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Abstract

This thesis investigates the negative environmental impacts of the growing palm oil industry
in Indonesia, and strives to find solutions to the difficult task of attaining sustainability.
Throughout the thesis we aim at presenting information that relates to and provides useful
insight into the palm oil industry and Indonesia, as well as surrounding elements that affect
and are affected by the industry, and lastly provide insight into necessary steps going forward

in order to achieve a sustainable industry.

We explore the evolution and findings of different environmental impact assessments. The
three assessment tools, life cycle sustainability assessment, life cycle assessment, and total
economic valuation, were investigated in an integrative case study. The results from the
assessments are discussed in the context of relevant literature. The chosen life cycle
sustainability assessment holistically evaluates the level of sustainability in the production
process of crude palm oil. Through the study we discovered a crucial need for improvement
in the environmental dimension. The life cycle assessment gives deeper insight into the crude
palm oil production process and technologies for sustainable utilization of empty fruit
bunches, where we found that composting was one of the most favourable technologies. The
total economic valuation addresses the serious threat from deforestation, more specifically in
Leuser National park on Sumatra. The effects on the economic value under deforestation
versus conservation scenarios are investigated, and it was found that the conservation

scenario has a higher total economic value than the deforestation scenario.

The thesis concludes that the biggest problem from an environmental point of view is the
high rate of deforestation and clearing of peatlands, as it causes a number of other negative
impacts, such as the high amount of GHG released during this process and distribution of
biodiversity. We discovered a strong connection between environmental sustainability and
economic sustainability, meaning that economists can play an important role when moving
towards a sustainable palm oil industry in Indonesia. Lastly, sustainable drives such as
consumer awareness, pressure from non-governmental organizations and certification were
identified. Despite the available solutions, it was determined that the main issue holding the
industry back from sustainability lies in the lack of motivation and poor implementation of

these solutions due to financial barriers.
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Chapter 1: Introduction

The palm oil industry has been growing rapidly since the 1980’s, with each following year
seeing increased expansion and revenues, while the detrimental environmental consequences
worsen accordingly. Indonesia has over the years become the largest producer of palm oil,
and the demand is growing every year, especially in eastern Asia. The socioeconomic
benefits of the palm oil industry are for the most part positive today, but questions have been
raised about the long-term sustainability of the industry. We therefore aim to assess the
current state of the palm oil industry in Indonesia and find clues as to how the industry can,

and needs, to change in order to achieve that goal, perhaps before it is too late.

There are several components to achieving a sustainable industry that needs to be addressed.
The starting point is the high rate of deforestation and clearing of peatlands undertaken to
make way for the cultivation of oil palms. This land clearing is carried out by both large
organizations with large plantations, as well as smallholders who can be either independent or
part of smallholder schemes. These processes are found to be highly unsustainable and lead
to a vast array of environmental impacts. The outcome could be irreversible loss of
biodiversity and important ecological functions. The theoretical consequence of the
business-as-usual scenario is that in the end, little to no vegetation will be able to grow where
the plantations have been, and that includes oil palms. The degradation of soil caused by
fertilizers and pesticides also increase the risk and detrimental effects of natural disasters
such as floods, landslides, droughts, and changing river flow patterns. In the worst-case
scenario, most of the natural flora and fauna spread throughout the Indonesian archipelago
might be completely destroyed, or become an unrecognisable shadow of the thriving state it

has existed in for thousands and thousands of years.

Indonesia is the largest producer of palm oil in the world, and together with Malaysia, which
is the second largest, they produce between 85%-90% of all the palm oil produced in the
world. These are also countries that are in the middle of developing as emerging economies
and still have many citizens living under the poverty line. The palm oil industry - which is
valued at around USD $100 billion and makes up 17% of the agricultural GDP of Indonesia -
is therefore an important industry for the countries, both as nations and for the many
stakeholders. Additionally, the industry outcompetes other oilseed competitors and alternative

crops such as rice and rubber, by providing higher yields from the same area and is more



labor intensive, which means it provides more jobs. Palm oil in itself is also a highly priced
product that is used in a number of products — such as cosmetics, biofuels, food, and more -
across the world, due to its favorable attributes. It is safe to say that the palm oil Industry is

not going away anytime soon, but neither will the environmental impacts if nothing is done.

What we will discuss in this paper is therefore the current state of the industry and the
environment in the tropical regions that make up the Indonesian archipelago, and what
influences the industry. We will do so by providing an overview of the various stakeholders
and other forces that govern the industry, going over the various environmental and economic
costs and benefits, and by using three case studies to help shed light on and gain insight into
what the industry needs to address in order to become more sustainable. The thesis mainly
focuses on environmental impacts as well as the economic dimension. We will not be
focusing on social effects of the palm oil industry, such as child and slave labour, unsafe

working conditions, health risks, and culture.



Chapter 2: The palm oil industry and environmental

impacts

The Palm Oil industry is important for Indonesia’s economic development, but the industry's
growth is also problematic as it causes numerous negative environmental impacts when
expanding into rainforests and peatlands, such as loss of the natural rainforests and
biodiversity. This chapter seeks to describe the palm oil industry, palm oil as a product as

well as the negative environmental impacts of the industry.

2.1 The concept of sustainability

Sustainability is a central concept in this paper. It is therefore important to have a clear
understanding of what the term entails. Many organizations and authors are using different

definitions of the term sustainability, with some definitions being more popular than others.

Jennings & Zandbergen (1995, p. 1023) presents the argument that “individual organizations
cannot become sustainable”, and that “Individual organizations simply contribute to the large
system in which sustainability may or may not be achieved”. The Brundtland Commission
report defines sustainable development as “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs” (Emas, 2015,
p. 1). Many companies follow this definition, while Frece & Harder (2018) argue that
organizational sustainability should focus on organizational values instead of human needs.
With that said, the Brundtland Commission’s definition might not be suitable for corporate

sustainability, but it does however address market policy makers.

Elkington (1999, 2018) takes the definition of sustainability a step further by explaining that
there are three bottom-lines that the sustainability concept is built upon, which are people,
profit, and planet. In other words, an organization or industry becomes sustainable by
balancing these three elements. However, the three elements are unstable and constantly

fluctuating.
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People

Planet

Figure 1: John Elkington’s triple bottom line

As the figure above illustrates, the triple bottom line does not only concern sustainability in

each individual element, but also how they are connected and dependent on each other.

Both the Elkington and Brundtland Commission definitions of sustainability can, by
themself, be vague. Herman Daly created the following definition that will be useful in this
case; “A sustainable society needs to meet three conditions: its rates of use of renewable
resources should not exceed their rates of regeneration, its rates of non-renewable resources
should not exceed the rate at which sustainable renewable substitutes are developed, and its
rates of pollution emission should not exceed the assimilative capacity of the environment”

(Elkington, 1999, p. 55).
In order to attain sustainable plantation practices, the plantation must balance and benefit the

3 Ps; profit, people, and planet (Basiron, 2007). This applies to any agricultural crop,

including palm oil.
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2.2 The palm oil industry
2.2.1 Palm oil

Palm oil 1s made from the pulp of fruit that grows on oil palm trees (D'Antone & Spencer,
2015). These trees grow naturally in some rainforests, however they are also being cultivated
in plantations of varying scales. Palm oil has proved to be one of the most profitable uses of
land in tropical regions. Production of palm oil is financially more attractive than
substitutions such as rice and rubber, when considering agricultural land use, while being
more labor intensive which means it provides more jobs per hectare (Bissonnette & De
Koninck, 2015; SPOTT, 2016). Palm oil outcompetes its vegetable oil competitors with
yields that are five to ten times higher, long shelf life, desirable health properties, and more
versatility (Voora, Bermudez & Balino, 2019). Palm oil also has one of the lowest production
costs, making it possible to request lower prices than competing vegetable oils (Carter,

Finley, Fry, Jackson & Willis, 2007).

Palm oil is an important source of edible oil and is the world's most used vegetable oil, as it
provides almost 30% of the world’s edible vegetable oil (Corley, 2009: D'Antone & Spencer,
2015). Palm oil is used in various edible products and is likely to be found in bread, ice
cream, chocolate, and margarine (Azhar, Saadun, Prideaux & Lindenmayer, 2017).
Furthermore, palm oil is used in many products other than food - such as makeup, soap,
cleaning detergent, and biofuel. Prior to the rapid development of demand for biofuel, as
much as 17% of palm oil was used for non-edible purposes (Corley, 2009). The demand for
non-edible purposes had increased to 20% in 2017 (Kushairi et al., 2018). The yearly demand
for palm oil is estimated to double from 2009 to 2050, from 120 million tonnes to 240 million
tonnes (Azhar et al., 2017). Approximately 80-90% of the global supply of palm oil is
produced by Indonesia and Malaysia (Zahan & Kano, 2018).

2.2.2 The palm oil industry in Indonesia - A positive force

Indonesia's economy has been growing rapidly the last 20 years (World Bank, 2019). This is,
among other reasons, due to the palm oil industry - which has become one of Indonesia’s
most important sources of economic growth, employment generation, rural poverty
alleviation, and export earnings. The palm oil industry makes its main impact in three
different ways. Firstly, crude palm oil (CPO) is used as a raw material in the domestic

cooking oil industry. Secondly, it generates a large number of jobs for both
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plantation-workers and smallholder growers. And, lastly, it provides the government with
revenues as the third most valuable export product in Indonesia. The industry contributes to
the economy through output and value, while it provides employment through its agricultural

sector that benefits farming communities in rural areas (Kasryno, 2015).

The following are the three forms of ownership of plantations in Indonesia: smallholders,
private companies, and state-owned (Glastra, Wakker & Richert, 2002). Around 2 million
smallholders cultivated palm oil according to a 2013 agricultural census. Additionally,
another 7.8 million people were employed somewhere along the palm oil value chain through
The Indonesia Palm Oil Association (GAPKI) and connected industries, as of 2018. The
export value of this industry reached USD $23 billion in 2017 and contributed 17% of
Indonesia’s agricultural gross domestic product in 2014 (Purnomo et al., 2020).
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Figure 2: Export, government income, and CPO Fund (million USD). 32 year simulation, 2015 base

year (Purnomo et al., 2020, p. 6).

A growing awareness of the health deficits of trans fats and the potential ban of products
containing trans fats, has created room for palm oil to expand its market share as a substitute.
Biodiesel made from palm oil has been banned from counting towards the 2030 reduced CO,
emission goals in the EU. However, the largest consumer of palm oil is by far Asia,
accounting for two thirds of global consumption (Voora et. al., 2019). The EU ban only
accounts for a 1% financial loss of export, but it might set a dangerous precedent for the

industry if other important importers such as Norway, the US, China, and India adopt the
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policy (Purnomo et al. 2020). This can however, potentially be combated with sustainable

development in the industry.

There are some concerns about the actual impact that the palm oil industry has on Indonesia.
While it seems clear that the economic impact is positive for the time being, there are
questions being raised about the sustainability and social impact it carries. Findings indicate
that poverty alleviation is unevenly distributed between villages based on “biophysical
locations and baseline socio economic conditions of nearby communities prior to oil palm
development” (Santika, et al., 2019, p. 105). However, the dominant economic impact seems
to be positive, especially for those living under the poverty line. Rural poverty in the Riau
province for instance, decreased from 21% to 10%, between 2009 and 2013 (Shahputra &
Zen, 2019).

The yields per unit of land that smallholders - who often are poor - are able to harvest, are
typically much smaller when compared to large corporate plantations. Smallholders take up a
considerable amount of the land area used for oil palms, estimated to take up around 50% of
the total area. They fall behind the plantations for a number of reasons - which includes soil
and weed cover management, canopy management, harvesting, pest and disease management,
plant nutrition, and several other reason that relate to planting practices such as spacing and
general treatment of the oil palms (Jelsma, Woittiez, Ollivier & Dharmawan, 2018). Palm oil
remains a highly suitable product for smallholders, despite the difficulties that come with the
cultivation of oil palms, and can provide a good living for many people with high returns to
land, labor, and capital. Some scheme smallholders have even managed to outcompete the
large plantations’ yields by exploiting both smallholder and large plantation advantages, and
by better sharing information and knowledge between themselves (Jelsma, Slingerland, Giller

& Bijman, 2017).

2.3 Environmental impacts

2.3.1 Rainforests and biodiversity - Why they matter

The tropical rainforests that are found on the Indonesian archipelago are part of one of earth’s
largest biomes, also known as major life zones. These are part of the tropical rainforests
found around the equator and are home to some of the oldest and most primitive major

vegetation, as well as containing some of the most biodiverse fauna in the world (Smith,

14



1998). Indonesia’s rainforests make up 10% of the world’s tropical rainforests and 5.4% of
the world's total forest areas, as of 2020 (Brearley et al., 2019: FAO & UNEP, 2020). Tropical
rainforests covered 15% of global land area in 2013, and are the largest and most important

carbon sinks above ground (Brearley et al., 2019).

