 7. Comparison of Household Energy Demand for Urban Cooking: BaU to AP 

scenarios 

 

b) Urban Lighting 

Getting lighting right is important for the energy efficiency of a building 

and the well-being of its occupants. Some measures that were considered to 

achieve this were to change common inefficient lamps to efficient compact 

fluorescent lamps. The expected energy reduction with these efficiency 

improvements are 789, 1,527, and 2,750 thousand GJs in 2020, 2030, and 2040, 

respectively. These mean the electricity demand of urban populations for 

lighting would be reduced by 9.96%, 20.84%, and 32.69% in 2020, 2030, and 

2040, respectively. 
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Table 10. Mitigation of Electricity Demand for Urban Lighting 

Demand: Energy Demand Final Units 
Unit: Thousand Gigajoules 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 363 519 719 994 1,345 1,786 2,337 

BaU 363 545 789 1,110 1,527 2,065 2,750 

Reduction 0 
26 

(5.01%) 
70 

(9.74%) 
116 

11.67%) 
182 

(13.53%) 
279 

(15.62%) 
413 

(17.67%) 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Comparison of Household Energy Demand for Urban Lighting: BaU and 

AP Scenarios 

 

c) Refrigeration 

In the urban refrigeration activity, the energy reduction measures that 

were considered were to shift from the common inefficient refrigerators to 

efficient refrigerators. The expected energy reduction from this efficiency 

improvement measure are 27, 53 and 97 thousand GJs in 2020, 2030, and 2040, 

respectively. These mean the electricity demand of urban households for 
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refrigeration would be reduced by 8.94%, 11.30%, and 13.66% in 2020, 2030, 

and 2040, respectively. 

 

Table 11. Mitigation of Electricity Demand for Refrigeration 

Demand: Energy Demand Final Units 
Unit: Thousand Gigajoules 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 200 250 302 378 469 579 710 

BaU 200 257 329 416 522 650 807 

Reduction 0 7 
(2.8%) 

27 
(8.94%) 

38 
(10.05%) 

53 
(11.30%) 

71 
(12.26%) 

97 
(13.66%) 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Comparison of Household Energy Demand for Refrigeration: BaU and AP 

Scenarios 

 

4.3.1.2 Mitigation Measures in Electrified Rural Households 

Most electrified households in Cambodia depend on biomass. Thus, 

mitigation measures that must be considered are to reduce biomass 

consumption with the following activities, especially cooking. 
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a) Electrified Rural Cooking 

Total rural energy demand is met through firewood. Most rural families 

cook on a traditional stove, which, for many, is no more than an open fire in the 

kitchen. In electrified rural households, the increases in the distribution of 

improved charcoal and wood stoves were considered. The improved stoves are 

supposed to solve the problem of the rural population if they are properly 

disseminated by NGOs or other organizations. 

The results of the analysis showed that by increasing the distribution of 

improved cooking charcoal and wood stoves, the charcoal demand for cooking 

would be reduced by 10.57%, 22.27%, and 35.20 % in 2020, 2030, and 2040, 

respectively. Similarly, by increasing the distribution of improved wood stoves, 

the wood demand for cooking would be reduced by 5.12%, 10.55%, and 16.21% 

in 2020, 2030, and 2040, respectively. 

 

Table 12. Mitigation of Charcoal Demand in Electrified Rural Cooking 

Demand: Energy Demand Final Units, Fuel: Charcoal 
Unit: Thousand Gigajoules 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 908 1,432 2,006 2,518 3,072 3,670 4,312 

BaU 908 1,506 2,218 2,928 3,756 4,719 5,830 

Reduction 0 
74 

(5.17%) 
212 

(10.57%) 
410 

(16.28%) 
684 

(22.27%) 
1,049 

(28.58%) 
1,518 

(35.20%) 
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Figure 10. Comparison of Household Charcoal Energy Demand in Electrified Rural 

Cooking: BaU and AP scenarios 

 

Table 13. Mitigation of Wood Demand in Electrified Rural Cooking 

Demand: Energy Demand Final Units, Fuel: Wood 
Unit: Thousand Gigajoules 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 1,364 1,924 2,365 2,538 2,550 2,368 1,955 

BAU 1,364 1,973 2,486 2,736 2,819 2,684 2,272 

Reduction 0 
49 

(2.55%) 
121 

(5.12%) 
198 

(7.80%) 
269 

(10.55%) 
316 

13.34%) 
317 

(16.21%) 

 

 

 

 

 

 

 

 

Figure 11. Comparison of Household Wood Demand in Electrified Rural Cooking: 

BaU and AP Scenarios 
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b) Rural Electrified Lighting 

A few households can access the national grid, so increasing the grid 

distribution was considered. The grid extensions by EdC and Rural 

Electrification Enterprises (REEs) are supposed to solve the problem of the 

rural population if the grids are properly extended with efficient lamps. The 

results showed that by increasing the grid distribution, the electricity demand 

for lighting would increase by 225, 523, 845, and 1,256 thousand GJs in 2010, 

2020, 2030, and 2040, respectively. Similarly, by increasing the grid 

distribution, demand for lighting would be reduced by 15.71%, 25.00%, and 

20.54% in 2020, 2030, and 2040, respectively. 

