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A B S T R A C T

Palm oil makes a significant contribution to the economies of Indonesia and Malaysia through private cor-
porations, state-owned companies and smallholders, with the two countries supplying 85% of the global palm
oil. Indonesia has 14 million hectares (ha) of oil palm; its palm oil exports were valued at USD 23 billion in 2017
and USD 21 billion in 2018. Both domestic and international communities, particularly the European Union
(EU), have raised concerns about its sustainability and impact on forest conservation. For example, the European
Parliament in 2017 issued a resolution to restrict the ability of EU countries to count palm oil-based biodiesel
imports toward their renewable 2030 energy targets. This paper describes palm oil value chains in Indonesia at
the national level, using value chain analysis and system dynamics modeling. The model is used to understand
how the moratorium, peatland conservation, agrarian reform, and the EU biodiesel ban affect plantation ex-
pansion and production, employment, CO2 emissions, smallholder incomes, the private sector, and government.
The model provides scenarios to make Indonesian palm oil more sustainable through intensification, no-de-
forestation, and no-peat strategies, as well as through land swapping. There are trade-offs between economic
development and environmental conservation, but win-win solutions are available. Scenarios that build syner-
gies between Indonesian palm oil development and forest conservation can help guide the new frontiers of oil
palm development in Asia, South America, and Africa.

1. Introduction

The role of palm oil in economic development and environmental
degradation is a highly debated topic. Oil palm is a versatile crop, with
palm oil and other derivatives used for cooking and to make margarine,
detergents, and cosmetics. In the last decade, some countries have used
palm oil as feedstock for biofuels as they diversify their energy supplies
(Soh et al., 2003; Murphy, 2007; Ngando-Ebongue et al., 2012). The
increasing global demand for food, energy, and other industrial pro-
cesses correspondingly increase the demand for palm oil.

In Indonesia, palm oil significantly contributes to national devel-
opment. In 2017, the export value of palm oil reached USD 23 billion
(Reily and Ekarina, 2018; Tim Riset PASPI, 2018). Palm oil contributed
17% of Indonesia's agricultural gross domestic product in 2014 (MoA,
2015a,b); according to the 2013 agricultural census, about 2 million

(M) smallholders cultivate oil palm (BPS [Statistics Indonesia], 2013).
The Indonesia Palm Oil Association (GAPKI) and other associated in-
dustries have employed up to 7.8 M laborers throughout the palm oil
value chains (Tim Riset PASPI, 2018).

Despite economic growth, however, there are concerns that rapid
development and expansion of oil palm plantations have left an un-
desirable ecological footprint. Oil palm expansion has been associated
with the clearing of forests and peatlands (Setiawan et al., 2016; Vijay
et al., 2016; Austin et al., 2017) leading to a significant amount of
greenhouse gas (GHG) emissions (Miettinen et al., 2012) and loss of
biodiversity (Koh and Wilcove, 2009; Lees et al., 2015; Linder and
Palkovitz, 2016). Oil palm cultivation also leads to negative social
impacts, such as the dispossession of land and poor working conditions
on plantations (Dhiaulhaq et al., 2015; Gellert, 2015). Studies in Kali-
mantan have studied the links between oil palm development,
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deforestation, and the involvement of private and public actors at dif-
ferent levels (Susanti and Maryudi, 2016; Prabowo et al., 2017). Im-
portantly, these problems are not related to oil palm itself but to the
crop's establishment and cultivation (Rival and Levang, 2014).

The Government of Indonesia (GoI) has set production and pro-
ductivity targets for palm oil. In the early 2010s, the GoI set a pro-
duction target of 40 M tons of crude palm oil by 2020. For the same
time frame, the GoI set a productivity target known as ‘Vision 35:26’
with the goal of producing 35 tons per hectare (ha) of fresh fruit bun-
ches (FFBs) with a 26% oil extraction rate (MoA [Ministry of
Agriculture], 2013). To meet this target, the government introduced
several incentives to support the private sector in accessing and expand
plantations. It also brought smallholders to the table by formulating
various partnership schemes with companies. For example, one pro-
gram will allocate 12.94 M ha of convertible production forests (of a
total of 68.98 M ha) for non-forestry use (MoEF [Ministry of
Environment and Forestry], 2016). The GoI also plans to conduct
agrarian reform on 9 M ha of land for smallholder practices, including
oil palm (Setkab [Sekretariat Kabinet Republik Indonesia], 2015). The
expansion of oil palm plantations aims to support Indonesia's economic
growth target of over 5% for 2017–2018. Fig. 1 shows oil palm dis-
tribution in Indonesia.

At the same time, in its Nationally Determined Contribution (NDC)
as an implementation framework of the Paris Agreement, Indonesia
agreed to reduce its carbon emissions by 29% without foreign aid by
2030, and by 41% with foreign aid. In a business-as-usual (BAU) sce-
nario, emissions reached 2.881 gigatons of CO2 equivalent (CO2e) in
2030. Indonesia's contribution to lowering emissions from land-based
management could come from the following measures: sustainable
agriculture and plantations, reduction of forest degradation and de-
forestation, land conservation, and renewable energy from degraded
land. Other possible areas include energy, industrial processes and
product use, and waste (GoI [Government of Indonesia], 2016).

Given that decisions over palm oil and its derivatives will have
implications on economic and environmental outcomes, a model which
represents the structure of palm oil value chains in Indonesia is useful.
The model should be able to respond to questions around policy-re-
levant scenarios and should be sufficiently easy to operate.

Several models or modeling exercises on oil palm exist. Some, such
as PALMSIM (Simulating growth and yield of oil palm) and APSIM
(Agricultural Production Systems sIMulator), focus on the cultivation
and production of palm oil (Hoffmann et al., 2014; Holzworth et al.,
2014); IMPACT (International Marketing Program for Agricultural
Commodities and Trade) focuses on trade (Robinson et al., 2015; De
Pinto et al., 2017; Wiebe et al., 2019); GLOBIOM (Global Biosphere
Management Model) combines trade with land-use models (Pirker

et al., 2016; Mosnier et al., 2017). Some exercises using econometric or
computable general equilibrium models aim to analyze the impacts of
trade policies (Rifin, 2011) the effect of oil palm expansion on key
macroeconomic outcomes using input-output analyses (Obidzinski
et al., 2014), or the impact of the oil palm moratorium on the In-
donesian economy (Yusuf et al., 2018). These models, however, do not
provide for value-added distribution to various actors participating in
the palm oil value chains, nor do they reveal trade-offs in the current
debates such as the oil palm moratorium and peatland conservation.

To this end, this study developed a model called the Indonesian
Palm Oil Simulation (IPOS). This aims to understand the value chain of
the palm oil industry. It provides options for policymakers and decision-
makers about possible futures for the Indonesian palm oil industry at
the national level. This model can also support communications among
different stakeholders to determine a road map of palm oil development
in Indonesia. The model represents the actual value of palm oil at the
national level, as suggested by Dudley et al. (2008).

This paper discusses three aspects of the model: (1) the structure of
the palm oil industry; (2) the palm oil value chain at the national level;
and (3) scenarios related to national-level policies, such as: (a) the
moratorium on oil palm expansion as stated in Presidential Instruction
No. 8 of 2018; (b) peat protection as stated in Government Regulation
No. 57 of 2016; (c) agrarian reform; and (d) land and forest fires. This
paper aims to contribute to the debate around national oil palm and
palm oil policies and their implications for smallholder incomes and
carbon emissions.

2. Methods

This study applied the value chain analysis (VCA) approach using
system dynamics modeling. The system dynamics model used here is a
state-change model observing feedback (Forrester, 1961, 1999). System
dynamics modeling was implemented through steps comprising the
development of a conceptual model, specification, model verification,
and scenario building (Grant et al., 1997; Jakeman et al., 2006). The
VCA consists of several steps: (1) map the start of the value-added
chain; (2) conduct a field survey; and (3) evaluate findings and develop
intervention scenarios (Kaplinsky and Morris, 2001; Herr et al., 2006;
Purnomo et al., 2014).

