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EXECUTIVE SUMMARY

The high yields, low cost, and stability of palm oil makes it the most widely used vegetable 
oil in the world, and global production of the commodity is steadily rising in response to 
population growth and policies that promote the use of palm and other oils in biofuels. 
Indonesia is the world’s leading producer of palm oil, supplying approximately half of 
the commodity globally, and is itself driving increased palm oil consumption through 
a domestic biofuel policy. While the oil palm is a highly efficient crop, there are severe 
environmental and social consequences of the rapidly expanding industry. 

Given that global land area for agriculture is limited, increasing demand for palm oil 
leads to expansion of this industry onto other cropland, secondary forests already 
logged for timber, and native tropical forests. Business-as-usual oil palm expansion, 
which increasingly replaces tropical forests with monoculture crop systems, depletes 
biodiversity, destroys old growth rainforest, and causes air pollution. Furthermore, much 
of the rainforest in Indonesia grows on carbon-rich peatland, the destruction of which 
adversely affects both biodiversity and the climate.

Southeast Asia overlaps with four of the world’s distinct “biodiversity hotspots,” each of 
which has unique geological history and biota. Unfortunately, tropical forests in Southeast 
Asia are being destroyed at a faster pace than other regions in the world. Indonesia lost 
an estimated 0.84 Mha of primary forest per year from 2000 to 2012, totaling over 6.02 
Mha, and significantly outpacing deforestation rates in Brazil; half of this forest loss has 
been attributed to oil palm expansion. The consequences of this loss to biodiversity are 
devastating, as a single hectare of tropical rainforest in Indonesia harbors over 200 plant 
species. Furthermore, more than 60% of Indonesian rainforest species are endemic to 
that region. Iconic species such as the orangutan, found only on Sumatra and Borneo, are 
rapidly declining in numbers due to forest loss. Unique fishes living in peat swamp forests 
are also as risk from habitat degradation. Additionally, pests and alien species such as rats 
tend to thrive in plantation environments. Although not all biodiversity loss in the region 
is directly attributable to oil palm plantations, palm production has been found to reduce 
biodiversity more than other type of crop plantations.

Land-use change in the tropics accounts for 10-20% of total global greenhouse gas 
(GHG) emissions, making it the second largest GHG source in the world. The carbon 
footprint of the palm oil industry has two components: emissions from deforestation, 
and emissions from the processing of palm oil. Converting forests to oil palm plantations 
results in the loss of large amounts of carbon from biomass and from the disturbed 
soil. In particular, drainage of peat swamps for oil palm establishment is associated with 
extremely high CO2 emissions when organic matter that has accumulated over millennia 
is allowed to decompose. Because of the extensive emissions associated with palm oil 
expansion, the carbon savings are far outweighed by the losses. It is estimated that it 
would take between 75 and 600 years for the carbon savings of petroleum displacement 
by palm oil biofuel to balance the carbon lost during the growth and manufacturing of 
the product.

Wildfire smoke is a major source of air pollution that adversely affects human health and 
productivity in Southeast Asia. Despite regulations against land-clearing fires, “slash and 
burn” agriculture is a common occurrence in the dry season. In Katapang, Indonesia, fire 
was the cause of 90% of deforestation between 1989 and 2008, and 20% of wildfires 
across Indonesia can be attributed directly to oil palm plantation practices. Wildfire 
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smoke can cause respiratory and cardiovascular disease and even death. In addition to 
devastating health effects, wildfires have adverse economic effects. Closed businesses, 
schools, and limited transportation can bring economies to a halt, and the effects of fires 
spread far beyond the geographic region where they originate. 

Pollutants from agrochemicals associated with palm oil production (fertilizers, 
pesticides, and rodenticides) have harmful impacts on terrestrial and aquatic 
ecosystems. Palm oil mill effluent, which is microbially digested in open ponds, often 
overflows into waterways during heavy rains. The use of dangerous herbicides and 
pesticides also directly affects the health of workers who handle these chemicals. 

Some stakeholders experience significant gains from the burgeoning global palm oil trade 
(growers, investors, and employees), but other groups, such as traditional landowners, 
experience land losses and restrictions on land use rights. Native Customary Rights are 
often ignored when plantations are established, leading to conflicts between indigenous 
peoples and palm oil companies and sometimes serious human rights abuses.

