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Abstract and Keywords

Oil palm is a key global crop, providing food and nonfood resources for billions of people. 
Two distinct types of oil, derived respectively from the fleshy mesocarp of the palm fruit 
and from the kernel (seed), are distributed via separate supply chains to markets in Asia, 
Europe, Africa, and the Americas. Oil palm is a tropical crop typically grown in high 
rainfall regions but yields have recently been reduced by water limitation due to changing 
climate patterns. In addition, over recent decades, indirect land use changes due to the 
expansion of oil palm into new regions have affected local hydrology and biotic 
components of these ecosystems. As the expansion of oil palm cultivation continues in 
order to meet growing consumer demand, especially in Asia, new research is beginning to 
address potential solutions to critical issues such as the environmental impact and 
biological performance of oil palm crops.
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The oil palm plant, Elaeis guineensis, originally a native of western Africa, was been used 
by local people as a source of edible oil for thousands of years. In the nineteenth century, 
oil palm was brought from Africa to Southeast Asia by Dutch and British colonists and by 
the early twentieth century its economic potential as an alternative crop was recognized 
by rubber planters in Malaya. Seed selection resulted in the development of commercial 
varieties that have been grown on an increasingly wide scale since the 1930s. Following 
the fall in demand for natural rubber after the 1950s, many rubber plantations were 
converted to oil palm and much of the modern development of the crop has taken place in 
Malaysia since its independence in 1957 (Corley and Tinker, 2015). The decision to 
replace rubber by oil palm in Malaysia proved to be prescient as it coincided with the 
beginning of a huge increase in demand for oil crops that continues to this day.

Globally speaking, oil crops are the second most important source of food calories for 
humans after starch-rich cereals such as rice, wheat, and maize. By far the largest 
sources of edible vegetable oils are two major crops, namely oil palm and soybean. 
Together these crops provide over two thirds of worldwide vegetable oil production. The 
consumption of edible oils in societies is directly linked to their economic well-being and 
overall levels of affluence (Murphy, 2014). As these indicators have risen in recent 
decades, especially in Asia, there has been a significant increase in demand for edible oils 
(Byerlee et al., 2016; Corley and Tinker, 2015). In particular, since the 1990s there has 
been a rapid increase in the cultivation of oil palm and soybean crops in tropical and 
subtropical regions of Southeast Asia and South America. This phenomenon has been 
WHUPHGކ�WKH�WURSLFDO�RLO�FURS�UHYROXWLRQއ (Byerlee et al., 2016), and has involved a 
substantial conversion of land away from a variety of other uses to the cultivation of these 
two relatively high-intensity monoculture crops (Fig 1).

In some cases these land 
conversions to oil palm 
have had considerable, 
and often controversial, 
environmental impacts 
including on aquatic, soil, 
and biological systems as 
well as impacts on local 
people, especially small 
farmers. Since these 
tropical or subtropical oils 
are normally destined for 
export to regions far 
removed from their 
centres of cultivation, their 

production and trade are very much part of modern globalized commerce (Garrett et al., 
2013). This brings into play additional political and socioeconomic factors, as well as 

Click to view larger

Figure 1  Global oil palm production has increased 
more than 2.5-fold since the year 2000.

Source: Data from FAO.
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agronomic, climatic, and other environmental factors, in any assessment of the wider 
status and impact of such globalized crops.

7KH�HGLEOH�RLO�IURP�WKH�IOHVK\�PHVRFDUS�RI�WKH�SDOP�IUXLW��QRUPDOO\�WHUPHGކ�SDOP�RLOއ��LV 
rich in palmitic and oleic acids and makes up almost 90 percent of the oil from palm 
fruits. In contrast, the seeds, or kernels, contain a different type of oil (normally termed 
 �WKDW�LV�HQULFKHG�LQ�PHGLXP�FKDLQ�ODXULF�DQG�P\ULVWLF�DFLGV��7KHVH�އSDOP�NHUQHO�RLOކ
unusual fatty acids give the kernel oil the properties that make it suitable for several 
important nonfood uses. For example, palm kernel oil provides the key functional 
constituents (i.e., lauric salts) in the majority of cosmetics and cleaning products, such as 
lipsticks, toothpastes, washing-up liquids, shower gels, shampoos, and laundry detergents 
to name but a few examples (Gunstone, 2011; Gunstone et al., 2007). Due to the ease with 
which medium chain fatty acids are absorbed by the body, palm kernel oil, which is 
similar in acyl composition to coconut oil, is also used in specialized edible applications 
including some hospital foods, infant milk formula, and some sports nutrition products.

