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 The paper examines the relative importance of the policy for biofuel development on 
the Indonesian economy, sectoral and regional performance, using a recursive dynamic 
computable general equilibrium model for Indonesia.  The results show that biofuel 
development impact on the Indonesian economy is positive or increasing the GDP, with 
the high impact come from an increase of CPO (Crude Palm Oil) demand for bio fuel 
and increase of productivity on Rize, Maize, Casssava, Sugarcane and CPO. Strong 
incentives to increase demands for CPO to enhance the energy diversification would 
increase the output because of the profitability performance of the crop. Finally, the 
impact of biofuel on regional development is mainly positive because decrasing the 
dependency of petroleum, particularly for region Java and Bali. Major challenges faced 
by biofuel development in Indonesia includes further research and development on the 
trade-offs between food, fuels, feeds, and forest. The paper suggests that biofuel 
development also requires improvement of social capital, governance, and enforcement 
structures at all level to contribute to the policy implementation of revitalizing 
agriculture. 
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INTRODUCTION 

 
Biofuel is a promising renewable energy for Indonesia, a country that is rich in fossil-fuel resources and 

renewable potentials. Attention on biofuels has grown rapidly during the last few years, especially after the 
world price of oil increased sharply. In the modern history of Indonesia’s development, the share of non-
renewable energy sources is extremely high, where oil is very dominant (51.7 percent), followed by natural gas 
(28.6 percent) and coal (15.3 percent). The share of renewable energy sources is less than 5 percent, where 
hydropower contributes about 3.1 percent and geothermal only about 1.3 percent to the total energy source 
(Ministry of Energy, 2008).  Indonesia has also developed other sources of renewable energy, although in a very 
slow pace, such as mini/micro-hydro, biomass, solar, and wind energy.  

Indonesia can no longer depend heavily on fossil fuels, which have been used lavishly, but depleting very 
badly fast. The production level of Indonesian oil has declined significantly in the last decade or so, while the 
consumption level increased steadily as the economy grows. In 2009, the estimated daily lifting of oil is 960 
thousand barrels, a very significant decline from 1.41 million barrels in 2000, while the consumption level is 
nearly 1.5 million barrels per day. As a result, Indonesia is also an oil importing country as there has not been 
major increase in investment and production capacity of the sector.  Consequently, the high price of oil in the 
international market has caused Indonesia some difficulties in adjusting the state budget and development 
policies. For example, in order to maintain domestic price stability of oil, the government allocated oil subsidy 
of about Rp 102.5 trillion in 2009 (above 10 percent of the total state budget). The share of fuel import is 
estimated about 43 percent of domestic fossil fuel consumption. This is taking a tremendous share of the state 
budget. Assuming the consumption of fossil fuel reduction is up to 10 percent, the biofuels development 
program could contribute to foreign-reserve savings up to US $ 10 billion. Renewable energy and biofuels can 
help reducing the dependency on imported oil, hence contributing to the reduction in budget subsidy (Arifin, 
2008). 

While the development of renewable energy is in progress, recent attention has been given to the 
development of biofuels, as Indonesia has the production potentials, primarily from palm oil and soybean for 
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biodiesel; and maize, sugarcane and cassava for bioethanol. In line with Demirbas (2009) and Ma and Hanna 
(1999), private sector and farmers in general have played important roles in such development, inducing an 
increase on the demand for some food crops such as maize, cassava, sugarcane, and palm oil as a source of 
intermediate good for biofuel. The derived demand of these commodities leads to an increase in the demand for 
land. This may have led the country to face a new challenge in the form of competition in the land uses between 
biofuel development and food security. On the other hand, increases in the demands for these food crops raise 
international prices of such crops. Policy options are needed for adjusting this competition. 

The current government of Indonesia has launched biofuels development policies in response to a growing 
scarcity of fossil fuels, increasing price and contributing to agricultural development and poverty alleviation. In 
2006 President Susilo Bambang Yudhoyono (SBY) announced his Presidential Instruction No 1/2006 on the 
Provision and Utilization of Biofuel. The instruction was addressed to 14 different ministers plus all of 
Indonesia’s governors and regents/mayors. In the directive the presidents urged officials in all of these agencies 
“to take any steps necessary to accelerate provision and utilization of biofuel as alternative fuel.”  A follow up 
policy for biofuels is the Presidential Decree No 5/2006 on Biofuel Development that urges a more consultative 
effort to develop biofuels as a part of energy diversification strategy.  However, at the time of the issuance of the 
decree, there was no Indonesian-wide study on the effects of biofuels on the country’s economy, sectoral 
development, and regional performance of the country.  

This paper examines the impact of biofuel development on the Indonesian economy and regional 
performance by applying a computable general equilibrium (CGE) model for the country. The relative important 
of increasing productivity, land expansion, increasing demand for for palm as  biofuel development policies, as 
well as the global price changes  will be assessed. Impacts on food security and rural development are also 
addressed as the issues of fuels vs. food competition entering the public debates.  Finally, the paper concludes 
with challenges faced by biofuels development in Indonesia.  

 
MATERIAL AND METHODS 

 
The model used in the study is the Recursive Dynamic Computable General Equilibrium for Indonesia 

following ORANI-F (Horridge et al. (1993), INDOF (Oktaviani, 2000), WAYANG (Wittwer, 1999) and 
ORANIGRD (Horridge, 2002)). A general equilibrium model looks at the economy as a complete system 
(Dixon et al., 1992). The model can be constructed at the aggregate level, but typically are built with 
considerable micro-level detail with explicit interdependencies among the components of the economy: among 
industries, households, investors, governments, importers and exporters and between different markets.  
Especially in developing countries, general equilibrium analyses of economy-wide policies are often more 
suitable than analyses based on alternative, simultaneous equation, econometric models of the economy. De 
Melo (1988) argues that there are problems in building and estimating econometric models for analysing the 
impacts of shocks in the macroeconomy in the case of developing countries. These include a lack of reliable 
time series data for sufficiently long periods, the consistency of the data, and the significant changes that occur 
in policy regimes. 