2.1. IPOS model conceptualization and specification

The architecture of the IPOS model follows the VCA (Fig. 2). It has
three main components: (1) the palm oil value chain; (2) the policy
development scenarios; and (3) the output indicators to evaluate the
results of each scenario. The policy scenarios feed into the existing palm

Fig. 1. Distribution of palm oil plantations in Indonesia 2014 (DGP [Directorate General of Plantation], 2016).
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oil system, then produce output indicators. The palm oil value chain
consists of plantations, palm oil mills, refineries, and markets. Growers
produce fresh fruit bunches (FFB) which are processed by mills into
crude palm oil (CPO) and palm kernel oil (PKO). These are transformed
by refineries into cooking oil, oleo-chemicals, and biodiesel. These
products enter domestic and global markets to generate revenue which
flows back to the refineries, mills, producers, and the government.

The IPOS model produces several outputs, such as the area of oil
palm plantations (ha), the production quantity of primary products
such as FFB and CPO/PKO, and derivatives such as cooking oil; these
are value-added for each actor, carbon emissions, and labor in palm oil
industries. The BAU scenario generates output indicators in the current
context, if they continue. Four policy scenarios were reviewed: (1) the
moratorium on plantation expansion; (2) peat protection; (3) agrarian
reform; and (4) the biodiesel ban.

Data in this model are from survey results, official sources (such as
central government ministries and agencies, local governments and
their staff), research institutions, and scientific publications. Table 1
shows the categories of data and sources used in the model. The model
approaches real-world scenarios and was developed using the Stella 9.0
system dynamics software, in combination with Microsoft Excel to
improve the output quality of Stella.

The model has exogenous and endogenous variables. Exogenous
variables are independent and affect the model without being affected
by the model, while endogenous variables are dependent and are gen-
erated by the model. The exogenous variables of the model include land
uses, plantation area, policies, and palm oil price. The endogenous
variables include palm oil supply and value chains, employment, and
CO2 emissions. The price of palm oil is determined by the supply of
palm oil and other vegetable oils from producers such as Malaysia and
Brazil, as well as on consumer demand. This study did not simulate
consumer behavior or other palm oil producers, both of which affect the
price system. Law enforcement, corruption, and other institutional

elements are complex and exogenous to the model, but they do affect
the expansion of oil palm plantations; this study also did not simulate
these. Instead, time-series regression was used to formulate oil palm
expansion.

The IPOS model shows the production flow from growers to end-
users. The palm oil supply chain covers oil palm plantations, palm oil
mills, refineries, and markets. The most extensive use of CPO in
Indonesia is in the cooking oil industry, followed by the margarine and
shortening industries, the oleo-chemical industry, the bath soap in-
dustry, and the laundry soap industry.

Fig. 3 presents a causal loop diagram of IPOS and illustrates mate-
rial flows: (a) new plantation, FFBs and CPO/PKO and its derivatives;
(b) money from the market to the refinery and mills, and mills to the
grower; and (c) carbon flux for each activity. Human activities affect
the whole value chain. For example, fires and peatland protection will
reduce the supply of FFB to mills, while agrarian reform will lead to
more land available for oil palm plantations.

We provide the details of the IPOS model specification in
Supplement 1. The specification offers parameters for each component
of the model.

2.2. The IPOS model architecture

The model consists of three components: estates or plantations,
mills and refineries, and markets. The observed indicators are (1) FFB,
CPO/PKO and oil derivatives; (2) value-added (money); (3) carbon
emissions; and (4) labor. The execution of the model depends on the
stock data, rate of change, and the following BAU assumptions:

• The initial stock and rate of change of estate, mill, and refinery
draws on linear regressions of annual data over 20 years.

• The price of palm oil draws on the estimates of secondary data.

• Price feedback covers only the rate of change in plantation areas.

Fig. 4 shows the interface of IPOS. Supplement 2 provides the de-
tails of each sector of the model.

Section 3 presents each component of the model and its execution.
The model begins with the market and is followed by the oil palm
plantations, the mill, and the refinery.

The main parameters in the dynamics of oil palm and FFB produc-
tion are presented in Table 2. Each oil palm plantation undergoes four
processes: planting, maturing, producing FFB, and plant death. These
processes represent a conveyor with different transit times. Oil palm
starts maturing at four years, reaches maturity at 5–19 years, declines
in productivity by age 20–25, and dies after 25 years.

There are two components in the palm oil production sub-model:
mills and refineries. The conversion parameters of FFB, CPO, and PKO
are presented in Table 3. CPO and PKO are processed into cooking oil
(81%), oleo-chemical (10%), and biodiesel (9%).

2.3. Scenario development

This model aims to examine the impacts of key policies related to oil
palm that are currently under discussion, and to develop future policy
options. These policies are: (1) a moratorium on oil palm development

Plantations (corporate,
smallholder, state-

owned)

Mill

Refinery

Domestic and
global markets

Forest
Non-forest
zone (NFZ)

Palm oil supply chainPolicy
scenarios

Output indicators

Moratorium of
extension

Peatland
protection

Agrarian
reform

Biodiesel ban

Plantation
extent

FFB, CPO/
PKO, cooking

oil, oleo-
chemical and

biodiesel

Value added

CO2 eq.
emission

Employment

Government
income and
CPO fund

Fig. 2. Architecture of the Indonesian Palm Oil Simulation (IPOS) model.

Table 1
Category of data and their sources used in the model.

No Classification of data type Data sources

1 Structure of palm oil value chains Scientific publications
2 Oil palm land uses, mill, refinery Central government or ministries
3 National development plans, agrarian reform Government agencies
4 Benchmarking of palm oil projections Private business associations, such as Indonesian Palm Oil Association (GAPKI)
5 World palm oil price, supply and demand International organizations, such as the World Bank
6 Biomass utilisation Think tank organizations, such as Economic Research Institute for ASEAN and East Asia (ERIA)
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as stated in Presidential Instruction No. 8 of 2018; (2) peat protection as
stated in Government Regulation No. 57 of 2016; (3) agrarian reform;
(4) prevention of and countermeasures against land and forest fires. For
each policy, a scenario is proposed which can compensate for the pol-
icy's impact on producers and help them shift toward more sustainable
palm oil production.

3. Results

3.1. Model results under BAU

3.1.1. Dynamics of the palm oil market
The execution of the market sub-model is shown in Fig. 5. The
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Fig. 3. Causal loop diagram of the Indonesian Palm Oil Simulation (IPOS) model.

Fig. 4. Indonesian Palm Oil Simulation (IPOS) model interface.
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global demand for palm oil grows at 7% per year, while demand for
other vegetable oils grows at 4% per year. The palm oil exports of other
countries grow at 5.4% per year (Bruno, 2017). Palm oil supply cannot
meet demands, resulting in global shortages. The Indonesian domestic
market also experiences palm oil demands that exceed the supply, with
the gap between supply and demand continuing to grow.

3.1.2. The dynamics of oil palm plantations, production of FFB and
deforestation

The area covered by oil palm plantations will continue to grow in
proportional percentages until that area reaches the maximum amount
of land suitable for oil palm. Mulyani et al. (2003) and Mulyani and Las
(2008) placed this area at 44.7 M ha. Once that area has been reached,
it will remain constant (Fig. 6a). The production of FFB is projected to
increase from 142 M tons to 603 M tons after 27 years (year 2042; year
2015 was used for the baseline of simulation year) as shown in Fig. 6b.
After that, the FFB production will be oscillated around that amount
because of aging and replanting palms with the same extent.

Oil palm development to achieve its goals, suitable land will need to
be repurposed from other uses (Table S1.4). Deforestation and con-
version of shrubland, including peat forest and peat shrub, should occur
to make room for new plantations. Approximately 33.5% of oil palm
expansion comes from disturbed and undisturbed forests, and 26.3%
from shrubland and grassland. At the current rate of plantation devel-
opment, 12 M ha will be deforested and 9 M ha of shrubland converted
after 23 years (year 2038). Assuming that half of the shrubland is either
degraded or composed of secondary forests, 16.5 M ha will be

Table 2
Parameters of oil palm plantation dynamics at the beginning of the simulation, year 2015 (t0).