Edible palm oil is an important provider of calories to people around the world, but 
especially in South and East Asia. Here, approximately 50 Mt (million tonnes) of edible 
palm oil is consumed every year by about three billion people. This amount of palm oil is 
enough to provide a daily intake of 1.2 x 10  calories. Assuming that the oil is shared 
evenly between three billion people, each consuming 3,000 calories per day (OECD/FAO, 
2017), this would provide about 13 percent of the total calorific requirements per person. 
However, despite its importance for human nutrition, health, and hygiene, the oil palm 
sector has been subject to increasing vilification in some parts of the world over the past 
decade. This had been mainly due to the perceived environmental and ecological impacts 
of some of the more recent land conversions to oil palm plantations, especially in 
Indonesia, that have sometimes displaced pristine tropical habitats and affected iconic 
wildlife species such as orangutan (May-Tobin et al., 2012; Gaveau et al., 2014).

There has also been a perception in some quarters that palm oil has adverse nutritional 
qualities, despite its having been an important human food product for millennia. The 
poor perception of oil palm is hardly surprising because, over recent years, much of the 
media coverage of oil palm has included bleak images of displaced wildlife (Wich et al., 
2012) and burning tropical forests producing huge amounts of atmospheric pollution 
�NQRZQ�VRPHZKDW�HXSKHPLVWLFDOO\�DVކ�KD]Hއ��DQG�WKH�UHOHDVH�RI�JUHHQKRXVH�JDVHV��*+*� 
(Carlson et al., 2012a, 2012b). This perception means that many people in the West have 
decidedly negative opinions about oil palm. In contrast, some groups in Asia have 
questioned the motives of certain anti-palm NGOs, which they see as threatening a key 
aspect of economic growth in the region and even as a form of neocolonialism (Khor, 
2011). The aim of this chapter is to provide a balanced perspective on oil palm in the 
context of global agriculture, human needs, and broader environmental concerns, and to 
assess the future prospects for the crop.

13
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Current Status of Oil Palm Cultivation
Over the past half century or so, oil palm cultivation has become concentrated in 
Southeast Asia, and today some 85 percent of the global oil palm area is located in just 
two countries, Indonesia and Malaysia. Palm oil is now exported around the world and is 
a major internationally traded commodity (Corley and Tinker, 2015). In addition to its 
widespread edible applications, the oil palm has a wide range of nonfood uses including 
for high-grade oleochemicals and biofuels (Murphy, 2014, 2015). The major acyl 
components of palm mesocarp oil make it especially suitable for domestic and 
commercial cooking or frying applications. This oil is also ideal for the manufacture of 
solid or semisolid foods such as margarines, creams or chocolate-type confectionary 
items including drinks and spreads (Gunstone, 2011; Gunstone et al., 2007). For this 
reason, palm oil is used globally as an ingredient in numerous processed food products 
and confectionary items, such as ice cream, biscuits, cakes, chocolate, and pizzas as well 
DV�LQ�D�KRVW�RIކ�UHDG\�PHDOއ�SURGXFWV��,W�LV�HVWLPDWHG�WKDW�SDOP�RLO�LV�SUHVHQW�LV�DV�PXFK�DV 
half of all products on sale in a typical supermarket (Gunstone et al., 2007).

,Q�WKHށ����������JURZLQJ�VHDVRQ�WKH�HVWLPDWHG�WRWDO�JOREDO�SURGXFWLRQ�RI�SDOP�RLO�ZDV 
about 72 Mt made up of 64.5 Mt palm oil (mesocarp oil) plus 7.6 Mt kernel oil (MPOB, 
2017). This 72 Mt of oil required the cultivation of 18 Mha (million hectares) of tropical 
land, mainly in Southeast Asia (Table 1). In contrast, soybean crops only yield just over 
0.4 Mt/ha (Murphy, 2014) so that in 2016, the production of just 24 Mt of soybean oil in 
Brazil and Argentina required the cultivation of no fewer than 54 Mha. Oil palm 
cultivation is split between large commercial plantations, often occupying thousands of 
hectares run by multinational companies, and smallholder plantations, typically of less 
than 10 hectares. A common misconception about oil palm is that it is overwhelmingly a 
 �FURS��,Q�IDFW��VPDOOKROGHUV�DFFRXQW�IRU�DERXW����SHUFHQW�RI�JOREDO�SDOP�RLOއELJ�EXVLQHVVކ
production. In Southeast Asia there are more than three million smallholders growing the 
crop, nearly all of whom farm individual family-owned plots of less than 50 ha.

Table 1. Major centres of palm oil* production. *Does not include palm kernel oil.

Rank Country Production, (Mt PO/year)

1 Indonesia 35.0

2 Malaysia 20.0

3 Thailand 2.3

4 Colombia 1.3
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5 Nigeria 1.0

Others 5.9

Total 64.5

Sources: USDA, Index Mundi, 2017.