Forests help supply water, provide livelihoods, mitigate climate change, and are essential for
sustainable food production (FAO & UNEP, 2020). This dependency holds especially true for
poor rural areas such as Indonesia, where studies have found a high reliance on forest
resources, and smallholders account for 36% of the crude palm oil production (Kasryno,
2015; Gunawan et al., 2008). This relationship should be considered when addressing how to

make a sustainable transition without negatively affecting the Indonesian population.

There exists undeniable evidence for the decline in biodiversity around the globe, and while it
is hard to understand and predict the exact consequences of the loss of biodiversity, there are
some general principles that are understood (NASA, w.y.). The rate of decline in biodiversity
is exponential, which is made all the worse when taking into consideration that sustained
biodiversity helps ecosystems operate normally and recover faster after shocks to the
equilibrium (Moron, Sheppard & Lonsdale, 2014). Indonesia hosts the third largest selection
of known tree species in the world with 5,263 out of 60,082. These trees do not exist in
isolation and are part of an interconnected system consisting of plants, insects, animals, and
fungi. Replanting forest does not bring back these other crucial species that are necessary for
a healthy and thriving ecosystem, nor does it guarantee that conditions remain favorable to

support the same three species after having cleared the area (FAO & UNEP, 2020).

Loss of biodiversity affects every aspect of how energy and nutrients contained within the
plants, animals, and soil are produced and used, to how they are broken down as biomass to
be recycled for use again (Moron et al., 2014). Loss of biodiversity also affects the
distribution of the energy and nutrients throughout the ecosystem. How much individual
species affect other species and the ecosystem as a whole can vary drastically, with certain
species having little or no practical impact while others can be considered crucial species for
proper ecological functioning. However, the loss of several less impactful species can have an
additive effect and cause major disruptions to the natural equilibrium. The loss of one species
can lead to either a decline or increase in several others, having a chaotic and unpredictable

impact on the local environment, which again can stack up to affect the global ecosystem.
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2.3.2 Deforestation

Deforestation means to convert forested areas to other purposes, which in this case is the
conversion of rainforest for the purpose of creating palm oil plantations, and increased
deforestation in Indonesia typically mirrors an increase in planted areas (Tan & Lee, 2009;
Vijay, Pimm, Jenkins & Smith, 2016). Palm oil is a chief driver for deforestation in Indonesia
alongside the timber industry (Austin, Schwantes, Gu & Kasibhatla, 2019). Kaimowitz and
Angelsen has concluded from their research that “deforestation tends to be greater when:
forested lands are more accessible; agricultural and timber prices are higher, rural wages
are lower, and there are more opportunities for long distance trade” (Kaimowitz & Angelsen,

1998, p. 5), which applies to the palm oil industry in Indonesia.

Indonesia doubled the planted area for palm oil production in a decade, from 2003 to 2014
(Khatiwada et al., 2015). The peatland area used for plantations increased from 700,000ha in
2000 to 2,000,000ha in 2014 (Uda, Hein & Sumarga, 2017). The absolute rate of
deforestation in Indonesia fluctuated between 0.71 million hectares and 1.78 million hectares
annually between the years 1990 and 2005, making it one of the countries with the highest
deforestation rates on the planet (Hansen et al., 2009). The Indonesian Ministry of
Environment and Forestry released numbers in 2015 that unveiled that 24 million hectares of
rainforest were lost in the 25 years between 1990 and 2015, which is comparable to the size
of the United Kingdom (Greenpeace International, 2018). As a result, the Indonesian
government publicly committed to reducing deforestation, but they have not been successful

(Tacconi, Rodrigues & Maryudi, 2019).

Forestry regulations recommend developing palm oil plantations in areas that are unforested
or on abandoned lands, instead of in forested arcas. There was in 2016, 17 to 26 million
hectares of available land suitable for palm oil plantations in Indonesia (Afriyanti, Kroeze &
Saad, 2016). Yet, all major palm oil plantations have done the opposite and developed in

forested areas and on disputed land (Setiono et al., 2015).
Logging and burning are the most common ways to clear out forests in order to make room

for plantations in Indonesia (Austin et al., 2019). From the year 2002 to 2015 the average rate

of active fires in plantations were 0.078 fire-detections per square kilometer per year (Austin
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et al., 2019; Carlson et al., 2018). These intentional fires have on many occasions caused
accidental forest loss, as large fires are difficult to control (Carlson et al., 2018). In 2015 there
were serious out of control fires in Indonesia's rainforests. The fire’s daily greenhouse gas
emissions frequently surpassed the daily emissions of the USA (Global Fire Emissions
Database, 2015; Harris et al., 2015). Smoke haze from the fire impacted millions of lives and
might have caused up to 100,000 premature deaths (Burrows, 2016). Fires started in relation
to the palm oil industry were the main source of haze. The weather was extremely dry in this

period, which could be the reason for the extreme amount of smoke.

The Indonesian state's policies have been facilitating the rapid development of palm oil
plantations causing deforestation. The state's decentralisation of power, that came through
Law No. 22/1999, opened the floor for corruption and competition, as well as making it
possible for the local governments to grant plantation permits in an uncontrolled manner
(Tacconi et al., 2019). Under the national forestry regulation from 2002, local governments
are no longer allowed to issue these permits, yet many local governments proceed to do so
(Setiono & Husein, 2015). For instance, in Central Kalimantan, which is a province of
Indonesia, there have been issued hundreds of permits to plantations, without the central
forest authority having issued formal land release, covering about four million hectares of

forest in this area (Tacconi et al., 2019).

A significant amount of the deforestation in Indonesia is done illegally, but illegal
deforestation is harder to detect than legal deforestation. Consequently, the tracing of climate
change and achieving a sustainable industry is significantly more difficult because of illegal
deforestation. Furthermore, illegal deforestation works as a driver for corruption in addition
to robbing the government of revenues as well as natural resource bases. Deforestation also
undermines and depletes livelihoods, and fuels social conflict (Hoare, 2015). Illegal
deforestation occurs due to weak law enforcement and inadequate monitoring. Indonesia
generally suffers from corruption, and the palm oil industry is no exception (Transparency
International, 2020; Setiono et al., 2015). In fact, it has been shown by studies that
bureaucrats, political parties, parliament members, army, and police have all been involved in
illegal forest activities, either directly or indirectly (Tacconi et al., 2019). Furthermore, local
governments as well as forestry and law enforcement officials, have been known to accept

bribes in exchange for permits and other legal documents (Setiono et al., 2015).
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Indonesia has not been successful in their commitment to reduce illegal deforestation. Brazil,
on the contrary, has with forest law enforcement activities been successful in reducing
deforestation significantly (Tacconi et al., 2019). At least they were successful until 2020,
when the deforestation rate increased due to the encouragement of agriculture in the
rainforest from the president, and a cut in the environment ministry’s budget, according to
BBC News (2020; 2021). The strategy they were successful with was largely based on timely
remote sensing imaging which allowed them to identify and observe the illegal deforestation.
Indonesia would likely benefit from assessing Brazil’s forest law enforcement strategy and
should consider how they could apply lessons from Brazil’s experience to their own forest

law enforcement.

2.3.3 CO2 emissions

Land use activities account for most of Indonesia’s carbon emissions as a single source, with
an expectation that it will contribute to more than 50% of the emissions through 2030. If this
estimate holds true, then emissions from the Land Use, Land-Use Change and Forestry
(LULUCEF) sector, and peat land activities will contribute to 2.5% of the world's GHG
emissions. It is also estimated that around 20% of palm oil plantations are located on peat
land (Shahputra & Zen, 2019), which is concerning since there exists no doubt that peat land
oxidation is the greatest single source contributor to CO, emissions per ha (Shahputra & Zen,
2019; Purnomo et al., 2020). Purnomo et al., estimates that the approximately 2.3Mha of oil
palm plantations on peatlands emit more than 100M tons of CO,e (CO, equivalent). Estimates
indicate total yearly carbon emission from plantation related activities on peatland to be well
over 400t C per ha in Southeast Asia (Uning et al., 2020; Uda et al., 2017). In total, palm oil
plantations have been linked to a 2.5 gigaton loss in carbon stock in tropical peatlands since

1990 (Uning et al., 2020).

The release of GHG from the forests and peat lands occurs both at the point of destruction -
by logging, draining, clearing, and fires - and over time as groundwater levels decrease and
soil organic matter decomposes (Purnomo et al., 2020). Land clearing activities and peatland
fires make up another 38% of CO, emissions, while the palm oil mill effluent (POME), which
is highly pollutive, also produces a large quantity of GHG. Treatment of POME is an
essential part of wastewater treatment plants, but is expensive and requires tests to determine

the right treatment process based on the characteristics of the wastewater (Poh et al., 2010).
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Chapter 3: Drivers of sustainability

This chapter provides relevant descriptions of potential driving forces pushing for sustainable

change, such awareness in the industry, government regulation, certification, and policy.

3.1 Awareness in the industry

The topic of corporate social responsibility and consumer awareness of sustainability in the
palm oil industry has increased since the end of the 20th century and has therefore become an
increasingly important factor for palm oil producers (Hutabarat, Slingerland, Rietberg &
Dries, 2018). Social media developed rapidly during this period, playing a huge role in the
growth of consumer awareness (D'Antone & Spencer, 2015). This has created a 'cancel
culture’, which essentially is a social media culture where boycotting a company or a person

becomes a trend (Ng, 2020).

Consumer awareness challenges the palm oil industry. If sustainable palm oil does not
become the new normal in the future, when awareness might have intensified, there is a
probability that consumers will take the “palm oil-free” position and boycott palm oil as an
ingredient (D'Antone & Spencer, 2015). Loss of reputation can therefore be seen as a cost and

influence companies' cost-benefit analysis (Brandi et al., 2013).

Non-governmental organizations (NGOs), such as Greenpeace and World Wild Fund for
Nature (WWF), play a huge role in spreading awareness about the palm oil industry through
research, articles, and campaigns (Ivancic & Koh, 2016). An example of this is Greenpeace’s
video ‘Rang-tan: the story of dirty palm oil’, which has over 40 million views on Youtube
alone (Greenpeace, 2018). Nestle is an example of a brand that lost money and changed their
supplier of palm oil because they did not want to be associated with illegal deforestation after
Greenpeace initiated a boycott (Gong, Gao, Koh, Sutcliffe & Cullen, 2019; Brandi et al.,
2013). Another brand that experienced scrutiny over their palm oil use is Cadbury, who was
led to exclude palm oil from many of their products or only use sustainable palm oil, as well

as issuing an apology (D'Antone & Spencer, 2015; Nzherald, 2009).

When switching suppliers, either reactionary or pre-emptively to expected criticism,
companies look for plantations providing certified palm oil. Concerned stakeholders

demanding sustainable palm oil have caused different voluntary certification schemes to
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surge (Hutabarat et al., 2018). With that said, Greenpeace has gone back and forth from
supporting certain certification schemes and has accused certified palm oil of being a con,
specifically addressing the Roundtable on Sustainable Palm Oil (RSPO) (Young, 2019). The
RSPO responded to Greenpeace’s claims by pointing to the fact that they have a strict set of
criteria regarding deforestation, and further explained that these strict criteria are not
something they can carry out alone and that it will take time (RSPO, 2021). Despite that
reponse, the RSPO took Greenpeace’s criticism seriously and steps have been taken to

strengthen their commitment to transparency and accountability.

If consumers demand sustainable palm oil and are willing to bear the extra costs of
certification and other measures to become sustainable, actors in the palm oil industry would
profit from satisfying that demand (Gale, 1955). A study from 2019 on the impact of
sustainability on consumers’ willingness to pay, where coffee production was used as an
example, found that striving for sustainability does not always pay off, while bad conduct

tends to be punished (Lingnau, Fuchs & Beham, 2019).

3.2 Certification

Certification is a major topic when discussing the palm oil industry and has become
increasingly important. There are many types of certification systems that cover different
aspects of the palm oil industry. The main purpose of certification standards is to stimulate
sustainable production of palm oil with limited negative environmental and social impacts
(Hutabarat et al., 2018). Certification is usually supposed to give assurance that forest
practices linked to palm oil are legal and sustainable. However, the real effects of certification
and how well it really works to fight deforestation in Indonesia is unclear (Carlson et al.,
2018). Although certification has shown signs of reducing illegal deforestation, the reduction
has not been significant, and palm oil is still a huge driver of forest loss (Heilmayr, Carlson &

Benedict, 2020).

3.2.1 Voluntary international standards

No deforestation, no peat development, and no exploitation (NDPE), is a policy that emerged
in 2011 and became increasingly popular in 2013 (Efeca, 2020). The policy is meant to
ensure sustainable palm oil and in many cases goes beyond both the legal and certification

requirements. However, the scope of NDPE policies vary from company to company and
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palm oil produced under NDPE policy is not officially certified. The fact that NDPE policy is
voluntary makes compliance hard to inspect, and transparency is therefore very important for
attaining sustainability. To achieve transparency, NDPE uses an implementation reporting
framework allowing the different parts of the palm oil supply chain to report progress of
delivering on NDPE commitments. The system is not perfect, but there is capacity for

improvement and it has the potential to become more robust in the future.

