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INTRODUCTION 

During the 1970s, 1980s, and 1990s, the Indonesian economy, measured by its gross 

domestic product (GDP), grew at an average annual rate of above 7 percent, which 

was relatively fast compared to many other countries.  The country’s economy had 

also been transformed from a mostly agriculturally dominated economy to a more 

industrially dominated one (Hill, 2000; Resosudarmo and Kuncoro, 2006; 

Resosudarmo and Vidyattama, 2007).  This fast growing economy, due to its 

significant industrial transformation, increased its CO2 emission from fossil fuel 

combustion.  There are three important facts related to this increase. 

 

First, Indonesia is one of the highest CO2 emitting countries in the world (IEA, 2006). 

Since 2004, Indonesia has been among the top 25 CO2 emitters, or is ranked 16th if the 

EU is counted as one country, due to fossil fuel combustion (Figure 8.1).  Its exact 

ranking is somewhat sensitive; i.e. it could easily change, as there are many countries 

that have only a slightly lower level of emissions than Indonesia.  If CO2 emission 

due to deforestation and land use change are included, Indonesia is among the top 3–

                                                 

1 We would like to thank Frank Jotzo of the Australian National University for his inputs and 
contributions.  All mistakes are authors’ responsibility. 
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5 emitters (Sari et al., 2007).  It is important to note, however, that there are serious 

questions concerning the reliability of such data.   

 
FIGURE 8.1  Top 25 Global CO2 Emitters in 2004 

 
      Source:  

- International Energy Agency (2007) [http://www.iea.org/] (fossil fuel 
emission) 

- World Resource Institute (2007) [http://www.wri.org/#] (deforestation 
emission) 

 
Second, in terms of CO2 emission per capita from fossil fuel combustion, Indonesia’s 

emission per capita is still low in comparison with other countries (IEA, 2006); 

however, as can be seen in Figure 8.2, it is growing relatively fast.  From 1994 till 

2004, it grew faster than China’s and India’s.  

 
FIGURE 8.2  Fossil Fuel CO2 Emissions per Capita and Their Growth Rates 

 
Source: International Energy Agency (2007) [http://www.iea.org/] 
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Third, in the long run, CO2 emission from fossil fuel combustion will most likely be 

much more important than that caused by deforestation and land use change.  

Emissions from deforestation and land use are now much greater than that from 

fossil fuel combustion, but this should change as available forest areas decline. 

Meanwhile, energy use and fossil fuel emissions will keep growing as GDP grows 

unless mitigating actions are taken.  This situation can be illustrated by Figure 8.3.  It 

is important to note that Figure 3 does not make any judgements about actual future 

growth/reduction rates and the cross-over date between deforestation and fossil fuel 

emissions.  It does, however, illustrate the most likely trajectories.  

 
FIGURE 8.3  Emissions from Deforestation and Fossil Fuel 

 
Source:  

- International Energy Agency (2007) [http://www.iea.org/] (fossil fuel emission) 
- World Resource Institute (2007) [http://www.wri.org/#] (deforestation emission) 

 
 
As a consequence of the above three facts, a two-pronged strategy must be 

implemented in order to maintain low-carbon growth in Indonesia: reduce 

deforestation and bring fossil fuel onto a lower trajectory. Prompt action will make a 

big difference over time. With regard to fossil fuel combustion, it is crucial to bear in 

mind the fact that investments in the energy sector have long lifetimes, often more 

than 35 years.  Present investments are locked in a carbon emission trajectory for a 

long time (IEA, 2003).  
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This chapter will analyse CO2 emissions from fossil fuel combustion to understand 

the main driver of the increase in the amount of emission and the challenges in 

reducing it.  The outline of this chapter is the following.  Section one, which is this 

section, is the introduction arguing the importance to research CO2 emissions from 

fossil fuel combustion.  Section two discusses the main driver of CO2 emission, 

followed by section three describing CO2 emission by type of fossil fuel combustion 

in Indonesia.  Section four will present some future trends and scenarios of energy 

use and CO2 emission.  The final remark will be the last section. 