In Indonesia, which is the largest oil palm producing country, smallholder plots account 
for 40 percent of the total crop area (Euler et al., 2015). While the larger plantations tend 
to be more efficient in terms of oil yield and overall economics, the smallholder units 
serve important social roles in providing income and employment to rural populations. 
The commercial plantations also employ large numbers of workers in what is still a 
relatively labour intensive and largely unmechanized industry. For example, in Malaysia 
about 500,000 low-skilled and mainly overseas migrant workers are involved in producing 
19 Mt of palm oil in such plantations. This is in addition to about 300,000 indigenous 
smallholder farmers and indicates the importance of oil palm as a contributor to rural 
livelihoods as well as the wider economy. Indeed, the relative profitability of oil palm 
versus other crops, such as rice, has encouraged many rural farmers to switch cultivation 
in regions such as Borneo (Murphy, 2015).
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Oil Palm Is One of the Most Productive Global 
Crops
The average annual oil yield in an oil palm plantation is about 3.7 t.ha  (tonnes per 
hectare), which makes it by far the most productive oil crop in the world. Moreover, by 
improving the way the crop is managed and harvested, this yield can be almost doubled 
to over 6-7 t.ha  on the more advanced commercial plantations (Barcelos et al., 2015; 
Murphy, 2015). The higher oil yields on these plantations are due to such measures as 
regular replanting with genetically improved varieties, rigorous reduction of crop losses 
from pests and diseases, optimizing harvesting methods and minimizing spoilage during 
transport and storage, and using the latest technology in processing mills. In terms of 
future potential the best experimental plots can achieve yields of 8-9 t.ha  while some 
individual trees have yields of 13-14 t.ha , which is close to the probable maximum 
theoretical yield of 18-20 t.ha . This contrasts with annual oilseed crops, such as 
rapeseed and sunflower, that are grown in more temperate climates where oil yields are 
RQO\�LQ�WKH�UDQJH�RIށ��������W�KD  (Murphy, 2015).

Therefore, even before any possible future yield improvements are factored in, oil palm is 
already six to ten times more efficient at producing oil than alternative oil crops. Oil palm 
is also a much more efficient crop than its competitors in terms of land management, 
harvesting, and processing. For example, annual oilseed crops require replanting each 
year, which involves disruption of the soil structure by ploughing. Therefore in oil palm 
plantations the soil structure, or rhizosphere, has a rich organic content and is less 
disrupted compared to temperate oil crop fields. Annual oilseed crops also require an 
intensive period of harvesting and processing that often must be completed in a matter of 
days, whatever the weather. In contrast, oil palm plantations can be harvested year-
round, for as long as 20 to 30 years for each tree, without disturbing the soil. Moreover, 
the workforce, machinery, and other assets can be employed on a continuous basis 
throughout the year, rather than for a single intensive period. As well as having a 
competitive edge over annual oilseed crops, oil palm is also more productive than other 
oil-bearing tree crops, such as olive or coconut, which respectively yield oil at about 2.0 t 
ha  and 0.3 t ha .

Given that the annually cultivated oilseed crops grown in western countries only produce 
RLO�LQ�WKH�UDQJH�RIށ��������W�KD , it is clear that oil palm has significant potential, not only 
to satisfy the increasingly demanding markets for edible oil in India and China, but also to 
act as a source of valuable nonfood products for the global oleochemicals industry. In 
addition, although the use of food crops for biodiesel has been rightly criticized (Johnston 
et al., 2009; Van Noorden, 2013), if it is necessary to produce biodiesel, oil palm is the 
most efficient and least land-consuming crop that can be used for such a purpose (Long 
et al., 2015; Yee et al., 2009). As noted above, improved breeding and management have 
the potential over the next few years to produce >50 percent increase in oil yield as a 
conservative estimate. This would deliver an extra 35 Mt of edible oil available from the 
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same area of land already in use for the crop( i.e., without the need to expand the area of 
cultivation). In contrast, the same amount of oil from major temperate oilseed crops, such 
DV�VR\EHDQ�RU�RLOVHHG�UDSH��ZRXOG�UHTXLUH�FXOWLYDWLRQ�RI�DQ�DGGLWLRQDO���0ށ���KD�RI�SULPH 
farmland in Europe or the Americas. This is two to three times the entire global area 
already occupied by oil palm plantations and such a vast area of land is simply 
unavailable in already crowded temperate regions.

Oil Palm Markets and Supply Chains
Table 2. Major palm oil* importers. *Does not include palm kernel oil. **India, Pakistan 
and Bangladesh; ***Egypt, Iran, UAE, Turkey, Saudi Arabia, Iraq.

