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The nature of biodiesel production itself is complex with multi-
sectors and multi-actors conditions, and with addition of 
sustainability issues from various stakeholder, created a complex 
challenges for developing the biodiesel industry. In order to 
understand of the complexity, this research developed a 
comprehensive sustainability model to draw the relationships and 
analyze the effects of government policy for stimulating biodiesel 
industry using the combination methods of process mapping, 
financial modeling, life cycle analysis (LCA) and business 
sustainability strategy. The model combines its output translated 
into a complete sustainability index of financial, social and 
environment. The model simulation results show that 
accomplishment of a sustainable biodiesel production within the 
target and timeframe is impossible without releasing the 
subsidized price of diesel fuel and further directions from the 
government.  
 

Index Terms— biodiesel, system dynamics, sustainability 

I. INTRODUCTION 

N INDONESIA, oil still the major player for fulfilling the 
energy needs in the electricity generators, transportation, 

industrial, and household sectors. Unfortunately, the soaring 
oil consumption is negatively in line with the diminishing 
fossil energy resources. Responding to this issue, Indonesia’s 
Government directed their focus on renewable energy, with 
the main highlight on biofuel. In 2006, the Indonesian 
government set its very first biofuel national policy as part of 
the efforts to ensure the fuel supply availability, from revising 
the national energy bill, creating mandatory markets, creating 
alternative fuel distribution policy, and plan to directly 
subsidized biodiesel price [1]. The objective of this biofuel 
development, besides to reduce imported oils and fuel 
subsidies, is to create employment (especially in rural areas) 
and to strengthen the agricultural sector, as well as to discover 
new export opportunities [2]. Early government plan estimates 
that biofuel will cover 10 percent of total fuel consumption for 
transportation sector and creates thousands of employment 
opportunities in 2010, and gradually increase into 20% in 
2025 with total estimated demand is 10.22 million kl. The 
government published a national blueprint and roadmap 2006-
2025 as a reference for all stakeholders in accomplishing the 
biofuel development objectives. 

Indonesia is the largest palm oil producer in the world and 
also the second largest palm oil exporter in the world (after 
Malaysia) [3, 4], with estimated in 2009, a total 19.5 million 
tons of Crude Palm Oil (CPO) production, from a total area of 
land 7.31 ha [5]. With the maturity of the palm oil industry 
and the total availability land for agriculture production 
expansion of 46.9 million ha, palm-oil-based biodiesel is has a 

strong prospect to be developed. Biodiesel for palm oil has 
relatively low production cost and has equal performance 
compared with diesel fuel properties, therefore engine 
modification is relatively minimum [6, 7]. Biodiesel also does 
not require a major change in the fuel distribution 
infrastructure, which is a huge advantage for a big archipelago 
nation like Indonesia.  

Despite the government efforts, the trend is not promising. 
It was estimated that in late 2008, there were 11 biodiesel 
producers, with total capacity of 1.6 million tones [8]. Many 
producers are previously CPO producers who would like to 
capitalize the new market, diversifying their old market, 
especially with the fluctuations of world CPO Prices in the 
2008. However, in late 2009, the US Department of 
Agriculture’s Foreign Agriculture Services reported that only 
1 producers left with producing only 50% of its original 
capacity [9]. The producers blame government 
inconsistencies, un-attractive cost structure due to end price of 
diesel fuel, environmental pressure and social issues as the 
reasons for abandoning the business [10]. It shows how the 
fragmented ownership along the production chain is more 
difficult than single ownership of the oil industry, with private 
sectors owned more than half of palm oil industry demanding 
more support from the government. 

Other nations in Asia that has strong palm oil industry, such 
as Thailand and Malaysia, also pursuing to develop a biodiesel 
industry from the palm oil [11, 12]. Of course, similar with 
Indonesia, the biodiesel industry development is still in the 
infant stage, with more research is needed to understand the 
complexity of developing this industry. These complexity 
arise from the sustainability challenges face by the 
development of biodiesel [10, 13], from the financial 
feasibility of producing biodiesel, the social impact of creating 
more jobs in the rural areas and quality of human resources 
surrounding the plantation, and the environment impact of 
losing forest land [14] .  

This paper aims to provide an overview of the sustainability 
relationships between  aspects of sustainability by  using the a 
system dynamic sustainability model of biodiesel production 
chain, as a tool for better understanding the relationships 
between three aspects of sustainability and experimenting 
various policy planned by the government. Next step on the 
research is evaluation on whether the current policy would 
create an attractive condition for the biodiesel production. 