 

Table 14. Mitigation of Energy Demand in Rural Electrified Lighting 

Demand: Energy Demand Final Units 
Unit: Thousand Gigajoules 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 225 336 452 554 676 832 1,042 

BaU 225 364 523 674 845 1,039 1,256 

Reduction 0 
28 

(8.33%) 
71 

(15.71%) 
120 

(21.66%) 
169 

(25.00%) 
207 

(24.88%) 
214 

(20.54%) 

 

 

 

 

 

 

 

 

Figure 12. Household Energy Demand Comparison for Rural Electrified Lighting: 

BaU to APS scenario 
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4.3.1.3 Energy Mitigation in Unelectrified Rural Households 

The intervention measures for household energy consumption that are 

supposed to be focused on for activities such as cooking and lighting were 

similar to the measures assumed in electrified rural households. 

 

a) Unelectrified Rural Cooking 

 

The unelectrified rural household cooking activity is similar to that of the 

urban electrified households because rural areas use traditional solid fuels, such 

as crop residues, cow dung, and firewood, to meet their cooking needs, so 

increasing the distribution of both improved wood and charcoal stoves was 

considered. The spreading of improved wood stoves and of LPG stoves is 

expected to reduce the wood demand for cooking by 5.14%, 10.54%, and 16.23% 

in 2020, 2030, and 2040, respectively. 

 

Table 15. Wood Demand in Unelectrified Rural Cooking 

Demand: Energy Demand Final Units, Fuel: Wood 
Unit: Thousand Gigajoules 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 11,849 11,288 10,648 10,157 9,601 8,979 8,294 

BaU 11,849 11,574 11,195 10,950 10,613 10,178 9,640 

Reduction 0 
286 

(2.53%) 
547 

(5.14%) 
793 

(7.81%) 
1,012 

(10.54%) 
1,199 

(13.35%) 
1,346 

(16.23) 
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Figure 13. Comparison of Household Wood Demand for Unelectrified Rural 

Cooking: BaU and AP Scenarios 

 

Correspondingly, if the distribution of improved charcoal stoves would 

be effectively increased, it should reduce the demand for charcoal for rural 

cooking by 5.14%, 10.54%, and 16.23% in 2020, 2030, and 2040, respectively. 

These measures would also be important from the ecological and 

environmental viewpoints to reduce land degradation and indoor air pollution, 

because indoor air pollution is indeed a significant health threat in rural areas 

where households rely on traditional resources for their cooking needs. 
 

Table 16. Charcoal Demands in Unelectrified Rural Cooking 

Demand: Energy Demand Final Units, Fuel: Charcoal 
Unit: Thousand Gigajoules 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 2,638 2,694 2,718 2,766 2,785 2,771 2,719 

BaU 2,638 2,833 3,005 3,216 3,405 3,562 3,676 

Reduction 0 
139 

(5.16%) 
287 

(10.56%) 
450 

(16.27) 
620 

(22.26%) 
791 

(28.55%) 
957 

(35.20%) 
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Figure 14. Comparison of Household Charcoal Demand for Unelectrified Rural 

Cooking: BaU and AP Scenarios 

 

b) Unelectrified Rural Lighting 

Majority of unelectrified rural households use batteries for lighting, and 

such use is continuing to increase remarkably. Therefore, in unelectrified rural 

households, kerosene lighting is decreasing. Therefore, the option selected was 

to shift from kerosene to batteries. The results showed all the fuels (kerosene, 

candles and batteries) used in unelectrified rural households reduced by 22.29%, 

49.49%, and 82.78% the kerosene demand for lighting in 2020, 2030, and 2040, 

respectively. 

