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Chapter 10
Biofuels Development and Indirect 
Deforestation

Rizky Ramadhan, Akihisa Mori, and Oekan S. Abdoellah

Abstract The Indonesian government launched the B30 program (a mixture of 30% 
biodiesel and 70% diesel fuel) in 2019 to save foreign exchange, reduce dependence on 
fossil fuels, and improve environmental quality. Indonesia uses palm oil as the main 
source for making biodiesel, as proven by an increase in the domestic market demand 
for biodiesel by as much as 2.69 million tons. This is followed by the increase of the 
area of   palm oil plantations by 4.25 million hectares from 2014 to 2020. In contrast, the 
rate of deforestation in the three main palm oil-producing islands (Sumatra, Kalimantan, 
and Papua) tends to decline. These facts raise a hypothesis that the B30 program may 
trigger indirect deforestation or conversion of nonforest areas to palm oil. To prove this 
hypothesis, we use the geographic information system (GIS) to detect and analyze land 
cover by looking at historical data on land-use changes in the Province of Riau and 
Central Kalimantan, the largest palm oil-producing provinces. The development of 
biofuels under the moratorium regulation indirectly encourages oil palm companies to 
open oil palm plantations in areas originally used as cultivation areas. The loss of land 
for cultivation has encouraged local communities to clear land for cultivation in the 
forest. This situation is what we call indirect deforestation.

Keywords KCP · Governance · Representation · Palm oil · ISPO · Indonesia

10.1  Introduction

Indonesia’s government committed to reducing GHG emissions by 29% from 
Business as Usual (BAU) by 2030. For this purpose, starting in 2020, the Government 
of Indonesia issued a mandatory program of biodiesel called B30 (a mixture of 30% 
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biodiesel and 70% diesel fuel), making Indonesia the highest implementer of bio-
diesel in the world. This program claimed to benefit the state by adding foreign 
exchange of $ 3.4 billion.

As palm oil is a raw material for biodiesel, this program can contribute positively 
to the regional economy by alleviating rural poverty and promoting local infrastruc-
ture development (Janda et al., 2012; Pacheco et al., 2017). On the other hand, the 
development of oil palm plantations is often associated with deforestation and 
causes the loss of biodiversity and exacerbates climate change that has already 
occurred (Cazzolla Gatti & Velichevskaya, 2020; Miettinen et al., 2014; Oon et al., 
2019; Vijay et al., 2016).

An increasing number of domestic markets demand for biodiesel by as much as 
2.69 million tons, followed by the increase in the area of   palm oil plantations by 
4.25 million hectares from 2014 to 2020. In contrast, the rate of deforestation in the 
three main palm oil-producing islands (Sumatra, Kalimantan, and Papua) tends to 
decline. The government, through the Ministry of Environment and Forestry, pro-
hibits the clearing of oil palm in conservation of forest areas but allows the clearing 
of oil palm land in other use land (APL) or nonforest areas through Law No. 41 of 
1999. This indicates that the government is trying to reduce deforestation in 
Indonesia. However, the conversion of other land uses to palm oil will cause defor-
estation through the process of indirect deforestation.

Several studies show that indirect deforestation occurs in the development of 
soybean commodities (Gollnow et al., 2018; Lima et al., 2011; Song et al., 2021). 
Studies on indirect deforestation in oil palm development are still limited. However, 
a study by Ramadhan et al. (2021) shows that on a small scale, indirect deforestation 
has occurred in the Dusun Tonggong, Parindu, West Kalimantan, Indonesia, due to 
the development of oil palm commodities in the area. The previous research regard-
ing indirect deforestation in the context of oil palm development has a limited scope 
of the study, so this chapter tries to see if something similar is happening in the level 
of provinces in Indonesia, particularly the provinces of Riau and Central Kalimantan. 
We use a Geographic Information System (GIS) to detect and analyze indirect 
deforestation by looking at historical data on land-use changes.