It is clear that business-as-usual expansion of the Indonesian palm oil industry will come 
at a great environmental cost. In order to meet Indonesia’s greenhouse gas reduction 
goals, protect biodiversity, and reduce air and water pollution, stricter law enforcement 
is needed and new development must be diverted from primary and secondary forests. 
New oil palm plantations sited on degraded or Imperata grasslands could realize 
significant carbon savings with low biodiversity impacts. However, the limited area of 
these land types will not support all future growth of the palm oil industry if demand 
continues to increase in line with expectations. Policies that continue to promote 
growing for the use of palm and other oils in biofuel will thus likely exceed the capacity 
of the industry to expand sustainably. The use of available palm and other agricultural 
residues in biofuel are more effective solutions for meeting climate and other 
environmental goals.
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INTRODUCTION

Palm oil has risen in global importance in the past several decades, with world 
production of palm oil rising from 13.5 million tonnes in 1990, to 155.8 million tonnes in 
2014 (FAOSTAT, 2016). The efficiency of its production, low cost, and stability of the 
oil make it the most attractive and widely used vegetable oil in the world. Palm oil is 
ubiquitous in global products, including food, cosmetics, detergents, plastics, industrial 
chemicals, and biofuels. The oil palm yields more oil per land area than any other 
tropical or temperate oil crop (Sheil, 2009), but there are severe environmental and 
social consequences of the rapidly expanding industry, particularly for those countries 
producing the product. 

Indonesia is the world’s leading producer of palm oil, supplying approximately half of the 
commodity globally (FAOSTAT, 2015). Together with Malaysia, the two countries account 
for more than 80% of global production (Pittman, 2013). In 2014, Indonesia produced 
32.5 million tonnes of crude palm oil and exported 80% of it, earning USD$18.6 billion 
(Indonesia-Investments, 2016). Palm oil is the largest agricultural industry in Indonesia 
(Indonesia-Investments, 2016), and its production is expected to continue to expand 
at 10% per year (Gunarso et al., 2013). Total harvested oil palm area in Indonesia grew 
from 4.1 million ha in 2006 (Obidzinski et al., 2012) to an estimated 8.9 million ha in 2015 
(Wright and Rahmanulloh, 2015), and is projected to reach 17 million ha by 2025 (Figure 
1; Sung, 2016). The palm oil industry directly employs 7.5 million people (Sung, 2016), 
making it an important source of income for many Indonesians. 
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Figure 1. Historical and projected oil palm plantation area in Indonesia

Palm oil is produced from a tropical palm, Elaeis guineensis, which is native to West and 
Central Africa. It grows in tropical rainforests with high annual rainfall and temperatures 
in the range of 24-30° C (Sheil et al., 2009). Oil palm is cultivated on a range of soil 
types in monoculture plantations. The size of the plantations ranges from personal 
smallholdings to large private estates up to 20,000 ha in area (Sheil et al., 2009). Large 
private enterprises account for approximately half of production, while smallholdings 
account for 35% (Indonesia-Investments, 2016). 
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Given that global land area for agriculture is limited (Tilman et al., 2001), the rapid 
expansion of the oil palm industry comes at the expense of other cropland, secondary 
forest, and native tropical forest. Most (96%) of palm oil production occurs on the island 
of Sumatra and in Kalimantan (Indonesian Borneo), where crops such as cacao and 
rubber are also grown. Early palm plantations were thought to be replacing existing 
croplands and utilizing degraded land (Gibbs et al., 2010), but evidence has accumulated 
to show that intact tropical forests have been, and will continue to be, a major source 
of new land for palm plantations (Gibbs et al., 2010; Koh and Wilcove, 2008). Oil palm 
expansion directly accounted for 11% of Indonesian deforestation between 2000 and 
2010 (Abood et al., 2014). However, deforestation is also linked to palm oil through 
several indirect pathways: (i) replacement of forests that were previously degraded by 
logging or fire; (ii) joint economic ventures that first clear land for timber and then install 
palm plantations; (iii) increasing access to remote forests through road infrastructure; 
and (iv) displacement of food crops into forests (Fitzherbert et al., 2008). Forests 
that are harvested for wood products should be left to regenerate, as 84% of forest 
species can be recovered within 30 years of deforestation (Koh & Wilcove, 2008); palm 
expansion into these areas prevents such regeneration. Including these indirect effects, 
Fitzherbert et al. (2008) estimate that 1.7–3 million ha of Indonesian forest were lost 
to palm plantations between 1990 and 2005, accounting for more than 50% of total 
deforestation during that time period.

Business-as-usual (BAU) oil palm expansion increasingly replaces tropical forests with 
monoculture crop systems, depleting biodiversity, destroying old growth rainforest, and 
causing air pollution. Furthermore, much of the rainforest in Indonesia grows on carbon-
rich peatland (RFA, 2010), the destruction of which adversely affects both biodiversity 
and climate (Danielsen et al., 2009). 