 

Table 17. Mitigation of Kerosene Demand in Unelectrified Rural Lighting 

Demand: Energy Demand Final Units, Fuel: Kerosene 
Units: Thousand Gigajoules 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 2,313 2,163 2,005 1,882 1,752 1,617 1,475 

BaU 2,313 2,392 2,452 2,544 2,619 2,672 2,696 

Reduction 0 
229 

(10.59%) 
447 

(22.29)% 
662 

(35.18%) 
867 

(49.49%) 
1,055 

(65.24%) 
1,221 

(82.78%) 
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Figure 15. Comparison of Household Energy Demand for Unelectrified Rural 

Kerosene Lighting: BaU and AP Scenarios 

 

4.4 Energy Demand Savings in Transformation 

In this study, the process of charcoal production was considered. In a 

transformation analysis, the processes with their efficiencies and losses are 

assimilated within the model to calculate the total amount of primary energy 

that is required to produce the final energy demand (Phdungsilp, 2006). 

In transformation is an energy conversion processes such as electricity 

generation, charcoal production, oil refining. 

 

4.4.1 Energy Demand Savings in Charcoal Production 

Charcoal is a popular household fuel in many parts of the developing 

world. In Phnom Penh, the capital of Cambodia, approximately 30% of the 

population of two million citizens relies on charcoal or wood for their daily 

energy needs. This translates to at least 600,000 tons of wood required each 

year, just to meet the energy requirements of the residents of Phnom Penh. 

Therefore, no charcoal is imported or exported (GERES). According to the 
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NGO report that introduced kiln, a charcoal developed in Japan, kiln is a higher-

quality charcoal that uses 30% less wood than the traditional charcoal. 

The results of the analysis showed that the input wood demand would be 

reduced by 16.57%, 23.83%, and 50.90% in 2020, 2030, and 2040, respectively, 

and that the use of wood from sustainably managed forests, together with the 

use of advanced kiln, will reduce GHG emissions, which would help preserve 

both the local and global environment. 

 

Table 18. Wood Demand Mitigation for Charcoal Production in Transformation 

Transformation: Inputs 
Unit: Thousand Gigajoules 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 22,444 24,436 27,183 29,571 31,802 33,835 35,621 

BaU 22,444 26,877 31,686 36,618 41,937 47,647 53,752 

Reduction 0 
2,441 

(9.99%) 
4,503 

(16.57%) 
7,047 

(23.83%) 
10,135 

(31.87%) 
13,812 

(40.82%) 
18,131 

50.90%) 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. Comparison of Wood Demand for Charcoal Production: BaU and AP 

Scenarios 

 



 

49 
 

4.5 Analysis on the Mitigation of GHG Emissions 

GHGs mitigation options can be from the prioritized sectors such as the 

agriculture, commercial, residential, industrial, and transport sectors. Each 

sector can be classified into many subsectors. 

In this study, the GHG emissions mitigation analysis for the household 

sector was considered with some measures was assumed in the AP scenario 

which can evaluate the amount of GHGs emitted compared to the BaU case. 

The results of the analysis showed that the GHG emission reductions expected 

to be achieved through the intervention mitigation measures would be 1.16%, 

1.73%, and 1.89% of the total GHG emissions in 2020, 2030, and 2040, 

respectively. 

 

Table 19. Comparison of GHG Emissions in the AP and BaU Scenarios 

Environment: 20-Year Global Warming Potential 
Unit: Thousand Metric Tons CO2 Equivalent 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 4,703 5,896 7,582 9,872 12,989 17,255 23,124 

BaU 4,703 5,935 7,670 10,020 13,214 17,574 23,562 

Reduction 0 
39 

(0.66%) 
88 

(1.16%) 
148 

(1.50%) 
225 

(1.73%) 
319 

(1.85%) 
438 

(1.89%) 

 

 

 

 

 

 

Figure 17. Comparison of GHG Emissions in the BaU and AP Scenarios 
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4.5.1 GHG Emissions Mitigation in Household Sector 

To reduce energy demand and GHG emissions in the household sector, 

some measures were deemed important to consider. In the AP scenario, such 

measures were increasing the numbers of efficient lighting devices and efficient 

cooking stoves. The results showed that the expected GHG emissions 

reductions with those mitigation measures would be 4.11%, 7.60%, and 10.66% 

of the total emissions from households in 2020, 2030, and 2040, respectively. 

 

Table 20. Mitigation of GHG Emissions in the Household Sector 

Environment: 20-Year Global Warming Potential 
Unit: Thousand Metric Tons CO2 Equivalent 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 1,529 1,795 2,115 2,496 2,948 3,480 4,107 

BaU 1,529 1,834 2,202 2,645 3,172 3,800 4,545 

Reduction 0 
39 

(2.17%) 
87 

(4.11%) 
149 

(5.97%) 
224 

(7.60%) 
320 

(9.20%) 
438 

(10.66%) 

 

  

 

 

 

 

 

 

Figure 18. Comparison of GHGs Emissions in the BaU and AP Scenarios in the 

Household Sector 
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4.5.1.1 Mitigation of GHG Emissions in Urban Households 
 

a) Urban Cooking 

Due to the sharing of improved cooking stoves in urban areas, the 

expected GHG emissions reductions from charcoal are 11.76%, 27.27%, and 

55.56% in 2020, 2030, and 2040, respectively. 