International NGOs and private organisations established the Roundtable on Sustainable
Palm Oil (RSPO), which was briefly mentioned above, in 2004. The RSPO was established
with the purpose of promoting sustainable production and trade of palm oil, and includes
stakeholders concerned for the level of sustainability throughout the palm oil value chain
(Pichler, 2013). The RSPO standards are based on the guidance of “People, Planet and Profit”
and are referred to as some of the most important and advanced standards (Brandi et al.,
2013). In 2012, the RSPO was responsible for certifying 12% of the world's palm oil, making
it the largest certification scheme for palm oil, and various countries in Europe had the
intention of only importing RSPO certified palm oil by the year 2020 (Hutabarat et al., 2018;
Ivancic & Koh, 2016).

International Sustainability and Carbon Certification (ISCC) is a voluntary international
standard under the European Union Renewable Energy Directive. It is one of the world's
largest certification systems and focuses on sustainable production of biomass for biofuels
(Brandi et al., 2013). The main criteria for ISCC concerns sustainability requirements for the
production of biomass, requirements for greenhouse gas emission savings, and supply chain

traceability and mass balance requirements.

3.2.2 Government regulation

In 2011, Indonesia established the national Indonesian Sustainable Palm Oil (ISPO)
certification (Choiruzzad et al., 2021). This was taken as a sign that there was displeasure
with the RSPO and the concept of non-governmental organizations, and raised questions
about legitimacy of private companies creating policy meant to regulate the industry. The
formation of the ISPO was done as a response to growing international criticism about the
environmental and social impact of palm oil production. The already uncertain authority and

status of voluntary international multi-stakeholder standards, have become even more
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questionable following the ISPO. Some are concerned that the government mostly seeks to
present an outward front to combat criticism aimed at the more destructive and polluting parts
of the industry. Government regulations that apply to private businesses can have both
positive and negative effects on the industry and the environment depending on factors such

as intent, formulation, implementation, enforcement, competing regulations, etc.
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Figure 3: The complex landscape that governs the palm oil industry. (Pacheco et al. 2018, p. 574).

“Palm Qil Plantations include all activities related to.: managing natural and human
resources, production facilities, tools and machinery, cultivation, harvesting, processing, and
marketing of oil palm.” (FAOLEX Database, 2020). This is what the ISPO aims at managing
through its business system. The goal of the ISPO is to create a sustainable industry that does
not cause further deforestation and drainage of peatlands, increase the acceptance and
competitiveness of Indonesian palm oil plantations in the international market, as well as
reducing the proliferated release of greenhouse gases throughout the industry’s value chain.
This means that both natural and human resources are included, the same goes for physical

capital and marketing of palm oil (FAOLEX Database., 2020).
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3.3 Effectiveness of certification and policy

There are a lot of discussions surrounding certification and policy as a tool to combat
deforestation and whether it is effective or not (Carlson et al., 2018). The non-state market
driven (NSMD) certifications that are usually pushed by NGOs are not enforced by law or the
local government, meaning the certification provider or a third-party actor is required for
follow-up. That also means that there are no inherent consequences for not acting in
accordance with the certification’s guidelines. This leaves little incentive for
profit-maximizing firms to undertake expensive restructuring to conform to the certification

(Auld & Cashore, 2013).

A remaining incentive for adopting certification is external pressure from NSMD forces, or as
a pre-emptive measure against official and mandatory regulations such as the ISPO. In 2013,
CEO of the company Wilmar International, Kuok Khoon Hong, shared their intentions of
making sure their own plantations, and the companies they source from, would provide palm
oil with no links to deforestation by committing to the NDPE policy (Wilmar International
Limited, 2014). This was a huge development since Wilmar International is one of the
world’s biggest trading companies of palm oil, causing other major traders to follow suit

(Greenpeace International, 2018).

In 2018 numbers showed that as much as 74% of the total refinery capacity in Indonesia is
operated by traders with NDPE policies (Kuepper, Steinweg & Aidenvironment, 2018). With
that said, deforestation has not slowed down even though the the conditions have been in
place for the palm oil industry to normalize ‘no deforestation’, indicating that the brands and
trading-companies announcing their NDPE policies, have failed to identify and eliminate
sources of palm oil that have links to deforestation. This is partly due to the brands and
trading-companies not having nor demanding consequence maps from their suppliers. This
displays the difference between creating and planning policies versus implementing them

effectively (Greenpeace International, 2018).

Certification and policy typically strive to eliminate fire associated deforestation in an effort
to combat accidental forest loss, and in a large sample of plantations from 2009 to 2014, it
was discovered that fire associated deforestation was less common in certified plantations

(Carlson et al., 2018). With that said, it is still unclear if certification has a direct effect on the

23



reduction of fire occurrences, or if this is connected to the fact that most of the certified

plantations are those with little to no remaining natural forest.
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Figure 4: Mean deforestation rate and mean fire rate within Indonesia's palm oil plantations (Carlson

et al., 2018, p. 3)

Figure 4 indicates that certification has a positive impact on deforestation and fire rates.
However, the mean fire rate increased in the years following up to 2015. This could be due to
the fact that more plantations are being certified, or the increase of fires in certified

plantations could imply that certification has a causal effect on fire rates (Carlson et al.,
2018).

3.3.1 Greenwashed certification and idealistic arguments

As mentioned, the impact that certification has had on sustainable production of palm oil is
widely debated and various sources report a vast array of results. There will always be those
who aim to take advantage of systems meant to promote positive change. This should be
considered when determining the effectiveness of certification in regard to sustainability. A
study by Carlson et al., (2017), found that certification had a significant effect on reducing
deforestation through logging, by as much as 33%. However, certification was mostly

acquired for the older plantations that had little remaining natural forest.

Certification can create a false image of sustainability in the industry, making consumers less
aware, while making the producers richer through higher mark-ups from the perceived
sustainable harvesting. This has been observed in the logging industry where timber with
Forest Stewardship Council (FSC) certification can fetch 15-25% higher prices at auction.

There have been several scandals in the logging industry where FSC loggers have carried out
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illegal logging and a Chinese company offered to put FSC labels on illegal wood for a higher
markup (Conniff, 2018). This should in our opinion be considered as a likely outcome in the

palm oil industry as well, unless countermeasures are put into place.

There exists a debate between idealists and those who favor more practical approaches to the
environment and sustainability (Prasad & Elmes, 2005). A critique aimed at “green
certification” is that the various certifications often lack concern for the practical, and become
empty idealistic fronts. The palm oil industrys vital role in improving conditions in
developing nations such as Indonesia creates implications when there is talk about slowing
down growth. It is easy to state that the palm oil industry needs to change, but it is something
else to say how it should change without negatively affecting the many lives that depend on
the industry. There is also a debate around the very concept of splitting idealism and praxis.
These often end up as two different sides and advocates might lean heavily to one side of the
debate, but there might not be any reason to split these two into mutually exclusive parts

(Newton, 2005).

3.4 Cost of certification

The certification process in Indonesia is long and costly. The costs related to certification can
be divided into the following three; compliance costs, transaction costs, and opportunity costs
(Lee, Rist, Obidzinski, Ghazoul & Koh, 2011). Each link in the supply chain has to comply
with the standards of certification in order to receive certification, meaning that certification
has to be financially attractive for each of these links in order for them to meet these
requirements voluntarily. In addition, it also depends on sufficient demand and customers
willingness to pay for sustainable palm oil (Hutabarat et al., 2018: Brandi et al., 2013). With
that said, an increase in income and premium prices due to certification has been identified as
potential financial benefits for smallholders (Rietberg & Slingerland, 2016). Certification also
ensures that smallholders are not excluded from certain markets with sustainability standards

(Brandi et al., 2013).

Certification standards carry more challenges for smallholders than large scale companies,
and 5-10% of smallholders were in fact left out of certification projects in 2016 (Hutabarat et
al., 2018). These barriers relates to costs, access to financial means, availability of legal

documents, acquiring and improving knowledge, and skills - which are reflected in the fact
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that there were 2.3 million smallholders in Indonesia in 2015, and only 129,155 smallholders
worldwide were RSPO certified that same year (Hutabarat et al., 2018). Without financial
support smallholders generally lack the financial means to meet certification costs, especially

the start-up costs (Brandi et al., 2013).

Based on an overview displayed by Kuit and Waarts, (2014), the annual cost of certification
is between 0.61 and 2,604.69 EUR per farmer, while the upfront costs are between 18 and
403 EUR per farmer. Research from the year 2013 to 2015 shows that certified smallholders
in Indonesia, compared to the circumstances prior to RSPO certification, generates up to 21%
higher revenues from sales, but it also creates a loss of net income the first year of up to 8%
per hectare (Hutabarat et al., 2018). The economic performance of palm oil smallholders with

certification has to be improved in order to motivate other smallholders.
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Chapter 4: Methodology

4.1 Problem statement and research questions

Research questions are more descriptive than hypotheses, and are often more suitable in
social science. We strive to conclude explanations on our subject with the use of words and
have therefore chosen a main problem statement. Since we are researching a wide subject
matter, we have chosen three research questions to supplement the problem statement. The
research questions guide the process and represent the specific information needed in order to
answer the problem statement (Sekaran & Bougie, 2016). The purpose of the research
questions is not mainly to find answers with double underlining, but rather to provide deeper

insight and understanding.

Problem statement Environmental impacts of the palm oil industry, particularly in

Indonesia, and how the industry can move towards sustainability

Research question 1 | What are the major negative environmental impacts of the current

and expanding palm oil industry in Indonesia?

Research question 2 | How can economists contribute by taking the environment into
account when calculating profitability, and how can the negative

environmental impacts be measured?

Research question 3 | What are the most efficient drivers of sustainable action for the

palm oil industry?

4.2 Research method

We wish to give insight to how the palm oil industry, particularly in Indonesia impacts the
environment, how these impacts can be measured, and how the industry can move towards
more sustainable practices. A research case study strategy is considered to be the appropriate

research method in order to answer the research questions as well as the problem statement.
A case study should be done “when you want to understand a real-world case and assume

that such an understanding is likely to involve important contextual conditions pertinent to

your case” (Yin, 2018, p. 45). This method is well suited to describe, explain, give insight to,
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and create a deeper understanding of an issue. The following three types of research case
studies can be defined: explanatory, descriptive, and exploratory (Yin, 2018). The appropriate
form of case study in our research is the exploratory case study, as we are not only answering

“how” and “why” questions, but also “what” questions, which are exploratory.

We have chosen three studies as the sources for our case study. Firstly, a study on life cycle
sustainability assessment, conducted by Omrat, Sharaai & Hashim (2021), which evaluates
the level of sustainability of crude palm oil production. Secondly, a study conducted by
Chiew & Shimada (2013), which is a life cycle assessment of the energy consumption and
environmental impact of various technologies for utilizing empty fruit bunches using
different recycling options, and thirdly, a total economic valuation of the Leuser national
park, conducted by Beukering, Cesat & Janssen (2003). The selection process as well as the

relevance of these will be further explained in chapter 6.

4.3 Scope of the case study

Many publications have discussed specific environmental impacts of the palm oil industry.
Our study has a new contribution by presenting and analysing relevant environmental impact
assessment models, demonstrating how they measure environmental impacts differently, and
then using the empirical data to answer the research questions as well as the problem
statement. Each model is presented individually and provides different data fit to answer the
research questions. The study does not seek to thoroughly investigate the social dimension,
but rather focus on the environmental and economical dimensions since these are more
relevant when answering the problem statement, although some social factors will be
mentioned for context. The theory presented in chapter 5 will be used as tools when carrying

out the case study in chapter 6.

4.4 Choice of data collection method

The case study method comprises a wide range of data collection tools. The opportunity to
collect empirical material from various sources allows triangulation, which is a strength that
case studies possess (Yin, 2018). Case studies may provide both qualitative and quantitative
data for analysis and interpretation, however, we are primarily focusing on analysing

qualitative data (Sekaran & Bougie, 2016). Our research is bibliographic, meaning that our
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information is gathered from published material. When collecting data for our general theory

and specific cases, we perform two different literature reviews.

Literature reviews allow us to build our research on existing knowledge and provide readers
with a clear overview of knowledge. “Articles that review extant research in a domain can be
incredibly useful to the scientific progress” (Palmatier, Houston & Hulland, 2018, p. 5).
Furthermore, literature reviews works as a tool to detect themes and theoretical perspectives
(Snyder, 2019). There are many forms of literature reviews, but systematic review,

semi-systematic review, and integrative review are three broad types.

A semi-systematic approach to the literature review best fits the first part of this study, which
the case study is built upon, where we go through different environmental impact
assessments, as it gives an overview of the topic as well as an overview of development over
time (Snyder, 2019). The search can both be and not be systematic, and the analysis and
evaluation can be both qualitative and quantitative, although this review type is most

commonly followed by a qualitative analysis, as done in this thesis.

