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Abstract 

This paper explores the use of Crude Palm Oil (CPO) as a renewable fuel for 
electricity generation in Indonesia to meet the government liquid biofuel target of 5% 
by 2025. Long-range Energy Alternatives Planning (LEAP) system was employed to 
model the Indonesian energy system and forecast the energy demand up to 2025. 
Annual energy demand was assumed to grow at 6% and PLN (Indonesia’s state-
owned electricity company) business plan to meet a 94% electrification access in 
2020 is used to forecast the electricity consumption. The results suggest that relying 
on CPO alone as the fossil fuel substitute in the electricity generation could not meet 
the biofuel target. However, combining the use of CPO in the power generation and 
implementing liquid biofuel blend in the demand consumption recommended by the 
engine manufacturers would increase the overall biofuel contribution to 5.8% of the 
total energy mix. This means meeting the national target by 2025 could be 
successful without compelling engine manufacturers to accommodate the higher 
biofuel to fossil fuel blending ratios. The target also requires a total liquid biofuel and 
CPO of about 27.1 GL in 2025. In energy terms, this is equivalent to 926 PJ or about 
159 million barrels of crude oil. The results imply that it may have detrimental 
environmental impact, as it requires 5.5 Mha of land area for biofuel feedstock 
plantations. Preliminary estimate of greenhouse gas (GHG) emission due to land use 
alone could reach up to 62 Mt CO2-e annually. Such a release could be prevented 
and even promises a saving if the land sought for biofuel plantation comes from low 
carbon stock land cover. On the positive note, this could offer employment 
opportunities to about 3.57 million people as well as investment in the agricultural 
and biofuel processing industry.  

1. Introduction 

The Indonesian government has considered liquid biofuels such as biodiesel, 
pure plant oil and bioethanol as potential alternative renewable fuels for Indonesia. 
Presidential Regulation No. 5 issued in 2006, commonly called the national energy 
policy thus mandated the use of biofuel as part of renewable energy sources. Biofuel 
would account for more than 5% to the national primary energy consumption by the 
year 2025 [1]. It also specifies that fossil oil share should be less than 20% while 
coal and natural gas gain significant share. The regulation also sets a target for the 
country’s energy elasticity (ratio of energy growth rate to economic growth rate) to be 
less than one. The Government’s efforts to develop biofuel are, therefore, crucial to 
helping meet the reduced role of fossil oil.  

Previous research by Rahmadi et al. [2] has indicated that it is possible to meet 
the 5% biofuel target in 2025 by setting a 6% energy demand growth in all sectors 
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with the maximum biofuel and fossil fuel blending alternative. However, it may have 
potential problem in the implementation stage due to the requirement in which 
original engine manufacturers should approve the use of higher biofuel-fossil fuel 
blends in their engines. A biodiesel blend of 20%, for example has to be used in 
diesel engines in order to meet the target while the Worldwide Fuel Charter 
(WWFC), an organization in which major car manufacturers are affiliated with, until 
today can only allow 5% biodiesel blend in their engines without losing the engine 
warranty [3]. Despite efforts made to address this issue, it will take some time to 
have all major engine manufacturers agree to such a consensus. If not, alternative 
policy measures to achieve the 5% biofuel target without compelling the engine 
manufacturers to adopt higher biofuel-fossil fuel blend is required.  