Country/region Imports in 2017 (Mt PO/year)

Indian subcontinent** 14.8

European Union 6.7

China 5.7

Middle East*** 3.7

United States 1.3

Others 14.1

Total 46.3

Sources: USDA, Index Mundi, 2017.

Palm oil feedstocks and downstream products are disseminated globally via a complex 
network of supply chains as depicted in Figure 2. Although 85 percent of global oil palm 
is cultivated in Indonesia and Malaysia, the major markets for the crop products are in 
China, India, and the EU, which together account for almost half of all palm oil 
consumption; see Tables 1 and 2 (Teoh, 2002; USDA, 2016a). Broadly speaking, the vast 
majority of edible palm oil is imported by countries in Asia for use as a cold vegetable oil 
as well as in frying and food processing. The EU also imports a considerable quantity of 
edible palm oil for use in highly processed foods such as chocolate, ice cream, ready 
meals, and confectionary, although it is not widely used as a salad or cooking oil in 
Europe. The EU is also the major market for palm kernel oil, which is a major feedstock 
for the detergent and cosmetics industries (Europe Economics, 2014; DEFRA, 2017). 
Palm oil imports generate considerable economic activity in Europe, and are estimated to 
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EH�UHVSRQVLEOH�IRU�DOPRVW���������MREV�ZLWK�D�FRQWULEXWLRQ�WR�*'3�RI�DURXQG�߰�������SHU 
worker. This equates to more than seven workers employed in the downstream supply 
chain for every 1,000t of imported palm oil (Europe Economics, 2014).

An increasingly important, 
and controversial 
(Guardian, 2016), use of 
palm oil is for the 
production of biodiesel. 
This increased sharply 
from 0.4 Mt in 2006 to 
3.45 Mt in 2016, and now 
constitutes about 46 
percent of total EU palm 
oil use (Transport & 
Environment, 2016). The 
dramatic increase in the 
use of an edible vegetable 
oil for powering vehicles 
has been driven by a 
widely criticized EU policy 
to encourage renewable 
biofuels. Originally aimed 
at reducing fossil fuel 
consumption, this policy 

has instead accelerated the conversion of tropical land to oil palm plantations. It has also 
reduced edible oil supplies and increased prices in a way that mainly impacts on poor 
people in Asia (Van Noorden, 2013). Despite a recent rethink on the mandatory EU 
renewable fuels targets, palm oil continues to be imported in huge quantities for biodiesel 
use via a subsidy mechanism that is distorting other aspects of the supply chain, 
especially for edible and oleochemical markets, leading to increased prices across the 
board (Murphy, 2015).

International concerns about the environmental impact of oil palm cultivation are 
discussed in detail in the next section, but it is also necessary to examine their 
increasingly profound effects on supply chains, especially in Europe. To a great extent, 
environmental concerns have been addressed by the industry via the Roundtable on 
Sustainable Palm Oil (RSPO), a body that seeks to certify that oil palm products are only 
obtained from plantations that can verify that their oil has been produced using 
sustainable methods and not from areas recently converted from sensitive forest or 
peatland habitats (Balch, 2013���7KH�5632�YLVLRQ�LVކ�WUDQVIRUP�WKH�PDUNHWV�E\�PDNLQJ 
VXVWDLQDEOH�SDOP�RLO�WKH�QRUPއ��$V�RI�HDUO\�������5632�KDG�RYHU������PHPEHUV 
representing a significant proportion of the palm oil industry and all sectors of the global 
commodity supply chain, but particularly concentrated in Europe. In terms of 
international trade, the medium-to-large commercial plantations are dominant players 

Click to view larger

Figure 2  Major supply chains in the palm oil 
industry. CPO, crude palm oil; RBDPO, refined 
bleached and deodorized palm oil; RBDPKO, refined 
bleached and deodorized palm kernel oil.

Source: Lestari et al. (2013).
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and it is this sector that has been most active in joining RSPO or similar certification 
schemes. However, the smallholder sector has played a vital role in the economic 
advancement of millions of relatively poor rural people who have been able to purchase 
modern goods and educate their children. A serious issue for smallholders throughout 
Southeast Asia is that they are either unaware of or cannot afford to join sustainability 
certification schemes such as RSPO, although this issue is now being addressed by 
several initiatives involving plantation companies and governments (Sime Darby, 2016).