For the case study we used an integrative approach. An integrative review is similar to a
semi-systematic review but the integrative approach usually has a different purpose, and is a
review method that allows for a more comprehensive understanding of an issue by
summarizing existing empirical literature (Broome, 1993). The purpose of an integrative
review is to critique and synthesize literature and the search strategy is usually not
systematic. In order to successfully conduct an integrative review, it should contribute with a

new conceptual model or theory (Snyder, 2019).
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Chapter 5: Literature review of environmental impact

assessment

With the increasing environmental awareness, different theories, models, and empirical
studies have surfaced in the last few decades. This literature review presents the evolution of
environmental impact assessments, with focus on palm oil and tropical agriculture. As
mentioned in chapter 4, the review makes us able to draw on existing knowledge, and allows
us to detect themes, theoretical perspectives, and development over time (Palmatier et al.,

2018: Snyder, 2019).

A semi-systematic review is useful in instances such as this when it is not possible to review
every article that could be relevant to the study (Snyder, 2019). The selection process was
done in four sections, firstly, by finding the most relevant headlines for tropical agriculture
and environmental impact assessments. Secondly, by reading the abstracts of the most
relevant headlines. Thirdly, by reading the full-texts of the articles with the most relevant
abstracts. And lastly, by choosing the final sample. Criteria evaluated in the literature
selection were: year of publication, relevance, if it was published by a credible source such as
Earthscan or ScienceDirect, and language of the article. To elaborate, out of the literature
evaluated, we chose the articles with most relevant information to help answer the problem
statement. When several sources provided the same relevant data, we made a decision based
on when the article was published and of which article best explained the concepts. The
literature search was done in two databases: Google Scholar (Scholar.google.com) and Oria
(Oria.no). These databases were searched using combinations of the following search words:
strategic environmental assessment, environmental impact assessment, life cycle assessment,
total economic valuation, SEA, EIA, LCA, TEV, evolution, development, palm oil, tropical

agriculture, and tropical rainforests.

There were a number of sources explaining and confirming the same information about
environmental impact assessment in general. Most of the sources focused on the positive
aspects and few pointed out the negative. There was not much information specifically
related to the evolution of environmental impact assessments in regard to tropical agriculture
and palm oil. Out of the numerous sources we went through we picked a final sample of

literature consisting of 12 sources from the period between the year 1980 and 2020, which
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was sufficient enough to shortly present the notable environmental impact assessments and

create a foundation to build our case study on.

Final literature sample - Theory

resilience

Title Author Year | Method
For whom do NGOs speak? Lai, Jia Yen, & 2020 | Literature review and case
Accountability and legitimacy | Hamilton, study with content analysis,
in pursuit of just environmental | Alistair. semi-structured interview, and
impact assessment. group discussion.
The total economic value of Nitanan,K., 2020 | Total economic valuation of
forest ecosystem services in the | Shuib, A., Sridar, Malaysian rainforests.
tropical forests of Malaysia R., Kunjuraman,
V., Zaiton, S., &
Herman, M.
Life Cycle Assessment - Hauschild, M., 2015 | Overview of the theoretical and
Theory and Practice Rosenbaum, R., practical aspects of life cycle
& Olsen, S. assessment.
Introduction to environmental | Glasson, J., & 2013 | Use of material from previous
impact assessment. Therivel, R. editions, drawing on findings of
important reviews, and case
studies.
The practice of strategic Therivel, R., & 2013 | Case studies, interviews,
environmental assessment Paridario, M. R questionnaires, and drawing on
important findings.
More than total economic Admiraal, J., 2013 | Combining ecological
value: How to combine Wossink, A., resilience with total economic
economic valuation of Groot, W., & de valuation in order to improve
biodiversity with ecological Snoo, G the environmental assessment

of the latter.
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Evaluation of the Wayakone, S., & [ 2012 | Review of literature and study
environmental impacts Makoto, I. of EIA legislation,
assessment (EIA) system in administrative procedures,
Lao PDR. guidelines, and relevant
documents.
Walking the sustainability Morrison-Saunde | 2012 [ Literature review.
assessment talk — Progressing | rs, Angus, &
the practice of environmental Retief, Francois
impact assessment (EIA).
Life cycle costing and Silalertruksa, T., | 2011 [ Life cycle costing.
externalities of palm oil Bonnet, S., &
biodiesel in Thailand Gheewala, S.
Strategic Environmental de Carvalho, C. |2011 | Literature study and
Assessment for sustainable M. environmental assessments.
expansion of palm oil biofuels
in Brazilian north region.
Introduction to environmental | Glasson, J., 2005 | Use of material from previous
impact assessment. Therivel, R, & editions, drawing on findings of
Chadwi, A. important reviews, and case
studies.
Environmental Impact Environmental 1980 [ Review of existing literature.
Assessment Review, About the | Impact
Journal Assessment
Review

5.1 Environmental impact assessment methods

We will be presenting the evolution of environmental impact assessment methods that focus

on palm oil and tropical agriculture. The most common and relevant impact assessments for

our analysis, focused on impacts on the environment, are environmental impact assessment
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(EIA) - which the life cycle assessment (LCA) method is often used to conduct - and strategic

environmental assessment (SEA) (Environmental impact assessment review, 1980).

5.1.1 Environmental impact assessment

Environmental impact assessment (EIA) was first introduced in the 1960s, and was formally
established in 1969 in the United States (Glasson & Therivel, 2013). Over the last 50 years,
EIA has grown and gained a family of assessment tools, called impact assessment (IA) or
environmental assessment (EA). These focus on widening the scope, scale, and integration of
assessments, consisting of social impact assessment, health impact assessment, risk impact
assessment, strategic environmental assessment, traffic impact assessment, and more, as well
as associated techniques such as life cycle assessment, multicriteria decision analysis, and

cost benefit analysis (Environmental impact assessment review, 1980: Glasson & Therivel,

2013).

EIA is a tool to assess impacts of planned activity on the environment in advance, which
allows for measures to be taken in order to avoid negative impacts (Glasson & Therivel,
2013). EIA therefore has the potential to deliver on sustainability expectations. The tool did
not initially start out with sustainability as the underlying purpose, however, it has been
extended in many cases to qualify as a sustainability assessment (Morrison-Saunders &
Retief, 2012). EIA has not only received praise. It was in its early years described as issue
driven and flexible, but have in later years been criticised for lacking these qualities and has
in some cases only been used to “tick the box with respect to procedural compliance”, instead

of as a thorough quality control and analysis (Morrison-Saunders & Retief, 2012, p. 34).

With that said, the demand for EIA has been growing internationally. The Rio Declaration on
Environment and Development, that took place in 1992, was an important factor in
promoting EIA (Glasson & Therivel, 2013). The conference laid out an action plan for the
international community on how to achieve sustainable development, including topics such as
biodiversity and deforestation. The environmental impact assessment tool was employed in
nearly all countries in the world in 2012, as 191 out of the 193 members of the United
Nations had in one way or another committed to the application of EIA (Morrison-Saunders
& Retief, 2012). In some developing countries EIA might be the only sustainability oriented
tool employed.
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Different variants of EIA with different criteria have surfaced over the years and the scope
continues to widen and grow (Glasson & Therivel, 2013). Christopher Wood, for example,
presented an EIA evaluation model in 1995, containing 14 core criteria. This model has been
applied to many developing countries, including Indonesia, Malaysia, and Thailand
(Wayakone & Makoto, 2012). There are factors affecting the implementation of EIA in
developing countries and in tropical areas. For instance, data and models suitable for tropical
areas sometimes differ from temperate areas, how countries perceive the significance of
impacts vary, and technology and knowledge may also vary. The roughly charted figure nr 5,
from 2005, demonstrates how the status of EIA can differ in different parts of the world. It
also showcases that the parts of the world known to produce palm oil were not as evolved as
North America and Western Europe in the mid 2000s, while the palm oil industry started to
endure rapid development (Glasson et al., 2005).

early EIAs,  EIA requlation/guidance EIA mainstream,
olten donor  enacted, increasing EIAs, fine-tuning of
funded quality variable regulation/guidance

Figure 5: Status of EIA systems worldwide from 2005 (Glasson et al., 2005, p. 309)

With that said, EIA can be done in different ways, using different criteria, and is fit to analyse
and evaluate many different environmental impacts. A relevant example is deforestation in
tropical agriculture, specifically the palm oil industry, where EIA in that context is linked to
forest governance through the granting of licenses (Lai & Hamilton, 2020). But EIA is not
always effective. Benin, a country in West Africa, has lost significant areas covered with

tropical rainforests due to the palm oil industry, although the country has had an EIA system
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since 1995 (Glasson et al., 2005). But the EIA practices at the time were impacted by lack of
collaboration and communication between essential ministries, lack of public environmental

awareness, and poverty, which contributed to the lack of effectiveness.

5.1.1.1 EIA development in Indonesia

NGOs have participated in Indonesia's EIA development since the 1970’s as a response to the
high deforestation rates, which is caused by, among others, the palm oil industry. Indonesia’s
EIA was first introduced in 1982, and is often referred to as Analisis Mengenai Dampak
Lingkungan (AMDAL). Indonesia used Canada’s EIA model as a blueprint for AMDAL.
However, Indonesia has struggled to implement it in an effective way. An example of this is
that the AMDAL commission has rejected different palm oil projects, but plantations have on

many occasions received permits regardless (Lai & Hamilton, 2020).

Authoritarian regime 1967-1998 Decentralisation since 1999
Canadian International The World Bank (WB) and
Introduction of AMDAL: | Development Agency ' th;;?:&gz?gﬂ;m
Act No. 4/1982 funded the set up of KRATIAT. relfars
AMDAL since 1983 . :
since 1999
aﬁ::;h::llf:;: :;IQEEEL Public announcement and Participation in AMDAL:
[5. ot P‘.' IR I"l' N D e community participation: f+ Government Regulation
e itk Decree No. 8/2000 No. 27/1999

Figure 6: Development of AMDAL regulatory framework (Lai & Hamilton, 2020, p. 4)

5.1.2 Life cycle assessment

The term life cycle is a metaphor that is intended to communicate the importance of assessing
the entirety of processes and steps involved in producing a product or service. The main
reasoning behind using a LCA approach above others, is that it can identify and avoid
situations where impact shifts between life cycle stages, where reduction in the impact in one
process can come at the cost of increased impact in another. LCA was first developed in the
1960s in response to growing environmental degradation and the worry regarding limited
resources. As a response to products having more complex systems and the expanding use of

LCI (life cycle inventory) data and impact assessment methodologies, the first versions of
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SimaPro and GaBi were developed, which are dedicated LCA software that is still widely
used today with newer versions. Changes were also made over time in order to accommodate
for a greater understanding of the interconnectivity between the environment and the social
dimension, which led to even further development with newly emerging LCSA (life cycle
sustainability assessment) studies that consider not only the environmental and social
dimensions, but also the economic (Hauschild, Rosenbaum & Olsen, 2015). Below are some

notable events in the life cycle of LCA methods.

In the case of palm oil, that typically means that it starts with the cultivation of oil palms and
harvesting of fruit bunches, and finally, the production and shipment of the final product,
CPO (crude palm oil) (Silalertruksa et al., 2011). It is more common to assess this as part of a
broader study that focuses on one of the several products that are made using CPO, such as
biofuel. For example, studies, one made by Silalertruksa et al., have found that certain blends
of biodiesel are able to compete with petroleum diesel in cost when taking the environment
into consideration, with ultimately comparable environmental impact. The reason why they
end up being fairly comparable, and part of the reason why biofuel is somewhat mistakenly
understood to be more sustainable than fossil fuels, is that the majority of the environmental
impact from palm oil based biodiesel comes from the cultivation and harvesting of feedstock,
while it is the combustion of petroleum diesel that causes the greatest impact. This difference
in where the impact occurs during a products life cycle illustrates the need to consider the
entire life cycle of a product or service, instead of focusing on specific steps or processes in

the value chain.

LCA results are quantitative and can therefore be used to compare impacts on climate change
between different processes and product systems, and this can also be useful for identifying
the most critical impact variables (Hauschild et al., 2015). The results from LCAs are often
initially complex as all emissions and resources are mapped with thousands of resource uses,
and emissions being considered as part of the first step of the LCA. In the next step these
variables are simplified into more manageable numbers and is done so by using mathematical
cause/effect models to calculate the potential environmental impacts. The quantification done

is based on science and uses measurements and proven casualties as its basis.

LCA can be used in quite a lot of ways and at many different levels of scope. It can be used

to formulate, implement, evaluate, and present policy making and governmental decision
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making (Silalertruksa et al., 2011). Furthermore, it can be used in business at both corporate
and product level to identify both internal and external hotspots and impacts. It is also used as
part of non-state driven market forces and can influence the decision making of individuals.
Put simply, it identifies impact categories and quantifies them, which in turn can be used to

make better plans and strategies across various government, corporate, and societal levels.