One approach is to use the crude palm oil (CPO) either pure, or blended in 
medium fuel oil, for the power generation. Several reasons may support this idea 
including the high proportion of fossil oil in the Indonesian primary electricity mix. 
Additionally, as a nation of islands, utilizing the CPO for power generation will not 
only help to control CPO stocks during the period low price but also to provide 
alternative power generation fuel in various remote parts of Indonesia. This approach 
was not new as it was indeed implemented in Prai Power Station by Tenaga 
Nasional Berhad Malaysia during the period of low price of CPO in 2001 [4] to 
reduce the CPO stock in that particular year. The PLN itself has conducted a test in 
2007 using refined palm oil for their diesel generation set in Talang Padang, 
Lampung province in cooperation with BPPT Indonesia for long-term test. The 
refined vegetable oil was preheated to 70oC before injection into the diesel engine to 
reduce its viscosity so that it would not harm the fuel pump as well as the fuel nozzle 
inlet. However, this was ended due to disagreement on the vegetable oil price with 
the PLN supplier. Recent persistent high fossil fuel prices as well as the success of 
the price negotiation with oil palm plantation and refinery companies to relate the 
vegetable oil price with the Mean of Platts Singapore (MOPS) price on diesel oil has 
contributed the PLN recommitment on using the vegetable oil in their fuel supply 
system [5]. This time, the refined oil palm from CPO application will be expanded for 
gas turbines as well as the existing use in the diesel power generating set.  

This paper therefore explores such an alternative and to investigate as to 
whether it would meet the biofuel target and identify several implications that might 
arise. 

1.1. Snap shot of the current electricity situation in Indonesia 

With a population of almost 240 million people, Indonesia poses massive 
challenges in supplying electricity to its people. A major electricity grid system covers 
the main islands of Java, Madura and Bali. Other areas and islands have their own 
distributed power generation and transmission systems. The Indonesian 
electrification access in 2010 was still around 65% [6]. This means nearly 75 million 
people do not have access to electricity. The geographical condition of Indonesia as 
a nation of islands put strains on Indonesia’s existing electricity network that is 
already overextended. This overextension has resulted in some areas that are 
connected to the grid only received electricity for a few hours [7], thus scheduled 
blackouts even in the Java-Bali grid frequently occurred.  

In terms of fuel mix, it is marked with an over reliance on fossil energy (oil, 
natural gas, and coal), with around 88% the total electricity generated in 2008 [8]. Of 
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the total generating capacity of around 30.3 GW, only 9% are hydropower and 3% 
comes from geothermal and other renewable sources. From the view of national 
primary energy mix, the power sector in 2008 consumed about 24% of the total 
5,935 PJ [9]. This situation does not fare well with the fact that Indonesia has 
become net fossil oil importer [10], in which less than a decade ago, this country was 
a member of OPEC countries and has produced about 1.7 million barrel per day 
during its peak in 1991. The oil and gas production decreased over the past 10 years 
to become 0.874 million bbl/d in 2012 [11] while the subsidized fuel consumption on 
the other hand, continues to increase exerting enormous strain on the state budget 
[12]. 

Despite facing many challenges from the supply side, an average of annual 
electricity use per capita of 0.5 MWh [13] suggests that the electricity situation in 
Indonesia is considered under-invested. This is partly an outcome of having 
emerged strongly after the 1997 Asian financial crises in which the growth of 
Indonesian economy returned to its pre-crisis level of around 6% [14]. With a 
relatively high energy elasticity typical of a developing country, this requires 
substantial electricity investment to sustain the economic growth. Therefore, a plan 
known as the “10,000 MW Acceleration Program” was created in 2008 to add 10,000 
MW of new capacity by 2010. Majority of the newly built power plants were coal fired 
purchased cheaply from China and assembled quickly to meet the deadline. 
Although many suffered several technical issues during commissioning and early 
operation, such plants have met the demand and provided a short term improvement 
in the operation of the electricity grid [15]. Following this success, a second phase 
Crash Program was launched with the same power capacity objective but this one is 
aimed to build more renewable energy-based power plants including geothermal 
[16]. This second phase will incorporate a 4,945 MW of geothermal, 1,753MW of 
hydro, and the rest of the power plants are most likely from coal. 