 

Table 21. Mitigation of GHG Emissions by Improved Charcoal Stoves in Urban  

Cooking 

Environment: 20-Year Global Warming Potential 
Unit: Thousand Metric Tons CO2 Equivalent 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 12 14 17 19 22 25 27 

BaU 12 15 19 23 28 35 42 

Reduction 0 
1 

(7.14%) 
2 

(11.76%) 
4 

(21.05%) 
6 

(27.27%) 
10 

(40.00%) 
15 

(55.56%) 

 

 

 

 

 

 

 

 

 

 

 

Figure 19. Comparison of GHG Emissions for Charcoal Cooking in Urban 

Households: BaU and AP Scenarios 
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The other fuel selected, LPG, was also considered in urban cooking to 

replace charcoal or firewood. The results showed that the expected GHG 

emissions reduction in urban cooking are 1.77%%, 3.79%, and 5.91% in 2020, 

2030, and 2040, respectively, as shown in the following table. 

 

Table 22. Mitigation of GHG Emissions of LPG in Urban Cooking 

Environment: 20-Year Global Warming Potential 
Unit: Thousand Metric Tons CO2 Equivalent 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 995 1,240 1,529 1,869 2,269 2,737 3,284 

BaU 995 1,251 1,556 1,921 2,355 2,869 3,478 

Reduction 0 
11 

(0.89%) 
27 

(1.77%) 
52 

(2.89%) 
86 

(3.79%) 
132 

(4.82%) 
194 

(5.91%) 

 

 

 

 

 

 

 

 

 

 

Figure 20. Comparison of GHG Emissions for Charcoal Cooking in Urban 

Households: BaU and AP Scenarios 
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4.5.1.2 Mitigation of GHG Emissions in Electrified Rural 

Households 
 

a) Electrified Rural Cooking 

Because both improved wood and charcoal stoves for cooking in 

electrified rural households and their increasing distribution yearly were 

considered, the GHG emissions from household cooking are expected to be 

reduced by 7.14%, 10.87%, and 17.14% in 2020, 2030, and 2040, respectively. 

 

Table 23. Mitigation of GHG Emissions of Improved Wood Stoves in Electrified 

Rural Cooking 

Environment: 20-Year Global Warming Potential 
Unit: Thousand Metric Tons CO2 Equivalent 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 24 34 42 45 46 42 35 

BaU 24 35 45 49 51 48 41 

Reduction 0 
1 

(2.94%) 
3 

(7.14%) 
4 

(8.89%) 
5 

(10.87%) 
6 

(14.29%) 
6 

(17.14%) 

 

 

 

 

 

 

 

 

 

Figure 21. Comparison of GHG Emissions for Wood Cooking in Electrified Rural 

Households: BaU and AP Scenarios 
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Similarly, the expected reductions in GHG emissions from charcoal cooking 

with the distribution of improved charcoal stoves are 8.70%, 22.86%, and 34.00% 

in 2020, 2030, and 2040, respectively, as shown in the following table 

 

Table 24. Mitigation of GHG Emissions of Improved Charcoal Stoves in Electrified 

Rural Cooking 

Environment: 20-Year Global Warming Potential 
Unit: Thousand Metric Tons CO2 Equivalent 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 10 16 23 29 35 42 50 

BaU 10 17 25 34 43 54 67 

Reduction 0 
1 

(6.25%) 
2 

(8.70%) 
5 

(17.24%) 
8 

(22.86%) 
12 

(28.57%) 
17 

(34.00%) 

 

 

 

 

 

 

 

 

 

Figure 22. Comparison of GHG Emissions for Charcoal Cooking in Electrified Rural 

Households: BaU and AP Scenarios 

 

Moreover, the expected reductions of GHG emissions from LPG cooking 

with the distribution of improved charcoal stoves are 29.27%, 27.48%, and 

27.03% in 2020, 2030, and 2040, respectively, as shown in the following table. 
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Table 25. Mitigation of GHG Emissions of Improved LPG Stoves in Electrified Rural 

Cooking 

Environment: 20-Year Global Warming Potential 
Units: Thousand Metric Tons CO2 Equivalent 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 2 16 41 79 131 203 296 

BaU 2 20 53 100 167 257 376 

Reduction 0 
4 

(25.00%) 
12 

(29.27% 
21 

(26.58%) 
36 

(27.48%) 
54 

(26.60%) 
80 

(27.03%) 

 

 

 

 

 

 

 

 

 

Figure 23. Comparison of GHG Emissions for LPG Cooking in Electrified Rural 

Households: BaU and AP Scenarios 

 

b) Electrified Rural Lighting 

Most electrified rural households are connected to the mini-grids of 

REEs that dominate the electricity supply situation in rural Cambodia and 

produce electricity from diesel. Some households use their own batteries, which 

could be recharged at battery charging stations (BCSs). All the existing BCS 

operators are using diesel generators. Through this electricity generation 

method, if the intervention measures were implemented, the expected GHG 
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emissions reduction from electrified rural households would be 9.38%, 19.57%, 

and 33.33% in 2020, 2030, and 2040, respectively. 