An estimated 12.2 Mt of global palm oil is currently certified by RSPO and the total is 
increasing steadily by the year. The majority of large European palm oil importing 
companies, such as Nestle, Unilever, Ferrero, Loders Croklaan, plus many major 
plantation companies, such as Sime Darby, IOI, and United Plantations, have already 
signed up to RSPO. The UK government set itself an ambitious goal of having 100 percent 
of edible palm oil imports as RSPO certified by the end of 2015. Similar commitments 
have been made by the governments of Belgium and the Netherlands (Balch, 2013). Most 
people in the industry agree that, whatever its limitations, RSPO probably represents the 
best available method for ensuring the sustainability of palm oil. This is especially true for 
large-scale producers and major users in the food and cosmetics industries, whose 
consumers may be highly sensitive to the eco-environmental credentials of such products. 
For example, while one cosmetics retailer has boycotted palm oil (resulting in 
considerable problems in sourcing alternatives), another retailer has used 100 percent 
RSPO certified palm oil since 2011. The political minefield created by a lack of awareness 
RI�SDOP�RLO�FHUWLILFDWLRQ�ZDV�JUDSKLFDOO\�LOOXVWUDWHG�ZLWKއ/ކ�DIIDLUH�1XWHOODއ�LQ�-XQH������ 
The French ecology minister, Ségolène Royal, called for consumers to ކVDXYHU�OD�SODQªWHއ
by boycotting the popular spread because it contains palm oil. Almost immediately, 
Ferrero, the owner of the Nutella brand, pointed out that it sourced its palm oil from 
certified members of the RSPO and just two days later the minister performed a volte-
face and tweeted her apology.

While the RSPO scheme is by no means perfect, the scheme has been praised, even by 
NGOs, for its firm action in expelling members that do not conform to standards 
(Sustainable Brands, 2015). Unfortunately, some companies have ignored the scheme 
altogether, often citing high costs and the difficulties of maintaining and checking identity 
preservation of RSPO-certified batches of oil in what has hitherto been a commodity 
product. The development of traceability methods and reliable assays of batch origin are 
important challenges in order to enable quality assurance of certified oil cargoes. As we 
saw above, few smallholders can afford RSPO certification and this has led to the 
establishment of other schemes with lower thresholds, such as MSPO or ISPO in Malaysia 
and Indonesia respectively (Murphy, 2015). While these schemes have their merits in 
engaging producers, especially smallholders, who feel unable to qualify for RSPO, they 
run the risk of being regarded by some NGOs, palm oil users and consumers as being a 
VRUW�RI5632ކ��OLWHއ�
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Environmental Aspects of Oil Palm Cultivation
Despite the fact that the EU is the second largest global importer of palm-based oils and 
that EU demand from consumers has been one of the drivers of the expansion of its 
cultivation over the past few decades, there has been vociferous criticism of the industry 
on environmental grounds in Europe. One of the major issues is that this expansion has 
sometimes (but by no means always) been at the expense of tropical rainforest. Since 
2000, increased global demand for biofuels and other nonfood products (mainly from 
Europe), and for food (mainly from India and China), were the major factors behind the 
conversion of land in Southeast Asia (mostly in Indonesia) to oil palm cultivation (see 
Figure 3). In Indonesia the area of oil palm cultivation more than trebled from 2.5 Mha to 
over 8 Mha between 2000 and 2014 (USDA, 2013). In some cases this has led to 
significant habitat loss and decreases in local populations for iconic species such as 
orangutan (Abood et al., 2014; Margono et al., 2014; Petrenko et al., 2016; Wich et al., 
2012). There have also been more general reductions in overall species biodiversity as 
complex ecosystems are replaced with simpler plantation systems that host fewer species 
and concerns about increases GHG emissions as land is converted (Barcelos et al., 2015).

Despite the widespread 
international concern 
about the broader impact 
of oil palm, rigorous 
scientific studies of the 
environmental and 
socioeconomic aspects of 
its cultivation are in their 
infancy. Such studies are 
fraught with problems due 
to the huge breadth, 
complexity, and 
interdisciplinary nature of 
the systems involved. 
These already formidable 
challenges are further 
exacerbated by the roles of 
vested interests from all 

sides of the debate. In some cases this leads to cherry picking of partial data from 
selected studies in order to substantiate already entrenched views. In order to be 
credible, therefore, studies on oil palm sustainability should be performed by independent 
researchers and the results published in full, preferably in peer-reviewed international 
scientific journals. Moreover, such studies should not only focus on oil palm, but should 
carry out similar assessments of other crops in order to compile a comparative balance 
sheet of the both the plus and minus points of other cropping systems (e.g., soybean or 

Click to view larger

Figure 3  Expected trends in world population and 
edible use of vegetable oil (from Corley [2009] How 
much palm oil do we need?)