5.1.3 Strategic environmental assessment

Many of the European Member States established SEA systems in the late 1980’s. However,
SEA was first introduced in the European Union in 2004, and is being used more frequently
in many countries worldwide (Glasson et al., 2005). It was stated that the application of
strategic environmental assessment (SEA) had grown quickly in 2013. Although few
countries had established regulations of the assessment, several countries developed
guidelines directing how an assessment as such should be implemented (Therivel &
Paridario, 2013). Various definitions of SEA can be found, but a common definition is that
SEA is “a systematic process for evaluating the environmental consequences of proposed
policy, plan or programme initiatives in order to ensure they are fully included and
appropriately addressed at the earliest stage of decision making on par with economic and

social considerations” (Glasson et al., 2005, p. 358).

SEA has been referred to as an important tool when evaluating the environmental impacts, as
well as land use change in regards to palm oil expansion - or other palm oil related plans,
programs, or policies (PPPs)(de Carvalho, 2011). Usually, SEA is conducted before a
potential EIA. SEA expands the operations from the EIA of projects to a strategic level.
Furthermore, SEA provides informed recommendations and earlier strategic decisions
(Glasson & Therivel, 2013). Simply put, SEA can be characterized as a form of EIA for
PPP’s (Glasson, Therivel & Chadwi, 2005).

When SEA emerged, the quality was limited, due to both lack of experience and appropriate
techniques (Glasson et al., 2005). These problems have diminished over time, while others
have emerged. Firstly, many PPPs are vague and unclear. Secondly, the policy process is
dynamic in nature and issues are therefore likely to be redefined multiple times. Thirdly,
since policy is a political process, there is the issue of decision-makers taking their own

Interests into account.
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5.1.4 Total economic valuation

The total economic valuation (TEV) approach has become a popular method for assessing the
value of nature. Its approach is based on estimating the total economic value that humans can
extract from an ecosystem (Admiraal, Wossink, Groot & de Snoo, 2013). Put another way,
the approach uses the monetary value of outputs of an ecosystem at a set point in time and
does not focus on the state of the ecosystem. Some argue that this leaves the approach open to
criticism as it concerns itself too much with the economic value for people and ignores the
system in itself. This is not an invalid criticism when it comes to a purely environmental view
of the approach and its application, when viewed in isolation as in without additional
approaches such as LCA, but when the economic state of the ecosystem also plays a major
role, the approach is quite a good one. This does not mean that it is incapable of considering

the environment, but that it might do so in a more or less limited fashion.

Tangible resources such as timber, water and air purification, protection of the watershed,
pollination, soil fertility renewal, protection of wildlife resources, tourism, and climate
regulation can be valued using several different methods such as Direct Use Value (DUV),
Indirect Use Value (IUV), and Non-Use value (NUV), which all contribute to the TEV
(Nitanan et al., 2020). Biodiversity helps to protect ecosystems from state change and does
therefore have economic value to humans as it helps to maintain ecological function, as well

as being important for eco-tourism, as previously discussed (Admiraal et al., 2013).

Our assessment is that total economic valuation is a great tool for assessing the overall value
of an ecosystem in terms of outputs and value to humans. There are certain concerns to how
well it addresses concerns that relate to the long-term sustainability of the ecosystem it is
attempting to evaluate. We believe that these concerns are in part addressed by the various
factors that are considered in the TEV case study that is included later in this paper. Among
these factors are the focus on eco-tourism, which fully depends on the maintenance of the
ecological functions of the Leuser ecosystem, as well as how interconnected the ecosystem is

between the various species and the overall quality of soil, air, and water.
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Chapter 6: Case studies of environmental impact

assessments

In this chapter we present an integrative review. The study has been conducted in a similar
method as the semi-systematic review in the previous chapter, the difference is that the
semi-systematic review was done to provide a wider theoretical background to build the
integrative review on. The integrative review deep-dives into three cases, describing the palm
oil industry through three different environmental impact assessments focusing on three
different aspects of the industry, thus providing a wider and more comprehensive

understanding of the industry and environmental impacts (Broome, 1993).

The transparency of how articles were selected and the integration of research is crucial. The
selection process started out by doing a somewhat random search using different keywords
related to palm oil and sustainability. As we read through various articles and research papers
we found that most of the research done on the topic was done through life cycle studies, and
the literature that we read often mentioned this, and stated that this was the most accepted
method as of today. We then started to search more specifically for life cycle studies, but we
soon discovered two things, there was a lack of studies that looked at the cultivation of oil
palms and the production of CPO in isolation. Most of the studies we could find were aimed
at the energy and/or biofuel sector. This held especially true for Indonesia, which very few
studies used as a geographical location, while Malaysia, as the second largest palm oil
producer, had many more studies based on its palm oil industry. During the entire process we
started by finding articles that seemed relevant based on the headline, then we read the
abstracts, and potentially introduction, to determine further relevance - and finally - we dived

into the articles themselves to determine if it held essential information.

The main criteria we used when selecting cases was the geographical area, preferably
Indonesia but tropical rainforest in the southern Asian basin were suitable substitutions.
Furthermore, we evaluated topical relevance, the credibility of the publisher - such as
ScienceDirect and Sustainability, age, approach, and how the material was presented. The
literature search was done in two databases: Google Scholar (Scholar.google.com) and Oria
(Oria.no). These databases were searched using combinations of the following search words:

life cycle assessment, Indonesia, production cost analysis, LCC costing, total economic
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valuation, LCC, LCA, LCSA, TEV, palm oil, production, tropical agriculture, crude palm oil,

palm oil cultivation.

We have chosen to use an LCSA study in order to highlight the need for consideration of the
impacts of the palm oil industry in a holistic fashion. Our original intent was to complete this
paper using various life cycle studies, but ultimately we could not find a suitable LCC study,
which was important for the economic dimension included in this paper. This led us to search
for another type of study we could use to assess the economic dimension, for which we chose
the TEV of Leuser National Park in Sumatra, Indonesia, which we had used previously in the
paper. We chose this as it provided insight into how economists can contribute in
environmental matters, and because we found the TEV approach an interesting one that
added to our paper by taking a different approach, especially by its implementation of three
different use scenarios. By which we mean that instead of looking at the direct cost of
impacts in isolation without regard for the overall value, it considered the cost of the impacts
in relation to the overall value of the chosen geographical area, here the Leuser National

Park.

LCSA is a rather newly developed approach to assessing environmental impacts. It is a much
more holistic approach compared to LCA, LCI, or LCC studies, which allows for a broader
and more complete picture of the full extent of the environmental impacts. The chosen study
provided good insight into the social, economic, and environmental dimensions in a clear
way, it also presented its data in a smart and creative fashion. The LCA study mainly deals
with the waste material from the production of CPO, which seems somewhat neglected in
many other studies, and with a life cycle approach we found this to be an important and

interesting addition in order to round out the paper.

Final literature sample - Case

Case 1 Case 2 Case 3

Title Visualization of the Current state and Economic valuation of
Sustainability Level [ environmental impact | the Leuser National
of Crude Palm Oil assessment for Park on Sumatra,

utilizing oil palm Indonesia
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Production: A Life

empty fruit bunches

utilizing several life
cycle models as
dimension in order to
determine the
environmental,
economic, and social
impact of crude palm

oil production.

utilization of empty
fruit bunches for fuel,
fiber, and fertilizer
and their respective
environmental

impact.

Cycle Approach for fuel, fiber and
fertilizer - A case
study of Malaysia
Author Omrat, N. Sharaai, A. | Chiew, Y. L & Beukering, P., Cesar,
H. & Hashim, A. H. Shimada, S. H. & Janssen, M.
Year 2021 2013 2003
Method Life Cycle Life Cycle Total Economic
Sustainability Assessment. Valuation. Impact
Assessment. assessment.
Geographical Johor, Malaysia Malaysia Indonesia
area
Theme A holistic approach Analysis of the A total economic

valuation of the Leuser
Ecosystem under the
three following
scenarios:
deforestation,
conservation, and

selective utilization.

6.1 Case 1: Life cycle sustainability assessment

In order to understand the environmental damage and the economic cost of producing crude

palm oil (CPO), an LCSA model can be used. We chose a LCSA study by Omran, Sharaai &

Hashim (2021) to draw information from, and want to make it clear that case 1 is built on this

source. The study was designed to be a holistic approach and it combines life cycle costing

(LCC), social life cycle assessment (S-LCA), and standardized life cycle assessment (LCA),

into the life cycle sustainability assessment (LCSA). The focus of this paper is the

environmental and economic impacts of the industry, but also how to move in a more
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sustainable direction, which is why a holistic approach, that here also includes the social
impacts, fits well, as social impacts generally influence policy and regulation. The following
section is an extraction of the data most relevant to our own thesis, with some descriptions of

the methodology used for context and better understanding.

6.1.1 Methodology

The goal of the original LCSA study was “fo evaluate the level of sustainability of crude
palm oil production in two selected palm oil mills in Johor Bahru/Malaysia” (Omran et al.,
2021, p. 3). The scope of the study was limited to harvesting and production of CPO, both at
the palm oil plantation and at the mill where CPO is refined, where most of the impact
occurs. 1 megatonne (MT) of CPO was used as the functional unit in the study. An overview

of the life cycle of CPO can be found in the original case in appendix nr 1, figure 1.

A data collection sheet was used to gather data from the selected palm oil mills for the year
2019. The data were collected for the following items: consumption of water, fresh fruit
bunch (FFB) crops yield, power consumption from turbines, chemical fertilizers and
pesticides, consumption of energy, diesel and water for the mills processes, quantity of FFBs
transported to the mills and the respective average distances, consumption of diesel, and

waste production included in the crude palm oil production’s life cycle.

6.1.1.2 LCSA scoring system

The three dimensions in the study — environmental, economic, and social - are assumed to
have the same weight, but the indicators for these dimensions have different percentages of
contribution to product sustainability. Inventory data from the dimensions were given scores
from 0 to 4, with an additional differentiation between negative and positive indicators. A
high score, closer to 4, indicates high positive scores and low negative scores, meaning an

overall “better” score.

6.1.2 Results

6.1.2.1 Environmental dimension

The environmental impact that was found, through the Eco-Indicator 99 method, showed that
the most significant environmental factors were from climate change, respiratory inorganics

(substances which cause breathing difficulties), carcinogens (substances that promote
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cancer), land use, and fossil fuels, in both selected mills. The major contributor to the
ecosystem quality impact category in the study was from FFB production at the plantations,
under the land use subcategory. GHG emissions such as CO, and methane were identified as
the main drivers for the climate change subcategory under the human health impact category.
And lastly, fossil fuels make up most of the resource use impact category. This tells us that
the impacts are quite substantial and varied and that it can be difficult to determine which

impacts to address first.

Mill A had the highest environmental impact in all categories, details can be seen in appendix
nr 1, table 2. The reason for this is that A has both a larger plantation mill and a higher
capacity than B. This means that plantation mill A requires more use of fertilizers, pesticides,
diesel, power, and water to produce the FFB that the mill processes, which then in turn, due
to higher capacity, generates more waste such as shells, fibers, and empty fruit bunches. This
naturally causes more gas emissions as well. We consider the reason behind these higher
costs and impacts to be unclear in this case, despite the costs having been calculated based on
a functional unit. We speculate that it could be a negative consequence caused by larger scale
production, such as pesticides having an exponential effect on the environment, but we can

not find anything conclusive.

6.1.2.2 Economic dimension

It was found that mill A had higher costs in every impact category, see appendix nr 1, table 3,
except for initial investment cost, and in almost all subcategories. The supplementary
material to the study shows that items such as a generator, transport, and machines was the
reason behind the comparatively high initial investment cost for mill B. The higher costs for
mill A is easily explained by the greater size of this plantation mill. It naturally requires more
fuel, manpower, fertilizer, etc., to operate a larger mill with a greater capacity than that of

mill B.

6.1.2.3 Social dimension

The social dimension was aimed at both the workers' satisfaction with their workplace, but
also the local community as a whole and the mill's contribution to the community. For most
of the subcategories the workers satisfaction was around 90% or higher and indicated that
they were generally pleased, see appendix nr 1, table 4 for further details. Most of the

workers were pleased with their tasks and their relationship to their manager, their wages,
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low discrimination and equal opportunity, and social security and benefits. The greatest
source of displeasure was the mill's management of cultural and heritage conservation issues,
where only 68% of respondents were satisfied. There was also a 79.5% positive response to

the local communities’ job opportunities.