 
 
WHAT DRIVES CO2 EMISSIONS GROWTH?   

From 1980 till 2004, annual growth rates of energy consumption per capita have 

increased slightly less than those of GDP per capita (Figure 4). Comparing 1980 to 

2004, the growth rate of GDP/capita has increased by 2.3 times and energy/capita by 

2.1 times.  In the meantime, CO2 emission can grow slower or faster than energy 

consumption rates, depending on changes in the energy structure and technology. In 

Indonesia, the annual growth rate of CO2 emissions per capita has grown faster than 

those of energy use per capita; indicating that the carbon intensity of energy has 

increased. Comparing 1980 to 2004, the growth rate of energy use/capita has 

increased 2.1 times and CO2/capita by 3.3 times. Nevertheless, Indonesia’s emissions 

intensity in terms of level (kgCO2/$GDPppp) is similar to that of the world average, 

and it is still below the non-OECD average. 

 
FIGURE 8.4  Annual Growth Rates of GDP, Energy Use and Emission per Capita 

 
Source: International Energy Agency (2007) [http://www.iea.org/] 
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Internationally, decreasing emissions intensity is uncommon. In many countries, 

GDP grows faster than fossil fuel emissions, and so CO2 emissions intensity declines 

(CO2 emission/GDP) over time.  This is shown in the negative contributions of 

change in CO2 emissions intensity, as illustrated in Figure 8.5.  By contrast, CO2 

emission from fossil fuel combustion in Indonesia increased faster than GDP growth 

during the 1994–2004 period; and so CO2 emissions intensity has increased.  Why this 

is the case? 

 
FIGURE 8.5  Average Annual Growth Rates 1994-2004 

 
Source: International Energy Agency (2007) [http://www.iea.org/] 

 

 
Let us first observe the trend of energy intensity (energy use/GDP).  From Figure 6 it 

can be seen that in general energy intensities declined from the early 1970s until the 

end of the 1980s, and then increased. The 1997/98 financial crisis which reduced 

Indonesia’s GDP did not seem to change energy consumption by much.  During the 

recovery period of 1999–2004, Indonesia’s energy intensity kept increasing.  Hence, 

the first reason for increasing emissions intensity is increasing energy intensity. 

 

Second, let us now observe carbon intensity (CO2 emission/energy use).  Figure 8.7 

basically tell us that carbon intensity increased from 1994 till 2004.  Hence, the second 

reason for increasing CO2 emissions intensity is the increasing carbon intensity. 

To understand better what has happened during the 1994–2004 period, let us divide 

our observation periods into 1994–1999 and 1999–2004.  Figure 8.7 shows that CO2 
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emission grew faster during the 1994–1999 period than during the 1999–2004 period, 

but this is not the case for energy use and GDP. So although energy intensity 

increased from 1994–2004, the rates of increase declined, which indicate good 

progress.  Carbon intensity has progressed as well; i.e. the increasing rates of carbon 

intensity declined.  It is, hence, not surprising to see that the increasing rate of 

emissions intensity was lower in the period of 1999–2004 than in the period of 1994–

1999.  One then can conclude that although energy use and CO2 emissions intensity 

in Indonesia increased during the 1994–2004 period, the rates of these increases have 

been declining. 

 
FIGURE 8.6  Energy Intensity 

 
Source: International Energy Agency (2007) [http://www.iea.org/] 

 

 

FIGURE 8.7  Average Annual Growth Rates 1994-2004 

 
Source: International Energy Agency (2007) [http://www.iea.org/] 

 

By now we have established that both carbon and energy use intensity are the 

reasons that CO2 emission in Indonesia grew relatively faster than in many other 
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countries; and so while in other countries CO2 emissions intensity declined, it 

increased in Indonesia.  Let us observe a much longer time horizon, namely from 

1971 (the initial year of Indonesia’s fast development) until 2004 (the latest data 

available for this chapter), and properly analyse CO2 emission to better understand 

whether energy intensity or carbon intensity has caused CO2 emission in Indonesia 

to increase significantly.   