The descriptions of the database structure of the model are summarized as follows. 
 
Industries and Commodities: 

The national model contains 68 goods and services produced by 68 corresponding industries. In this case 
each industry produces a single output, so the set of commodities coincides with the set of industries. The 
sectoral classification is originated from the most current version of Indonesian Input-Output Table. The IO 
table with base year of 2008 is containing 66 sectors. The data was updated from data Input Output table from 
the year 2005, which consisted of 175 sectors.  

The limitation on both Input Output data (the base year of 2005 and 2008) has not covers the biofuel 
sectors. The sector restriction requires further advancement methodology on sectoral dissagregation. The biofuel 
sector is dissagregated from Refinary Oil sector. The actual proportion or share of biofuel to to refinery oil 
sector equals to 1.1 percent. The biofuel sector itself consists of biosolar, biopremium, and biopertamax. 
Biosolar is blending between palm oils (vegetable oil) and fuel, whereas the share of vegetable oill to biofuel 
equal to 10 percent. Biopremium and biopertamax is blending between bioethanol (vegetable oil) and premium 
or pertamax, where the share of vegetable oil from bioethanol to biofuel equals to 5 percent. On the other hand, 
the palm oil sector as intermediate goods for biofuel is available in the 2008 Input Output Table. Therefore, the 
vegetable oil from palm oil doesn't require further dissagregation. Raw material for bioethanol (vegetable oil) 
consisted of cassava and molasses (sugar) with the share of cassava to bioethanol equal to 5 percent. In addition, 
the share of molasses to bioethanol equal to 10 percent. Specific sector of cassava is not existed at Input Output 
2008. Therefore,the cassava sector is dissagregated from sector tuber root. The existing share of cassava to tuber 
root based on data Input Output 2005 equal to 46.35 percent, and stands as reference for sectoral dissagregation. 
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Common approaches are to use estimates of production shares to disaggregate the necessary sectors 

proportionally. The clear advantage of these approaches is their simplicity. However, their usefulness depends 
entirely upon whether the disaggregated sectors can be approximated by the same production structure 
(Jacobsen, 1999). In addition, these approaches are unable to handle more complicated cases where various 
information (directly and indirectly relevant) is available. 

The basic methodology for sector dissaggregation will describe as follow: in order to have the additional 
sector in the data base, the 3 x 3 Y matrix will be disaggregated into 4 x 4 X matrix as it represented on Fig. 1. 
Subsequently, the row matrix Y21  Y22  Y23 in Matrix Y will be disaggregated into: 

 

�𝑋𝑋21 𝑋𝑋22 𝑋𝑋23
𝑋𝑋31 𝑋𝑋32 𝑋𝑋33

    𝑋𝑋24
𝑋𝑋34

� 

while the column  matrix �
𝑌𝑌12
𝑌𝑌22
𝑌𝑌32

� will be disaggregated into �

𝑋𝑋12 𝑋𝑋13
𝑋𝑋22 𝑋𝑋23
𝑋𝑋32 𝑋𝑋33
𝑋𝑋42 𝑋𝑋43

� 

 
The next step is to make sure that the disaggregated row and column matrix in the new matrix X should be 

balance with the original row and column matrix before disaggregation in matrix Y, as explained in Fig. 2. 
 

𝑌𝑌 = �
𝑌𝑌11 𝑌𝑌12 𝑌𝑌13
𝑌𝑌21 𝑌𝑌22 𝑌𝑌23
𝑌𝑌31 𝑌𝑌32 𝑌𝑌33

� 

𝑋𝑋 = �

𝑋𝑋11 𝑋𝑋12 𝑋𝑋13 𝑋𝑋14
𝑋𝑋21 𝑋𝑋22 𝑋𝑋23 𝑋𝑋24
𝑋𝑋31 𝑋𝑋32 𝑋𝑋33 𝑋𝑋34
𝑋𝑋41 𝑋𝑋42 𝑋𝑋43 𝑋𝑋44

� 

 
Fig. 1: Dissagregation of Y Matrix in to X Matrix 
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Fig. 2: The New Matrix (X) with  New Sector (Biofuel)  from Old Matrix (Y) 

 
After the sectoral dissagregation on the database, the basic database with the enlargement of biofuel  sector 

consist of 68 sectors, as mentioned on Table 1.  
 
Table 1: Sectoral Coverage on the Database 

1 Paddy 16 Fiber plants 31 Flour 46 Cement 61 Communication 
2 Cereals 17 OtherEstateCrops 32 Sugar 47 IronSteel 62 Finance 
3 Maize  18 Otherplants 33 OtherFood 48 NonIronMetal 63 Commercial 
4 Cassava 19 Livestock  34 Beverage 49 NonMetal 64 RealEstate 
5 TuberRoot 20 Meat 35 Cigarette 50 Machinery 65 PublicService 
6 VegFruit 21 Poultry 36 Sawmill 51 Transportation 66 SocialService 
7 OtherFood 22 Wood 37 TextileProducts 52 OtherIndustries 67 OtherService 
8 Rubber 23 Forest Product 38 Bamboo 53 Electricity 68 Unidentified 

Activities 
9 Sugarcane  24 Fishery 39 Paper 54 Construction      
10 Coconut  25 Coal 40 Fertilizer 55 Trade      
11 Palm  26  OilGas 41 Chemical 56 Restaurant     
12 Tobacco 27 OtherMining 42 RefineryOil 57 Train     
13 Coffee 28 ProcessedFood 43 Biofuels 58 LandTransport     
14 Tea 29 AnimalVegetableOil 44 Rubber 59 WaterTransport     
15 Clove 30 Rice 45 Mineral 60 AirTransport     

 
Subsequently, the procedure of checking the database balancing post the sectoral disaggregation is 

substantial.  Warr (1998) clarifies that it is necessary for the database to reflect equilibrium if the results of 
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simulations are to represent changes from an initial equilibrium. The database must be internally consistent with 
the equilibrium condition as well as internally consistent in the sense of the value-flows adding-up or balancing.  
Whether the balance condition is satisfied by the database can be checked through the equalisation of the total 
value of inputs and the total sales for each industry (Dixon, 1991).  In the aggregate economy, the GDP 
expenditure must be equal with the GDP income.  