6.1.3 Conclusion

The results of each dimension were scored and visualized through a graphical presentation of
the life cycle sustainability assessment (LCSA) results, as seen in figure 7. The old triangle
area, which represents the maximum score, comes out to 6.9, while the new triangle which
reflects the sustainability score, only equals 3.9, or 56.5%, indicating a low sustainability
score. The study concludes that CPO requires considerable work in order to become a
sustainable product, but the authors also note that further applications of the method are
necessary in order to fully assess its applicability. It was found that the production of CPO
contributes to environmental damage primarily from respiratory inorganics, fossil fuel usage,
and climate through land-use. The primary force behind the economic cost was the high
initial investment cost. The social impact was dominated by accident and injury and social

benefits. A detailed scoring card can be found in appendix nr 1, table 8.

4 Environmental

2.3

Economics 3.2 Social
4 37 A

Figure 7: “Graphical representation of life cycle sustainability assessment” (Omran et al., 2021, p.

14)

44



6.2 Case 2: Life cycle assessment
We chose the Life Cycle Assessment (LCA) study by Chiew & Shimada (2012) as the source

for case 2. Oil palm residue and the usage of it has been a matter of focus in Malaysia,
leading much research on and development to emerge, and we take advantage of this as
Malaysia can be used as a comparable country to Indonesia. The LCA study assesses the
energy consumption and environmental impact of various technologies for utilizing the
empty fruit bunches (EFB), using seven different options for the recycling of EFB left over
from the production of CPO. The study therefore gives us insight into the production process
and utilization of EFB as well as the land-use-effect. This will be useful when discussing the
palm oil industries sustainability as well as alternative sustainable solutions, especially in

reducing greenhouse gas emission.

6.2.1 Methodology

The seven treatment options are: “ethanol production, methane recovery, briquette
production, CHP plant (combined heat and power plant), composting, MDF (medium density
fiberboard) production, and pulp and paper production” (Chiew & Shimada, 2012, p. 110).
The study considered the pre-treatment processes involved in every treatment option, and
then the final disposal of the waste remaining after the processes. The advantages of the
different environmental impacts were evaluated by looking at the allocation of avoided
products within the systems for each technology. Lastly, a sensitivity analysis was performed

using the Eco-indicator 99 method to determine the land-use effect.

The following impact categories were investigated further: acidification, ozone layer
depletion, human toxicity, freshwater ecotoxicity, abiotic depletion, global warming,

photochemical oxidation, marine ecotoxicity, terrestrial ecotoxicity, and eutrophication.

6.2.2 Results

6.2.2.1 Environmental impact assessment without allocation of avoided products

If there is no allocation of avoided products, then composting stands out as the most
environmentally friendly treatment of EFB due to the fact that it has the lowest values in most
of the impact categories. On the opposite side, pulp and paper production is the least
environmentally friendly technology as it has the highest values by far in all of the impact

categories, with eutrophication as an exception.
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Depending on the intended use of the LCA, different treatment options might be considered
as the more favorable choice. If we perceive global warming, acidification, and ozone layer
depletion as the most crucial categories of impact, then an overall review suggests that the
least to most detrimental impact on the environment, in order, comes from composting,
followed by “briquette production, MDF production, CHP plant, methane production,
ethanol production, and pulp and paper production” (Chiew & Shimada, 2012, p. 118).
Composting only emits 22.2 kg CO,e per tonne of EFB, which is less than a sixteenth of the
361.8 kg CO,e emitted from pulp and paper production. Similarly, composting only emitted
0.07 kg SO,e (sulfur dioxide equivalent) per tonne of EFB compared to the 1.38 kg SO,e

from pulp and paper production, which is almost twenty times less.

6.2.2.2 Environmental impact assessment with allocation of avoided products

The environmental impact of each method was also calculated by considering the allocation
of avoided products. Under the allocation scenario, EFB provides no significant benefit in
any of the impact categories when used as an alternative source of fiber in MDF production.
Nonetheless, the CHP plant and methane recovery, when connected to the national power
grid, is in fact favorable in almost all the impact categories. EFB used in composting also

performs well all in all with benefits in five out of the eight impact categories.

The technologies such as CHP plant, ethanol production, briquette production and methane
recovery, that convert EFB into biofuel, are to varying degrees favorable to the environment.
CHP plant, composting, and methane recovery have high potential for reduced effect on
global warming with reduced GHG emission of 218.6 kg, 176.5 kg, and 154.6 kg of CO,e
equivalent per tonne of EFB, respectively. Briquette production and ethanol production
reduces GHG emissions by 44% and 25%, through allocation of avoided products. Yet, pulp

and paper production and MDF production reduction is less than 1%, which is insignificant.

6.2.2.3 Normalization values

CHP plants had good performance and proved to have benefits greater than methane recovery
in seven of the impact categories with normalized values, for which details can be found in
appendix nr 2, table 5. Compared to CHP plants, methane recovery generally provides less
benefits to the environment. CHP plants also perform better than composting by benefitting

more impact categories since it has significant impacts in the three categories; abiotic
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depletion, marine aquatic ecotoxicity, and global warming. MDF production as well as pulp
and paper production are less beneficial treatments due to the high levels of energy used in

the process, the chemicals being used, and emission stemming from the waste treatment.

6.2.3 Sensitivity analysis of land-use-effect

It is assumed that land use will alter habitat size by threatening species with extinction when
humans take over vast areas for agricultural purposes. When measuring the land-use-effect,
we look at the disappearance of species. This is done with the unit of Potentially Disappeared

Fraction of Species given per area per year.
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Figure 8: “Land use impact of each technology in Ecoindicator 99” (Chiew & Shimada, 2013, p. 120).

We can see the impact on land use in figure 8, when the implementation of the treatments
convert the land into industrial areas. The benefits for pulp and paper production is clear
when it comes to impact on land use at 2.2 Pt (40 PDF m?yr), compared to the second highest
which is MDF with a minor benefit of 0.3 Pt (6 PDF m?yr). This is due to the difference in
conversion rate from EFB. Although pulp and paper is beneficial in regard to the
land-use-effect, it does not outweigh the fact that it is the least environmentally friendly

option measured by the impact categories, in our opinion.

6.2.4 Conclusion

When evaluating which technology provides the lowest emission results - given the
assumptions used in the LCA study, without considering allocation of products and

by-products - composting came out as the winner, and biriquett was in second place, followed
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by “MDF production, CHP plant, methane recovery, ethanol production, and lastly pulp and
paper production” (Chiew & Shimada, 2012, p. 118). The order is different when allocation
of products and by-products are taken into account, as CHP plant have the least emission,
next, in order, is “methane recovery, composting, briquette production, ethanol production,
MDEF production, and pulp and paper production” (Chiew & Shimada, 2012, p. 121). In both
instances, pulp and paper production is the least favorable technology. While composting is
in the top three most favorable technologies in both instances. Lastly, the MDF production as

well as the pulp and paper production have an advantageous impact on land use.

6.3 Case 3: Economic valuation of the Leuser National Park

We chose the study on economic valuation of the Leuser National Park by Beukering, Cesar
& Janssen (2003) as the source for case 3. Despite being protected by its status as an
Indonesian national park, the Leuser National Park on Sumatra was, and is, under serious
threat from deforestation. Ecological functions, that is the dynamic balance and natural
processes, such as water purification, decomposition of wastes, etc, in the ecosystem — started
to decline. The park was host to several animals which face probable extinction. Additionally,
a great number of economic activities in and around the park were also affected. The study
was conducted with a twofold objective to first was to use a systems dynamic model to find
the total economic value (TEV) of the Leuser ecosystem. The second objective was to

evaluate the effects on economic value under deforestation vs conservation scenarios.

The total economic valuation approach is an alternative approach when compared to the more
widely used life cycle methods, when it comes to evaluating the environmental impact and
economic costs and benefits of tropical rainforests. We found this to be a useful tool which
provides a different view for how the impacts of land-clearing in regard to the palm oil
industry can be measured. This alternative approach also provides further insight that can be
used when answering how economists can contribute by taking the environment into
consideration. The greatest advantage that we have found from the total economic valuation
approach is that it provides a long-term estimate of the environmental impacts and their
costs/benefits, in addition to not only considering the impacts that the palm oil industry has,
but also the potential costs and benefits. The case is a bit old but we have previously provided

data that supports the findings. Additionally, since we are more concerned with the approach
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and its applicability in the modern climate, the age of the study does not present itself as an

1SSue.

6.3.1 Three scenarios

In the deforestation scenario it was assumed that both legal and illegal deforestation would
continue along the trend at the time, as well as harvesting of non-timber forest products
(NTFP). As a consequence, eco-tourism would not be developed and the international interest
in investing in conservation and carbon sequestration funds would decrease. When this starts
to affect the ecological functions, it affects the local community as well. This was also

assumed to be the most likely scenario if everything was left as business-as-usual.

The conservation scenario assumed a complete halt of deforestation with maximum
development of eco-tourism. International investment in conservation funds continues to be

high, while investment in carbon sequestration increases.

Finally, the selective use scenario allows for logging of primary forest at a considerably
reduced rate, with replanting of logged forest being compulsory. This would lead to less
primary forest but the overall forest area remains constant, as it is replaced with secondary
forest. Harvesting of NTFP will be actively developed but the decrease in levels of
biodiversity will lead to a lesser degree of eco-tourism, due to less biodiversity, when
compared with the conservation scenario. The same were expected to occur when it comes to
investment in conservation and carbon sequestration, as well as the ecological functions such

as water supply and flood prevention.

6.3.2 Methodology

A dynamic simulation model was used to evaluate the three scenarios — conservation,
selective use, and deforestation — during 2000-2030. The period was chosen in order to
provide sufficient time for the main environmental impacts to occur, and short enough to
leave room for estimations on future development. They also identified the different types of
benefits and how these were distributed between the various stakeholders, and their regional
distribution. The choice to use TEV was made based on the stated assumption that most

economists agree that the value of natural resources extends beyond only their direct financial
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value. Therefore, the value these resources have are considered in the broadest sense of the

term.

6.3.3 Results

6.3.3.1 Total economic value

When applying the 4% discount rate, the calculated total economic value under each scenario
were US $9.1 billion for the conservation scenario, US $7.0 billion for the deforestation
scenario, and lastly US $9.5 billion for the selective utilization scenario. The annual net

benefits can be seen in figure 9.
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Figure 9: “Net annual benefits over time of Leuser National Park” (Beukering et al., 2003, p. 57).

Figure 9 shows that the conservation and selective use scenarios have far greater
socio-economic benefits than the deforestation scenario after 10 years. The reason behind the
initial benefit of deforestation comes from the large revenues from increased logging and
harvesting, as well as the negative impacts of deforestation still being manageable. After the
most lucrative forest has been cut down and only hard to reach forest is left, timber and NTFP
becomes less attractive for logging companies. The declining ecological functions start to
stack up over time, further reducing the benefits of the deforestation scenario. The opposite
happens under the conservation scenario where better utilization of goods and services leads
to greater benefits. Several sectors such as hydro-electricity, tourism, and agriculture also

benefit from the rainforest functioning properly.
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6.3.3.2 Benefit distribution

The Leuser Ecosystem provides many beneficial goods and services and these vary
significantly between the three scenarios. The deforestation scenario notably loses out in all
categories except for agriculture and timber, which is to be expected. For both the
conservation and selective use scenarios we find the most important benefits come from
water supply and flood prevention, and we also find that the selective use scenario greatly
benefits from NFTP. There is also a geographical difference in distribution based on
geographical characteristics, the size of the economy, and the level of dependency on the park
- that we will not go further into here, but which can be found in the original study. See

appendix nr 3, table 4 for details on the distribution.

6.3.3.3 Stakeholders

The group benefitting the most from the Leuser ecosystem is the local community and
therefore their share will grow from the conservation scenario. It is the logging industry that
benefits the most from the deforestation scenario, as expected, but even the wealthy
stakeholders of both the logging and plantation industries are negatively affected to a certain
degree in the long run under the deforestation scenario. They are directly dependent on the
forests for their business and are therefore themselves affected by their own unsustainable
practices which causes decline in ecological services. The local government benefits more in
the short-run vs long-run from deforestation, due to declining taxes - and the international
community benefits greatly from conservation through biodiversity and sequestration, which

is important for developed countries.

The elite logging and plantation industry takes a much larger proportion of the total value
when comparing the deforestation scenario with the conservation scenario, 23% vs 11%. The
considerable power that these two interconnected industries have between them create
extremely high barriers for realizing the conservation scenario. There is a conflict of interest

between the logging and plantation industries, and the local and international communities.

6.3.4 Conclusion

The sensitivity analysis, which tested several crucial parameters, showed that the many
necessary assumptions made did not impact the results fundamentally, and as such they hold.

Total economic value is a proficient tool to assess the welfare changes that the various
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scenarios will have on the Leuser Ecosystem. Besides the various TEV for each scenario - US
$9.1 billion for the conservation scenario, US $7.0 billion for the deforestation scenario, and
lastly US $9.5 billion for the selective utilization scenario — the analysis also reveals that the
benefits are spread fairly equally across the local regencies under the conservation scenario.
Deforestation has the opposite effect, and it is reasonable to assume that this might cause
conflict between the regions, while conservation can lessen that tension. Additionally, by
supporting the underprivileged majority of society, conservation contributes to social and

economic equality.