The staggering amount of land required for oil palm plantations translates into 
competing uses of land, and in most cases, the destruction of ecologically valuable 
tropical forests. Losses of endemic species, foregone carbon sequestration, forest 
fires, and negative impacts to human health and welfare are all consequences of this 
phenomenon. This report addresses environmental and social impacts of the palm 
oil industry in Indonesia. We cover the rich biological diversity of Indonesian tropical 
forests, the carbon balance of intact forest versus plantations, air and water pollution 
from the palm oil industrial process, and impacts on native Indonesians. Finally, we 
summarize solutions that have been offered from a range of science, policy and 
economic experts.
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BIODIVERSITY

Southeast Asia overlaps with four of the world’s distinct “biodiversity hotspots,” 
each of which has unique geological history and biota (Sodhi et al., 2004). Biological 
diversity provides cultural, environmental, and financial benefits locally and globally. 
Species variety improves ecosystem function through seed dispersal, nutrient cycling, 
and pollination. Preserving biodiversity maintains other ecosystem services such as 
water filtration and carbon storage (Koh et al., 2011). Biodiverse regions also support a 
variety of human lifestyles and recreations. Thus, biodiversity affects natural resource 
availability and human welfare on a range of spatial and temporal scales. 

However, tropical forests in Southeast Asia are being destroyed at a faster pace than 
other regions in the world, and three-quarters of this area could be lost by 2100 (Sodhi, 
2004). It is estimated that up to 42% biodiversity in Southeast Asia could be destroyed 
in the same time period (Sodhi, 2004). Agricultural expansion is the leading cause of 
biodiversity loss (Tilman et al., 2001; Yaap et al., 2010), and in Indonesia it is directly tied 
to deforestation. 

Understanding the implications of palm oil production in Indonesia is critical, as the 
country has both the highest rate of deforestation and the highest plant species richness 
in the world. Indonesia lost an estimated 0.84 Mha of primary forest per year from 
2000 to 2012, totaling more than 6.02 Mha and significantly outpacing deforestation 
rates in Brazil (0.46 Mha yr-1; Margono et al., 2014). The consequences of this loss are 
devastating, as a single hectare of tropical rainforest in Indonesia harbors more than 200 
species and 500 stems (Uryu et al., 2008). Furthermore, more than 60% of Indonesian 
rainforest species are endemic to the region (Sodhi et al., 2004). The region is home 
to a variety of unique ecological processes, such as the masting of Dipterocarpaceae 
(synchronized fruiting of tall tropical trees) and the blooming of the Rafflesia and titan 
arum flowers. Indonesia is also home to large charismatic fauna, such as the Sumatran 
tiger (Panthera tigris sumatrae), Sumatran elephant (Elephas maximus sumatranus), and 
Orangutang (Pongo spp.). 

DEFORESTATION EFFECTS ON BIODIVERSITY
There is paucity of information on how palm plantations in particular affect biodiversity. 
However, studies are in agreement that forest clearing for any reason has strong, 
negative impacts on biodiversity. Three plant and eight animal species have already 
been listed as “extinct” in Southeast Asia, and many native species are not expected 
to persist in the face of mass deforestation (Sodhi et al., 2004). Given that large-scale 
deforestation has only occurred in the region for the past two centuries, it is likely that 
the full effects of such practices have yet to be measured (Sodhi et al., 2004).

Deforestation decreases population density and species richness of all animal groups 
studied, including birds (Sodhi, 2002), mammals (Heydon & Bulloh, 1997; O’Brien et al., 
2003; Meijaard & Nijman, 2001), bees (Liow et al., 2001), butterflies (Sodhi et al., 2004), 
moths (Beck et al., 2002), termites (Gathorne-Hardy et al., 2002), dung beetles (Davis 
et al., 2001), and ants (Bruhl et al., 2003). Iconic species such as the orangutan, found 
only on Sumatra and Borneo, are rapidly declining due to forest loss (Robertson & Van 
Schaik, 2008; Meijaard et al., 2011). Unique fishes living in peat swamp forests are also 
as risk from habitat degradation (Ng et al., 1994). In Riau, Sumatra, Sumatran elephants 
have declined by up to 84%, from >1000 in 1984, to approximately 210 in 2007 (Uryu et 
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al., 2008). Sumatran tiger populations declined by 70% in a similar timespan, from 640 
in 1982, to 192 in 2007 (Uryu et al., 2008).

Forest clearing causes high rates of conflict between humans and elephants on Sumatra 
(Uryu et al., 2008), and similarly, alarmingly high rates of orangutan killings and human-
orangutan conflicts may be linked to deforestation (Meijaard et al., 2011). Orangutans are 
endemic to the lowland rainforests and peat forests of Borneo and Sumatra, which are 
prime regions of oil palm expansion. Much of the orangutan’s native habitat is cleared 
for expanding plantations, hastening the iconic ape’s extinction in the wild and curtailing 
conservation attempts (Meijaard & Wich, 2007; Nantha & Tisdell, 2009). By surveying 
local residents in Kalimantan, researchers estimated that between 1950 and 3100 
Orangutans are killed annually. The primary reasons given for killing the animals are: for 
food (54%), and self-defense (11%) (Meijaard et al., 2011). 