 
Table 2: Balance of the Modified IO Database with the Enlargement of  Biofuel Sector (Million Rp)  

Components of GDP GDP from Expenditure Side Components of GDP GDP form Income Side 
1 Consumption 3195805 1 Land 315079.4 
2 Investment 1405455 2 Labour 1606250 
3 Government 416866.7 3 Capital 3273060 
4 Stocks 106326 4-Oct -196549 
5 Exports 1487238 5 IndTaxes 266281 
6 Imports -1347570   
Total 5264121 Total 5264121 

Source: CBS (2010) 
 
Factors of Production: 

Four types of labor are identified: farmer, operator, administrator and manager.  All types of labor are 
assumed to be fully mobile across all sectors with low elasticity. These assumptions imply that wages in each 
type must be equal in all sectors, though each type of labor wage can differ and need not move together.  

There are two kinds of mobile capital - one that is mobile among agricultural sectors, and another that is 
mobile among non-agricultural industries. However, in the long run simulation, the capital can be mobile across 
sector.  

In every sector, it is assumed that there is constant elasticity of substitution (CES) production technology 
with diminishing returns to scale to variable factors alone. The assumption of constant returns means that all 
factor demand functions are homogeneous of degree one in output. In each sector, there is a zero profit 
condition, which equates the price of output to the minimum unit cost of production. This condition can be 
thought of determining the price of the fixed factor in that sector. 
 
Households: 

The model contains ten major household categories - seven rural and three urban - differentiated by socio-
economic group.  The sources of income of each of these household types depend on their ownership of factors 
of production. The household categories are described as follows.   

1. Rural 1: Agricultural employees- Agricultural workers who do not own land  
2. Rural 2: Small farmers - Agricultural workers with land < 0.5 ha  
3. Rural 3: Medium farmers - Agricultural workers with land 0.5 ~ 1 ha  
4. Rural 4: Large farmers - Agricultural workers with land >1 ha  
5. Rural 5: Rural low income - non-agricultural households, consisting of small retail store owners, small 

entrepreneurs, small personal service providers, and clerical and manual workers in rural areas  
6. Rural 6: Rural non-labor households, consisting of non-labor force and unclassified households in rural 

areas  
7. Rural 7: Rural high income - non-agricultural households consisting of managers technicians, 

professionals, military officers, teachers, large entrepreneurs, large retail store owners, large personal service 
providers, and skilled clerical workers in rural areas  

8. Urban 1: Urban low income households, consisting of small retail store owners, small entrepreneurs, 
small personal service providers, and clerical and manual workers in urban areas 

9. Urban 2: Urban non-labor  households, consisting of non-labor force and unclassified households in 
urban areas  

10. Urban 3: Urban high income households, consisting of managers, technicians, professionals, military 
officers, teachers, large entrepreneurs, large personal service providers, and skilled clerical workers in urban 
areas  

 
The Model Simulations: 

The economic impact of biofuel development and other economic changes that influence biofuel 
development in this study is analysed through seven simulations. Simulation baseline is the baseline condition 
that has been done by running the recursive dynamic of Indonesia CGE model. Instead of producing the 
endogenous change of macro and sectoral variables, the simulation also produce the CGE database update from 
the year 2008 until the year 2010. The data updating procedure is necessary regarding the supposition of model 
recursive-dynamic CGE where accumulation of capital and labour were adjusted each period.  

There are five different policy scenarios that emerged (baseline excluded). First, the existing condition of 
escalating prices of agricultural and mining commodities, which is considered as various external shocks to 
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Indonesian economy. Each magnitude of the simulations is based on average growth per year of international 
price, as it well represented in Fig. 3.  

 

 
Source: World Bank, 2011 

 
Fig. 3: Average Growth Per Year during 2000-2011 of The International Agricultural and Mining Product 

Prices 
The second simulation related with the increasing demand for CPO as the main  intermediate inputs for 

biofuel with 15 per cent shock to baseline, in refers to Indonesian Biofuel Mandate by 2015. Nowadays, the 
biofuel development is by some observers as to have competition with food security, i.e. the necessity of energy 
supply diversification by planting more oilpalm estate in the longer term may reduce food crop acreages and 
hence jeopardize food security of the country.  

Biofuel development can be done through several strategies, such as: increase of productivity and/or  land 
use of the intermediate input of biofuel. Third simulation is accomplished in subject to increasing productivity 
of rice 13.14 percent, maize 13.14 per cent, cassava 13.14 percent, sugarcane 16.07 percent and palm oil 16.07 
percent to increase the output supply responding an increase of demand of these commodities. The technical 
approach in order to attain the value of the productivity shocks  come from the multiplication of Jungsoo Park 
Total Productivity (TFP) to the actual sectoral growth data, which is computed from Bank Indonesia (2011).  

Fourth simulation is basically engaging the proxy for Biofuel mandate by increasing the demand for land. 
The magnitude of the extensification is 0.34 percent/ year for paddy and rice, maize (1,86 percent/ year), CPO 
(10.82 percent/ year), sugarcane (1.69 percent/year ), and cassava decreasing for 0.95 percent/year  in rural area 
during 2000-2009 (FAO, 2011). Despite the actual average of land of cassava was decreased during 2000-2009, 
but it was assumed to be increased with the same magnitude (0.95 percent/year). 