Stock Initial area (ha) Death and replanting (ha/year) Expansion (ha/year) Planting rate (ha/year) Harvest area (ha) Productivity (tons FFB/ha)

Private estates 5,964,974 13,252 164,751 178,751 4,574,581 18.03
Smallholder estates 4,763,797 28,853 141,423 170,276 3,451,265 14.52
Government-owned estates 755,787 6138 20,004 26,241 593,108 17.98
Total 11,484,558 48,243 326,178 375,268 8,618,954 Average: 16.84

Table 3
Factor conversion of palm oil processing.

CPO PKO Cooking oil Oleo-chemical Biodiesel

Conversion
FFB 21,7% 4,3% – – –
CPO – – 81% 10% 9%
PKO – – 81% 10% 9%

Distribution
Domestic 74% 90% 30% 17% 33%
Export 26% 10% 70% 83% 67%

Fig. 5. Simulation of palm oil market dynamics using the IPOS model.

(a)

(b)

Fig. 6. Simulation of projected oil palm development (a) and FFB production by
private companies, state-owned enterprises, smallholders, and all actors (M
tons of FFB) (b).

Fig. 7. Simulation of cumulative deforestation, shrubland, and other land
conversion (million ha).
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deforested after 23 years (Fig. 7). Since most lands were once primary
forests, it can be assumed that some of them degraded into secondary
forests and then further into shrublands. International definitions spe-
cify shrubs as woody perennial plants, often without a definite crown
and generally with heights between 0.5 m and 5.0 m (Gschwantner
et al., 2009).

3.1.3. Dynamics of palm oil mills, refineries, and palm oil production
Results from the 30-year simulation are shown in Fig. 8. The amount

of raw materials producing CPO and PKO increased from 35 M tons to
157 M tons. The export quantity increased from 8 M tons to 35 M tons,
while 122 M tons were processed into derivative products at domestic
refineries. The production of cooking oil increased from 20 M tons to
82 M tons, oleo-chemical production increased from 3 M to 12 M tons,
and biodiesel production increased from 2 M tons to 9 M tons.

3.1.4. Value of exports, government income, and CPO Fund
The value of exports consists of CPO/PKO and their derivatives

(Fig. 9). Palm oil exports grew from USD 21 billion to a maximum of
USD 89 billion after 32 years, and then oscillated. The export compo-
sition consists of one-third CPO and PKO and two-thirds palm oil de-
rivatives. Following the increase in exports, government income from
palm oil increased from USD 2 billion to USD 9 billion. Likewise, the
CPO Fund increased from USD 1 billion to USD 4 billion.

3.1.5. GHG emission dynamics of the palm oil industry
The carbon sub-model shows emissions from the plantation and

palm oil processing sectors of 160 M tons of CO2e at the initial period.
The emission represents about 15% of total emissions reported by the
GoI in the First Biennial Update Report under the UN Framework
Convention on Climate Change (UNFCCC) in 2012. The most significant

GHG emissions from the plantation and palm oil processing sectors
come from peat oxidation from existing estates, land-clearing activities,
and palm oil mill effluents. Peatland oxidation is the largest single
source of carbon emissions. Approximately 2.3 M ha of oil palm plan-
tations on peatlands emit more than 100 M tons of CO2e per year. Peat
oxidation occurs due to decreasing groundwater levels, resulting in
decomposition of soil organic matter. Current sustainability measures
can reduce, but not halt, carbon emissions from peat. Land clearing
activities and peatland fires combined account for about another 38%
of carbon emissions; palm oil mill effluent (POME) also causes con-
siderable emissions. Simulation of palm emissions reached 716 M tons
CO2e after 22 years (Fig. 10), based on the assumption that 21% of oil
palm plantation is prone to fire and 5% of it was burned.

3.1.6. Employment
The Indonesian palm oil industry directly employs more than 6 M

people (Fig. 11). The workforce has increased due to the expansion of
oil palm plantations and mills. Over the next 22 years, under BAU
condition, the industry could employ 23 M people.

3.2. Comparing model results with other projections

We verified the IPOS model by matching simulation results on BAU
conditions with data and estimates. IPOS structures are logical and
commonly used in supply chain studies and value chains of agricultural
and forest commodities. The structure of the supply chain consists of
farmers, plantations, and forests, followed by primary and secondary
processing industries. The sale of primary and secondary products oc-
curs in domestic and international markets.

BAU simulation results from the IPOS follow a logical pattern, with
quantities that are traceable to their origins. Table 4 shows the differ-
ence between simulation outputs and realities. The main reason for

Fig. 8. Production of palm oil derivatives and CPO/PKO exports (million tons).
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these differences is that the simulation uses data from official sources.
The mills also obtain FFB from unofficial or unrecorded sources.

Table 4 shows a comparison between the simulation results and
benchmarks from various sources. The simulation results comprise
palm oil production, domestic consumption, the extent of oil palm
plantations, palm oil exports, domestic trade, and direct employment.
While modeling is based on data from 2015 and before, the verification
year varies from 2019 to 2020 to 2030, depending on the availability of
benchmark data. The most substantial difference is for the domestic
biodiesel trade, with - 93.03% between the simulation and the bench-
mark. This indicates that the simulation result is much lower than
GAPKI's reference. Meanwhile, the smallest difference is 1.81% from
the palm oil production as stated by the Ministry of Agriculture. The
average difference is 2.57%, which is relatively low.

3.3. Policy scenarios

3.3.1. Effect of the moratorium vs. intensification on deforestation and FFB
production

The GoI issued a regulation that placed a moratorium on new per-
mits for oil palm plantation for corporations, but not for smallholders.
The extent of moratorium's benefit will depend on the length of time
that it remains in place. The moratorium can also reduce the increase in
FFB production compared to BAU since smallholders produce lower
amounts of oil palm. Fig. 12.a shows slowing deforestation due to a 10-
year moratorium on oil palm expansion by corporations. Fig. 12.b de-
monstrates how the area covered by oil palm plantations will also be
affected by the same 10-year moratorium.

Under BAU conditions, FFB production would reach more than
600 M tons. The moratorium will reduce FFB production (Fig. 12.c), but
it is possible to compensate for this decline through intensification,
which would increase productivity by 20% and would bring FBB pro-
duction to around BAU levels. This scenario shows that increasing the

productivity of existing plantations can compensate for the effect of a
moratorium.

This scenario is plausible due to the low productivity of Indonesian
oil palm, particularly for smallholders. The current average pro-
ductivity is 16.84 tons FFB/ha, with smallholders producing 14.52 tons
FFB/ha and private companies producing 18.03 tons FFB/ha.
Increasing productivity by 20% translates to an average productivity
level of 17.42 tons FFB/ha. This level, however, is still lower than the
current productivity of several large oil palm plantations in Indonesia
(20.21 tons FFB/ha) and in Malaysia (22.45 tons FFB/ha) (Byerlee
et al., 2017).

In the model used in this study, the moratorium is implemented for
10 years instead of the 3 years currently stated in the Presidential
Regulation No 8 of 2018. This was done to amplify the moratorium's
effect. A shorter moratorium term would result in a smaller effect.

3.3.2. Effect of peatland protection and fire prevention on income and
carbon emissions reduction

This scenario of ‘No peatland and no fire,’ may decrease FFB and
CPO production, as well as business revenues. The study estimates that
2.4 M ha (21%) of existing oil palm plantations are on peatlands.
Protecting and restoring peatlands will therefore reduce the oil palm
plantation areas. To compensate for area lost to protected and restored
peatlands, a land swap was introduced into the model to provide new
land for oil palm plantations. This land swap reduces emissions from
peat oxidation and land-clearing activities in peat soil, and also reduces
the risk of fire in drained peatlands.

Fig. 13.a shows that CO2e emissions under peatland protection and
fire prevention are lower compared to BAU. However, as shown in
Fig. 13.b, FFB production is also lower, as is income from palm oil
(Fig. 13.c). The land swap is introduced at the end of the rotation
period, when replanting is done on mineral land rather than on peat-
lands. Land swapping results in increases in both FFB production levels

Table 4
Simulation outputs and benchmarks.