 

Table 26. Mitigation of GHG Emissions of Electrified Rural Lighting 

Environment: 20-Year Global Warming Potential 
Units: Thousand Metric Tons CO2 Equivalent 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 15 23 32 38 46 53 60 

BaU 15 24 35 44 55 67 80 

Reduction 0 
1 

(4.35%) 
3 

(9.38%) 
6 

(15.79%) 
9 

(19.57%) 
14 

(26.42%) 
20 

(33.33%) 

 

 

 

 

 

 

 

 

 

Figure 24. Comparison of GHG Emissions for Lighting in Electrified Rural 

Households: BaU and AP Scenarios 

 

4.5.1.3 Mitigation of GHG Emissions in Unelectrified Rural 

Households 
 

a) Unelectrified Rural Cooking 

Similar to electrified rural households, in unelectrified rural households, 

when the improved cookstoves were used for cooking and their increasing 
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distribution yearly was considered, the expected GHG emissions reductions 

from household cooking were 5.24%, 10.47%, and 16.11% in 2020, 2030, and 

2040, respectively. 

 

Table 27. Mitigation of GHG Emissions of Improved Wood Stoves in Unelectrified 

Rural Cooking 

Environment: 20-Year Global Warming Potential 
Unit: Thousand Metric Tons CO2 Equivalent 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 212 202 191 182 172 161 149 

BaU 212 207 201 196 190 182 173 

Reduction 0 
5 

(2.48%) 
10 

(5.24%) 
14 

(7.69%) 
18 

(10.47%) 
21 

(13.04%) 
24 

(16.11%) 

 

 

 

 

 

 

 

 

 

 

 

Figure 25. Comparison of GHG Emissions for Wood Cooking in Unelectrified Rural 

Households: BaU and AP Scenarios 

 

Similarly, the expected reductions of GHG emissions from charcoal 

cooking with the distribution of improved charcoal stoves are 9.68%, 21.88%, 

and 35.48% in 2020, 2030, and 2040, respectively. 
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Table 28. Mitigation of GHG Emissions of Improved Charcoal Stoves in  

Unelectrified Rural Cooking 

Environment: 20-Year Global Warming Potential 
Unit: Thousand Metric Tons CO2 Equivalent 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 30 31 31 32 32 32 31 

BaU 30 33 34 37 39 41 42 

Reduction 0 
2 

(6.45%) 
3 

(9.68%) 
5 

(15.63%) 
7 

(21.88%) 
9 

(28.13%) 
11 

(35.48%) 

 

 

 

 

 

 

 

 

 

 

Figure 26. Comparison of GHG Emissions for Charcoal Cooking in Unelectrified 

Rural Households: BaU and AP Scenarios 

 

Moreover, the expected reductions of GHG emissions from LPG cooking 

with the distribution of improved charcoal stoves are 29.27%, 27.48%, and 

27.03% in 2020, 2030, and 2040, respectively, as shown in the following table. 

 

 

 

 

 



 

59 
 

Table 29. Mitigation of GHG Emissions of Improved LPG Stoves in Electrified Rural 

Cooking 

Environment: 20-Year Global Warming Potential 
Unit: Thousand Metric Tons CO2 Equivalent 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 48 53 57 61 64 66 67 

BaU 48 55 63 70 78 85 90 

Reduction 0 
2 

(3.77%) 
6 

(10.53%) 
9 

(14.75%) 
14 

(21.88%) 
19 

(28.79%) 
23 

34.33%) 

 

 

 

 

 

 

 

 

 

 

 

Figure 27. Comparison of GHG Emissions for LPG Cooking in Unelectrified Rural 

Households: BaU and AP Scenarios 

 

b) Unelectrified Rural Lighting 

The expected reductions in GHG emissions from lighting in unelectrified 

rural households are 10.26%, 21.17%, and 34.78% in 2020, 2030, and 2040, 

respectively, as shown in the following table. 
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Table 30. Mitigation of GHG Emissions of Lighting of Unelectrified Rural 