Source: Environmental Science and Policy 12, 
134-13.
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rapeseed) in the context of impact and sustainability. One important issue is that soybean 
and rapeseed are grown as normally rainfed crops in temperate climates where water 
availability can be limiting, especially in the summer growing season (Aiken et al, 2011; 
Mekonnen and Hoekstra, 2011, 2014; Riar, 2015). In contrast, oil palm is normally grown 
in tropical regions with much higher year-round rainfall. For the major vegetable oil 
crops, the water footprints have been estimated at soybean oil 4200 m /ton; rapeseed oil 
4300 m /ton; palm oil 5000 m /ton; and sunflower oil 6800 m /ton (Mekonnen and 
Hoekstra, 2011). This places oil palm in the middle part of the range but it must be set in 
WKH�FRQWH[W�RI�RYHUDOO�UDLQIDOO�DPRXQWV��ZKLFK�DUH�W\SLFDOO\ށ��������FP�\HDU�LQ�UHJLRQV�RI 
oil palm cultivation (i.e., Malaysia and Indonesia), while summer rainfall in major soybean 
DQG�UDSHVHHG�UHJLRQV��L�H���WKH�$PHULFDV�DQG�(XURSH��LV�RQO\�DERXWށ������FP�

One of the most important limitations in developing robust policies for a sustainable and 
environmentally sound oil palm industry is a lack of hard facts about the precise ecosocial 
LPSDFWV�RI�SDOP�RLO�SURGXFWLRQ�DQG�XWLOL]DWLRQ�IURPކ�FUDGOH�WR�JUDYHއ��$V�DQ�H[DPSOH��WKH 
following quote is from a 2015 study on ecosystem services provided by oil palm 
plantations:

Our review highlights numerous research gaps. In particular, there are significant 
gaps with respect to information functions (socio-cultural functions). There is a 
need for empirical data on the importance of spatial and temporal scales, such as 
the differences between plantations in different environments, of different sizes, 
and of different ages. Finally, more research is needed on developing management 
practices that can off-set the losses of ecosystem functions.

(Dislich et al., 2015).

One of the major tools for such a process that is much used by policymakers is life cycle 
assessment (LCA) (de Vries et al, 2010; Schmidt, 2015; Yee et al., 2009). This method 
seeks to estimate the impact of all aspects of the production process from planting seed, 
growing, harvesting, and processing the crop (including fuel and labour costs); 
application of inputs such as water, fertilizer, herbicides, and pesticides; shipping of the 
oil overseas and downstream conversion into products such as foods and oleochemicals; 
transport to wholesalers, retailers, and consumers; and finally disposal of all products at 
the end of their lifetimes. These are only a few of the dozens of parameters involved in a 
truly comprehensive LCA and very few published studies manage to cover the entire 
V\VWHPކ�IURP�FUDGOH�WR�JUDYHއ��'HVSLWH�WKHVH�FDYHDWV�DQG�OLPLWDWLRQV��VRPH�XVHIXO�/&$ 
data are now emerging where oil palm is compared with some of the other major oil 
crops. Examples include a 2015 study, showing that overall the impact of oil palm, as 
determined by LCA methods, is comparable to, and sometimes superior to, temperate oil 
crops (Schmidt, 2015) and the 2011 study on comparative water use efficiencies by 
Mekonnen and Hoekstra (see above) and Sadras et al. (2008). Many more such studies 
are needed in order to inform better public debate and future policy about the true 
environmental impacts of oil crops.

3

3 3 3
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Encouragingly, over recent years more research has been published on the comparative 
ecology of oil palm plantations, impacts of land-use change, and possible effects of 
climate change, including a balance sheet for GHG during conversion of forest or 
peatland to plantations. There is insufficient space here to discuss all of these studies but 
a few examples can be outlined. The High Carbon Stock Science Study was set upby 
five major oil palm growers (Asian Agri, IOI Corporation Berhad, Kuala Lumpur Kepong 
Berhad, Musim Mas Group, and Sime Darby Plantation), together with Cargill and 
Unilever, to increase their commitment to sustainable palm oil (for details see 

www.carbonstockstudy.com). This group, which is jointly chaired by the academic John 
Raison and well-known environmentalist Jonathon Porrritt, issued a draft report for 
discussion in 2015, in which they produce values for various environmental impacts and 
list a series of recommendations for future conduct of the industry (Raison et al., 2015).

Two other recent studies examine the potential impact of land use and climate change on 
biodiversity in Borneo where a great deal of oil palm planting has occurred (Scriven et 
al., 2015; Streubig et al., 2015). The conclusions include the need to establish nature 
reserves in upland areas where climate change will be less severe and also to improve 
connections between reserves and plantations via wildlife corridors. One of the most 
controversial aspects of new palm cultivation is the use of tropical peatland, especially in 
Borneo. There are several ongoing studies of the impact of peatland conversion in terms 
of greenhouse gas emissions and other environmental studies have been carried out in 
association with the Roundtable on Sustainable Oil Palm (RSPO). A few examples include:
Agus et al., 2013; Chase et al., 2012; Dalal and Shaunmugam, 2015; Gunarso et al., 2013; 
Khoon et al., 2012; Khoon and Jepsen, 2015; Killeen et al., 2014; Lawson et al., 2014; and 

Schrier-Uijl et al., 2013. A recent review of several studies of the climatic effects of the 
conversion of peatland to oil palm plantations has revealed inconsistencies and 
contradictions in some of the previous work, mainly due to differences in methodology 
and interpretation (Rehman et al., 2014).