BIODIVERSITY ON PLANTATIONS
Although not all biodiversity loss in the region is directly attributable to oil palm 
plantations, palm production has been found to reduce biodiversity more than other 
types of crop plantations. Fitzherbert et al. (2008) found that oil palm supports fewer 
species than rubber, cocoa, or coffee plantations, although all plantation types decrease 
species richness when compared to intact forest. For example, the conversion of rubber 
plantations to oil palm resulted in a 14% decline in bird diversity (Peh et al., 2006). The 
severity of palm plantations’ impact is driven by a number of factors, including changes 
in the forest structure, use of dangerous chemicals, frequent human disturbance, and 
increasing habitat fragmentation. 

Plantations are markedly less complex than natural forests, as they have a uniform tree 
age structure, lower canopy height, and sparse undergrowth (Yaap et al., 2010). The 
aboveground biomass of mature palm trees is less than 20% of the original forest (Saxon 
and Roquemore, 2011), which has consequences for microclimate and shade-adapted 
species (Danielsen et al., 2009; Yaap et al., 2010). In general, the conversion of complex 
native forest to an Elaeis guineensis monoculture results in the local removal of the 
majority of specialized species. The resulting biological community reflects the available 
habitat: simpler, species-poor communities dominated by a few generalist species 
(Danielsen et al., 2009).

All vertebrate species–birds, lizards, and mammals–decline in number when forests 
are converted to plantations. As such, plantations support only between 15 to 23% 
(Fitzherbert et al., 2008 and Danielsen et al., 2009, respectively) of primary forest 
species (Figure 2). The species lost include those with specialized diets, those requiring 
specialized habitat features such as large trees, those with small ranges, and those of 
highest conservation concern (Fitzherbert et al., 2008). Large, iconic mammals, such as 
the Sumatran tiger and clouded leopard, are absent from plantations; instead, the wild 
pig is the most common large mammal present on plantations in Sumatra (Maddox et al., 
2007). Peh et al. (2006) found a 77% decline in bird species richness when primary forests 
were converted to plantations, and a 73% decline when selectively harvested secondary 
forests were converted. Aratrakorn et al. (2006) found a shift from high conservation 
value, forest-dwelling species, such as woodpeckers, barbets and babblers, to lower 
conservation, non-forest species on palm plantations in Thailand. Water pollution from 
palm oil mill effluent (POME), insecticides, rodenticides, and herbicides negatively impacts 
aquatic biodiversity such as fishes, amphibians and reptiles (Fitzherbert et al., 2008). 
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Figure 2. Percent of species remaining in palm plantations as compared to native forest, and 
species community similarity between forests and plantations. Note: The figure was produced from 
the findings of Danielsen et al. (2009). 

Palm oil plantations also adversely affect invertebrate species. Senior et al. (2013) 
concluded that ant and beetle species richness declined by 61% and 52%, respectively, 
following conversion to oil palm plantations. Forest butterfly species richness declines 
by 83% and 79% with conversion of primary forest and secondary forest, respectively 
(Koh and Wilcove, 2008). Invertebrate species, although not as visible on the world 
stage, play an integral role in ecosystem functioning, and their decline may have a 
cascading effect through higher trophic levels. For example, Larsen et al. (2005) 
found that large-bodied dung beetles decreased with habitat loss, leaving only their 
smaller-bodied, less efficient counterparts in the ecosystem. Because dung beetles 
help maintain soil nutrients and organic matter, their absence was a detriment to the 
ecosystem function. 

The flora of tropical forests not only serve as the lattice for a complex ecosystem, but 
constitute a major source of biodiversity. Oil palm plantations lack forest trees, lianas 
(woody climbing vines), epiphytic orchids and indigenous palms (Danielsen et al., 2009). 
Furthermore, a decreased abundance of fruit-eating birds and mammals greatly reduces 
seed dispersal, while a decline in bee abundance reduces pollination; both dispersal and 
pollination are necessary for maintaining plant variety (Senior et al., 2013). Prescott et 
al. (2015) found 58 epiphytic species recolonizing palm plantations after deforestation, 
which are then typically removed in order to protect the intended crop. However, 
the study found that epiphytes did not affect crop yield and suggests that native 
biodiversity should not be removed from plantations. Oil palm plantations do appear 
to host more mosses and ferns than old growth forests, but the species are those that 
commonly colonize disturbed areas (Danielsen et al., 2009).
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In place of the rich biological diversity of Indonesian forests, a narrow range of species 
with certain functional traits thrives in the plantation habitat. Present species tend 
to be smaller-bodied, from lower trophic levels and not found in high numbers in the 
forest (Senior et al., 2013). Monocultures providing an overabundance of a certain 
resource (e.g., palm fruit and palm fronds) promote the hyper-abundance of the few 
species exploiting that resource (Senior et al., 2013). Ghazali et al. (2016) found that, 
while arthropod diversity was significantly greater in native forests than in plantations, 
arthropod abundance was similar. The same was true for butterflies, whose diversity 
was lower but abundance > 3.5 times greater on plantations compared to native forest 
(Lucey & Hill, 2012). Additionally, pests tend to thrive in plantation environments. Rat 
population densities can reach 600 ha-1 (Wood & Chung, 2003).  Pfeiffer et al. (2008) 
found that 40% of ant species present on plantations were alien, and some of these 
were highly invasive.