The fifth simulation is a combined simulation arrangement of the early mentioned increasing land area and 
productivity with the assumption of an increase in productivity of food crops (rice, maize, soybean and cassava) 
and an increase in land supply of sugar cane and palm oil.  The argument for the option is the possibilities of 
increasing supply of land for palm oil and sugar cane outside Java Island and of increasing food crops 
productivity in Java Island (as most food crops areas are in Java).   
 

RESULTS  AND DISCUSSION 
 
To be acceptable, the updated database also needs to be consistent with any published data of the economic 

structure in 2010. In this case, instead of comparing the macroeconomic changes of the updated database with 
the actual data changes, it is also important to compare the changes in sectoral data. The simulated data changes 
for the macroeconomic variables are quite similar to the real historical changes, suggesting the simulation is 
providing an acceptable update to the macroeconomic database.  While on the sectoral level, the updated 
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database is assumed to be valid and representative because the deviation between result of prediction and actual 
data is relatively small.  

The impact of recursive dynamic as baseline conditions through macroeconomic performance can be 
detected from the standard GDP formation variables. Theoretically, GDP can be measured from expenditure and 
income approach. From expenditure side, set of the macroeconomic data including: household consumption, 
government expenditure, investment, and net export. Meanwhile, income side of the GDP requires return to 
land, return to capital and return to labor (wage). The recursive dynamic simulation up to 2010 (employment 
growth, capital accumulation, sectoral productivity growth) will increase the performance of  real GDP by 12.28 
percent, increasing real household consumption for 8.40  percent, investment 14.20  for  percent,  increased 
export, and resulted to a higher inflation (12.69 percent), (Table 3).   

 
Table 3: The Biofuel Impacts on the Indonesian Macroeconomic Performance 

Macroeconomic Variables 
Percentage Change (%) 
Baseline Sim 1 Sim 2 Sim 3 Sim 4 Sim 5 

%(Balance of trade)/GDP (change) 0.01 0.01 0.01 0.01 0.01 0.01 
Average capital rental 24.21 24.80 25.72 25.55 24.24 25.20 
Real devaluation 3.03 3.30 2.43 3.77 3.02 3.87 
Terms of trade -1.69 -0.49 -1.65 -1.63 -1.69 -1.65 
Consumer price index 12.69 12.11 11.82 11.20 12.67 11.44 
Exports price index 14.63 16.11 14.08 15.44 14.63 15.52 
Average real wage 17.88 17.30 20.36 21.07 17.93 20.47 
Aggregate revenue from all indirect taxes 23.05 20.88 22.67 23.41 23.05 23.58 
Import volume index, C.I.F. weights 8.94 9.28 8.78 8.62 8.94 8.70 
Real GDP from expenditure side 12.28 12.16 13.34 13.09 12.29 12.87 
variable capital, agriculture 0.00 0.00 0.00 0.00 0.00 0.00 
Aggregate real investment expenditure 14.20 14.60 15.36 15.17 14.21 14.92 
Real household consumption 8.40 8.80 9.56 9.37 8.41 9.12 
Export volume index 10.70 9.78 10.67 10.36 10.70 10.42 
Aggregate real government demands 25.33 25.33 25.33 25.33 25.33 25.33 
Aggregate real inventories 32.04 26.33 32.65 31.23 32.05 31.12 

Source: Authors’ calculation 
Note:  
• Sim Baseline: Baseline Condition 
• Sim 1: Baseline Condition + Increasing International Prices on Agri Mining Commodities 
• Sim 2: Baseline Condition + Increasing Demand for CPO refering to 2015 Biofuel Mandate 
• Sim 3: Baseline Condition + Increasing Productivity of Agricultural Commodities 
• Sim 4: Baseline Condition + Increasing Demand for Land for Agricultural Commodities 
• Sim 5: Baseline Condition + Increasing the Output Productivity of Agricultural Commodities + Increasing Demand for Land for 
Agricultural Commodities 

 
The impact of the international price change  as well as the policy options are represented with 

macroeconomic variable change on six simulation scenarios. The impact on macroeconomic performance can be 
detected from the standard GDP formation variables. The external shocks of international price of food 
(Simulation 1 ) will cause highlight in the long run describes a deteriorate presentation. The undertaken response 
for simulation 1 to macroeconomic performance shows that simultaneous increasing price of food will 
deteriorate the real GDP to 12.16 percent from the baseline (12.28 percent).  However, real household 
consumption increases as the result of the scenario (0.40 percent from the baseline scenario). The improvement 
in the terms of trade means that higher levels of domestic consumption are now possible. Real household 
consumption is a much better welfare indicator than real GDP when the external terms of trade are the source of 
the shock (World Bank, 2009). 

The external shock of international price of agri mining commodities, for Indonesia will be assumed to be 
transmitted to the domestic price, but Indonesia is  managed to decrease the consumer price index as the 
commodities are highly regulated by the GoI (particularly rice, CPO, and petroleum). On the trade performance,  
the competitiveness of Indonesian product is low, even though there is a real devaluation. The reason why 
Indonesia did not fully reap the benefits of the high commodity prices in the international market is the low 
value added content of its  export commodities, which are limited the revenue windfall. Indonesia is lagging 
behind its neighbors in terms of the value added content and technological sophistication of its products. This 
can be seen clearly in its key commodity exports. Indonesia is the world’s largest exporter of palm oil in terms 
of volume, but is second to Malaysia in terms of export value because of the low value added content of its palm 
oil exports. 