10.2  Biofuel Policy

10.2.1  Mandatory Blending Rates of Biodiesel  
in Indonesia

In 2006, through Presidential Decree No. 5/2006, the Indonesian government made 
the Ministry of Energy and Mineral Resources the legal body to create the National 
Energy Management Blueprint. One of the targets is to increase biofuel utilization 
(higher than 5%). In this year, biodiesel was also used for the first time through the 
Directorate General of Oil and Gas Decree No. 3675 K/24/DJM/2006 with a maxi-
mum limit of 10% FAME (Fatty, Acid, Methyl, and Ester) content.
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Although in 2006 biofuels were used, the government, for the first time, issued a 
mandatory to use biodiesel in 2008, through the Ministry of Energy and Mineral 
Resources Decree No. 32/2008. At this time, the government only allowed the use 
of B2.5–B.7.5 (a mixture of 2.5% to 7.5% biodiesel to diesel fuel). In 2010, the 
government established the Directorate General of Renewable Energy and Energy 
Conservation. One of its directorates is the Directorate of Bioenergy, which handles 
biodiesel. This Directorate plays an essential role in developing biofuels policy, 
including the improvement of regulations related to mandatory and biodiesel speci-
fications. This B2.5–B7.5 program lasted until 2013.

The B2.5–B7.5 program in 2014 was followed by B10, which was later increased 
to B15 in 2015. In 2015, the Ministry of Energy and Mineral Resources Decree No. 
12/2015 replaced the Ministry of Energy and Mineral Resources Decree No. 
32/2008. This regulation has currently become the reference for implementing man-
datory biodiesel in Indonesia.

The B20 mandate, implemented in 2016, is a new history, especially for 
Indonesia, where Indonesia is the first country to implement B20. Even though it 
is considered successful in the transportation sector, this mandatory B20 program 
has not been followed by other sectors. Some of the obstacles faced are price, 
availability, and distribution, which are still limited. To expand the use of B20 in 
all sectors, the government issued Presidential Decree No. 66/2018 and imple-
mented it in September 2018. This Presidential Decree succeeded in reducing 
diesel imports in September by 379,400 tons (see Fig. 10.2). Despite the increase 
in the following months after the implementation of Presidential Decree No. 
66/2018, overall, this program succeeded in reducing diesel imports by 466,902 
KL (Public Relation Directorate General of New and Renewable Energies and 
Energy Conservation, 2019) (see Fig. 10.1).
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Fig. 10.1 Progressive blending rates in biodiesel policy and implementation in Indonesia. (Source: 
Ministry of Energy and Mineral Resources, 2021)
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Fig. 10.2 Imported Indonesian diesel after the presidential decree (66/2018). (Source: “Impor 
Solar Oktober,” 2018)

The government of Indonesia implemented the mandatory program B30 on 
January 1, 2020. Until now, this program has been running for more than one and a 
half years. This program is considered successful. The B30 program up to semester 
one has saved Indonesia’s foreign exchange of 1.7 billion USD.

10.2.2  Environmental Impacts on Biofuels Program

The biofuels program in Indonesia is considered to be acceptable by the public 
because since 2016 the government has guaranteed through incentives that the price 
of biofuel is not higher than the price of fuel. This has been proven to increase bio-
fuel sales (Wiratmini, 2019). Data in 2019 shows that domestic demand for biofuels 
in Indonesia has increased by 2.22 million tons (see Table 10.1). The development 
of this demand is in line with the increase in  palm oil plantation area. Based on the 
Directorate General of Estate data, there was an increase in the area of palm oil 
plantations by 0.39 million hectares in 2019 (see Fig. 10.3).

Indonesia uses palm oil as the primary source of biodiesel production. Several 
parties in Indonesia debate it (Corley, 2009; Kamahara et  al., 2010; Khatiwada 
et al., 2021; Oosterveer, 2020). The development of palm oil plantations is often 
associated with deforestation and causes the loss of biodiversity and exacerbates 
climate change that has already occurred.

In principle, the government of Indonesia and all palm oil stakeholders are 
against any illegal practices of palm oil stakeholders. For this reason, the govern-
ment implemented a moratorium and Indonesian Sustainable Palm Oil (ISPO) cer-
tificate as a policy (Salman and Mori in this volume). Although the effectiveness of 
the palm oil development moratorium is still in question and becoming a debatable 
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Table 10.1 Biodiesel production and usages in Indonesia (recreated by the author based on data 
from Indonesia Biofuel Producers 2020

Year
Production  
(mill tons)

Domestic  
(mil tons)

Export  
(mil tons)

Domestic Growth 
(mil tons)

Blending 
rate

2014 3.32 1.55 1.37 0.67 B10
2015 1.39 0.77 0.28 −0.78 B10
2016 3.07 2.52 0.40 1.76 B10
2017 2.87 2.16 0.16 −0.37 B10
2018 5.17 3.15 1.51 0.99 B20
2019 7.04 5.36 1.11 2.22 B20
2020 E 8.47 8.05 0.42 2.69 B30

Source: Indonesian Biofuel Producers 2020, cited from Council of Palm Oil Producing 
Countries (2021)