In summary, all evidence shows that oil palm plantations do not support the biodiversity 
of native forests. Few of the species in native forests may survive in palm plantations, 
and the biological community becomes dominated by invasive and generalist species. 
Species that are highly specialized to live in the unique tropical forests of the region, and 
that require specific diets and habitat features, are the most vulnerable to expansion of 
plantations. Furthermore, measurements of biodiversity loss are likely underestimated 
given that (a) sampling efforts may be less accurate in dense, tropical forest (especially 
when many species reside high in tree canopies; Fitzherbert et al., 2008), and (b) there 
is a time lag between habitat loss and extinction, so the presence of a species does not 
indicate it is thriving or its ultimate survival (Sodhi et al., 2004). 
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CARBON BALANCE 

Tropical forests store significant amounts of carbon (C), and their destruction poses 
a serious threat to climate stability. After the boreal ecosystem, tropical forests serve 
as the largest terrestrial carbon sink on Earth, storing approximately 428 Gt C evenly 
distributed between vegetation and soil (IPCC, 2000). In comparison, the Earth’s 
atmosphere stores 589 Gt C (Ciais et al., 2013), so even relatively small changes to 
the tropical forest carbon stock could have serious consequences for atmospheric 
carbon. Indeed, land-use change in the tropics is the world’s second largest source of 
greenhouse gas (GHG) emissions, accounting for 12-20% of total global emissions (IPPC, 
2000; Don, Schumacher, and Freibauer, 2011).

The carbon footprint of the palm oil industry has two components: emissions from 
deforestation, and emissions from the processing of palm oil (Saxon and Roquemore, 
2011). Deforestation reduces carbon stocks via biomass removal and also releases 
carbon from disturbed soils (Figure 3). In addition, it decreases future ecosystem 
carbon sequestration by reducing carbon inputs from vegetation and changing 
hydrologic cycles (Fargione et al., 2008). Palm oil processing requires the use of fossil 
fuel inputs for mechanized plantation equipment, chemical fertilizer, transportation of 
goods, and industrial processing (Saxon & Roquemore, 2011). Treatment of palm oil mill 
effluent releases substantial amounts of methane, a potent climate forcer. Chase and 
Hansen (2010) found deforestation and land conversion was the largest source of GHG 
emissions for palm oil production, while methane from mill effluent and nitrous oxide 
from fertilizers were the second largest contributors.

Indonesia is one of the world’s top five GHG emitters and has set a goal to reduce its 
emissions by 26% below BAU by 2020 (PR 61/2011, Paltseva et al., 2016). However, 
Indonesia’s GHG reduction goals cannot be met with BAU palm production, as more 
than 75% of the country’s CO2-equivalent emissions can be attributed to land-use 
change, including destruction of peatlands (Indonesian National Council on Climate 
Change, 2010). Indonesia’s carbon reduction plans include a 23% renewable energy 
target by 2025 (GR 79/2014), and 30% biodiesel blending in road fuel by 2025 (MEMR 
12/2015). However, much of the biodiesel mandate is expected to be met using palm 
oil. Without a new vision for biofuel production, there is great risk that this part of 
Indonesia’s renewable energy policy will increase rather than reduce Indonesian 
emissions, undermining the commitment to emission reduction (Paltseva et al., 2016).
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Figure 3. Changes in carbon (C) stocks over 20 years following forest conversion to palm plantations. 

CARBON LOSS FROM VEGETATION 
Researchers use various data sources to estimate carbon storage in forests, including 
remote sensing, forest inventory, and harvest data (Gibbs et al., 2007). Therefore, 
estimates of aboveground (standing vegetation) and belowground (root) biomass C 
storage vary widely, and these estimates also differ between peat forests and forests on 
mineral soils (Figure 3). Although specific estimates of carbon storage vary, Indonesian 
forests are consistently found to be a comparatively large and globally important carbon 
stock (i.e., Gibbs et al. 2007, Saatchi et al. 2011). In a study of tropical forests across three 
continents, Indonesia was found to have the third largest area of forest cover and carbon 
stocks (Saatchi et al., 2011). The same study, which used a robust combination of remote 
sensing and ground inventory data, estimated mean carbon storage in above- and 
belowground biomass across all forest types to be 158 Mg C ha-1  (Saatchi et al. 2011). 
Estimates of aboveground biomass specific to peat forests vary widely and range from 
9.25 – 322 Mg C ha-1, with a mean of 180 Mg C ha-1 (Murdiyarso et al., 2010). 