 

Figure 8.8 presents the average annual change of population, GDP per capita, energy 

intensity, and carbon intensity for Indonesia and several other countries.  From this 

figure, compared with other countries, it can be seen that the main long-term driver 

for increased CO2 emission in Indonesia is increased carbon intensity.  The average 

annual growth of carbon intensity in Indonesia is much higher than in other 

countries.  Long term annual change of energy intensity in Indonesia is fine, albeit 

less progressive than in Vietnam and China. 

 
FIGURE 8.8  Decomposition of CO2 Emission Growth 

 
Source: International Energy Agency (2007) [http://www.iea.org/] 

 

 

To understand why carbon intensity in Indonesia has increased significantly, we 

need to observe the level of emissions for each type of fossil fuel combustion (or by 

energy sources).  Most likely, there has been a shift towards using a more polluted 

energy source.  
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EMISSIONS BY TYPE OF FOSSIL FUEL COMBUSTION 

Figure 8.9 presents the level of CO2 emission according to the type of fossil fuel used.  

Note that the numbers shown are for the amount of emissions, not the amount of 

energy. Coal is the most emission intensive fossil fuel, followed by oil, then gas. Coal 

releases roughly twice the amount of CO2 per unit of energy than gas, depending on 

the quality of fuel and combustion technology.  From this figure, it can be seen that 

emissions for each type of fossil fuel combustion have increased over time.  

However, emissions from gas and coal combustion increased faster than from oil 

combustion.  Since 1995, emissions from coal combustion have increased the fastest. 

 
FIGURE 8.9  Emissions by Type of Fossil Fuel Combustion 
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Source: International Energy Agency (2007) [http://www.iea.org/] 

 

 
Figure 8.10 shows the share of CO2 emission by type of energy used in 1984 and 2004. 

It shows that the contribution from oil combustion has declined from contributing 85 

percent of total CO2 emissions in 1984 to 53 percent in 2004.  Meanwhile, the 

contributions of gas and coal increased from 14 percent in 1984 to 21 percent in 2004 

and 1 percent in 1984 to 26 percent in 2004, respectively.   

The broad trend in Indonesia’s energy system basically shows that although oil is 

still the main contributor to CO2 emissions, the share of oil rapidly decreases as 

domestic reserves are exhausted and the oil price rises. The remainder is mainly 

attributed to the transportation sector. In the meantime, the share of coal increases 
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and takes up the role of oil in the stationary energy sector, whereas the share of gas 

roughly remains constant as there are significant gas exports. 

 
 

FIGURE 8.10  Emissions by Type of Fossil Fuel Combustion 
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Source: International Energy Agency (2007) [http://www.iea.org/] 

 

 

 
Let us now observe CO2 emission by sector as can be seen in Figure 11. Industrial 

activities have been the main source of CO2 emission. One of the reasons is that a 

significant number of them have their own electric power generators. At this stage, 

the types of energy that they use, or the determinants of industrial fossil fuel use in 

general, have not yet been investigated. 

 

CO2 emission from the residential sector grew the slowest, most likely representing a 

situation that more and more houses are electrified.  CO2 emission from the 

transportation sector grew steadily but less so than that of the industrial sector.  

What is interesting is that CO2 emissions from the electricity sector have increased 

the fastest since the mid 1990s.  (See Figure 8.11.)  
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FIGURE 8.11  Emissions by Sectoral Sources 
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Source: International Energy Agency (2007) [http://www.iea.org/] 

 

 
Figure 8.12 presents the share of CO2 from residential, transportation, electricity, and 

industrial sectors in 1984 and 2004.  It can be seen that the share of CO2 from the 

residential sector declined from 20 percent in 1984 to only 9 percent in 2004.  The 

shares from the transportation and industrial sectors remained relatively constant.  

The electricity sector share increased the most; i.e. from 13 percent in 1984 to 27 

percent in 2004.  While total emissions have been growing by around 7.5 percent 

annually, emissions from electricity have grown by around 11 percent annually in 

the last two decades.  