No Indicator Simulation result Benchmark Difference Benchmark source

1 Palm oil production in 2019 (M tons) 37.08 36.42 1.81% MoAa

41.32 −10.26% MoAb

40.2 −7.76% GAPKI
2 Cooking oil domestic consumption in 2020 (M tons) 5.77 3.16 82.37% MoAb

6.89 −16.19% GAPKIc

3 Estate extent in 2020 (M ha)
Total 12.64 13.68 −7.60% GAPKIc

Smallholder 5.17 6.93 −25.35% GAPKIc

Corporation 6.63 6.04 9.83% GAPKIc

State-owned 0.84 0.72 16.36% GAPKIc

4 Extent of yielding plantation 2019 (M ha) 8.66 8.12 6.70% MoAa

5 Export palm oil (CPO/PKO) in 2020 (M tons) 8.71 7.10 22.61% GAPKIc

6 Biodiesel in 2020 (M tons)
Domestic 0.71 10.19 −93.03% GAPKIc

Export 1.42 1.50 −5.17% GAPKIc

7 Cooking oil in 2020 (M tons)
Domestic 5.77 6.89 −16.19% GAPKIc

Export 13.38 14.57 −8.19% GAPKIc

8 Oleochemical in 2020 (M tons)
Domestic 0.47 0.74 −35.78% GAPKIc

Export 2.30 1.30 77.73% GAPKIc

9 Direct employment in 2030 (M people)
On-farm worker 4.75 6.30 −24.60% Infosawitd

Mill worker 0.29 0.17 71.40% Infosawitd

Difference
Maximum −93.03%
Minimum 1.81%
Average 2.57%

a MoA, 2015b
b MoA, 2016
c GAPKI [Indonesian Palm Oil Association], 2017
d InfoSAWIT, 2015.
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and income (Fig. 13.c). Therefore, swapping oil palm from peatlands to
mineral soil could reduce emissions from the BAU scenario without
affecting overall FFB production.

3.3.3. Effect of agrarian reform on smallholder incomes
In this scenario, 9 M ha of land are allocated to farmers for various

uses. An additional 1.8 M ha of smallholder land cultivated with oil
palm, or about 20% of the total area earmarked under the agrarian
reform program was added to the simulation. This area would increase
the proportion of smallholder land under oil palm and surpass areas
owned by corporations within five years of implementation. In addi-
tion, overall FFB and CPO production would increase under agrarian
reform (Fig. 14).

3.3.4. Effect of a biodiesel export ban by the EU on revenue
On 4 April 2017, the European Parliament issued a resolution on

palm oil and deforestation of rainforests (EU [European Union], 2017).
The resolution embraces the problem of oil palm development and as-
sociated deforestation, environmental degradation, human rights vio-
lations, and CO2 emissions. This resolution was accepted by the Eur-
opean Parliament and is subject to further discussion with the EU
Council. If adopted, a ban on palm oil-based biodiesel exports will take
effect in 2030.

A different percentage of each Indonesia palm oil product is ex-
ported. The export amounts are: CPO (26.3%), PKO (10.25%), cooking
oil (70%), oleo-chemical (83%), and biodiesel (67%). Of the 67% of
biodiesel exported, 20% is exported to EU countries. The ban would,
therefore, reduce the export percentage of biodiesel from 67% to 54%.

Fig. 15 shows that the EU ban is insignificant in reducing the total
export value, which is projected at USD 44,064 M without the EU ban
and at USD 43,597 M with the EU ban in 2035. A decrease of USD
467 M or 1% would therefore be incurred due to the EU ban (Fig. 15).

4. Discussion

4.1. Discussion of results

In this modeling exercise, “sustainability” was not comprehensively
defined due to the data limitations for the observed indicators.
Sustainability in this context means that the palm oil industry meets
several indicators, including forest conservation and CO2 emissions
reduction. Economic sustainability indicators are the maintenance of or
increase in palm oil production as well as the total income from palm
oil. The equity indicator is the maintenance or improvement of small-
holders' share of income from palm oil compared to total income.

Actions to improve the palm oil economy involve expansion and
intensification. However, expansion can reduce the extent of forest.
Gunarso et al. (2013) revealed that 33.5% of oil palm plantations were
on forestlands (including peat forest), 26.3% on shrublands (including
peat shrublands), 34.1% on agroforests, and 6% on other lands (see
Table S1.4 of Supplement 1). Shrublands originally began as secondary
forests that experienced logging or fires. In total, 59.8% of oil palm
plantations exist on forest or shrubland areas that have displaced pri-
mary forests or areas which were previously primary forests. The high
proportion of forests and shrublands converted to oil palm is the im-
petus behind the moratorium on oil palm expansion for corporations.

(a) (b)

(c)

Fig. 12. Effect of a 10-year oil palm moratorium on deforestation (a); plantation area (b), and FFB production (c).
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The moratorium would also reduce the excess supply of CPO. However,
it does not include smallholder oil palm. Under the moratorium, In-
donesian oil palm plantations would grow by only 1.08% annually;
without it, they would grow 4.66%.

This model shows that the moratorium has the potential to reduce
forest conversion. It also shows that the moratorium should be im-
plemented in combination with increased productivity. The commit-
ment of private sector actors to achieve zero deforestation is critical
(Austin et al., 2017; Pacheco and Komarudin, 2017). Through in-
tensification, there is an expectation that smallholders will reduce the
need to expand their estates into the forests (Nurfatriani et al., 2018).
Smallholder productivity is approximately half that of corporations.
Increasing the productivity of palm oil from the 2017 level of 2.64 tons
CPO/ha to 2.83 tons of CPO/ha (a 7.1% increase) can compensate for a
yearly loss of about 1.3 M tons of CPO. One major challenge will be to
encourage smallholders to improve their cultivation. The CPO Fund

could play a key role in supporting this aim by mobilizing the fund
allocated for oil palm replanting. There is also a need for more co-
ordinated public policies and a strong public-private partnership
(Pacheco et al., 2017).

Massive migration due to oil palm development should also be
considered (Sandker et al., 2007). Migration is related to another cri-
tical challenge called the “Jevons paradox,”which states that increasing
productivity or intensification will actually increase expansion instead
of reducing it. It is based on the logic that increasing productivity will
provide more benefits to existing plantation holders but will also attract
new actors. Increasing productivity must go hand-in-hand with law
enforcement to limit or prohibit further expansion.

Approximately 20.8% of oil palm plantations grow on peatlands
(Table S1.4 of Supplement 1). Allowing peatlands to regenerate as
forests or shrublands will reduce CO2 emissions. However, im-
plementing peatland restoration without a land swap will reduce

(a) (b)

(c)

Fig. 13. Effect of the ‘Peatland Protection and Fire Prevention’ scenario on total emissions (a); CPO production (b); and incomes with land swap (c).
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income from palm oil; therefore, a land swap is necessary to maintain
income. Implementing land swaps would require about 2.9 M ha of
mineral land.

The government, through the Ministry of Environment and Forestry
(MoEF), Ministry of Agriculture (MoA), and National Land Office
(Badan Pertanahan Nasional Republik Indonesia, or BPN), must work
together to find suitable land for the land swap. Given that the MoEF
has delineated 12 M ha of forest zone for conversion to agricultural
land, that area can potentially become a source for land swapping.
Existing carbon stocks, infrastructure, mills, refineries and oil palm
holders' interests must be taken into consideration when making a de-
termination. Corporations could view the land swap through the logic
of economics. As long as new land parcels are sufficiently large, have no
overlapping rights, and are profitable, corporations would not object to
the land swap. Meanwhile, land swaps for smallholders will require
facilitation, especially if the smallholders are poor.

Oil palm plantation development should not involve fire. Purnomo
et al. (2018) explain how good governance of palm oil value chains,
engaging producer organizations, moving to a higher value chain or
reducing intermediaries for mills, and certification incentives can po-
tentially work well. Good governance involves integrating enforcement
from district government and economic incentives from CPO mills.
Incentives from certification and moving to a higher value chain can
compensate for the illegal benefits of using fire.