When forests are converted to cropland, there is an initial loss of carbon through 
land-clearing fires and decomposition. In addition, the gradual decay of forest biomass 
post-conversion leads to carbon losses for decades (Fargione et al. 2008). Furthermore, 
biomass losses will not be fully replaced, as the aboveground biomass of palm 
plantations is only 20% of an intact tropical forest (Saxon and Roquemore, 2011). For 
example, Murdiyarso et al. (2010) estimated carbon stocks on oil palm plantations to be 
24 Mg C ha-1, compared to 180 Mg C ha-1 for natural peat swamp forest. Koh et al. (2011) 
measured similar differences between intact peat forests versus palm plantations, with 
carbon differences calculated as 155 Mg C ha-1.

CARBON LOSS FROM MINERAL SOIL
Palm plantations are grown on a range of soils, from carbon-rich peatlands to highly-
weathered soils, such as ultisols and oxisols, which have a comparably lower carbon 
concentration (Sung, 2016). However, significant amounts of carbon can be stored in 
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mineral soils—typically 72-198 t C ha-1 in the top 30 cm (FAO/IIASA/ISRIC/ISSCAS/JRC, 
2012). In general, review studies have found that 20-40% of soil carbon is lost when 
forests are converted to cropland  (Don, Schumacher, and Freibauer, 2011; Luo, Wang, 
and Sun, 2010; Takahashi et al., 2010; Guo and Gifford, 2002; Murty et al., 2002; Davidson 
and Ackerman, 1993). For tropical forests in particular, conversion from primary forest 
to cropland causes a 25% decline in soil organic carbon (SOC), and conversion from 
secondary forest to cropland causes a 21% decline in SOC (Don, Schumacher, and 
Freibauer, 2011). Although palm plantations are not harvested annually, and therefore 
do not require as much soil disturbance as other crops, losses of soil carbon following 
forest conversion are consistent with annual crops. For example, Germer and Sauerborn 
(2008) found that initial conversion of forests to palm plantations resulted in a loss of 
40 Mg C ha-1, or about 30% of the mineral soil carbon stock. 

CARBON LOSS FROM PEAT SOIL
Carbon emissions are higher when palm plantations are established on peat soils 
compared to mineral soils, discussed above. Peat is dead organic matter that is preserved 
in low-oxygen, flooded soils and accumulates over centuries to millennia; peat swamps 
in Indonesia store vast amounts of carbon in this material (Page et al., 2011). Cultivating 
peat swamps for oil palm requires both felling existing forest biomass and draining water 
from the top meter or so of the soil. Draining the soil exposes it to oxygen, which allows 
decomposition of the preserved organic matter and results in the release of high rates of 
CO2. In a review, Page et al. (2011) estimated that peat drainage releases 29 Mg C ha-1 yr-1 
(or 105 Mg CO2 equivalent ha-1 yr-1) when averaged over 20 years, or 573 Mg C ha-1 over 
20 years combined. This is roughly three times greater than the amount of carbon lost 
from biomass with deforestation for oil palm. On a global scale, CO2 emissions from peat 
drainage in Southeast Asia have been estimated to contribute the equivalent of around 2% 
of all fossil fuel CO2 emissions (Hooijer et al., 2010).

The rate of conversion of peat to oil palm plantations has been accelerating steadily 
since 1990 (Miettinen et al., 2012; Pittman, 2013). Miettinen et al. (2012) projected that, 
even if the rate of peat conversion to palm remains linear in coming years, one-third 
of new oil palm plantations in Indonesia and Malaysia will be established on peat soils. 
Thus, palm oil expansion is strongly linked to very high carbon emissions from drained 
peatlands in Indonesia.

Drying of peat soils also makes these areas highly vulnerable to fires, which has an even 
more devastating effect on CO2 emissions, as well as creating air pollution harmful to 
human health. GHG emissions from forest burning range from 207 Mg CO2-equivalents 
ha-1 on mineral soils, to 1500 Mg CO2 equivalents ha-1 on peatlands (Danielsen, 2009). Peat 
fires have been estimated to release 190 million tonnes of carbon per year globally (Page 
et al., 2002; van der Werf et al., 2008). Porter (2016) estimated that the GHG emissions 
from Indonesia’s 2015 fires were roughly equivalent to the annual emissions of Brazil.

When CO2 emissions from peat drainage are accounted for, analyses have found palm 
biodiesel to have a higher greenhouse gas impact than fossil petroleum on a lifecycle 
basis (Laborde, 2011; Valin et al., 2015; Malins, 2012). This means that policies supporting 
BAU palm biodiesel in Indonesia will have a detrimental effect on the country’s GHG 
reduction goals, rather than comprising part of the solution.
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POLLUTION

WILDFIRE HAZE
Wildfire smoke is a major source of air pollution that adversely affects human health 
and productivity in Southeast Asia (Pittman, 2013). Despite regulations against 
land-clearing fires, slash-and-burn agriculture is a common dry season occurrence. In 
Katapang, Indonesia, fire was the cause of 90% of deforestation between 1989 and 
2008 (Pittman, 2013), and 20% of wildfires across Indonesia can be attributed directly 
to oil palm plantation practices (Goodman and Mulik, 2015). Confounded by hotter and 
drier conditions due to climate change (Tibbetts, 2015), the severity of forest fires is 
growing—2015 and 2016 have been the worst fire years on record (Porter, 2016).