 

I 
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II. METHODOLOGY  

The development of the model follows the four main stages 
of a generic system dynamics model development: model 
conceptualization, model formulation, model validation and 
model use through different scenarios [15]. The model 
conceptualization started with a construction of system 
diagram of problem statement, shown in Figure 1.  

 
A system diagram of the problem statement consists of 

input, process, output and feedback diagram representation of 
the problem. In the modeling process, the diagram is used to 
define the problem more clearly and preliminary identification 
of variables and goals of the systems that must be supported 
by the model. The problem owner is government, which in 
this case, has the primary goal to meet the targeted biodiesel 
utilization. This goal must also align with other stakeholders 
who could affect the accomplishment of the goals, such as 
public, Non-Government Organizations and corporations; 
which create the three sustainability aspects from the systems: 
production target, LCA results and social indicators.  

The biodiesel production chain simplifies into three stages, 
based on the possibility of independent ownership of each 
chain, form palm plantation, CPO production, and biodiesel 
production. Typically, there are two types of possible 
ownership structure of the industry: an integrated biodiesel 
production chain and independent biodiesel producers. The 
independent biodiesel producers do not have plantation land 
and must buy its feedstock from CPO producers. Reflecting on 
the systems diagram outcomes, the model assumed that the 
price would be the key factors on profitability of the industry, 
which in turn would affects the production volume of 
biodiesel and capacity expansion. The increased production 
should demand for more labor to support production, on the 
other hand would also increase the environmental impacts due 
to increased production. The external exogenous input 
variables are world oil and CPO price, national oil demand, 
land availability and economic indicators such as inflation and 

interest rate.  
In the model formulation, the use of systems dynamics 

approach for the model is based on the need to be able to map 
the relationships and capture the behavior dynamics of the 
biodiesel industry. The model development started by creating 
a process map of the biodiesel production that includes the 
detailed cost calculations during the operational phase [16-21]. 
Assumptions in the model are: 10,000 ha plantation area with 
additional 2500 ha area from the independent local farmers’ 
program, production capacity of 60,000 tons of biodiesel/year 
using trans-esterification process to produce biodiesel, and the 
extraction rate from Fresh Fruit Bunch (FFB) to CPO is 23.5% 
and extraction rate from CPO to biodiesel is 80%[16].  

The cost model expanded into business financial model to 
calculate the financial indicators based on the process map. 
The calculation of the financial indicators of the model relied 
on a simple cash flow analysis focusing on earnings before 
interest, tax, depreciation and amortization (EBITDA).  

The financial model added environment indicators by using 
a simple Life Cycle Analysis (LCA) calculation. ISO 
14040:2006 standards define LCA as the collection and 
evaluation of input and output and the potential environment 
impact of a system life-cycle product [22, 23]. The 
environment LCA calculation used secondary data sources, 
starting from plantation (including land clearing) [16, 24-27], 
CPO production through CPO factory [16, 24, 27], and 
biodiesel factory [24].  

Finally, all indicators were linked together with additional 
social aspects by studying how corporations measure 
sustainability of their enterprise [28-30]. For the calculation of 
the social indicators, the model assumed that the average 
workers the industry are 1000 workers per plantation [16].  

 

 
The final sustainability model has all the three aspects of 

sustainability: financial, environment and social indicators, 
listed in Table 1. Using a system dynamics software, the 
model structure consists of three production chain major 
modules (plantation, CPO production, biodiesel production) 
and 2 supplementary modules (national biodiesel demand and 
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Fig. 1 System Diagram of the Problem Statement that Focused on 
Government as the Problem Owner 

 
Fig. 2 Overview of the Conceptual Model Structure, with three production
chain modules, demand modules and sustainability measurement module 
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sustainability indicators), shown in Figure 1. For each of the 
production chain modules, consist two sub-modules group: 
production and financial sub-modules. 

 
Model verification and validation conducted by comparing 

simulation results with various historical data, and continued 
with supplemental validation tests, such as: checking 
adequacy of limits test, structure assessment test, extreme 
conditions test, integration error test, reproductive behavior 
test, and sensitivity analysis [31]. The key results such as CPO 
Productivity (ton/ha/year) has around 4% deviation [32] and 
FFB Productivity (ton/ha/year) has around 5% deviation  [33]. 