10.75 11.26 11.2
14.05 14.33 14.72 15

2014 2015 2016 2017 2018 2019 2020

Total Area of Palm Oil
Fig. 10.3 Total area of 
palm oil plantation 
(recreated by the author 
based on data from 
Directorate General of 
Estate Crops). (Source: 
Directorate General of 
Estate Crops, 2019)

issue, this regulation affects the rate of deforestation in Indonesia (see Fig. 10.4). 
From this figure, the rate of deforestation declined, and the government claimed that 
the decline of the deforestation rate is due to the success of the implementation of 
the moratorium program (Austin et al., 2019). However, the other argument claims 
that the decline of the deforestation rate during the last 2 years is due to the La Nina 
years, wet conditions resulting in a less flammable landscape (Gaveau et al., 2022).

In addition, many mentioned that the potential massive deforestation is still there 
(Andrianto et al., 2019; Gaveau, 2018; The Gecko Project, 2018). This is particu-
larly true in the Papua and West Papua provinces, where a million forestlands have 
been allocated or licensed to oil palm companies for the development of oil palm 
plantations in the future (Gaveau, 2018). Based on the data in Fig. 10.5, the defor-
estation rate in Papua provinces tends to increase, despite the existence of the mora-
torium (see Fig. 10.5).

10.2.3  Indirect Deforestation

Indirect deforestation occurs when one commodity in one location displaces the 
previous commodity to the frontier forest area (Rausch & Gibbs, 2016). Oil palm 
plantations can claim that their plantations are deforestation-free because they are 
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Fig. 10.4 Total deforestation in Indonesia. (Source: BPS, 2019)

Fig. 10.5 Deforestation in Papua. (Source: NASA Earth Observatory, 2021)

built on nonforest lands such as vacant fields or land. Palm oil plantations may use 
land that the local people should use to cultivate their daily needs. It is not uncom-
mon for the cultivation of biofuels to replace previous agricultural activities.
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BIOFUEL PROGRAM

Demand for palm oil for biofuels is
increasing, accompanied by an
increase in the number of oil palm
plantations

MORATORIUM

The tendency of companies to open
oil palm plantations on unproductive
land, causing people to lose land for
farming

INDIRECT DEFORESTATION

Loss of land for farming has
forced people to clear land,
especially in secondary forest
areas

Fig. 10.6 Biofuel program and indirect deforestation

In this case, small-scale farmers who lack access to land and working capital are 
likely to relocate their cultivation areas to forest areas (Castiblanco et  al., 2015; 
Jensen et  al., 2019; Mukherjee & Sovacool, 2014; Saikkonen et  al., 2014; 
Saswattecha et al., 2016; Silalertruksa & Gheewala, 2012). Indirect deforestation 
caused by displacement or loss of community farming land is difficult to prevent 
because people need new areas to maintain their livelihoods (Azhar et al., 2021).

Biofuel programs based on vegetable oil raised environmental impacts and indi-
rect deforestation issues (see Fig. 10.6). When the demand for palm oil for biofuels 
is increasing, it is likely to be followed by an increase in the area of oil palm 
plantations.

10.3  GIS Analysis of Indirect Deforestation

10.3.1  Methodology

An understanding of indirect deforestation in the development of biofuels in 
Indonesia is needed to prevent unintended consequences from deforestation preven-
tion policies. This information can help policymakers be more careful and provide 
a broader picture of deforestation prevention programs. The challenge of this issue 
is the difficulty in detecting or measuring indirect deforestation (Breetz, 2017; Jafari 
et al., 2017; Mukherjee & Sovacool, 2014). To overcome this, we use the geographic 
information system (GIS) to detect and analyze land cover by looking at historical 
data on land-use changes in Riau and Central Kalimantan as the largest palm oil 
producers. We examined 890,654 points for Central Kalimantan and 1,038,607 
points for the Province of Riau, which was selected based on the image’s clarity 
through satellite imagery.

10 Biofuels Development and Indirect Deforestation
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Table 10.2 Area and palm oil production

Province
Total
Areal (Ha) Production (Ton)

Riau 2.741.621 9.513.208
West Kalimantan 2.017.456 5.235.299
Central Kalimantan 1.922.083 7.664.841

Source: Statistical of National Leading Estate Crops Commodity, 2019–2021

10.3.2  Case Selection

Riau and Central Kalimantan provinces have great potential in developing biodiesel 
production. The largest area of palm oil plantation is in Riau Province, 2.7 million 
hectares in 2019, with a CPO production of 9.5 million tons. Central Kalimantan 
ranks third for the land area with 1.9 million hectares, but CPO production is the 
second largest after Riau Province, with 7.6 million tons (see Table 10.2). With this 
land area and total production, Riau and Central Kalimantan provinces have become 
the largest biodiesel suppliers in Indonesia.