Households 

Environment: 20-Year Global Warming Potential 
Unit: Thousand Metric Tons CO2 Equivalent 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 179 168 156 147 137 126 115 

BaU 179 177 172 170 166 161 155 

Reduction 0 
9 

(5.36%) 
16 

(10.26%) 
23 

(15.65%) 
29 

(21.17%) 
35 

(27.78%) 
40 

(34.78%) 

 

 

 

 

 

 

 

 

 

Figure 28. Comparison of GHG Emissions for Lighting in Unelectrified Rural 

Households: BaU and AP Scenarios 

 

4.5.2 GHGs Mitigation in Transformation 

NGOs report introduced a kiln developed in Japan that could produce 

higher-quality charcoal and use 30% less wood than the traditional kiln. 

Therefore, advanced and more efficient charcoal production was taken as a 

mitigation measure of the input wood demand for charcoal production and, 

which is expected to reduce GHG emissions from charcoal production by 

10.59%, 23.30%, and 40.34% in 2020, 2030, and 2040, respectively. 
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Table 31. Mitigation of GHG Emissions of Efficient Charcoal Production 

Environment: 20-Year Global Warming Potential 
Unit: Thousand Metric Tons CO2 Equivalent 

Scenarios 
Year 

2010 2015 2020 2025 2030 2035 2040 

APS 63 74 85 94 103 111 119 

BaU 63 77 94 110 127 146 167 

Reduction 0 
3 

(4.05%) 
9 

(10.59%) 
16 

17.02%) 
24 

(23.30%) 
35 

(31.53%) 
48 

(40.34%) 
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Chapter 5. Conclusion and Recommendations 
 

5.1. Conclusion 

The Long-range Alternative Energy Planning (LEAP) System model has 

many advantages in that it allows users to come up with energy projections 

concerning GHG emissions based on existing energy demand and supply data, 

to prepare and compare different long-run scenarios. The comparison helps 

identify energy policies that have better effects on energy conservation, 

greenhouse gas abatement, or other attributes. The assembly of LEAP models 

in different countries can help analysts and policymakers identify positive and 

aggressive energy and environmental policies at an international scale, thus 

catalyzing cooperation and efforts to cope with potential energy issues from the 

standpoint of “global villages.” 

In this study, the LEAP system was used by taking the 2010 energy 

balance to project energy demand and GHG emissions between 2010 and 2040 

and to compare the BaU energy demand (assuming current trends and the 

Alternative Policy Scenario through government intervention). Then to 

examine the energy demand growth in an economically and environmentally 

sustainable manner, some mitigation options were selected and their impacts in 

the coming 30 years from the base year were projected. 

The aggregated results showed that the total energy demand projection 

in Cambodia would be 5.79 times the base year demand in 2040 with the 

average growth rate of 6.03%, and would be 163 141, 289 414 and 528 567 

million GJs in 2020, 2030, and 2040, respectively. 

The projected GHG emissions from energy for 2040 were expected to be 

5 times those in the base year, with an average growth rate of 5.52%. The 

expected GHG emissions are 7 670, 13 213, and 23 562 in 2020, 2030, and 
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2040, respectively, in thousand metric tons CO2 equivalent and a 20-year time 

horizon.  

The results also showed that the GHG emissions from the transport 

energy consumption would likely be the largest because of the sector’s largest 

share in the total consumption, especially with regard to petroleum products. 

Moreover, economic growth and population growth could be primarily 

responsible for driving the transport sector CO2 emissions growth in the country. 

The industrial sector is expected to have the second largest emissions because 

of its high dependence on petroleum fuels. The contribution of the household 

sector is seen to be the third highest because of its biomass consumption. The 

agriculture sector is expected to have the fourth highest emissions because 

farmers still use animals. The commercial sector is deemed to have the lowest 

emissions because of its lowest share in the national balance and because it 

mostly consumes only electricity. 

By implementing the cited measures for the household sector, the 

expected GHG emissions reductions are 1.63%, 2.20%, and 2.22% of the 

aggregate energy demand in 2020, 2030, and 2040, respectively. 

The average energy demand growth is expected to be reduced from 6.03% to 

5.01%, and the total demand, 163 141, 289 414, and 528 567 million GJs in 

2020, 2030, and 2040, respectively. 

With the cited intervention measures, the total GHG emissions are 

expected to be 7 570, 13 213, and 23 562 million metric tons CO2 equivalents 

in 2020, 2030, and 2040, respectively.  The expected reductions are about 

1.16%, 1.73%, and 1.89% in 2020, 2030, and 2040, respectively. 