While there are clear negative climatic impacts of peatland conversion to oil palm, their 
magnitude remains unclear and it is important that such studies also take into account 
the mitigation of GHG emissions and the wider socioeconomic context of such land 
conversions (Veloo et al., 2014). More studies by independent groups will be necessary in 
order to generate sufficient data for future meta-analyses that could provide robust policy 
options for the exploitation (or not) of peat soils. Other studies, including the systematic 
analysis of tropical peat soils (Veloo et al., 2014), have demonstrated an unexpectedly 
complex picture with several different categories of peat, some of which can more readily 
support oil palm crops than others. The conclusion is that it is not appropriate to impose 
blanket bans on the use of all peat soils for oil palm cultivation but rather to survey the 
soil first before making a better informed decision. Other studies suggests that oil palm 
expansion is still possible on already degraded land, without the need to convert mature 
tropical forests (Wicke et al., 2011) and that smallholdings may have lower environmental 
impacts than commercial plantations (Lee et al., 2013). Other useful environmental 
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studies have been carried out in association with the RSPO, as discussed in the previous 
section.

Recent Climatic Effects on Oil Palm
Oil palm is grown mainly in the humid tropics, where rainfall is generally abundant and 
there is less climatic seasonality compared to temperate regions. Evolutionarily speaking, 
the oil palm tree is adapted to high moisture environments and even relatively mild 
drought stress can induce closure of the leaf stomata with a consequent reduction in 
photosynthetic rates even though the oil palm plants might still look healthy (Haniff et al., 
2005). More prolonged dehydration may cause severe inhibition of photosynthesis and 
contribute to increased concentration of dangerous reactive oxygen species (ROS). In 
recent years there has been increasing evidence that both short term and longer term, 
climatic changes might be affecting oil palm performance and yields. For example, in late 
2016 it was reported that a transient reduction in rainfall in Malaysia had resulted in a 
6% decrease in palm oil production (Agrimoney, 2017; Merten et al., 2016; Rahutomo, 
2016; Sapp, 2016; USDA, 2015, 2016b). This has been associated with changing rainfall 
patterns during an El Niño event in Southeast Asia that included dry spells in excess of 
20 days and a 16 percent annual water deficit compared to average years (Rahutomo, 
2016). In addition to such transient shocks, there may be longer-term climatic changes 
involving both rainfall and temperature that could adversely affect oil palm cultivation in 
these regions (Austin et al., 2015; Paterson et al., 2015). The overall climate can also 
interact with watersheds to affect oil palm and other plants as described in Borneo 
(Carlson et al., 2014)

Oil palm adaptation to drought requires good growth and distribution of roots in the soil, 
which is highly dependent on water availability during early growth phases (Carr, 2011). 
Studies with drought tolerant, susceptible, and intermediate oil palm genotypes in Benin, 
which has two dry seasons annually, found that total root length was much higher in the 
tolerant genotype (Nodichao et al., 2011). This is consistent with findings that showed 
enhanced root growth as an important response to water stress. Also, root growth of oil 
palm seedlings was inhibited under polyethylene glycol (PEG) treatment that mimicked 
water deficit (Chaum et al., 2010). In the recent El Niño event in Southeast Asia, the 
drought stress was compounded by increased incidence of pest attacks that also led to 
reduced yield and overall viability of the trees (Rahutomo, 2016). In other recent 
research, drought tolerance was examined in different oil palm hybrids and showed clear 
genetic differences that could be used to select future varieties with improved drought 
tolerance (Borneo Post, 2015; Jazayeri et al., 2015; Silva et al., 2017). The functions of 
several drought inducible oil palm genes have also been studied in transgenic tomato 
plants as part of efforts to understand the detailed genetic regulation of drought 
tolerance (Azzeme et al., 2016; Ebrahimi et al., 2016; Murphy, 2017).
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Another factor in the increased vulnerability of oil palm to climatic change is the 
tendency for expansion of oil palm cultivation into new areas where rainfall and 
temperature stability are less assured than in the current centres of cultivation in 
Southeast Asia (Carr, 2011). Even in Southeast Asia, oil palm cultivation has a 
considerable water footprint (Arshad, 2014 Carlson et al., 2014; Gheewala et al., 2014; 
Mungkalasiri et al., 2015), but this impact may be compounded when the crop in grown 
in lower-rainfall regions. Examples include parts of South and Central America where 
rainfall patterns may be relatively erratic. There have been relatively few studies on the 
long-term resilience and sustainability of greatly expanded oil palm cultivation in these 
 �UHJLRQV��+RZHYHU��WKHUH�DUH�VRPH�XVHIXO�PRGHOOLQJ�VWXGLHV�WKDW�KDYHއQHZ�IURQWLHUކ
examined the potential effects of climate change and the value of adaptation or mitigation 
strategies for climate resilient oil palm in the future (Shanmuganathan and Narayanan, 
2012; Shanmuganathan et al., 2014; Suresh, 2013). The overall message is that oil palm 
yields may be increasingly vulnerable to climatic and agronomic changes and that 
breeding efforts should focus on traits such as drought and pest tolerance that will enable 
the crop to prosper in different regions of the world in order to meet future demand.