The development of oil palm plantations as biodiesel raw material in the Riau 
and Central Kalimantan Province and the palm oil moratorium can make local peo-
ple lose land for farming. People who lose their land tend to clear forests to establish 
farmland (Azhar et al., 2021). This tendency helps us identify indirect deforestation 
in Riau and Central Kalimantan Provinces.

10.4  Results

10.4.1  Indirect Deforestation in Riau (Fig. 10.7)

Based on calculations from GIS, the total change in forest area converted directly to 
oil palm from 1990 to 2020 is 1,502,192 ha, while the total area of forest opened by 
indirect deforestation activities is 277,126 ha (see Table 10.3). The data shows that 
84% of forest cover loss in Riau from 1990 to 2020 was caused by direct deforesta-
tion activities from oil palm plantations, and only 16% caused by indirect deforesta-
tion (see Fig. 10.8).

10.4.2  Indirect Deforestation in Central Kalimantan 
(Fig. 10.9)

Based on the GIS calculation, the total area of forest open as a direct result of oil 
palm plantations in the Central Kalimantan region is 459.524 ha. In comparison, 
that caused by indirect deforestation is 384.596 ha (see Table 10.4). Also, 54% of 
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Fig. 10.7 Land use change in Riau (1990–2000). The picture shows that palm oil has existed in 
the Riau area since 1990. It has grown rapidly from 2010 to 2020. (Source: Data Processing from 
USGS satellite imagery)

Table 10.3 Total area by land-use change activity in Riau Province

Land use change Area (Ha)

Direct by palm oil 1502192,747
Indirect deforestation 277126,6219
Total area 1779319,369

Source: Data Processing

land cover loss in Central Kalimantan is due to direct land conversion from forest to 
oil palm plantations, and 46% of forest cover loss in Central Kalimantan is caused 
by indirect deforestation (see Fig. 10.10).

10 Biofuels Development and Indirect Deforestation



176

84%
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AREA (HA)

Direct by Palm Oil Indirect Deforestation

Fig. 10.8 Percentage of land-use change activity in Riau Province. (Source: Data Processing)

Fig. 10.9 Land-use change in Central Kalimantan (1990–2000). Same as in the Riau province, in 
Central Kalimantan, oil palm plantations have appeared since 1990, but their development has 
been very rapid from 2010 to 2020. (Source: Data Processing from USGS satellite imagery)

R. Ramadhan et al.
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Table 10.4 Total area by land-use change activity in Central Kalimantan Province

Land use change Area (Ha)

Direct by palm oil 459524.283
Indirect deforestation 384596.101
Total area 844120.384

Source: Data Processing

54%

46%

A R EA (H A )

Direct by Palm Oil Indirect Deforestation

Fig. 10.10 Percentage of land-use change activity in Central Kalimantan Province. (Source: Data 
Processing)

10.5  Discussion

10.5.1  Palm Oil Moratorium and Indirect Deforestation 
in Riau and Central Kalimantan

The results of the GIS analysis show that indirect deforestation occurs in large for-
ested provinces such as both Riau and Central Kalimantan provinces. In particular, 
for the Central Kalimantan Province, almost half the forest is open due to indirect 
deforestation. The palm oil moratorium is one of the triggers for indirect 
deforestation.

The palm oil moratorium is through Presidential Decree No. 8/2018 concerning 
postponement and evaluation of palm oil plantation permits and increasing produc-
tivity of palm oil plantation. This government regulation minimizes the opening of 
palm oil plantations in forest areas. Responding to the regulation, the company 
opened its palm oil plantations in nonforest areas. In most cases, the community 
generally uses the land for farming. Palm oil plantation development in nonforest 
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areas causes local communities to lose land for agriculture. The development of 
palm oil plantations in several areas triggers domestic migration and encourages 
local communities to give up their lands to immigrants (Pacheco et al., 2017).

Loss of land for agriculture due to palm oil plantation development in local com-
munity areas forced local people to open forest areas for cultivation. Palm oil expan-
sion in nonforest areas triggers deforestation by local people in other areas 
(Feintrenie et al., 2010; Nelson et al., 2014; Ramadhan et al., 2021).