The average GHG emissions growth is also expected to be reduced from 5.52% 

to 4.25%. Efficient charcoal production is also expected to reduce GHG 

emissions by 10.59%, 23.30%, and 40.34% in 2020, 2025, and 2030, 
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respectively. The mitigations in the household sector are seen to be 4.11%, 

7.60%, and 10.66% in 2020, 2030, and 2040, respectively. 

In conclusion, the sector with the highest consumption of petroleum 

products that have the largest share in the total energy balance is the transport 

sector, the petroleum consumption of which rose from 26 377 million GJs in 

2010 to 150 675 million GJs and is expected to account for 28.50% of total 

energy demand in 2040, with an annual growth rate of 5.98% due to the higher 

national income, the development of road transport networks, and the 

popularity of cars and motorbikes. Thus, the reduction in the GHG emissions 

of the transport sector is expected to be the main driver of the reduction of total 

CO2 emissions in Cambodia in 2040. As in other Asian countries, Cambodia 

needs to improve its transport energy intensity to restrain the growth of its 

transport sector’s CO2 emissions, because the worsening of its transport energy 

intensity will aggravate its emissions growth. For example, some Asian 

countries, such as Korea, China, and India, have already implemented 

regulatory instruments, such as stringent fuel economy standards, which would 

reduce transport energy intensity and thereby help reduce CO2 emissions. 

Among the various sectors, industrial sector demand would rose from 9 965 

thousand GJ in 2010 to 127 273 thousand GJ in 2040 and accounted for 24.07% 

of total energy demand with the annual growth rate of 8.86%. 

On the other hand, energy demand in the agricultural sector is expected 

to increase from 5 527 million GJs in 2010 to 94 892 million GJs in 2040 with 

a considerably high annual total energy demand growth rate of 9.94%, from 

6.06% in 2010 to 17.95% in 2040, as a result of the expected rise in agricultural 

activities, as more of Cambodia’s products are exported. 

The commercial sector’s total energy demand is also expected to 

considerably increase from 4 605 million GJs in 2010 to 27 768 million GJs in 

2040 and to account for 5.25% of the country’s total energy demand, with an 
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annual growth rate of 8.86%. Therefore, efforts have to be made to reduce the 

use of fossil fuels and to promote green energies. Energy use reductions can be 

achieved by minimizing energy demand, by rational energy use, and by 

promoting the use of more green energies. The adoption of green or sustainable 

approaches to running the society is seen as an important strategy in finding a 

solution to the energy problem. 

 

5.2. Recommendations 

The main factors in reducing energy demand and controlling CO2 

emissions, which are the major contributors to global warming, are the 

promotion of energy efficiency and renewable energy, the use of alternative 

approaches to energy generation, the exploration of how these alternatives are 

used today and may be used in the future as green energy sources to meet the 

growing energy demand and the GHGs emission regarded as a major 

consideration for both urban and rural development. The measures selected 

should be included in the new policy measures of Cambodia. The 

implementation of such measures would be important in the socio-economic 

development of the country. For their implementation, the following policy 

measures were identified. 

• Economic measures to encourage utility investment in energy efficiency 

• Increasing public awareness of the environmental and economic values of 

improved stoves 

• Clear environmental and social objectives for energy market liberalization, 

including commitment to energy efficiency in buildings and public facilities, 

and to renewable energy. 

• Increasing the access of households to improved energy-saving stoves 

• Compulsory energy labeling for electrical appliances as an effective energy 

management measure, considering the growing demand for them in the 
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residential and commercial sectors 

• Assessment of the energy-saving potential for all energy sectors in the long 

term 

• Giving of greater attention to the transport sector due to the large rate of 

increase of its GHG emissions, such as by promoting wider use of renewable 

energy for transport, which would also have a positive impact on the 

country’s economy by reducing the amount of its imported petroleum fuels; 

and by reducing transport energy intensity by improving vehicle occupancy 

rates through carpooling, which is not promoted widely in Asia, or through 

the use of high-occupancy public transit systems 

• Development and promotion of modern wood energy technology 

applications 
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캄보디아에서 온실 가스에 에너지 수요가 미치는 영향 및 

그러한 영향의 경감에 대한 분석 

 

초록 

본 논문에서는, 2010년(2010년 캄보디아 에너지 시스템으로부터)을 기준년으로 

삼고, 분석에 장기 에너지 대체 계획(LEAP) 시스템을 사용함으로써 향후 30년 

동안의 에너지 수요 및 GHG 방출을 예측하였다. LEAP 모델은 섹터별 에너지 

소비 및 GHG 방출을 예측하며, 섹터의 에너지 소비와 GHG 방출을 합산함으로써 

전국적인 합계를 구해준다. 시나리오 개발을 위하여 현재 사용 가능한 모든 

에너지 소비 활동 및 사회경제적 데이터가 수집되어 모델에 입력되었다. 