The impact of the application of biofuel mandate increasing the demand of CPO for biofuel production 
(simulation 2) will increase the real GDP to 13.34 percent. Although it has been applied since 2006, the existing 
consumption of biofuel in 2008 was still small (1.1 percent of fuel consumption), but 15 percent is potentially 
relevant to increase the Indonesian macroeconomic performance. The consequences  of bio fuel’s emerging 
trend on factor allocation  for conflicting issue, such as “food vs fuel” is assumed to be insignificant.  Indonesia 
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supply condition of CPO is assumed to be adequate to fulfill the need for biofuel and vegetable cooking oil 
although there is and increased demand for CPO. Therefore, the Indonesian real household consumption is 
continue to perform a positive response as it is incresed to 9.56 percent.  

The promotion of biofuel has brought about a significant agricultural shift in resources away from food 
production to biofuel. Stronger demand for agricultural products to produce biofuel is not proven  to  intensify 
the inflationary pressures compared to the baseline conditions. The inflation is decrease to 11.82 percent, 
compare to 12.69 percent in baseline scenario. The intensive use of biofuel will decrease the consumer 
dependency to the fossil fuel and higher substitutability between fossil and biofuel. The combination of the two 
effects will relieving tension on inflation from fuel commodities, because Indonesia is no longer considered as 
exporter for petroleum.   

The application of subsidy mechanism on biofuel and strategy on biofuel pilot projects in numerous villages 
(Energy Sufficient Village) in Indonesia is expected to positively respond to the domestic demand of biofuel. 
The only problem is probably related to the quality of products. Several biofuel producers could meet up the 
requirement (fuel grade standard and product continuity). The current mandatory levels with market forces will 
successfully stimulated major investment capital to grows the biofuel supplies as the aggregate real investment 
increase and amplify the probability to export in respect to the baseline.  

Homogenous predicted impacts of policy actions occurred for simulation 3, 4, and 5 with less difference 
change in real GDP compare to the simulation 2.  In the long run, intensive agricultural strategy by enhancing 
productivity of selected commodities (rice, maize, cassava, soybeans, sugarcane and palm oil) is caused positive 
effects on  real GDP compare to the baseline and has a biggest impact.  Actualization of bio fuel supporting 
program through increase land area of the same commodities above caused the most less impact for real GDP, 
point out that an increase of productivity is more relevant to fulfill biofuel mandate. 

Inflation (consumer price index) highlight in the long run describes a fine presentation. Simulation 3, 4, and 
5 analogously caused decrease inflation. Internal strength of food sovereignty through productivity,  will 
minimize the imported inflation of volatile foods in Indonesia compared to the baseline consition, becoming 
11.20 percent from 12.69 percent in baseline scenario. The importance of increasing land supply of food crops, 
sugarcane and CPO to fulfill the bio fuel demand only contributes for minor inflation downward from 12. 69 to 
12.67 percent.  Increase land area could not automatically generate large boost of bio fuel crops. 

From the income side of GDP, most of the labor classification (administration, professional, and farmer) 
will  received significant dercease the based on simulation 1. The worse case of circumstance happened for the 
farmer real wage when the mixed international commodities and  crude oil price rise. It’s  because some 
agricultural products are imported goods and in most agricultural activities, the applicable technology and 
machinery of on and off farm requires high amount of petroleum.  

Greater impact of  rural development is conducted by simulation 2 (increasing demand for CPO as bio fuel 
source) on farmer real wage. Abundant of the mentioned commodities in Indonesia accelereted with the recent 
trend of bio fuel making the non bio fuel crops farmer relocate  the activity into the bio fuel crops, to gain the 
high demand incentive. The policy respon to increase the productivity and supply of land will  also increase the 
average real wage.  

Several interesting outcomes amongst the biofuel mandate scenarios are:  1. The realization of Biofuel 
Mandate due to 15 percent increase of CPO demand will imply the most beneficial impacts on Indonesian 
marcoeconomy. 2. The accumulation of the intensive strategy (output productivity) and extensive strategy  
(increasing land for Biofuel inputs) on simulation 5 is less advantageous than the simulation on increasing the 
agricultural productivity (simulation 3). The improvement of biofuel technology to increase productivity is 
mandatory. Larger investment on Research and Development is becoming crucial to enlarge the biofuel sector 
contribution to economic growth. The current status of technology to produce fuel-grade bioethanol, biodiesel, 
and bio-oil plant are readily available in Indonesia, but the technology to produce superior variety of Jatropha 
and Cassava are still being examined. The volatility is rationally responded by  Indonesian macroeconomic 
performance.  

The impact of high demand for commodities at the sectoral level can be seen from domestic commodity 
prices. As a whole, the high commodity prices of many sectors should be a non fundamental factor to pushes 
inflation. As we can see in Fig. 4, the majority of sectors experience the decreasing of output price because of 
simulation 1. The highest increase of output price happens on the sectors which are related to the price shocked 
in the simulations such as coal and petroleum. Increasing price of petroleum will decrease the price of biofuel 
assuring the mechanism of cross price elasticity and proving the degree of substitution of petroleum and biofuel. 
Rice, cassava, sugarcane, and palm oil result the adverse impacts. The price transmission from international to 
the domestic market for rice, cassava and sugar cane is not tight. The government intervention to keep the price 
of rice and sugar low still occurs in Indonesia. Cassava is not importing goods, so the influence of world price is 
not significant to the domestic price. In case of palm oil, the domestic price is not automatically rise an increase 
of world price because the government still applies the export tax on palm oil. 
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Source: Authors’ calculation 
Note:  
• Sim Baseline: Baseline Condition 
• Sim 1: Baseline Condition + Increasing International Prices on Agri Mining Commodities 
• Sim 2: Baseline Condition + Increasing Demand for CPO refering to 2015 Biofuel Mandate 
• Sim 3: Baseline Condition + Increasing Productivity of Agricultural Commodities 
• Sim 4: Baseline Condition + Increasing Demand for Land for Agricultural Commodities 
• Sim 5: Baseline Condition + Increasing the Output Productivity of Agricultural Commodities + 