Against this electricity backdrop, utilising crude palm oil (CPO) as either pure or 
blended in medium fuel oil for the power generation along with other small scale 
renewable (hydro or solar PV) may improve the national electrification ratio. In 
addition, not only will this plan have the potential to reduce the use of liquid fossil fuel 
for electricity generation, but also provide the alternative source of electricity and 
agricultural production in remote areas. Therefore broadening the electrification 
program to include CPO in the Indonesian electricity generation is an alternative 
approach to meet 93% of all households connected to electricity by 2025 [17]. This 
opportunity to use CPO for electricity generation in Indonesia may also offer an 
alternative way to meet the government liquid biofuel target of 5% by 2025. The 
following section, therefore, outlines in detail the method in identifying and estimating 
fossil fuels that can be substituted by the CPO in the electricity generation and other 
liquid biofuels in the demand sectors. In addition, implications on the land required 
and the potential employment will be estimated. 

2. Methods 

2.1 The LEAP model 
In order to achieve the main objective of this paper, LEAP was used to analyze 

the Indonesian energy system and forecast the future demand under alternative 
scenarios of biofuel mix in the demand sectors and CPO in the power generation 
sector. LEAP itself is an accounting framework for energy analysis tool, developed 
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by the Stockholm Environment Institute [18]. The Indonesian LEAP model developed 
requires at least data from the base year and forecasted any future years using a 
predetermined growth rate. As an end use driven scenario analysis, the LEAP model 
is disaggregated in a hierarchical demand sectors of industry, households, 
commercial, transportation, other sector and non-energy use. The base year data 
were taken from the 2008 Handbook of Indonesia Energy Statistics. The country’s 
energy demand was forecasted using linear 6% energy growth, which is 
approximately the same as the Indonesia’s economy growth projection of around 
that figure [19], thus satisfy the long term Indonesian energy policy goal of having 
energy elasticity of less than or equal 1.  

Since Indonesia has an uneven energy and economic growth rate as well as 
population distribution, in the LEAP model Indonesia was divided into three regions 
according to the way electricity is produced and distributed. They are JAMALI (Jawa, 
Madura Bali islands), Western region and Eastern region. The major region was 
JAMALI that consumed around 75% of the total electricity consumption in 2008. 
Other regions however have limited integrated distribution and comprise several 
isolated distribution networks. The followings are assumptions made in the model.  
1. As the available data are lumped as if the electricity production and distribution in 

this country delivered in an integrated network, therefore, the energy demand in 
the current account namely data from the year 2000 to 2008 are distributed 
according the weighting as of the following: Eastern Region: 0.08, Western 
Region: 0.165, JAMALI: 0.755 

2. The model has three scenarios, which can be summed up in Table 2.  
Table 12- Scenarios investigated 

Code 
Name 

CPO in the power 
generation 

Biofuel in the 
demand sector 

Note 

SCEA No No Baseline scenario in which neither liquid biofuel 
and CPO present in the system 

SCEA-
PO 

Yes No CPO is used in the power generations 

SCEA-
MIN-PO 

Yes Yes CPO is used in the power generation, and liquid 
biofuel (biodiesel, bioethanol and pure plant oil) 
are used in the demand sectors with blending 
ratio recommended by the engine manufacturer. 

3. The energy is projected to grow by 6% in the consumption sector while electricity 
projection is higher to fulfil the target of the national electrification for each region. 
The future electricity demand in the model is assumed to follow the PLN 
projection, which is based on its business planning (RUPTL 2011-2020), and each 
has different growth rate. The electrification target itself is an electrification ratio of 
94% in 2020 in the whole Indonesia and for each region: Eastern Region: 86.4, 
Western Region: 91.6, JAMALI: 97.8. This provides the electricity growth pattern 
for each region, and they are presented in Table 3.  