 
FIGURE 8.12  Emissions by Sectoral Source 

13%

42%

25%

20%

27%

41%

23%

9%

1984 2004

Residential

Transport

Industries

Electricity

 
Source: International Energy Agency (2007) [http://www.iea.org/] 
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To understand why the contribution of CO2 emissions from the electricity sector has 

grown so fast, we observe the energy sources it uses.  Figure 13 presents the share of 

energy use in the electricity sector and in other sectors.  The share of coal use in the 

electricity sector increased from 0 percent in 1984 to 53 percent in 2004; much faster 

than any other energy source.  In other sectors, coal use has also increased, but not as 

rapidly as in the electricity sector.  This increased coal use is most likely the main 

reason for the increased proportion of CO2 emissions from the electricity sector 

compared to other sectors since the mid 1990s. As such, this highlights the 

importance of investigating electricity development paths; taking into account the 

costs, economic impacts, and implications on resource endowments.  

 
FIGURE 8.13  Types of Energy Used in Electricity 
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Source: International Energy Agency (2007) [http://www.iea.org/] 

 

 

 
FUTURE EMISSION TRENDS AND SCENARIOS 

To project future emission trends, we observe the emission trend from 1971 to 2004.  

Accordingly, if the trend of the 1971–2004 period continues, by 2030 total CO2 

emissions will be around four times the level in 2005, as can be seen in Figure 8.14. 

Total CO2 emissions grow by about 5 percent annually, while CO2 emissions from 

coal grow by about 7 percent. 
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FIGURE 8.14  Trend Estimates of Future Emissions 

 
Source: International Energy Agency (2007) [http://www.iea.org/] 

 

 

There are many assumptions imposed on this trend, such as the future proportion of 

energy used in the electricity sector and the composition of energy use among 

renewables, oil, coal, and gas, which are the same as those predicted by the 

International Energy Agency (IEA) with the exception of energy intensity. The IEA 

predicts a reduction rate of energy intensity by around 2.5 percent annually, which is 

very high when compared internationally and much higher than the historical rate in 

Indonesia where energy intensity has actually increased over the last decade. This 

study projects energy intensity will decline by around 1 percent annually, which is 

roughly in line with the global average reduction rate of energy intensity in the past. 

 

It is important to note that CO2 emission from fossil fuel combustion under this 

projection roughly doubles every 15 years.  CO2 emission from energy use increases 

as our GDP grows and the proportion of household with medium and high levels of 

incomes increases.  Hence, it is certain that CO2 emission from fossil fuel combustion 

will eventually be higher than CO2 emission from deforestation. 

 

In the electricity sector, by 2030, total emissions will be around 3 times the level in 

2005 (Figure 8.15). The main driver of increasing emissions from electricity is coal 

combustion. 
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FIGURE 8.15  Trend Estimates of Future Emissions from Electricity 

 
Source: International Energy Agency (2007) [http://www.iea.org/] 

 

 
 
FINAL REMARK 

This chapter has shown the importance of CO2 emission from fossil fuel combustion.  

Although currently CO2 emission due to deforestation and land use change is much 

higher than that due to fossil fuel combustion, it is certain that in the future, the 

situation will be reversed. Considering investments in the energy sector usually have 

long lifetimes, the earlier we control CO2 emission from energy use, the better it will 

be. 

 

This chapter has also indicated that the main drive behind the increasing CO2 

emission in Indonesia is the increase in carbon intensity, and the main reason is the 

increased use of coal as a source of energy, particularly in the electricity sector. 

 

The Indonesian government has indicated its willingness to control CO2 emission by 

controlling the type of energy sources through Presidential Decree No. 5/2006.  

Further researches are clearly needed to understand whether or not the energy mix 

strategy in the Presidential Decree is the best strategy.  If so, what are the costs and 

how can it be achieved? If not, what are the alternative strategies?  Furthermore, 

what policies are needed to help achieve the goals of the best strategy and is 

international financial supports necessary? 
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