Increasing Demand for Land for Agricultural Commodities 
 
Fig. 4: The Biofuel Impacts on Indonesian Sectoral Output Price 

 
Meanwhile, general outcomes on decreasing price is also showed for simulation 2 with petroleum as an 

exemption. Increasing biofuel mandate will decrease the biofuel price with significant amount compare to the 
baseline. The petroleum price is negatively  influenced by an increase of increasing palm oil demand for biofuel. 
An increase of productivity, land supply or combination of those policies for rice, maize, cassava, soybean, 
sugarcane and palm oil in simulation 3,4 and 5 will decrease the price of those commodities.  It is happened 
because the shift of supply curve of those commodities because of the policies will decrease the price and 
increase the output with given demand schedule. 

The impact on sectoral output can be seen in Fig. 5, which shows that the impacts on outputs vary among 
sectors. However, soybean is the sector that would decrease sharply more compared to the baseline because of 
the simulation 1. Other sectors which face the high international price (rice, maize, CPO, coal, and petroleum) 
also respond to the price with positive percentage change in output. However, for other sectors such as cassava 
and sugarcane, which compete with the sector that has a high international price such as soybean, reduce its 
output. This occurs since the farmers have responded reasonably well to the high price and have moved the 
more high return sectors. 

 

Baseline Sim 1 Sim 2 Sim 3 Sim 4 Sim 5

Paddy 12.86 11.40 6.52 -14.49 12.73 -12.67

Soybean 15.54 13.65 11.23 11.44 15.50 12.64

Maize 14.19 13.25 8.59 -12.62 13.80 -11.01

Cassava 14.55 13.21 8.66 -13.90 14.29 -12.18

Sugarcane 4.50 4.40 -0.45 -23.22 4.22 0.39

CPO 4.73 2.61 -95.81 -19.97 3.42 0.06

Coal 11.23 27.65 10.99 12.16 11.23 12.17

Rice 15.16 14.61 11.97 -1.15 15.09 -0.19

Sugarcane 12.81 14.14 11.79 4.66 12.73 12.27

Petroleum 23.44 34.98 23.46 24.78 23.45 24.72

Biofuel 13.36 12.12 -8.81 7.61 13.07 12.04

-120.00
-100.00

-80.00
-60.00
-40.00
-20.00

0.00
20.00
40.00
60.00

Pe
rc

en
ta

ge
 C

ha
ng

e



568                                                                       Rina Oktaviani et al, 2013 
Advances in Natural and Applied Sciences, 7(5) December 2013, Pages: 560-571 

 

 
Source: Authors’ calculation 
Note:  
• Sim Baseline: Baseline Condition 
• Sim 1: Baseline Condition + Increasing International Prices on Agri Mining Commodities 
• Sim 2: Baseline Condition + Increasing Demand for CPO refering to 2015 Biofuel Mandate 
• Sim 3: Baseline Condition + Increasing Productivity of Agricultural Commodities 
• Sim 4: Baseline Condition + Increasing Demand for Land for Agricultural Commodities 
• Sim 5: Baseline Condition + Increasing the Output Productivity of Agricultural Commodities + 

Increasing Demand for Land for Agricultural Commodities 
 
Fig. 5: The Biofuel Impacts on Indonesian Sectoral Output 

 
Strong demands for palm oil to enhance the energy diversification automatically increase the output 

because of the profitability. The largest output change occurred for CPO (21.92 percent) and biofuel (25.28 
percent). In contrast, the decelerating output  of soybeans could be an obstacle to Indonesian food security in the 
short term.  Again, the economic motivation set as background to shift the former roybean’s farmer lucid action 
to develop bio fuel crops. Petroleum as the substitute commodity for biofuel is performed a decrease output. 

An increase in productivity of rice, soybeans, maize, cassava, sugarcane and palm oil (simulation 3) has 
resulted in the output increase in these commodities. Purposively, land area is one of the important things to 
increase the agricultural yield, therefore it has proven that increasing land area for those commodities 
(simulation 4) will increase the output. The joined policy options (simulation 5) caused an improved 
performance on every sectoral output compared, but not as big as the productivity increase (simulation 3).    

Baseline Sim 1 Sim 2 Sim 3 Sim 4 Sim 5

Paddy 7.94 8.14 9.52 13.05 7.97 12.65

Soybean 15.54 -2.42 -2.22 1.84 -1.02 2.07

Maize 9.05 9.67 11.36 16.27 9.15 15.64

Cassava 8.21 8.40 10.41 16.16 8.28 15.55

Sugarcane 10.34 12.22 12.82 16.43 10.41 11.86

CPO 9.33 8.24 21.92 13.46 9.54 10.31

Coal 19.05 28.10 17.90 18.29 19.04 18.57

Rice 7.90 8.10 9.48 13.02 7.92 12.62

Sugarcane 10.60 12.84 11.66 16.91 10.65 12.12

Petroleum -6.88 0.41 -8.11 -8.00 -6.89 -7.69
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Source: Authors’ calculation 
Note:  
• Sim Baseline: Baseline Condition 
• Sim 1: Baseline Condition + Increasing International Prices on Agri Mining Commodities 
• Sim 2: Baseline Condition + Increasing Demand for CPO refering to 2015 Biofuel Mandate 
• Sim 3: Baseline Condition + Increasing Productivity of Agricultural Commodities 
• Sim 4: Baseline Condition + Increasing Demand for Land for Agricultural Commodities 
• Sim 5: Baseline Condition + Increasing the Output Productivity of Agricultural Commodities + 

Increasing Demand for Land for Agricultural Commodities 
 
Fig. 6: The Biofuel Impacts on Indonesian Sectoral Labor Absorption 

 
Mostly, the impact of increasing agri mining commodities will be derived into employment creation as it 

represented with the positive growth in labor absorption for several sectors, namely:  maize, coal, and biofuel 
petroleum (Fig. 6). Increasing demand for CPO because of the biofuel mandate will increase the labour 
absorption in the biofuel sectors although the production of biofuel is  categorized as capital intensive industries. 
The long run policy simulation for increasing productivity (simulation 3), land supply (simulation 4) and the 
combination of those policies give the interesting result. Increase on the productivity of food crops, sugarcane 
and palm oil will increase the labor productivity. As a result, the labor absorption will decrease in the production 
activity compared to the baseline.  