III. MODEL DYNAMICS AND POLICY ANALYSIS 

 
The model focuses on four key indicators for analysis: 

EBITDA, biodiesel production, employment and CO2 
emission. The four indicators have different units of 
measurement; therefore, these units was translated into index 
numbers by dividing each year output with 2010 outputs as the 
base year for comparison purpose. 

At first the model simulated the current conditions of 
biodiesel policy to find the business as usual scenario, 
however the model preliminary results had shown that the 
biodiesel producers would not be able to achieve a positive 
cash flow and they would stop producing or investing. 
Without production, there is no emission or employment. 
Consequently, a feasible “business as usual” scenario is not 
available.  

Instead, the model focused on a unique certain conditions 
existed in 2008, which made biodiesel production is attractive: 
a gap between high national oil price and low CPO price. This 
gap created a profitable margin for the biodiesel producers and 
attracted private investment. Recreating this condition, the 
model assumed that due to fiscal pressure on fuel subsidy with 
the increasing price of world oil, the government would 
release the diesel price to the market, and analyze if this could 
attractive enough to push biodiesel production. The model 
used the data and projections of world oil price from 
International Energy Agency (IEA) [34] and CPO world price 
from FAPRI for calculating the national oil price and biodiesel 
production cost. 

 

A. Sustainability Effects of Different Ownership Structure  

One critical characteristics that must be consider by the 
policy makers is the difference structure of ownerships which 
would affect not just the cost of producing biodiesel, but also 
the whole sustainability issues of biodiesel production. There 
is a notable difference of dynamics between two major types 
of ownerships structure: independent and integrated biodiesel 
producers. An independent producers must purchase CPO as 
raw material directly using market price. An integrated 
producers  has its own plantation area, and can purchase CPO 
at the production cost price. An integrated producers must 
wait for 3-5 years before their plantation could produce an 
optimum level of CPO volume. 

Figure 3 shows the behavior of an independent producer 
that is similar of a typical manufacturing company, in which 
the EBITDA and CO2 emission growth is in line with the 
growth of production volume and the employment is relatively 
stable after its reach the optimum level of production.   

 
In the integrated producers, the palm plantation chain is 

dominating the dynamics of the whole chain, followed by 
CPO factory chain, and then the biodiesel chain (Figure 4). It 
shows the sustainability burden and contributions of 
maintaining the plantation land. 

 
Assuming that they have planned the production for 2010 

starting by land preparation in 2006, the model shows that 
their EBITDA has higher index due to ability to purchase CPO 
at production cost, not based on market price. On the 

TABLE 1 
SELECTED INDICATORS OF SUSTAINABILITY 

Indicator 
Group 

Indicators Unit 

Economic Biodiesel EBITDA IDR 
 Palm Oil Plantation EBITDA IDR 
 Biodiesel IRR Percentage 
Social Number of Workers People 
 Number of Plasma Farmers 

Household Household Number 
Environment CO2 Emission  kg CO2 
 Climate Change Impact kiloTon Emision 

 

Fig. 3 Sustainability Index Behavior for Independent Biodiesel Ownership
Structure 

Fig. 4 Sustainability Index Behavior for Integrated Biodiesel Ownership
Structure 
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environment side, land preparation or clearing has the highest 
contribution of CO2 emission. However, when the plantation 
has matured, it actually absorbs CO2. Of course, cumulatively 
during the course of the simulation time (2006-2025), it still 
not compensate the lost of CO2 absorption capacity of land 
conversion. Especially if the land is taken from forest land 
[35]. On employment, the plantation chain is dominating the 
impact with high demands of labor capital for development 
and maintenance of the plantation. 

B. Policy Scenarios and Analysis  

There are some policy options directly affecting the 
operations of biodiesel industry that within the government 
control. There are two simple categories of affecting factors: 
cost or revenue. In the revenue category, the government 
would release the currently subsidized price of diesel to the 
market price. This “No Fuel Subsidy” scenario would be 
analyzing the attractiveness for producing biodiesel. Based on 
the results of different ownership structure, the most feasible 
option is an integrated biodiesel producers. 