Providing 9 M ha of land to poor farmers through agrarian reform
would extend the area where oil palm is currently cultivated. If 20% of
that land was used for oil palm plantations, the 11.4 M ha of plantations

(2015) would increase by 1.8 M ha. Land for agrarian reform (Tanah
Objek Reforma Agraria, TORA) can be sourced from forest or non-forest
zones. Areas earmarked for TORA must have low carbon stocks;
otherwise, agrarian reform will result in higher CO2 emissions and loss
of ecosystem services such as biodiversity and water regulation.
Another challenge is to ensure that those who receive land are in-
digenous people and poor farmers. Participatory mapping at the village
level is necessary to identify the recipients.

The potential impact of the EU biodiesel ban also needs serious
consideration. Although the direct financial loss of export would be
only 1%, the EU ban can trigger similar actions from other potential
export destinations such as Norway, the United States, China and India.
Also, the scope of the ban could extend beyond biodiesel to cooking oil
and oleo-chemical products. Therefore, Indonesia needs to transform its
oil palm industry to become more sustainable, with clear environmental
and social indicators. Sustainable uses of peatland and fire prevention
are essential (Purnomo et al., 2017).

There are clear ways to transform Indonesia's palm oil industry
without losing income. Indonesian palm oil can contribute to environ-
mental conservation through the plantation moratorium, peatland
conservation, and fire prevention. The sustainable palm oil industry can
contribute to the income of smallholders, corporations, and govern-
ment, and create and sustain employment for millions of people.

4.2. Discussion of methods

Policymakers need to understand the synergies and trade-offs
among economic, social, and environmental factors in their policy-
making exercises to improve their accountability. This is not trivial:
failing to understand synergies and trade-offs will limit policymakers'
ability to learn and use the model and scenarios (Morecroft and
Sterman, 2000; Purnomo et al., 2011).

The value chains and system dynamics models can integrate vari-
ables related to the economy, equity, and environmental conservation.
This interdisciplinarity helps clarify the complexity of the palm oil in-
dustry in Indonesia. System dynamics is a ‘white box’ modeling process,
which enables users to follow and understand the process by which the
inputs and scenarios produce outputs. They are also able to recognize
possible intervention points and who will be affected. Influencing actors
participating in palm oil value chains is key to reducing deforestation
and forest degradation (Purnomo et al., 2014).

Challenges came up during the value chain analysis and modeling
process. The first relates to the level of complexity. It was necessary to
be selective when choosing the relevant variables in the model; other-
wise, qualifying and quantifying the connections among each variable
would not be possible. Many relationships are not yet known. The

(a) (b)

Fig. 14. Effect of agrarian reform scenario for 5 years and 20% share of Tanah Objek Reforma Agraria (TORA) on oil palm area (a) and FFB production (b).

Fig. 15. Effect of EU ban on palm oil-based biodiesel export to total export
value.
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second concern is relevant to the model users, such as policymakers,
business associations, and conservationists. If all desired variables had
been used, the model would be too complex and challenging to follow.
Policymakers will not be convinced that the model is useful if they
cannot fully understand how inputs and scenarios result in specific
outputs. Likewise, if the model is too simple, it will not reflect the
system's reality. It is therefore necessary to have the right balance be-
tween complexity and simplicity. The IPOS model aims to strike such a
balance for the Indonesian palm oil industry, so that it becomes a useful
tool for policymakers. Further, the non-linearity performance of natural
resources, social and economic systems will add to the complexity of
any future scenarios (Campbell et al., 2001).

5. Conclusions

There are currently conflicts between proponents of the lucrative
palm oil industry and those promoting environmental conservation;
there is also international criticism due to deforestation and carbon
emissions. However, plausible policy scenarios to reconcile oil palm
development and forest conservation do exist. This paper explores
policy scenarios involving a moratorium, productivity, peatlands, land
swapping, and agrarian reform. Improving productivity by 20% can
compensate for the moratorium on plantation expansion. Removing an
estimated 2.4 M ha of existing oil palm plantations on peatlands and
swapping them with mineral soil lands would reduce CO2 emissions
without affecting overall FFB production. The land swap would also
reduce the fire risk in drained peatlands. Agrarian reform would in-
crease the area of oil palm under smallholders by 2.4 M ha, and in five
years they would become the main actors of FFB production, surpassing
large enterprises. The direct economic loss of not exporting biodiesel to
the EU after 2030 amounts to USD 467 M, or only 1% of total exports.
However, the ban could trigger other potential export destinations such
as Norway, the United States, China, and India to act similarly.
Likewise, the scope of the ban could extend from biodiesel to cooking
oil and oleo-chemical products. Sustainability poses a possible ad-
vantage for Indonesia's palm oil industry under the expansion mor-
atorium, through intensifying productivity, swapping peatlands for
mineral lands, and agrarian reform. These options provide lessons for
other palm oil countries, as well as for other commodities when eco-
nomic and environmental considerations are in conflict.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgements

This research was conducted with financial assistance from the
United States Agency for International Development (USAID) under the
project Governing Oil Palm Landscapes for Sustainability (GOLS,
https://www.cifor.org/peatlands/gols-governing-oil-palm-landscapes/;
2015–2019). This output has also been funded in part by the UK
Research and Innovation's Global Challenges Research Fund under the
Trade, Development and the Environment Hub project (project number
ES/S008160/1; TRADE Hub, https://tradehub.earth/). We thank all
reviewers of this manuscript, as well as research partners from gov-
ernment, the private sector and non-governmental organizations.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.forpol.2020.102089.

References

InfoSAWIT, 2015. Darurat Pekerja Sawit, Tahun 2030 Butuh 43 Juta Pekerja. https://
www.infosawit.com/news/7469/darurat-pekerja-sawit–tahun-2030-butuh-43-juta-
pekerja, Accessed date: 11 November 2019.

MoA. 2015a. Analisis PDB Sektor Pertanian Tahun 2015. Jakarta: Ministry of Agriculture.
http://perpustakaan.bappenas.go.id/lontar/file?file=digital/163156-[_Konten_
]-Konten%20D1291.pdf (accessed 11 November 2019).

Setkab [Sekretariat Kabinet Republik Indonesia]. 2015. Prioritas Untuk Petani Marjinal,
Pemerintah Segera Bagikan Lahan Seluas 9 Juta Hektar. Jakarta: Sekretariat Kabinet
Republik Indonesia. http://setkab.go.id/prioritas-untuk-petani-marjinal-pemerintah-
segera-bagikan-lahan-seluas-9-juta-hektar/ (accessed 11 November 2019).

GoI [Government of Indonesia], 2016. Intended Nationally Determined Contribution.
http://www4.unfccc.int/submissions/INDC/PublishedDocuments/Indonesia/1/
INDC_REPUBLIC OF INDONESIA.pdf, Accessed date: 11 November 2019.

EU [European Union], 2017. European Parliament Resolution of 4 April 2017 on Palm Oil
and Deforestation of Rainforests. http://www.europarl.europa.eu/sides/getDoc.do?
pubRef=-//EP//TEXT+TA+P8-TA-2017-0098+0+DOC+XML+V0//EN&
language=EN, Accessed date: 11 November 2019.

Austin, K.G., Mosnier, A., Pirker, J., McCallum, I., Fritz, S., Kasibhatla, P.S., 2017. Shifting
patterns of oil palm driven deforestation in Indonesia and implications for zero-de-
forestation commitment. Land Use Policy 69, 41–48. https://doi.org/10.1016/j.
landusepol.2017.08.036.

BPS [Statistics Indonesia], 2013. Jumlah rumah tangga usaha perkebunan tanaman ta-
hunan menurut provinsi dan jenis tanaman. http://st2013.bps.go.id/dev2/index.
php/site/tabel?tid=40&wid=0, Accessed date: 11 November 2019.

Bruno, L.C., 2017. Palm oil plantation productivity during the establishment of the
Malaysian refinery sector, 1970–1990. Economic History of Developing Regions. 32
(3), 221–269. https://doi.org/10.1080/20780389.2017.1343660.