Disturbance to humid tropical forests makes them more vulnerable to fire due to 
the drying effect of the opened canopy and greater amounts of dead woody debris 
(Turetsky, 2014). Drained peatlands are particularly vulnerable to fires (Turetsky, 2014); 
for example, 60-80% of the smoke and haze of a fire in 1997-1998 was traced to burning 
peatlands (Goodman and Mulik, 2015). 

Wildfire smoke contains up to 10,000 substances (Tibbetts, 2015), some of which, such 
as CO and NOx, are already regulated due to their environmental and health impacts 
(Naeher et al., 2007). Although some assume that wood smoke, being a natural 
substance, is benign to humans, its effects are indistinguishable from urban particulate 
matter (Naeher, 2007), and the smoke contains harmful substances such as benzene 
(Johnston et al., 2012). The extent and severity of Indonesian wildfires can be so 
dramatic that pollutants reach levels greatly exceeding those considered to be safe. The 
Pollution Standard Index (PSI) reports of Indonesian wildfires have ranged from 400-
2,000. A PSI of greater than 300 is considered hazardous. 

Health impacts of wood smoke include eye and skin irritation, respiratory inflammation, 
cardiovascular issues, burns, psychological effects, heat-induced illness, and death 
(Finlay et al., 2012). More than 90% of the studies on wildfire smoke report incidents 
of respiratory morbidity (Liu et al., 2015). Johnston et al. (2012) estimated that 110,000 
deaths each year in Southeast Asia could be attributed to wildfire haze. 

In addition to devastating health effects, wildfires have adverse economic effects. Closed 
businesses, schools, and limited transportation can bring economies to a halt (Goodman 
and Mulik, 2015), and the effects of fires spread far beyond the geographic region where 
they originate. The Indonesian government estimated that a record-breaking fire in 2015 
had cost the country US$30 billion after two months of burning (Lamb, 2015).

WATER POLLUTION 
Pollutants from agrochemicals associated with biofuels (fertilizers, pesticides and 
rodenticides) have harmful impacts on terrestrial and aquatic ecosystems (Verdade et 
al., 2015). Palm oil mill effluent (POME), which is microbially digested in open ponds, 
often overflows into waterways during heavy rains. Heavy metal contamination of fish 
may be correlated with POME (Sheil, 2009), and abundant nitrogen fertilizer causes 
eutrophication of waterways. 

In particular, the Middle Mahakam Wetlands, located in East Kalimantan, face serious 
threats from palm industry pollution. The wetlands serve as one of the most productive 
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fisheries in Southeast Asia, in addition to providing fresh water and carbon storage 
in peat (De Jong et al., 2015). Lakes are also threatened by palm oil expansion, as 
decreased oxygen levels and increased nitrate loading (eutrophication) have been 
correlated with the burgeoning palm oil industry in the region (Gharibreza et al., 2013).

The use of the dangerous herbicides and pesticides also affects human health directly. 
The herbicide Paraquat, in particular, is lethal to humans in small doses and its use 
is illegal in several countries, including Austria, Denmark, Finland, Sweden, Hungary 
and Slovenia (RFA, 2010). Because women typically handle fertilizer and herbicide 
application, they have an increased risk of exposure to harmful chemicals (RFA, 2010). A 
lack of safety equipment and illiteracy also put workers at a disadvantage (RFA, 2010). 
Women commonly suffer from health conditions when working with these harmful 
chemicals, particularly if they are pregnant (Marti, 2008).
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IMPACTS ON INDIGENOUS POPULATIONS

The palm oil industry creates significant economic benefits, but the largest payoffs are 
typically reserved for a small number of people (Sheil, 2009; Obidzinski et al., 2012). 
Some stakeholders experience significant gains from the burgeoning global palm 
oil trade (growers, investors, and employees), but other groups, such as traditional 
landowners, experience restrictions on land-use rights and land losses (Obidzinski et al., 
2012). Native Customary Rights, which establish land ownership by active uses such as 
cultivation, burial, or rights of way (RFA, 2010), are often ignored when plantations are 
established (Marti, 2008). There are countless reports of indigenous peoples not being 
notified of or consulted about impending deforestation (Marti, 2008; Colchester et al., 
2006; Colchester et al. 2007), which leads to conflict between indigenous peoples and 
palm oil companies. Grievances regarding the way companies acquire and hold land 
include, but are not limited to, the withholding of promised benefits, the withholding of 
compensation, serious human rights abuses, depletion of land and water resources, and 
encumbering smallholders with unjustifiable debt (Colchester et al., 2006; Sheil, 2009). 