시나리오는 향후 에너지 시스템에 대해 적절한 것이며, 특정한 사회경제적 환경 

및 특정한 정책 조건 상황 하에서 에너지가 시간에 걸쳐 어떻게 발전할 수 

있는지를 보여주게 될 것이다. 

처음에는, 현재 에너지 상황을 기준으로 평소 대로의 비즈니스(BAU) 시나리오가 

작성되었다. 이 경우, 개연성 있는 계획 및 성장 궤적을 기준으로 한 기준년 상황 

및 예상되는 향후 변화가 사용되었다. 시나리오는 예상되며 실행될 개연성이 

있는 프로젝트 및 정책의 수행이었다. 이후, 에너지 수요를 충족시키고 GHG 

방출을 줄이기 위하여 새로운 정책 수단들을 모사하는 대체 정책 

시나리오(AP)가 개발되었다. 가정용 섹터의 에너지 수요는 인구 증가로 

유도되는 것으로 가정되었다. 산업, 상업, 농업 및 운송수단에 대한 에너지 

수요는 GDP와 원유의 소매 가격으로 유도된다고 가정하였다. 

계산 결과, 에너지 수요 및 이와 관련된 GHG 방출은 향후 30년에 걸쳐 증가하여 

기준년 대비 각각 5.79배와 5.00배에 이르는 것으로 나타났다. 계산된 결과는 

가정용 섹터가 GHG 방출 중 세 번째로 높은 비율을 차지한다는 것을 보여주었다. 

따라서, 선별된 중재 조치가 대부분 이러한 섹터에 집중되었다. 언급된 조치 

하에서, 에너지 수요는 2020년, 2030년 및 2040년에 각각 1.65%, 2.21% 및 2.22% 
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감소시킬 수 있었으며, GHG 방출은 2.37%, 4.75% 및 7.06% 감소시킬 수 있었다. 

반면, 변환 분석 및 효율적 목탄 생산 조치는 투입 삼림 수요를 50.91% 감소시키게 

된다. 또한, 효율적 목탄 생산을 통해, GHG 방출은 2020년, 2030년 및 2040년까지 

각각 16%, 32.3% 및 50.5% 감소시킬 수 있었다. 

마지막으로, 정부 및 비-정부 단체를 위해 이러한 영향 경감 조치를 시행하기 

위한 권장사항들이 제시되어 있다. 

 

 

키워드: 에너지 수요, 온실 가스 방출, 환경, 시나리오 분석 
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Acronyms and Abbreviations 
 

ADB  Asian Development Bank  

AEC  ASEAN Economic Community  

AFD 
France Development Agency (Agence Française de 
Développement) 

CCCO Cambodian Climate Change Office 

CDC Council for the Development of Cambodia 

CDRI Cambodia Development Resource Institute 

CIF Climate Investments Funds 

CMDG Cambodian Millennium Development Goals 

ESD Education for Sustainable Development 

GDP Gross Domestic Product 

GGMP Green Growth Master Plan 

GHG Green House Gases 

GMS Great Mekong Sub-region 

GWP Global Warming Potential 

IEA International Energy Agency 

IGGWG Inter-ministerial Green Growth Working Group 

IPCC Inter-Governmental Panel on Climate Change 

LEAP Long Range Energy Alternative Planning 

MAFF Ministry of Agriculture, Forestry and Fisheries 

MDG Millennium Development Goals 

MIME  Ministry of Industry, Mining and Energy  

MLMUPC  Ministry of Land Management, Urban Plan and Construction  

MoE  Ministry of Environment  

MoEYS  Ministry of Education, Youth and Sport  

MoWR  Ministry of Water Resource and Meteology 

MPWT  Ministry of Public Works and Transport  
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NAPA  National Adaptation Program of Action to Climate Change  

NCCC  National Climate Change Committee  

NCGG  National Committee on Green Growth  

NEAP  National Environmental Action Plan  

NFP  National Forest Programme  

NGGR  National Green Growth Roadmap  

NPRS  National Poverty Reduction Strategy  

NSDP  National Strategic Development Plan  

RGC  Royal Government of Cambodia  

SEDP  Socio-Economic Development Plan  

SEI Swedish Environmental Institute 

UNDP United Nations Development Programme 

UNEP  United Nations Environment Program  

UNESCAP 
United Nations Economic and Social Cooperation for Asia and 
the Pacific  

UNESCO  
United Nations Educational, Scientific and Cultural 
Organization  

UNFCCC United Nations Framework Convention on Climate Change 

WHO World Health Organisation 
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