Byerlee D., Falcon, W.P., Naylor, R.L. 2017. The Tropical Oil Crop Revolution: Food, feed,
Fuel & Forests. Oxford University Press, New York, pp. 288. Doi:https://doi.org/10.
1093/acprof:oso/9780190222987.001.0001.

Campbell, B., Sayer, J.A., Frost, P., Vermeulen, S., Ruiz Pérez, M., Cunningham, A.,
Prabhu, R., 2001. Assessing the performance of natural resource systems. Conserv.
Ecol. 5 (2), 22. https://doi.org/10.5751/es-00316-050222.

De Pinto, A., Wiebe, K., Pacheco, P., 2017. Commerce: help bigger palm oil yields to save
land. Nat. 544, 416. https://doi.org/10.1038/544416d.

DGP [Directorate General of Plantation], 2016. Tree Crop Estate Statistics of Indonesia
2014–2016: Palm Oil. Ministry of Agriculture, Jakarta.

Dhiaulhaq, A., dr Bruyn, T., Gritten, D., 2015. The use and effectiveness of mediation in
forest and land conflict transformation in Southeast Asia: case studies from
Cambodia, Indonesia and Thailand. Environ. Sci. Pol. 45, 132–145. https://doi.org/
10.1016/j.envsci.2014.10.009.

Dudley, R.G., Sheil, D., Colfer, C., 2008. Simulating oil palm expansion requires credible
approaches that address real issues. Ecol. Soc. 13 (1), r1. https://doi.org/10.5751/
ES-02415-1301r01.

Forrester, J.W., 1961. Industrial Dynamics. Productivity Press, Cambridge.
Forrester, J.W., 1999. Principles of Systems. Pegasus Communications, Inc, Waltham.
GAPKI [Indonesian Palm Oil Association], 2017. Dinamika dan transformasi industri

minyak sawit Indonesia. https://caridokumen.com/download/materi-gapki-pusat-_
5a44c150b7d7bc7b7a832084_pdf, Accessed date: 11 November 2019.

Gellert, P.K., 2015. Palm oil expansion in Indonesia: land grabbing as accumulation by
dispossession. In: Shefner, J. (Ed.), States and Citizens: Accommodation, Facilitation
and Resistance to Globalization. Emerald Group Publishing Limited, Bingley, pp.
65–99. https://doi.org/10.1108/S0278-120420150000034004.

Grant, J.W., Pedersen, E.K., Marin, S.L., 1997. Ecology and Natural Resource
Management: System Analysis and Simulation. Addison-Wesley, Reading.

Gschwantner, T., Schadauer, K., Vidal, C., Lanz, A., Tomppo, E., di Cosmo, L., Robert, N.,
Englert Duursma, D., Lawrence, M., 2009. Common tree definitions for national
forest inventories in Europe. Silva Fennica. 43 (2), 303–321. https://www.
silvafennica.fi/pdf/article463.pdf.

Gunarso, P., Hartoyo, M.E., Agus, F., Killeen, T., 2013. Oil palm and land use change in
Indonesia, Malaysia, and Papua New Guinea. In: Killeen, T., Goon, J. (Eds.), Reports
from the Science Panel of the Second RSPO GHG Working Group, Roundtable for
Sustainable Palm Oil. Kuala Lumpur, . https://www.tropenbos.org/resources/
publications/oil+palm+and+land+use+change+in+indonesia%2C+malaysia
+and+papua+new+guinea.

Herr, M.L., Hultquist, I., Rogovsky, N., Pyke, F., 2006. A Guide for Value Chain Analysis
and Upgrading. International Labour Organization, Rome. http://www.value-chains.
org/dyn/valuechains/bdssearch.details?p_lang=en&p_phase_id=545&p_phase_type_
id=6.

Hoffmann, M.P., Vera, A.C., van Wijk, M.T., Giller, K.E., Oberthür, T., Donough, C.,
Whitbread, A.M., 2014. Simulating potential growth and yield of oil palm (Elaeis
guineensis) with PALMSIM: model description, evaluation and application. Agric. Syst.
131, 1–10. https://doi.org/10.1016/j.agsy.2014.07.006.

Holzworth, D.P., Huth, N.I., deVoil, P.G., Zurcher, E.J., Herrmann, N.I., McLean, G.,
Karine, C., van Oosterom, E.J., Snow, V., Murphy, C., et al., 2014. APSIM – evolution
towards a new generation of agricultural systems simulation. Environ. Model. Softw.
62, 327–350. https://doi.org/10.1016/j.envsoft.2014.07.009.

Jakeman, A.J., Letcher, R.A., Norton, J.P., 2006. Ten iterative steps in development and
evaluation of environmental models. Environ. Model. Softw. 21 (5), 602–614.
https://doi.org/10.1016/j.envsoft.2006.01.004.

Kaplinsky, R., Morris, M., 2001. A handbook for value chain research. In: Paper Prepared
for the IDRC. IDS. http://www.fao.org/fileadmin/user_upload/fisheries/docs/Value_
Chain_Handbool.pdf (accessed 11 November 2019).

H. Purnomo, et al. Forest Policy and Economics 111 (2020) 102089

11

https://www.cifor.org/peatlands/gols-governing-oil-palm-landscapes/;
https://tradehub.earth/
https://doi.org/10.1016/j.forpol.2020.102089
https://doi.org/10.1016/j.forpol.2020.102089
https://www.infosawit.com/news/7469/darurat-pekerja-sawit--tahun-2030-butuh-43-juta-pekerja
https://www.infosawit.com/news/7469/darurat-pekerja-sawit--tahun-2030-butuh-43-juta-pekerja
https://www.infosawit.com/news/7469/darurat-pekerja-sawit--tahun-2030-butuh-43-juta-pekerja
http://perpustakaan.bappenas.go.id/lontar/file?file=digital/163156-
http://setkab.go.id/prioritas-untuk-petani-marjinal-pemerintah-segera-bagikan-lahan-seluas-9-juta-hektar/
http://setkab.go.id/prioritas-untuk-petani-marjinal-pemerintah-segera-bagikan-lahan-seluas-9-juta-hektar/
http://www4.unfccc.int/submissions/INDC/PublishedDocuments/Indonesia/1/INDC_REPUBLIC%20OF%20INDONESIA.pdf
http://www4.unfccc.int/submissions/INDC/PublishedDocuments/Indonesia/1/INDC_REPUBLIC%20OF%20INDONESIA.pdf
http://www.europarl.europa.eu/sides/getDoc.do?pubRef=-//EP//TEXT+A+8-TA-2017-0098+DOC+ML+0//EN&language=EN
http://www.europarl.europa.eu/sides/getDoc.do?pubRef=-//EP//TEXT+A+8-TA-2017-0098+DOC+ML+0//EN&language=EN
http://www.europarl.europa.eu/sides/getDoc.do?pubRef=-//EP//TEXT+A+8-TA-2017-0098+DOC+ML+0//EN&language=EN
https://doi.org/10.1016/j.landusepol.2017.08.036
https://doi.org/10.1016/j.landusepol.2017.08.036
http://st2013.bps.go.id/dev2/index.php/site/tabel?tid=40&wid=0
http://st2013.bps.go.id/dev2/index.php/site/tabel?tid=40&wid=0
https://doi.org/10.1080/20780389.2017.1343660
https://doi.org/10.1093/acprof:oso/9780190222987.001.0001
https://doi.org/10.1093/acprof:oso/9780190222987.001.0001
https://doi.org/10.5751/es-00316-050222
https://doi.org/10.1038/544416d
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0050
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0050
https://doi.org/10.1016/j.envsci.2014.10.009
https://doi.org/10.1016/j.envsci.2014.10.009
https://doi.org/10.5751/ES-02415-1301r01
https://doi.org/10.5751/ES-02415-1301r01
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0065
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0070
https://caridokumen.com/download/materi-gapki-pusat-_5a44c150b7d7bc7b7a832084_pdf
https://caridokumen.com/download/materi-gapki-pusat-_5a44c150b7d7bc7b7a832084_pdf
https://doi.org/10.1108/S0278-120420150000034004
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0085
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0085
https://www.silvafennica.fi/pdf/article463.pdf
https://www.silvafennica.fi/pdf/article463.pdf
https://www.tropenbos.org/resources/publications/oillmndand+sehangenndonesia%2Calaysiandpuaewuinea
https://www.tropenbos.org/resources/publications/oillmndand+sehangenndonesia%2Calaysiandpuaewuinea
https://www.tropenbos.org/resources/publications/oillmndand+sehangenndonesia%2Calaysiandpuaewuinea
http://www.value-chains.org/dyn/valuechains/bdssearch.details?p_lang=en&p_phase_id=545&p_phase_type_id=6
http://www.value-chains.org/dyn/valuechains/bdssearch.details?p_lang=en&p_phase_id=545&p_phase_type_id=6
http://www.value-chains.org/dyn/valuechains/bdssearch.details?p_lang=en&p_phase_id=545&p_phase_type_id=6
https://doi.org/10.1016/j.agsy.2014.07.006
https://doi.org/10.1016/j.envsoft.2014.07.009
https://doi.org/10.1016/j.envsoft.2006.01.004
http://www.fao.org/fileadmin/user_upload/fisheries/docs/Value_Chain_Handbool.pdf
http://www.fao.org/fileadmin/user_upload/fisheries/docs/Value_Chain_Handbool.pdf