In the cost category are operational cost and financial cost. 
The operational cost along with the CPO cost (raw material 
cost) is the dominant factor of overall biodiesel cost, the 
model shows that with 2008 prices, the cost of CPO as raw 
material is already at more than 62% of the production cost, 
and will be increasing. The financial cost are capital loan 
interest rate, loan grace period, loan repayment period, bank 
credits to nucleolus farmers that must be guaranteed by the 
producer, income taxes, value added tax, export tax, and 
export administration cost. In the revenue category are 
national fuel price and production incentive, with the current 
production incentive of 2,000 IDR/liter (0.25 USD/liter) is 
already in place this year. A “tax and interest” scenario is a 
scenario that focuses on the reduction of income tax rate and 
interest rate based on the cost structure of the producer. Table 
2 shows the difference of variables for each scenario, 
including the current condition (Business as Usual) 

 
Table 3 shows the results of scenarios. The first scenario, 

Business as Usual, shows the unattractiveness of the current 
conditions for the biodiesel producers, which explains why 
after a quick growth of producers in 2008, and followed by a 
rapid decline in 2010. The second scenarios, the release of fuel 
price, resulted in favorable condition in 2025, which the whole 
production capacity of the biodiesel production is in use. This 
would employ more workers; however, on the other hand, the 
full capacity of production would create higher CO2 emission. 

The third scenario, tax and interest support, even though 
shows a promising results of biodiesel production, the 
conditions is still not attractive enough to drive capacity 
expansion. The model has a feedback mechanism that 
evaluates the increase profitability of producer to the cost of 
expansion; if this is not attractive then the producer will halt 
the expansion. As detailed on the figure 4, the EBITDA 
behavior of the third scenario is positive but not high enough 
to justify expansion decision comparing to the second 
scenario. 

Another insight that the research produce is  change of 
land class will change the sustainability structure with higher 
land class: less operational cost to fund (better EBITDA), less 
production area to work on (better environment), however less 
workers to hire (less social impacts). Of course, higher land 
productivity usually comes in the expense of forestland 
conversion, hence reducing the amount of carbon emission 
absorption, oxygen production and biodiversity. 

IV. CONCLUSION 

The systems dynamic model of biodiesel production chain 
has been giving a better understanding of the development of 
biodiesel industry. The model could evaluate that current 
efforts of the government is still not creating an attractive 
investment climate for the biodiesel industry. Creating 
mandatory markets and production cost incentive is a good 
start, however for the long run; the best policy is to release the 
market price of diesel and creating a mechanism to maintain 
the price of CPO as the raw material for biodiesel.  

As different ownership structure would produce a different 
behavior, independent biodiesel producers would not face 
challenge of sustainability aspects as high as an integrated 
biodiesel producer would. Their sustainability behavior is 
similar to manufacturing companies, which directly tied to the 
production volume. The best strategy to increase the 
sustainability indicators, they should focus more streamlining 
their operations for better efficiency and effectiveness.  

In the integrated producer, sustainable development of 
biodiesel industry cannot be separated with the development 
of the sustainable palm oil industry, since it dominates the 
environmental and social aspects of the whole production 
chain. Government could create an incentive for palm oil 
producers to get environmental certifications and push them to 
develop a corporate social responsibility program to increase 
the sustainability values of biodiesel production.  

The model is still a work in progress and would still have 
limitations, as in any other model. However, it is already 

TABLE 2 
SCENARIO VARIABLES 

Model 
Variables 

1. Business as 
Usual 

2. No Fuel 
Subsidy 

3. Tax & 
Interest Holiday 

Production 
Incentive 

2000 IDR/liter - - 

Income Tax 30% 30% 10% 
Interest Rate 15% 15% 5% 
Grace Period 10 years 10 years 10 years 

Biodiesel Price Subsidized Market Price Subsidized 

TABLE 3 
SCENARIO RESULTS (IN 2025) 

Sustainability 
Indicators 

1. Business 
as Usual 

2. No Fuel 
Subsidy 

3. Tax & 
Interest Holiday 

Biodiesel Production 
(Ton) - 60.000 39,473.68 

EBITDA (IDR) - 202.952.924.298 156.831.680.986 

Employment (People) - 600 390 
Net CO2 Emission 
(Ton) - 101.415 48.380 
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prove its ability to deliver more understanding of 
sustainability issues in developing the industry. Further 
research could expand the sustainability impact analysis of the 
micro level model to macro level of national or regional level. 
The model could expand to serve different purpose of 
sustainability modeling assessment based on different new 
scenarios of government policy in the future.  
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