Table 23- Electricity growth (%) projected by PLN  

Region 2011 2012 2014 2016 2018 2020 
- Java-Bali 10.4 8.4 8.0 7.9 7.0 6.8 
- Eastern Region 16.4 15.1 10.6 9.2 9.2 9.1 
- Western Region 14.5 12.0 10.4 9.1 8.8 9.0 
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2.2 Estimations 

2.2.1 Estimating the mix and quantities of biofuels in the demand sector and 
replacing diesel oil in the power generation sector with CPO 

In order to estimate the quantities of CPO and other biofuel in this study, it is 
important to set their blending ratios as the biofuel penetration to the market will 
likely be achieved via blending the biofuels with corresponding liquid fossil fuels. The 
values presented in Table 1 have conformed to original engine manufacturers and in 
line with the Indonesian standards while CPO will be used fully 100% in the 
electricity generation sector to replace diesel fuel. The use of 5% biodiesel blend, for 
example has been recommended by Worldwide Fuel Charter organization and the 
Directorate General for Oil and Gas - MEMR [20]. In the case of pure plant oil, the 
higher blend use of pure plant oil has been tried in a number of experiments by 
BPPT Indonesia [21] and extensively been researched in the European countries 
[22]. The amount of each biofuel required was then calculated based on the 
equivalent theoretical energy content of the resulting blending.  

Table 31 Biofuel blending alternatives 

Biofuel blend alternatives Blending  Sector 
Biodiesel1 in automotive diesel oil 5%a 

All the 
demand 
sectors 

Bioethanol2 in petrol 5%a 
Bioethanol in kerosene 5%b 
Pure plant oil3 in industrial diesel oil 20% 
Pure plant oil in fuel oil 20% 
Pure plant oil in kerosene 5% 
CPO4 to replace di esel oil, fuel oil and Industrial diesel oil in power 
plants including diesel generating set, fossil fuel steam power plant,  

100% Power 
generation 

Note:  
1. Biodiesel is a compound of methyl esters derived from either esterification or trans-esterification process of various types 

of vegetable oils, animal fats or fatty acids with alcohol, mostly methanol [23].  
2. Bioethanol is ethanol obtained from either sugar or its molasses using fermentation [24].  
3. Pure plant oil is defined a refined vegetable oil that does not undergo esterification/trans-esterification process [22]. This 

oil is usually degummed, bleached and deodorized. It is suited to low to medium speed diesel engine.  
4. The crude palm oil is a vegetable oil derived from oil palm using a process called fruit palm extraction. It may still contain 

some gums and free fatty acid. Provided it is relatively free of coarse material such as sand and fibre, it is suitable for 
boiler and diesel engine to replace fuel oil for power generation.  

2.2.2 Estimating energy contribution of biofuel, potential plantation area and 
employment opportunities 

To estimate energy contribution of CPO application in the power generation 
sector as well as the implication of having palm plantations expansion on  the land, 
and potential employment opportunities, this analysis utilised the data presented in 
the Appendix 1 and 2. The annual biofuels yield per hectare and employment in the 
plantation and biofuel processing plants presented were set as fixed values. This 
implies an improvement in technology on yield and efficiencies in the plantation and 
processing plants were disregarded during the analysis period. 

3. Model Results and Discussion 

The results are discussed according to two different aspects. The first is the 
significance of CPO use in the power generation to the biofuel target set in the 
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national energy mix in 2025. The second is on the implication land required for 
plantations, possible employment opportunities and environmental consequences. 

3.1. Impact on the biofuel target 

The analysis produced a total of projected primary energy consumption in 2025 
of about 15,929 PJ, with 7,590 PJ sourced from fossil oil if neither CPO nor other 
common liquid biofuel is utilised in the country’s energy system. As presented in 
Table 4, having CPO in the power generation consequently reduced the liquid fossil 
fuel consumption in the year 2025 by 710 PJ. Additional fossil fuel reduction by 216 
PJ could be realized if other liquid fossil biofuels are introduced to the demand 
sector. This is equivalent to 159 million barrels crude oil, which constitutes 12.2% of 
the fossil fuel consumption in that year. Those amounts equal to the liquid biofuel 
volume of 7.4 GL and CPO for power plant of about 19.64 GL in 2025. 