Koh, L.P., Wilcove, D.S., 2009. Oil palm: disinformation enables deforestation. Trends
Ecol. Evol. 24 (2), 67–68. https://doi.org/10.1016/j.tree.2008.09.006.

Lees, A.C., Moura, N.G., de Almeida, A.S., Vieira, I.C., 2015. Poor prospects for avian
biodiversity in Amazonian oil palm. PLoS One 10 (5), e0122432. https://doi.org/10.
1371/journal.pone.0122432.

Linder, J.M., Palkovitz, R.E., 2016. The threat of industrial oil palm expansion to primates
and their habitat. In: Waller, M.T. (Ed.), Ethnoprimatology: Primate Conservation in
the 21st Century. Springer, Basel, pp. 21–46. https://doi.org/10.1007/978-3-319-
30469-4_2.

Miettinen, J., Shi, C., Liew, S.C., 2012. Two decades of destruction in Southeast Asia's
peat swamp forests. Front. Ecol. Environ. 10 (3), 124–128. https://doi.org/10.1890/
100236.

MoA, 2015b. Rencana Strategis Kementerian Pertanian Tahun 2015–2019. Jakarta,
Ministry of Agriculture.

MoA, 2016. Outlook Kelapa Sawit. In: Agricultural Data Center and Information System.
Jakarta, Ministry of Agriculture.

MoA [Ministry of Agriculture], 2013. Tekad penerapan visi 35: 26 dicanangkan pada
konferensi semarak seratus tahun kelapa sawit Indonesia. Press Release. Jakarta,
Ministry of Agriculture.

MoEF [Ministry of Environment and Forestry], 2016. Statistics of Environment and
Forestry, Year 2015. Center for Data and Information, MoEF, Jakarta.

Morecroft, J.D.W., Sterman, J.D., 2000. Modeling for learning organizations. In: System
Dynamics Series. Productivity Press, Cambridge, pp. 432.

Mosnier, A., Boere, E., Reumann, A., Yowargana, P., Pirker, J., Havlik, P., Pacheco, P.,
2017. Palm Oil and Likely Futures: Assessing the Potential Impacts of Zero
Deforestation Commitments and a Moratorium on Large-Scale Oil Palm Plantations in
Indonesia. CIFOR Infobrief No. 177. Bogor, Indonesia, CIFOR. https://doi.org/10.
17528/cifor/006468.

Mulyani, A., Las, I., 2008. Potensi sumberdaya lahan dan optimalisasi pengembangan
komoditas penghasil bioenergy di Indonesia. Jurnal Litbang Pertanian. 27 (1), 31–41.
https://doi.org/10.21082/jp3.v27n1.2008.p31-41.

Mulyani, A., Agus, F., Abdurachman, A., 2003. Kesesuaian Lahan untuk Kelapa Sawit di
Indonesia. In: Prosiding Lokakarya Sistem Integrasi Kelapa Sawit-Sapi. Badan Litbang
Pertanian, Jakarta, pp. 89–102. https://www.scribd.com/doc/246203029/
Kesesuaian-Lahan-untuk-Kelapa-Sawit-di-Indonesia-pdf.

Murphy, D.J., 2007. Future prospects for oil palm in the 21st century: biological and
related challenges. Eur. J. Lipid Sci. Technol. 109 (4), 296–306. https://doi.org/10.
1002/ejlt.200600229.

Ngando-Ebongue, G.F., Ajambang, W.N., Koona, P., Firman, B.L., Arondel, V., 2012. Oil
palm. In: Gupta, S.K. (Ed.), Technological Innovations in Major World Oil Crops. 1.
Springer, London, pp. 165–200. https://doi.org/10.1007/978-1-4614-0356-2.
Breeding.

Nurfatriani, F., Ramawati, S.G.K., Komarudin, H., 2018. Optimalisasi dana sawit dan
pengaturan instrumen fiskal penggunaan lahan hutan untuk perkebunan dalam
upaya mengurangi deforestasi. In: Working Paper No. 238. 6pp. CIFOR, Bogor,
Indonesia. https://doi.org/10.17528/cifor/006882.

Obidzinski, K., Dermawan, A., Hadianto, A., 2014. Oil palm plantation investments in
Indonesia’s forest frontiers: limited economic multipliers and uncertain benefits for
local communities. Environ. Dev. Sustain. 16, 1177–1196. https://doi.org/10.1007/
s10668-014-9519-8.

Pacheco, P., Komarudin, H., 2017. Implementing commitments in the Indonesian palm oil
sector. ETFRN News 58, 184–190. https://www.cifor.org/library/6518/.

Pacheco, P., Gnych, S., Dermawan, A., Komarudin, H., Okarda, B., 2017. The palm oil
global value chain: Implications for economic growth and social and environmental
sustainability. In: Working Paper 220. Bogor, Indonesia, CIFOR. https://doi.org/10.
17528/cifor/006405.

Pirker, J., Mosnier, A., Kraxner, F., Havlik, P., Obersteiner, M., 2016. What are the limits
to oil palm expansion? Glob. Environ. Change. 40, 73–81. https://doi.org/10.1016/j.
gloenvcha.2016.06.007.

Prabowo, D., Maryudi, A., Senawi Imron, M.A., 2017. Conversion of forests into oil palm
plantations in West Kalimantan, Indonesia: insights from actors’ power and its dy-
namics. For. Policy. Econ. 78, 32–39. https://doi.org/10.1016/j.forpol.2017.01.004.

Purnomo, H., Irawati, R.H., Fauzan, A.U., Melati, M., 2011. Scenario-based actions to
upgrade small-scale furniture producers and their impacts on women in Central Java,
Indonesia. Int. For. Rev. 13 (2), 152–162. https://doi.org/10.1505/
146554811797406660.

Purnomo, H., Achdiawan, R., Melati Irawati, R.H., Shantiko, B., Wardell, A., 2014. Value-
chain dynamics: strengthening the institution of small-scale furniture producers to
improve their value addition. Forests, Trees and Livelihoods. 23 (1–2), 87–101.
https://doi.org/10.1080/14728028.2013.875279.

Purnomo, H., Shantiko, B., Sitorus, S., Achdiawan, R., Dewayani, A.A., Purnomo, H.,
Kartodihardjo, H., Gunawan, H., 2017. Fire economy and actor network of forest and
land fires in Indonesia. For. Policy. Econ. 78, 21–31. https://doi.org/10.1016/j.
forpol.2017.01.001.

Purnomo, H., Okarda, B., Dewayani, A.A., Ali, M., Achdiawan, R., Kartodihardjo, H.,
Pacheco, P., Juniwaty, K.S., 2018. Reducing forest and land fires through good palm
oil value chain governance. For. Policy. Econ. 91, 94–106. https://doi.org/10.1016/j.
forpol.2017.12.014.