10.5.2  Indirect Deforestation and the Small-Scale Farmers

Small-scale farmers are also the driving factors for deforestation in Indonesia. 
Twenty-two percent of deforestation comes from activities carried out by small- 
scale farmers (Austin et al., 2019), which is almost the same as research conducted 
by Agus et  al. (2013) and Gaveau et  al. (2016). Small-scale farmers commonly 
employ slash-and-burn practices with shifting cultivation systems. They burn land 
to fertilize the soil and then use the land to cultivate the desired crop (Comte et al., 
2012; van Vliet et al., 2013). This activity can usually only support a few years of 
production, after which the community will leave the land and move to another area. 
The increasing population and limited land due to competition with oil palm com-
modities have made the fallow time significantly shortened (Ramadhan et al., 2019). 
The shorter rotation pattern makes the soil lack nutrients. It affects the amount of 
production from the plants they grow, driving farmers to clear out further sections 
of forest (Azhar et al., 2021). Furthermore, to prevent the impact of slash-burn cul-
tivation, the zero-burn technic can be used as an alternative. However, the use of 
zero-burning will decrease the profitability and increase the cost of local farmers 
(Sofiyuddin et al., 2021).

The development of oil palm in nonforest areas exerts indirect pressure on the 
forest areas elsewhere (Ramadhan et al., 2021). Community needs for sources of 
income and limited land due to competition with oil palm plantations for biofuels 
increase the possibility of indirect deforestation.

10.5.3  Integrated and Sustainable Environmental Governance 
for Forestry and Agriculture

An alternative would be developing the concept of communal palm oil plantations 
for the community. This method is considered essential to improve the community’s 
welfare, especially for those who live in limitations such as rural areas (Baharuddin, 
2012; Kumar et al., 2015). In order to prevent the “tragedy of the commons,” as 
mentioned by Hardin (1968), an agreement regarding the rules for using resources 
is needed (Marten, 2001; see also Ostrom, 1990). Communal ownership is not a 
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new thing, especially in Indonesia. One example as mentioned by Mulyoutami et al. 
(2009), is the “simpukng” of the Dayak community in East Kalimantan. Simpukng 
is a secondary forest that is managed by the community, where its utilization is 
regulated by customary rules to avoid over-exploitation. The development of com-
munal oil palm plantations gives communities access to equal production areas and 
prevents them from clearing forests in the future.

The development of biofuels using vegetable oil or what we often call first- 
generation biofuels, although economically it is cost-effective, has a relatively large 
environmental impact from an environmental point of view. The development of 
second (production of biofuel using waste) and third (development of biofuel using 
microalgae) generation can be an alternative to be developed so as to reduce the 
impact on the environment, although economically it is more expensive because it 
requires advanced technology (Naik et al., 2010; Sadatshojaei et al., 2020; Saladini 
et al., 2016).

10.6  Concluding Remarks

The development of biofuels under the moratorium regulation indirectly encourages 
oil palm companies to open oil palm plantations in areas originally used as cultiva-
tion areas. The development of oil palm in nonforest areas puts pressure on forest 
areas elsewhere. This is because people still need land to grow the crops they need 
for their daily needs.

The loss of land for cultivation due to the development of oil palm plantations for 
biofuels has encouraged local communities to clear land for cultivation in forest 
areas. The community does this to maintain their livelihoods. Indirect deforestation 
that occurs due to the loss of community-owned cultivation land is difficult to 
prevent.

Integrated and sustainable governance is needed, with an understanding of indi-
rect deforestation, local plantation practices, and their role in the surrounding com-
munity. The development of secondary and third-generation biofuels can be an 
alternative to reduce the environmental impact caused by biofuels based on oil palm 
plantations. Another option is to develop communal palm oil plantations for the 
community. With communal ownership, it is expected that the benefits obtained 
could be distributed more evenly, providing security to the poor by converting indi-
vidual risk into collective risk, increasing management capabilities, and facilitating 
each individual involved in business development (Ishak et al., 2020; Ortmann & 
King, 2007). In that condition, the community has a livelihood and prevents the 
clearing of land in forest areas.

We explored why the ISPO is underperforming and how the governance of ISPO 
has been improved. A case study is a relevant method for exploring “how” question 
and when the observation has no control over behavioral events (Yin, 2017). We 
used the establishment of the ISPO as a case study and treated the implementation 
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of ISPO regulation as a policy action resulting from KCP for governance (Table 10.1). 
We analyzed the Bappenas policy paper used for ISPO regulation as a form of 
coproduced knowledge using principles of successful sustainability research 
(Norström et al., 2020).
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