Table 4 Projected annual biofuel substitute in 2025 

 CPO for power 
plant 

CPO for power plant with other liquid 
biofuel in the demand sector 

CPO (GL) 19.64 19.64 
Biodiesel (GL) - 2.51 
Bioethanol (GL) - 3.40 
Pure Plant Oil (GL) - 1.54 
Energy contribution (PJ) 710 926 
Percentage of contribution 
to the primary energy mix 

4.5% 5.8% 

The results also show that the use of CPO in the power generation alone has 
produced an overall biofuel share of 4.5%. Adding the biodiesel, bioethanol and pure 
plant oil with blending percentage recommended by the engine manufacturers in the 
demand sector would increase the overall contribution to 5.8%, thus exceed the 
target of 5% energy mix in 2025. This may provide a way to achieve the target 
without compelling engine manufacturers to comply with the biofuel higher blend with 
fossil fuel. This is also in line with a major Japanese car manufacturer who 
recommends a maximum of 10% bioethanol and 7% biodiesel in their engines [25] 
and the position of the association of Indonesian automotive manufacturers to 
recommend E10 and B5 [26]. Moreover, having lower biofuel blend would comply 
the current Indonesian biofuel blend regulation in which maximum of E10 and B5 
blends are also recommended [27, 28].  

However, being able to reach the biofuel target would come at a cost, as it will 
require significant land area and the extent of such an impact would be largely 
determined by the previous type of land cover of the oil palm plantation. Fortunately, 
opening new oil palm plantation along with the construction of biofuel processing 
industry will also create new employments. The following sections therefore will 
outline those implications. 

3.2. Impact on land areas and employment 

To meet the target inevitably requires significant land area to cultivate the 
biofuel feed stocks. Results presented in Table 5 indicate that it needs between 4.2 
and 5.5 Mha of land. These figures are less than the early prediction by the 
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Indonesian Government, in which an additional 6 Mha should be allocated for biofuel 
program [29]. 

Table 5 Projected Land Areas and Employment 

Scenario CPO for 
power plant 

CPO for power plant with other 
liquid biofuel in the demand sector 

Land area required (Mha) 4.2 5.5 
Potential employment (million) 2.67 3.57 

The feedstock for CPO, biodiesel and pure plant oil should come from oil palm 
plantations as plants from the genus Elaeis and in the case for bioethanol, sugar 
cane, Saccharumofficinarum, is the preferred feedstock. A maximum of about 5 Mha 
of new plantation area should be dedicated for palm oil production to achieve the 
biodiesel and pure plant oil production while a further 0.5 Mha of sugar cane 
plantation is required for producing bioethanol. This plantation expansion suggests 
that the potential impact due to land use change may occur as a study by the US 
EPA [30] asserted that expansion of plantation for biofuel will likely to follow much of 
the recent expansion in oil palm plantation which was at the expense of tropical 
forest.  

A further study using the Winrock land use change factor taken from Harris et 
al. [31] suggests that if the 5.5 Mha land expansion follows the current trend of oil 
palm plantation expansion, it could release an annual additional GHG of about 62 Mt 
CO2-e. Instead of being renewable and environmentally friendly, this plan would 
potentially contribute significantly to GHG along with other potential impacts such as 
de-a forestation, diverting land from food crops to energy crops and social change. 
Therefore, the biofuel development should focus on land types that minimize the 
potential impact. That means the biofuel development should use degraded land, 
grassland, shrub land or disturbed upland though care should be taken to preserve 
the remaining environmental or biodiversity values of these area. The plantation 
expansion could also utilize up to 20 MHa of land abandoned after logging by 
concession owners who failed to follow the conditions of their concession [32]. The 
same amount 5.5 Mha land required could even save the GHG emission up to 4.8 Mt 
CO2-e if the biofuel expansion is aimed at land type cover with less carbon stock.  