Reily, M., Ekarina. 2018. Rekor tertinggi, ekspor minyak sawit 2017 tembus US$ 22,9 miliar.
Katadata News. https://katadata.co.id/berita/2018/01/30/rekor-tertinggi-ekspor-
minyak-sawit-2017-tembus-us-229-miliar (accessed 11 November 2019).

Rifin, A., 2011. The Role of Palm Oil Industry in Indonesian Economy and its Export
Competitiveness. PhD thesis. University of Tokyo, Tokyo. https://pdfs.
semanticscholar.org/52f2/8abdac59b2839ef67c654320584122f552e2.pdf, Accessed
date: 11 November 2019.

Rival, A., Levang, P., 2014. Palms of Controversies: Oil Palm and Development
Challenges. Bogor, CIFOR. https://doi.org/10.17528/cifor/004860.

Robinson, S., Mason d'Croz, D., Islam, S., Sulser, T.B., Robertson, R.D., Zhu, T., Gueneau,
A., Pitois, G., Rosegrant, M.W., 2015. The International Model for Policy Analysis of
Agricultural Commodities and Trade (IMPACT): Model description for version 3.
IFPRI Discussion Paper 1483. International Food Policy Research Institute (IFPRI),
Washington, DC. https://doi.org/10.2139/ssrn.2741234.

Sandker, M., Suwarno, A., Campbell, B.M., 2007. Will forests remain in the face of oil
palm expansion? Simulating change in Malinau, Indonesia. Ecol. Soc. 12 (2), 37.
https://doi.org/10.5751/ES-02292-120237.

Setiawan, E.N., Maryudi, A., Purwanto, R.H., Lele, G., 2016. Opposing interests in the
legalization of non-procedural forest conversion to oil palm in Central Kalimantan,
Indonesia. Land Use Policy 58, 472–481. https://doi.org/10.1016/j.landusepol.2016.
08.003.

Soh, A.C., Wong, G., Hor, T., Tan, C.C., Chew, P.S., 2003. Oil palm genetic improvement.
In: Janick, J. (Ed.), Plant Breeding Reviews. 22. John Wiley & Sons, New Jersey, pp.
165–219. https://doi.org/10.1016/j.landusepol.2016.08.003.

Susanti, A., Maryudi, A., 2016. Development narratives, notions of forest crisis, and boom
of oil palm plantations in Indonesia. For. Policy Econ. 73 (C), 130–139. https://doi.
org/10.1016/j.forpol.2016.09.009.

Tim Riset PASPI, 2018. Perubahan komposisi ekspor sawit dan perannya dalam neraca
perdagangan Indonesia. In: Analisis Isu Strategis Sawit IV(19/05/2018).

Vijay, V., Pimm, S.L., Jenkins, C.N., Smith, S.J., 2016. The impacts of oil palm on recent
deforestation and biodiversity loss. PLoS One 11 (7), e0159668. https://doi.org/10.
1371/journal.pone.0159668.

Wiebe, K., Sulser, T.B., Pacheco, P., Pinto, A.D., Mason-D’Croz, D., Dermawan, A.,
Thomas, T.S., Li, M., Robinson, S., Dunston, S., 2019. The palm oil dilemma: policy
tensions among higher productivity, rising demand, and deforestation. IFPRI Policy
Brief, Washington, D.C.. http://www.ifpri.org/publication/palm-oil-dilemma-
policy-tensions-among-higher-productivity-rising-demand-and.

Yusuf, A.A., Roos, E.L., Horridge, J.M., 2018. Indonesia’s moratorium on palm oil ex-
pansion from natural forest: economy-wide impact and the role of international
transfers. Asian Dev. Rev. 35 (2), 85–112. https://doi.org/10.1162/adev_a_00115.

H. Purnomo, et al. Forest Policy and Economics 111 (2020) 102089

12

https://doi.org/10.1016/j.tree.2008.09.006
https://doi.org/10.1371/journal.pone.0122432
https://doi.org/10.1371/journal.pone.0122432
https://doi.org/10.1007/978-3-319-30469-4_2
https://doi.org/10.1007/978-3-319-30469-4_2
https://doi.org/10.1890/100236
https://doi.org/10.1890/100236
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0145
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0145
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0150
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0150
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0155
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0155
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0155
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0160
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0160
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0165
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0165
https://doi.org/10.17528/cifor/006468
https://doi.org/10.17528/cifor/006468
https://doi.org/10.21082/jp3.v27n1.2008.p31-41
https://www.scribd.com/doc/246203029/Kesesuaian-Lahan-untuk-Kelapa-Sawit-di-Indonesia-pdf
https://www.scribd.com/doc/246203029/Kesesuaian-Lahan-untuk-Kelapa-Sawit-di-Indonesia-pdf
https://doi.org/10.1002/ejlt.200600229
https://doi.org/10.1002/ejlt.200600229
https://doi.org/10.1007/978-1-4614-0356-2
https://doi.org/10.1007/978-1-4614-0356-2
https://doi.org/10.17528/cifor/006882
https://doi.org/10.1007/s10668-014-9519-8
https://doi.org/10.1007/s10668-014-9519-8
https://www.cifor.org/library/6518/
https://doi.org/10.17528/cifor/006405
https://doi.org/10.17528/cifor/006405
https://doi.org/10.1016/j.gloenvcha.2016.06.007
https://doi.org/10.1016/j.gloenvcha.2016.06.007
https://doi.org/10.1016/j.forpol.2017.01.004
https://doi.org/10.1505/146554811797406660
https://doi.org/10.1505/146554811797406660
https://doi.org/10.1080/14728028.2013.875279
https://doi.org/10.1016/j.forpol.2017.01.001
https://doi.org/10.1016/j.forpol.2017.01.001
https://doi.org/10.1016/j.forpol.2017.12.014
https://doi.org/10.1016/j.forpol.2017.12.014
https://katadata.co.id/berita/2018/01/30/rekor-tertinggi-ekspor-minyak-sawit-2017-tembus-us-229-miliar
https://katadata.co.id/berita/2018/01/30/rekor-tertinggi-ekspor-minyak-sawit-2017-tembus-us-229-miliar
https://pdfs.semanticscholar.org/52f2/8abdac59b2839ef67c654320584122f552e2.pdf
https://pdfs.semanticscholar.org/52f2/8abdac59b2839ef67c654320584122f552e2.pdf
https://doi.org/10.17528/cifor/004860
https://doi.org/10.2139/ssrn.2741234
https://doi.org/10.5751/ES-02292-120237
https://doi.org/10.1016/j.landusepol.2016.08.003
https://doi.org/10.1016/j.landusepol.2016.08.003
https://doi.org/10.1016/j.landusepol.2016.08.003
https://doi.org/10.1016/j.forpol.2016.09.009
https://doi.org/10.1016/j.forpol.2016.09.009
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0280
http://refhub.elsevier.com/S1389-9341(19)30022-X/rf0280
https://doi.org/10.1371/journal.pone.0159668
https://doi.org/10.1371/journal.pone.0159668
http://www.ifpri.org/publication/palm-oil-dilemma-policy-tensions-among-higher-productivity-rising-demand-and
http://www.ifpri.org/publication/palm-oil-dilemma-policy-tensions-among-higher-productivity-rising-demand-and
https://doi.org/10.1162/adev_a_00115

	Reconciling oil palm economic development and environmental conservation in Indonesia: A value chain dynamic approach
	Introduction
	Methods
	IPOS model conceptualization and specification
	The IPOS model architecture
	Scenario development

	Results
	Model results under BAU
	Dynamics of the palm oil market
	The dynamics of oil palm plantations, production of FFB and deforestation
	Dynamics of palm oil mills, refineries, and palm oil production
	Value of exports, government income, and CPO Fund
	GHG emission dynamics of the palm oil industry
	Employment

	Comparing model results with other projections
	Policy scenarios
	Effect of the moratorium vs. intensification on deforestation and FFB production
	Effect of peatland protection and fire prevention on income and carbon emissions reduction
	Effect of agrarian reform on smallholder incomes
	Effect of a biodiesel export ban by the EU on revenue


	Discussion
	Discussion of results
	Discussion of methods

	Conclusions
	mk:H1_24
	Acknowledgements
	Supplementary data
	References