Although the development of palm plantations is often touted as an economic 
opportunity for indigenous Indonesians, former landowners and customary land users 
have been found to be the most negatively affected by land-use change (Obidzinski 
et al., 2012). They have to travel farther to gather limited forest resources, and in some 
cases change professions when resources (i.e., wood) are depleted (Obidzinski et al., 
2012). Although the industry indirectly employs up to 7.5 million people, the quality 
of life resulting from such employment is minimal. The lack of land, clean water, and 
livelihood options for indigenous Indonesians, in addition to the destruction of culture 
and tradition, have been deemed unsustainable (FOE, 2005).
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SOLUTIONS 

All studies agree that enhanced regulation and stricter law enforcement are needed to 
protect biodiversity and limit deforestation and pollution. However, while laws may be 
put into place, but the indirect effects of those laws, whether intentional or not, may 
still have a negative impact on tropical forests. For example, the Malaysian government 
announced a ban on converting protected and reserve forests to palm plantations, but 
immediately thereafter revealed the acquisition of more than 150,000 hectares of forest 
in Indonesia, Papua New Guinea (Koh & Wilcove, 2008). 

To address the climate impact of the palm oil industry, new development must be 
diverted from primary and secondary forests. Forests harvested for wood products 
should be left to regenerate, as 84% of forests species can be recovered within 30 years 
of deforestation (Koh & Wilcove, 2008). The High Conservation Value (HCV) approach 
could be used to help protect areas of exceptional biological importance (Yaap et al., 
2010). The practice requires the assessment of management plans and the evaluation 
of proposed plantation land before a plantation can be erected. Azhar et al. (2015) 
point out that even with HCV areas protected, a heterogeneous landscape within any 
large plantation is critical for the success and connectivity of the HCV areas. Retaining 
a heterogeneous landscape by including native vegetation patches of different shapes 
and sizes can promote movement of organisms through a plantation (Azhar et al., 2015). 
Additionally, tolerating the growth of some native plant species within plantations, such 
as epiphytes, does not affect palm yield (Prescott, 2015).

New development of oil palm plantations may increase landscape carbon storage if 
it takes place on degraded or Imperata grassland. Estimates indicate that if tropical 
Imperata grassland is rehabilitated by oil palm plantations, carbon fixation in plantation 
biomass not only neutralizes emissions caused by grassland conversion, but also 
results in the net removal of about 135 Mg CO2 ha-1 from the atmosphere (Germer and 
Sauerborn, 2008). Assuming aboveground biomass of 39 t C ha-1 (Murdiyarso et al., 
2002), planting oil palm on degraded sites could lead to net increases in landscape 
carbon in only 10 years (Danielsen et al., 2009). Although development of plantations 
on degraded lands is promising, expectations of future production should be measured 
because the total extent of degraded lands in Indonesia is limited. An assessment by 
Indonesia’s national team on biofuels, Timnas BBN, identified only 0.3 million hectares of 
degraded land as suitable for oil palm or other biofuel feedstock production (Caroko et 
al., 2011), far lower than the 8 million hectares of increased harvested area projected for 
oil palm in Indonesia from 2015 to 2025 (Figure 1). It is clear that BAU oil palm expansion 
must be slowed to avoid environmentally devastating levels of deforestation.

One alternative to support biofuel policies in Indonesia and elsewhere is the use of 
sustainably available cellulosic feedstocks. Paltseva et al. (2016) found that 15% of 
Indonesia’s road fuel demand could potentially be displaced by biofuel made from 
palm residues without negatively impacting sustainable plantation practices. Biofuels 
from cellulosic residues have been generally found to deliver very high carbon savings 
compared to palm biodiesel or fossil fuels (Baral and Malins, 2014).
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CONCLUSIONS

Palm oil plantations have serious consequences for biodiversity, climate change, 
and natural resources. All evidence points toward devastating losses of carbon from 
the landscape, threats to rare and endemic species, and pollution of air and water. 
The majority of indigenous Indonesians suffer from the palm oil industry instead of 
benefiting from it. The detriments to humans come in the form of serious health impacts 
from fires and chemical pollutants, in addition to the loss of land rights and depletion of 
natural resources that indigenous peoples depend on for survival.

Palm oil is expected to grow as a global commodity, and the environmental and social 
impacts of the industry must be addressed. Practices such as creating HVCs may help 
to protect some species, but the most effective solution to both species decline and 
carbon loss is to slow or stop tropical deforestation in Indonesia. As using palm oil in 
biofuels does not actually generate carbon savings, countries that plan on meeting their 
GHG emissions goals with palm oil-based fuels must reconsider their strategies. 

Finally, the creation and enforcement of environmental standards is critical to the success 
of managing the sustainable development of the palm oil industry. Environmental impacts 
of new development must be carefully considered, and third party organizations should 
be involved in assessing the potential damage of new development. 
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