As a consequence of the strong economic and political power of the logging and plantation
industries, destructive and unsustainable practices continue to ravage the Leuser Ecosystem.
This leads to both the least economically favorable scenario to be the most likely one to
occur, as well as preventing those who are already doomed to be the losers from being
compensated fairly when deforestation continues, to have a chance to recover. The least
preferable scenario both economically and for the environment, is the one most likely to

continue.
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Chapter 7: Analysis

In this chapter we will be discussing information and findings from the previous chapters and
use it to answer our research questions. The first research question focuses on negative
impacts on the environment, while the last two are oriented towards identifying sustainable
solutions. The discussion and the research questions should form a foundation for answering
the problem statement “Environmental impacts of the palm oil industry, particularly in

Indonesia, and how the industry can move towards sustainability”.

7.1 What are the major negative environmental impacts of the current

and expanding palm oil industry in Indonesia?

In trying to assess and understand the environmental damage of the palm oil industry in
Indonesia, we analyse existing literature and research documented in the descriptive chapters
as well as the LCSA case study. In the absence of literature and data from Indonesia,

Malaysia was used as a comparable country.

7.1.1 Evaluation of the triple bottom line
To identify ways the palm oil industry can move towards sustainability, it is important to not
only identify the major environmental impacts, but to also say a few words about the overall

sustainability. However, we emphasize that the environmental dimension is the main focus.

The LCSA study identifies that the practises in the economic dimension at the plantations and
mills are not optimal with today's standard. The social dimension from LCSA is quite good
due to fair salaries, job satisfaction, equal opportunity, and safe and healthy living conditions.
Meanwhile, culture and heritage and job opportunities in the local community drag the score
down. With that said, if we look away from the LCSA study and on to a broader view,
negative impact can be found in the social dimension. For example, the 2015 forest fires in
Indonesia did not only contribute to climate change through GHG emission, it also had a

detrimental impact on lives and caused an estimated 100,000 premature deaths.
The LCSA study concludes that the environmental factors with highest significance were

from climate change, toxic substances, land use, and fossil fuels. The LCSA triangle helps us

understand that there aren't just many different environmental impacts, which are discussed
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later, but the impacts are also significant. The LCA study found that current waste
management practices are outdated and function poorly, having a large negative effect on

both the environment and profits.

There are concerns in all three of the dimensions which reflect the concerns highlighted by
the triple bottom line, reflecting a weak overall sustainability in the industry. With this insight

it is clear that there is potential in all three dimensions.

7.1.2 Cause and implications of deforestation

Indonesia has one of the highest deforestation rates in the world, and we therefore seek to

understand the reason for and consequences of the excessive deforestation activities.

The first and simplest answer to what we investigate is that the natural rainforest is being
cleared out in order to make room for palm oil plantations. The natural forests are essential
for the global climate and help mitigate climate change. The conversion of rainforests for the
purpose of creating palm oil plantations is therefore a significant impact in itself, but it has
also proven to trigger other consequences. It is also linked to climate change, forest fires,
greenhouse gas emissions, and it is a threat to biodiversity and ecosystems, which are further
discussed later. In the case of the Luser ecosystem, we see how long-term sustainability is not
realistic with the current rates of deforestation. Given enough time, the extraction of
resources for monetary gain will end up hurting not only the environment but the

stakeholders motivated by money.

It is important to know not only what the environmental impacts are, but also what causes
and drives them, in order to discover sustainable solutions. Accessible forested lands, higher
prices for agriculture and timber, low rural wages, and opportunities for long distance trade
are stimulators for deforestation. State policies facilitating development of palm oil
plantations makes the matter worse. The power in granting plantation permits is
decentralized, despite the fact that the local government no longer has formal power to issue
permits. This was seen in Central Kalimantan, where hundreds of permits have been granted
in spite of not having formal land release, and in many of the cases where formal land release
has been given, there has been evidence of bribes. Corruption is a widespread problem in

Indonesia, and as we see, the palm oil industry is no exception. Some environmental impacts
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would likely be present no matter how the industry operates, such as the release of GHG, but
the impacts do not have to be major. However, all of the factors mentioned here drive

deforestation and enable unsustainable practises, resulting in major impacts.

7.1.3 Impact on ecosystems

There is undeniable evidence of the decline in biodiversity, but what is the cause of these

disruptions and what are the effects of it?

Through the LCSA study we discovered that a major contributing impact from the palm oil
industry on the quality of the ecosystem was from fresh fruit bunch production at the
plantations, in regard to land use and important factors such as deforestation and chemical
usage in the production process. This is supported by the findings in the LCA case. When the
natural rainforest is replaced with palm oil plantations it reduces the forest’s plant diversity as
well as diversity in animal species and habitat size. Considering that Indonesia holds one of
the world's largest major life zones and contains some of the most biodiverse flora and fauna,

the destruction of its rainforests is a critical problem.

The exact effect of and impact on the environment from biodiversity loss has been hard to
pinpoint. What we have discovered is that biodiversity helps the ecosystem operate normally
and recover faster after shocks to the equilibrium, and is therefore very important. When the
loss of enough minor species starts to stack up, the effects become visible. The mix of species
is complex and simply replanting forest does not bring back the loss of crucial species
necessary for a healthy ecosystem. When one species is lost, it can lead to a decline or
increase in several others, causing a chaotic and unpredictable impact on the local
environment which can stack up and lead to a negative effect on the global ecosystem, and

should clearly be avoided.

7.1.4 Greenhouse gas emission and climate change

The main drivers for climate change in relation to the palm oil industry are, according to the
LCSA study, the destruction of the natural forests and GHG emissions, especially CO, and
methane. These gases come from deforestation, destruction of peatlands, and production of

fresh fruit bunches.

55



The LCSA study showcases, by comparing two plantations of two different sizes, what
elements in the production process cause environmental damage and how much the scale of
the production matters. It was discovered that larger plantations with higher capacity use
more fertilizers, pesticides, diesel, power, and water to produce fresh fruit bunches, creating a
larger amount of waste such as shells, fibers, and empty fruit bunches. This naturally causes
them to have higher gas emissions in the production process. But before the production of
palm oil starts, the plantations require a space to carry out the production process. This is

when deforestation or destruction of peatlands occur.

Burning is a common method for clearing out forests and emits large amounts of GHG.
Forstestburning involves large fires that are challenging to control, especially when the
weather is dry. Intentional fires have therefore, on many occasions, caused accidental forest
loss and emitted significant amounts of GHG. The fact that the daily emissions of GHG from
forest fires was comparable with the daily emissions of the USA in 2015, emphasizes how

damaging deforestation is, especially when done by burning.

With the production of fresh fruit bunches and burning as a method for deforestation
discussed, the most significant GHG emitter must be investigated, namely peatland
destruction. Peatland oxidation is the greatest single source contributing to CO, emissions per
ha and an estimated 20% of palm oil plantations are located on peatlands. It should therefore
come as no shock that palm oil plantations on peatlands are responsible for more than 100M
tons of CO,e (CO, equivalent) emissions. The 2.5 gigaton loss in carbon stock in tropical
peatlands since 1990 is highly problematic. Peatland areas used for plantations increased
from 700,000 ha to 2,000,000 ha in the 14 years from 2000 till 2014. These numbers do not
only indicate major negative environmental impacts, but it also indicates future growth, based

on the past growth, implying worse impacts in the future.

7.1.5 Conclusion

We discovered that there is a crucial need for the reduction of major environmental impacts
and that all the environmental impacts discussed are linked. Firstly, destruction of peatlands
and removal of the natural forest means the removal of a natural system that helps mitigate

climate change, as well as creating additional negative effects to the climate and the

environment, through GHG emission, especially through CO, and methane. Secondly, the
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effect on the quality of the ecosystem mitigated from production of fresh fruit bunches,
through land use and chemicals that reduce forest’s plant and animal diversity jeopardise
some of the most biodiverse flora and fauna in the world, and hinders the ecosystems from

operating normally.

In conclusion, the major negative environmental impacts are destruction of peatlands and the
natural rainforests, resulting in loss of biodiversity, disruption of important ecosystems and
ecological functions, degradation of soil, and significant amounts of GHG emissions.
Accordingly, deforestation, destruction of peatlands, and GHG emissions needs to be reduced

to lessen the environmental impact on climate change, biodiversity, and ecosystems.

7.2 How can economists contribute by taking the environment into
account when calculating profitability, and how can the negative

environmental impacts be measured?

It is well known that money plays an important role in most aspects of modern society, and
the palm oil industry is no exception, nor is how businesses manage resources and interact
with the environment. It does therefore seem like a necessity to be able to put monetary
values on environmental impacts and create more digestible representations of these numbers,
than those often found in existing research papers. This will make them easier to understand
and use when creating governmental or industry policies and regulations. We have chosen
studies that attempt to do this by using life cycle approaches in order to determine a monetary
value that can be used to evaluate the extent of these impacts. Additionally, we used a study
that estimates the total economic value of an Indonesian national park, and how different
logging and deforestation practices will affect this value over time. It is not only the cost of
environmental impacts that needs to be considered. Producing crude palm oil (CPO) does of
course have costs associated with it, and these need to be considered together with the
environmental costs before we can see the entire picture and compare palm oil and palm oil
derivatives, to other products. According to the SEA method, the three sustainability
dimensions that we have included, should be considered as equally important. Another way

of phrasing it is that these three should preferably be addressed together.

When discussing the necessary steps for the palm oil industry to become sustainable, there is

no denying the important role that costs and profits play. Neither the locals of Indonesia nor
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the greater palm oil industry is likely to take any meaningful action towards sustainability as
long as there are greater profits to be made by doing business-as-usual. When economists are
able to present economic arguments for why the various industry actors should focus on more
sustainable practices, that is when we are likely to see meaningful change. It is important that
these figures are presented in ways that are easy to understand, and that underlines that, while
it might be more costly in the short run, investments in environmental sustainability will
equal greater profits in the future, and for a longer time period. Investing in alternative waste
management is an example of how economists can demonstrate that high initial investment in
equipment and systems can lead to higher economic return in the future, while also taking the
environment into account. Tropical rainforests have great economic potential, but the
resources are finite, and sustainability is essential. Environmentally sustainable forestry
practices can lead to greater profits in the long run and be more economically sustainable as
well, while identifying the economic value of rainforests can help in making better plans and

regulatory policies.

7.2.1 The role of environmental impact assessments

One of the primary uses of impact assessments today, is assessing the impact of activities on
the environment prior to the start of the activity. This means that the approach lends itself
well when attempting to predict the potential outcome of any given activity that will affect
the environment. Many environmental impacts are not immediately apparent and might
manifest at a later time, or in some cases after an activity has concluded. Therefore, simply
being content with seeing how things go or monitoring the state of the environment along the
way, is not enough. While EIA has been part of Indonesian system for a long time, the
implementation has been poor. This is stated in the literature by Lei & Hamilton, and our
findings have been similar. The primary advantage of utilizing EIA studies in this thesis is
that despite there being somewhat limited data to draw from, this approach is still the most
used approach which provides us with more data. In addition, we found it to be the most
extensive type of study providing a lot of relevant information that relates to our research

questions.
The lack of EIA articles, especially life cycle studies focused on Indonesia, indicates to us

that there is a lack of transparency and research in the Indonesian palm oil industry. Also of

note, is that several of the studies done on the environmental impact of palm oil cultivation
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and CPO production struggled with finding willing participants among the various plantation
and mill owners, and when they did, the number of plantations and mills were limited. This,
first of all, indicates an unwillingness to cooperate and reveal potential weaknesses in the
sustainability of their processes, but it also limits studies to a degree when they are forced to
work with smaller sample sizes. This does not invalidate the existing literature, but there is
clearly a need for more transparency and there is still a lot of work to be done when it comes
to further research, and in regard to both inventing and implementing better sustainable

practices in the Indonesian palm oil industry.

By using EIA and taking environmental concerns into consideration, we become better at
understanding the environmental losses that are associated with the loss of primitive primary
forest and biodiversity, and can uncover how replanting is not an equal substitution. These
losses can be seen in the evaluation of the total economic value of the Leuser ecosystem, and
having empirical data on this can help with avoiding or limiting potential irreversible losses
in biodiversity. As stated, this loss directly affects important ecological functions and services
such as carbon storing, flood prevention, soil quality, etc. We cannot predict or know all the
various connections that exist in these ecosystems, meaning we cannot simply plant new trees
and assume that everything will go back to normal. Even if we did know, many natural
processes can easily be irreversibly damaged, and would in the best of cases take many years
to restore. Making plans that take the environment into consideration have become an
absolute necessity for creating a sustainable world, which we all know is becoming a more
and more critical concern for humanity. EIA is an effective way to do this, especially as the

empirical data is expanded upon and more research is being done.