The biofuel development scenarios will influence the Indonesian regional economy, as shown in Fig. 7. 
When simulation 1 is applied, there is a substantial decrease of GRDP in Java-Bali which is the main producer 
of agri mining commodities. In addition, the region is using manufacturing and trade as backbone of economies. 
In exchange, the impact of international agricultural and mining prices will boost RGDP of Sumatera and Other 
Regions. Increasing the demand of CPO as intermediate good for bio-fuel has increased the regional GDP for 
the provinces that produce these biofuel. Particularly in Sumatra and Others.  Increase the productivity and land 
supply or both of those commodities will increase the regional GDP of most region.  
  

Baseline Sim 1 Sim 2 Sim 3 Sim 4 Sim 5

Paddy -1.21 -0.77 3.40 -12.76 -1.19 -14.02

Soybean 2.09 1.85 9.85 9.98 2.18 7.72

Maize 0.62 1.75 6.37 -8.31 0.57 -9.92

Cassava -0.13 0.37 5.33 -8.95 -0.13 -10.48

Sugarcane -7.19 -4.44 -1.76 -20.61 -7.22 -5.10

CPO -8.76 -10.22 -75.59 -24.24 -9.36 -7.87

Coal 0.55 19.98 -2.61 -1.46 0.51 -0.70

Rice 2.63 4.59 4.55 12.25 2.66 11.72

Sugar 6.37 11.35 6.98 15.93 6.45 8.46

Petroleum -9.57 5.04 -12.68 -12.09 -9.61 -11.34

Biofuel 12.55 11.83 38.50 20.22 12.90 14.94
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Source: Authors’ calculation 
Note:  
• Sim Baseline: Baseline Condition 
• Sim 1: Baseline Condition + Increasing International Prices on Agri Mining Commodities 
• Sim 2: Baseline Condition + Increasing Demand for CPO refering to 2015 Biofuel Mandate 
• Sim 3: Baseline Condition + Increasing Productivity of Agricultural Commodities 
• Sim 4: Baseline Condition + Increasing Demand for Land for Agricultural Commodities 
• Sim 5: Baseline Condition + Increasing the Output Productivity of Agricultural Commodities + 

Increasing Demand for Land for Agricultural Commodities 
 
Fig. 7: The Biofuel Impacts on the Regional Economic Performance 
 
Conclusion: 

This paper has examined the impacts of several alternative policies for biofuel development on the 
Indonesian economy, sectoral and regional performance, using a recursive dynamic computable general 
equilibrium for Indonesia. Generally, the biofuel development impact on the Indonesian economy is positive, 
i.e. increasing the GDP albeit very small.  Because the structure of the Indonesian economy is dominated by 
consumption, increasing prices of food, CPO, coal, and crude oil will influence a decelerate performance 
through expenditure approach. The realization of Biofuel Mandate due to 15 percent increase of CPO demand 
will imply the most beneficial impacts on Indonesian marcoeconomy. The accumulation of the intensive 
strategy (output productivity) and extensive strategy  (expanding land for Biofuel inputs) on simulation 5 is less 
advantageous than the simulation on increasing the productivity of agricultural commodity itself (simulation 3). 
Therefore,  the improvement of biofuel technology to increase productivity is mandatory. The volatility of 
agriculture and mining international price is rationally responded by  Indonesian macroeconomic performance.   

The impact of biofuel development varies among sectors. Other sectors which face the high international 
price (rice, maize, palm oil, and petroleum) also respond to the price with positive percentage change in output. 
Strong incentives to increase demands for CPO to enhance the energy diversification would increase the output 
because of the profitability performance of the crop. The simulation of intesification and extensification strategy 
on biofuel development are largely benefiting the source commodities for biofuel and decrease the price.  The 
largest output and decrease price change occurred for CPO.  Petroleum as the substitute commodity for bio fuel 
is having a decreasing output.   

Finally, the impact of biofuel development on the Indonesian regional economy varies significantly 
depending on the initial economic performance of the province. Similar to that on the macroeconomy, the 
simulations show that most regions would experience a decline in their GRDP due to higher food prices at the 
global level, except for energy-rich provinces in Sumatera and Other Regions. Increasing the demand of CPO as 
intermediate good for biofuel has increased the regional GDP for the provinces that produce these biofuel, 
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particularly in Sumatra and Others. Increases in the productivity and land supply or both of those commodities 
will also increase the regional GDP of most region.  

Major challenges faced by biofuels development include further research and development on the trade-offs 
between food, fuels, feeds, and forest. Capacity building for policy makers, researchers and academic 
community, private sectors and government agencies, is really required to sharpen the policy formulation, 
organization, and implementation of biofuels development. This should include modelling in inter-linkages in 
resource allocation and product use, as well as broader perspectives on international trades and dynamic 
modeling in the biofuels industry.  Finally, biofuels development – such as any other development policies – 
also requires improvement of social capital, governance principles and enforcement structures at all level.  
Policy makers and government administration have to develop the property rights systems in order to improve 
the predictability of economic decision-making procedures by biofuels stakeholders.  