Despite having potential environmental impact, new biofuel plantations and the 
downstream biofuel industry are helpful in creating new employment opportunities. 
As shown in Table 5, 2.8 to 3.57 million new jobs would be created by 2025 and the 
larger share of the employment opportunities would be expected in the agricultural 
sector. Therefore, significant economic contribution is expected in the biofuel 
plantation centres such as Sumatra, Kalimantan, Sulawesi and Papua. In addition to 
positive impact on employment creation, achieving this target would mean increased 
investment in both the agricultural sector and biofuel process industry. The 
investment in the agricultural sector is likely in the forms of land acquisition, land 
preparation, seedling production, and farming machinery while investment in the 
biofuel industry would raise the demand for mechanical and chemical process 
machinery.  

3.3. Limitations of the analysis 

The assumptions of sustained constant energy growth of 6% during the 
analysis period in the demand sector and electricity consumption according to the 
projection of PLN were the key point that determined the results and thus influenced 
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the analysis and the implications. Given the nature of the global economy remains 
uncertain, this assumption may differ from the reality in the future. Changes in the 
economic growth will affect the energy demand, which later affect the utilization of 
biofuels. Additionally, this analysis could not automatically identify least-cost systems 
to satisfy the scenario objective, thus unable to produce solutions that are consistent 
with variation in energy price. For example, as energy demand in each sector has 
been set to increase in a certain rate, the solution of demanded energy in this model 
will follow that scenario and ignore the effect of slowing down the demand due to 
increased energy prices.  

4. Conclusions 

The results suggest that relying on CPO alone as the fossil fuel substitute in the 
electricity generation could not meet the biofuel target in 2025. However, combining 
the use of CPO in the power generation and implementing liquid biofuel blend in the 
demand sectors recommended by the original engine manufacturers would increase 
the overall biofuel contribution to more than 5% of the national primary energy mix. 
This suggests meeting the national target by 2025 could be achievable without 
compelling engine manufacturers to accommodate the higher biofuel to fossil fuel 
blending ratios. Detrimental environmental impact however, could potentially occur 
as it requires significant amount of land for biofuel plantations. Preliminary estimates 
of GHG emissions due to land use change alone could reach up to 62 Mt CO2-e 
annually. Such a release could be avoided and even promises a saving if the land 
sought for biofuel plantations comes from low carbon stock land cover. On the 
positive note, this could offer employment opportunities to about 3.57 million people 
as well as investment in the agricultural and biofuel processing industries. 

Although the model has been able to produce a result at the national level, 
further analysis should be required if the scenario were to be implemented in 
practice as not all areas in Indonesia are suited to grow oil palm and population is 
not distributed evenly. Future work therefore, may be carried out to detail the location 
for oil palm plantations and distributed power plants as well as the energy 
consumption in those areas so that a more realistic result can be estimated on a 
provincial and national level. 
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Appendix 1 Biofuel data 

Fuel Type Density 
(kg/m3)a 

Lower Heating 
Value (MJ/Kg)b 

Yield 
(kL/ha/y)c 

Employmentd 
Plantation 

(person/ha/y) 
Processing 
(person/ML) 

Crude Palm Oil 920 37.30 5.00 0.64 - 
Biodiesel 890 37.20 4.50 0.64 6.00 
Bioethanol 788 28.09 6.47 0.64 1.04 
Pure plant oil 920 37.30 5.00 0.64 6.00 
Source :  a.BSN Indonesia [33, 34], b. Benjumae et al.[35], Energy Research Centre of Netherlands [36], Prateepchaikul & 

Apichato[37].c. Manurung [38], Moreira & Goldemberg [24], d. Jupesta[39] 

 

Appendix 2 Fossil fuel data 

Fuel Type Lower Heating Value (MJ/kg)a Average Density (kg/m3)b 
Automotive diesel oil 42.820 843 
Petrol 43.738 748 
Industrial diesel oil 40.985 880 
Fuel oil 40.009 990 
Kerosene 43.423 835 

Source: aEnergy Research Centre of Netherlands [36], bPertamina [40-44] 

 