The Future of Oil Palm towards the Mid-21st 
Century
It seems inevitable that, due mainly to population growth and economic progress in many 
developing countries, global demand for palm oil will continue to increase in the medium 
to long-term future (Figure 3) (Pirker et al., 2016). Forecasting future demand is always 
challenging, but various estimates from reliable sources predict that about 77 Mt palm oil 
may be required by 2018; 84 Mt by 2020; and between 93 and 156 Mt by 2050 (Frost and 
Sullivan, 2017; Harris et al., 2013; Pirker et al., 2016). To produce such amounts of oil is a 
formidable challenge but it could be achievable via improved management and replanting 
better genetic stock as described above. However, it is also likely that some expansion of 
cultivation away from Southeast Asia and into other tropical regions will also be required. 
To some extent this process is already underway with significant expansion of oil palm 
cultivation in Africa and the Americas.

Currently, the three major centres of cultivation in Central/South America are Colombia, 
Ecuador, and Honduras with a modest annual output of 2 Mt oil. According to IIASA 
estimates, these three countries and Peru have some potential to expand cultivation but 
by far the largest new prospective area is in Brazil. Oil palm is a suitable crop in low 
elevation regions in the humid tropics and can tolerate the highly acidic non-forest soils 
of Amazonia (Laurance, 2009). In Brazil, an estimated 32 Mha (excluding rainforest) are 
suitable for oil palm production (EMBRAPA, 2016), which is double the entire global oil 
palm area at present. It should be stressed that the vast majority of this possible 
expansion into oil palm in South America would be on grassland or planted pasture with 
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very little, if any, forest conversion (Pacheco, 2012). Conversion of such land would have 
a lower impact on biodiversity and other environmental indicators compared to tropical 
forest.

The buoyant demand for palm oil is also stimulating replanting of disused plantations or 
establishment of new plantations in parts of West and Central Africa. This locally grown 
oil will help meet increasing local requirements that are currently mostly met by 
imported oil from Malaysia (Carrere, 2010). It is estimated that 24 Mha is suitable for 
growing oil palm in Nigeria alone (Business Day, 2013). In terms of climate and 
agronomy, another promising African region is the Congo River basin where plantation 
companies are already acquiring land. Therefore over the next few decades, Africa may 
emerge as a major centre for oil palm production.

Conclusions
Although the oil palm industry faces many challenges, the tools to address them already 
exist and have the potential to transform this historic crop into a truly global source of 
nutritious food and valuable nonfood products for growing world populations. Higher 
yielding cultivars with nutritionally improved oil compositions and greater resistance to 
pests and diseases will be available. We can also look forward to an extension of oil palm 
cultivation in new areas of the tropics. During the 2020s, West and Central Africa will 
begin to emerge alongside Central and South America as major producers of palm oil for 
local and global markets. Between them, these new regions have the capacity to convert 
well over 30 to 40 Mha to oil palm with a current yield potential of 130 to 170 Mt oil, and 
much more than that if the expected increases in crop yields are realized. If only a 
quarter of this land is changed to oil palm plantations, the new regions could be 
producing as much as 50 to 70 Mt oil by 2030.

The figure of 70 Mt is close to the present global production and demonstrates that a 
doubling of palm oil production in the next few decades is feasible. A redesign of plant 
architecture, especially the breeding of shorter stem, can further increase yields as well 
as transforming the management and processing of the crop. If these and other genetic 
improvements and management efficiencies can be achieved, the resulting increased 
palm oil output could more than meet even the highest projections for future vegetable 
oil requirements. Of course, these developments must not be at the expense of sensitive 
environments and it is important that the continued cultivation of oil palm should take 
place within a context of rigorous sustainability, such as the RSPO certification scheme. If 
this can be achieved, it is possible that in the longer term, given its superior yield and 
land-use efficiency, oil palm might even displace some of the less efficient temperate 
oilseed crops as the preferred source of oil for global edible and non-edible markets.
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