This paper has not included in its analysis by-products of the biofuels due to data unavailability. As 
concluded by Taheripour et al. (2009), in that kind of situation, there is a tendency that the impacts are 
overstated. Of course this can be verified in further studies. Nevertheless, should the data on by-products of  
biofuels are available, such by-products should be incorporated in the CGE model accordingly.   

 
REFERENCES 

 
Arifin, B., 2008. Biofuel Development in Indonesia. In Overview of Biofuel Sector in Selected Asian and 

Latin American Countries, Eds., A. Nassar and S. Nogueira. Sao Paolo:  Asia Latin America Agri-Food 
Research Network (ALARN) of the ICONE (International Center for Trade Negotiations), pp: 28-32. 

Bank Indonesia, 2011. Gross Domestic Product by Industrial Origin at 2000 Constant Prices.   
http://www.bi.go.id/web/en/Statistik/Statistik+Ekonomi+dan+ Keuangan+ Indonesia/ Versi+HTML/ 
Sektor+Riil/  

De Melo, J., 1988.  Computable General Equilibrium Models for Trade Policy Analysis in Developing 
Countries: a Survey. Journal of Policy Modelling, 10: 469-503. 

Demirbas, A., 2009. Political, Economic and Enviromental Impacts of Biofuels: A Review. Applied 
Energy, 86: S108-S117. 

Dixon, P.B., 1991. The Mathematical Programming Approach to Applied General Equilibrium Modelling: 
Notes and Problems. Working, pp: I-50. 

Food and Agriculture Organization [FAO]. 2011. Area harvested. http:// faostat3.fao.org/ home/ 
index.html#DOWNLOAD 

Horridge, M., B.R. Parmenter and K.R. Pearson, 1993. ORANI-F: A General Equilibrium Model of the 
Australian Economy. Economic and Financial Computing , 3: 71-140.  

Horridge, J., 2002. ORANIGRD: A Recursive Dynamic version of ORANIG, 
www.monash.edu.au/policy/oranigrd.  

Jacobsen, Lars-Bo., 1999. The Danish contribution to the GTAP data base: Methodologic and Practical 
Issues”. SJFI Working, pp: 18. 

Ma, F. and M.A. Hanna, 1999. Biofuel Production: A Review. Bioresource Technology, 70: 1-15. 
Ministry of Energy,  2008.  “Penyediaan energi untuk memacu pertumbuhan industri” (Supplying energy to 

boost the growth of manufacturing sector).  Minister Purnomo Yusgiantoro presentation for the National 
Leaders’ Meeting of the Indonesian Chambers of Commerece (KADIN), on March 31, 2008 in Jakarta. 

Oktaviani, R., 2000.  The Impact of APEC Trade Liberalisation on Indonesian Economy and Its 
Agricultural Sector. Ph.D. Dissertation. Department of Agricultural Economics, University of Sydney, Sydney. 

Priyarsono, D.S.,  2007. The Policy of Bio-Energy Development in Indonesia.  Mimeo.  Bogor: Brighten 
Institute and Bogor Agricultural University. 

Taheripour, F., T.W. Hertel, W.E. Tyner, J.F. Beckman and D.K. Biner, 2009. Biofules and Their By-
Products: Global Economic and Enviromental Implication. Biomass and Bioenergy, 30: 1-12. 

Tjakrawan, P.,  2008.  “Bahan bakar nabati dan pangan (Biofuels and food)”.  Paper presented at National 
Leaders’ Meeting of the Indonesian Chambers of Commerce (KADIN), on March 29, 2008 in Jakarta. 

Warr, P.G., 1998. WAYANG, An Empirically-Based Applied General Equilibrium Model of the 
Indonesian Economy, Department of Economics, Research School of Pasific and Asia Studies, Australian 
National University, Canberra.  

Wittwer, G., 1999. WAYANG: A General Equilibrium Model adapted for the Indonesian Economy, (based 
on Horridge, Parmenter and Pearson 1998, ORANI-G: A General Equilibrium Model of the Australian 
Economy), Prepared for ACIAR project no. 9449. 

World Bank, 2009. Boom, Bust, and Up Again? Evolution, Drivers, and Impact of Commodity Prices: 
Implications for Indonesia. Unpublished. World Bank, Washington DC.  

http://www.bi.go.id/web/en/Statistik/Statistik+Ekonomi+dan+%20Keuangan+%20Indonesia/%20Versi+HTML/%20Sektor+Riil/�
http://www.bi.go.id/web/en/Statistik/Statistik+Ekonomi+dan+%20Keuangan+%20Indonesia/%20Versi+HTML/%20Sektor+Riil/�
http://www.monash.edu.au/policy/oranigrd�

	The impact of recursive dynamic as baseline conditions through macroeconomic performance can be detected from the standard GDP formation variables. Theoretically, GDP can be measured from expenditure and income approach. From expenditure side, set of ...
	The impact of the international price change  as well as the policy options are represented with macroeconomic variable change on six simulation scenarios. The impact on macroeconomic performance can be detected from the standard GDP formation variabl...
	The external shock of international price of agri mining commodities, for Indonesia will be assumed to be transmitted to the domestic price, but Indonesia is  managed to decrease the consumer price index as the commodities are highly regulated by the ...
	The impact of the application of biofuel mandate increasing the demand of CPO for biofuel production (simulation 2) will increase the real GDP to 13.34 percent. Although it has been applied since 2006, the existing consumption of biofuel in 2008 was s...
	The promotion of biofuel has brought about a significant agricultural shift in resources away from food production to biofuel. Stronger demand for agricultural products to produce biofuel is not proven  to  intensify the inflationary pressures compare...
	The application of subsidy mechanism on biofuel and strategy on biofuel pilot projects in numerous villages (Energy Sufficient Village) in Indonesia is expected to positively respond to the domestic demand of biofuel. The only problem is probably rela...