7.2.2 Measuring environmental impacts

Since the palm oil industry plays such a large role in the Indonesian economy it affects quite
a large number of people. The industry has been directly connected to a considerable
reduction in poverty in certain regions in Indonesia as well as decreasing the inequality of
development. As it is the poor that relies the most on natural resources and they are also the
ones most impacted when they are being destroyed by the unsustainable practices that the
palm oil industry deploys. It is also important to understand the full value of the natural
resources that remain to the world, from both an environmental and economic perspective.

We can use this understanding to better protect the poor and those that rely on these resources
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the most, and incentivize those who hold power but have few or no concerns beyond
economic gains. This effect on the poor does not appear to be the case when considering
today's literature, given the high LCSA social score, but could be expected to appear in future

literature as the environmental impacts become more evident.

There are many different ways that environmental impacts can be measured, but in general
the two overarching approaches is to look at either how our actions affect the “quality” of the
environment, or how our actions affect the economic value that we can extract from the
environment. These two concepts are of course tightly interwoven with each other as we
explained above since the value we can extract can vary greatly depending on how we treat
the world around us and how natural processes are affected. But not every environmental
aspect is something we want to, or should, extract economic value out of, nor necessarily
something we can extract value from. Protected forests and peatlands still carry immense
value through their ecological functions when they store carbon, produce oxygen, provide

protection from natural disasters, host and nurture biodiversity, etc.

Various sources provide different estimates for how much the palm oil industry in Indonesia
contributes to the environmental impact on the world. It is understandably hard to quantify
and estimate the many potential effects of an entire industry, especially when not all the
various environmental impacts can be quantified and have to be viewed qualitatively; But, the
better we understand these impacts the more we can do to limit them. By tracking the
movement of the palm oil industry and comparing the effects on areas that are vs are not
affected by the industry, we can better predict what will happen in the future, and we can
better understand why and how these impacts occur. These impacts can also be predicted

more accurately by using various models and simulations based on empirical data.

7.2.2.1 Life cycle costing

The LCC (life cycle costing) approach taken in the LCSA study considers the actual costs of
producing the baseline product made from palm oil, CPO. Supported by previous literature
on the subject of the production cost of CPO, they found that the most costly part of
producing CPO is by far the cost of FFB (fresh fruit bunches), which makes up 80%-90% of
the cost. This is important since we are not only concerned with the environmental
sustainability of the industry, but also the economic sustainability. The life cycle approach

tells us that both ends of a product's life cycle matters, and everything in between, so both the
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price of feedstock and how the waste products are managed, affect the overall cost of

producing CPO.

7.2.2.2 Total economic value

A different approach can be seen in the TEV (total economic value) of the Leuser ecosystem.
Here the approach is aimed at determining the value of the Sumatran forest, which is being
destroyed, and it is found that there is actually greater value to be collected from being less
destructive and removing less resources from the forest. When this is taken together with the
fact that there are many areas that are not covered with primary forest, or forest of any kind,
that are suitable for palm oil plantations, we can clearly see that there are better options for

how we use the land areas that already are available to us.

By comparing different scenarios and viewing them through the lens of their economic value
the study manages to not only quantify many of the various resources that are contained
inside the forest, but they also present it in an easy-to-understand way that can resonate with
both decision makers and everyday people. This is something we believe is crucial when it
comes to the palm oil industry, since NGOs and similar NSMD stakeholders play an
important role in trying to make the industry more sustainable, and many of those involved
might not be trained researchers or economists that can understand complicated papers or

what might seem like obscure values for the environmental impacts.

7.2.3 How economists can contribute to sustainability

Smallholders make up a considerable part of the cultivation of palm oil but have smaller
profit margins than large plantations, and often compensate for less effective land use by
increasing the overall area they grow oil palms on. That means that more of the environment
gets destroyed because the smallholders cannot earn the same amount as large plantations
from the same amount of land area. This is caused by a lack of information and training in
proper cultivation and harvesting techniques. We also know that handling waste material and
wastewater is expensive and complicated processes for the CPO production mills.
Implementing better technology could potentially cut costs and reduce GHG and respiratory
inorganic emissions, which could benefit both the palm oil industry and the local
stakeholders. The mill owners save money, obviously, but part of that money could also be

put towards educating smallholders, which would in return mean lower costs for fresh fruit
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bunches as it would enable smallholders to make better use of their land and cultivate it more

efficiently.

While the conservation scenario described in the TEV case is the one that is most sustainable
for the environment in isolation, we cannot afford to ignore the influence money has in such
matters. Therefore, the selective use scenario explained in the TEV of the Leuser ecosystem
case seems like a much more likely scenario in the real world. In addition, it was found to be
the most lucrative scenario among the three, slightly more so than the conservation scenario
and by far more lucrative than following the old rate of deforestation. Palm oil producers
could stop destroying the forests in order to make room for their plantations because these
can be established in less critical places, at the same time they could be investing in industries
that benefit from lessening the deforestation rate, such as tourism, hydropower, and NTFP
(non-timber forest product) harvesting. This would fulfill all the three sustainability
dimensions. The social impact comes into play with how the palm oil industry helps alleviate
poverty and inequality, and since those most affected by the declining health of the
environment are the poor, especially the locals that directly depend on the Indonesian

rainforests.

The TEV study is able to identify several important factors that come into play when one
wants to promote sustainability, and especially when attempting to identify the correct
approach to reach said goal. How the various benefits and detriments are distributed can be
used to appeal to various stakeholders in more efficient ways when we know what affects
each stakeholder, and how significantly it does so. This is an important factor considering
how resource scarcity is a common cause of conflict. It also helps to identify how critical the
various impacts are, and where we should turn our focus in order to address the most
immediate problems. We can use this information to identify both how much damage the
different impacts do in regard to the environment, the economy, and society — and we can use

this information as a part of estimating the costs associated with taking sustainable actions.

7.2.4 Conclusion
We find that there is a strong connection between economic and environmental sustainability
in the palm oil industry, since the economic dimension depends on ecological functions, such

as hydrology, soil quality, etc. We also see that biodiversity is important for the tourism
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industry which depends on biodiversity and critically endangered species in order to attract
tourists. There are also the indirect costs that can affect any industry that relies on
infrastructure, through the destruction of roads, railways, etc., caused by degradation of
natural elements - trees, hills, etc. - that protects man-made infrastructure. All of these are in
various ways connected to the deforestation that in large part is being driven by the palm oil

industry.

Economists can therefore play an important role in moving the palm oil industry in Indonesia
towards a more sustainable future. Firstly, by using tools such as the various EIA methods,
economists can identify the most critical areas affected by environmental impacts, and what
these impacts are. This should be done according to the SEA approach. Secondly, they can
convert the environmental impacts, both positive and negative, into monetary values that can
be both easier to understand for the layman as well as appeal more to certain stakeholders,
especially industry stakeholders. Thirdly, they can determine the value of natural resources,
and how best to use these in sustainable ways that will benefit both the environment and the
stakeholders. Fourthly, they can assist in identifying the various costs associated with
converting to more sustainable practices and determine the potential profit and savings the
palm oil industry can achieve by making these changes. Fifthly, they can help to bridge the
gap between idealism and praxis. And finally, all of the contributions listed above can be
used to make better policies and strategies that incorporate the environment in a way that

benefits both the economic and environmental stakeholders.

7.3 What are the most efficient drivers of sustainable action for the

palm oil industry?

We have identified what the major negative environmental impacts are, including
measurements and costs, and how economists can play an important role in moving the palm
oil industry towards sustainable action, and have in that regard discussed different
environmental impact assessments. When answering the last research question; “What are the
most efficient drivers of sustainable action among palm oil businesses?”, we will first be
discussing different solutions for sustainability, and secondly, the forces driving the industry
towards sustainable action. The topics in this part of the discussion include recycling,
certification and policy, government regulations, consumer awareness, and pressure from

NGOs.
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7.3.1 Sustainable solutions

To move towards sustainability means to move towards “development that meets the needs of
the present without compromising the ability of future generations to meet their own needs”
(Barison, 2007, p. 293). This is attained through balanced plantation and production practices
that benefit the planet, people, and profit. But what is causing the industry to operate in
unsustainable ways generating negative environmental impacts? We discovered earlier in the
analysis that deforestation and destruction of peatlands created major negative environmental
impacts, such as climate change and disruption of biodiversity and ecosystems. The
discovered contributors to deforestation and peatland destructions were, in short summary,
weak law enforcement, corruption, decentralization of power, accessible forested lands,
higher prices for agriculture and timber, low rural wages, and opportunities for long distance
trade. These are therefore examples of what is keeping the industry from sustainable practises
and of what should be improved. However, there are limitations to what can be done

realistically, at least in the near future.

7.3.1.1 Reducing GHG emission through recycling

We identified in the LCA study that the production process and utilization of empty fruit
bunches left over from the CPO production have a great impact. Finding sustainable solutions
for recycling of the empty fruit bunches means finding solutions for a more sustainable palm
oil industry. We specifically look at options for reducing GHG emissions, which is a major

negative environmental impact of the industry.

Without allocation of avoided products, composting was, out of the seven treatment options,
an excellent option for recycling, as it had low impact in most of the categories and only
emits 22.2 kg CO,e, per tonne of EFB without allocation of alternative products. To put that
into perspective, the emission is only 1/16 of the emission from pulp and paper production.
With allocation, CHP plant was the best option as it reduces the GHG emission with 218.6 kg
per tonne of EFB. Palm oil producers should evaluate which alternative fits best for them
based on their level of allocation of avoided products. With that said, we should determine an
option that works well both with and without allocation of avoided products. The
technologies that had high potential in both instances were composting and briquette

production. On the other side, Pulp and paper production was the least favorable technology
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in both instances, and therefore appears to be inadequate, although it has a positive effect on
land-use and contributes more to the reduction of habitat size compared to the other treatment
options. However, other factors should also be considered since the LCA study did not

include machinery, infrastructure, emissions from the palm oil mill, or palm oil plantations.

7.3.1.2 Reducing deforestation and peatland destruction

The next subject of discussion is reduction of deforestation and peatland destruction, mainly
through monitoring, certification, and policy. We know that illegal deforestation occurs due to
weak law enforcement and inadequate monitoring. Indonesia's weak law enforcement should
be considered for improvement as it helped Brazil a great deal in reducing deforestation. The
reasoning behind Brazil's temporary success lay in their monitoring strategy, allowing them
to observe illegal deforestation and then making forested lands less accessible. This could
however be a challenge for Indonesia due to their decentralized power and corruption. But
the government did commit to reducing deforestation in 2019, thus reduction of the
deforestation rate may still appear. The biggest barrier for this change to occur is the active

opposition from the elite industry, as we discovered in the TEV case.

Policy and certification is a topic of interest when discussing the major negative
environmental impacts of the palm oil industry and might work where law enforcement does
not. Certification is supposed to stimulate sustainable production of palm oil and assure

stakeholders that the palm oil was produced in a sustainable manner.

7.3.1.2.1 Certification and reduction of negative environmental impacts
Now we will be discussing how effective certification and policy is and has been at reducing
negative environmental impacts. In the last part of the discussion, we consider if certification

can push the industry towards sustainability.

There is a clear difference between creating and planning certification systems and policies
versus implementing them efficiently. The real effects of certification and how well it really
works to fight deforestation in Indonesia is unclear. Various European countries had the
intention of only importing RSPO certified palm oil, RSPO has certified 12% of the world's
palm oil, and 74% of the refinery capacity in Indonesia operates with NDPE policies. Despite
these numbers, the deforestation rate is still high. This indicates that policies and certification

systems have failed to identify and eliminate sources of palm oil that have links to
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deforestation. This might be a consequence due to the lack of required information to

determine whether their suppliers are compliant with the policies and certification systems.

RSPO has stated that they have very strict sustainability standards and it can therefore be
challenging and time consuming to implement them in an effective way, and we have
identified a need for increased transparency and accountability from the plantations. Perhaps
this is an issue with some or all of the policies and certification schemes, explaining to some
extent the lack of efficiency. ISCC emphasizes transparency and supply chain traceability in
their certification scheme, which might be a reason for them being one of the world's largest
certification systems. ISCC has GHG emission savings as one of their main criteria, which is
important in minimising major negative environmental impacts. But the effectiveness of

ISCC is uncertain.

Government regulation is complex and its effectiveness in the industry and on the
environment very much depends on intent, formulation, implementation, enforcement, and
competing regulations. Government regulations might have higher potential than voluntary
standards. However, transparency is important in both instances, but compliance is harder to
attain in voluntary systems. Furthermore, since the non-state market driven certifications
chems are voulatary, and it is the certification provider or third party actors responsibility to
follow up, there are no inherent consequences of not complying with all of the guidelines in

place, which would likely have a negative effect on compliance and effectiveness.

A normal standard for certification schemes to implement is the ban of fire as a deforestation
method in order to avoid accidental and excessive forest loss. It is however unclear if
certification has a direct effect on deforestation. Figure 4 in chapter 3 showcases a decrease in
the mean deforestation and forest fire rate. At the same time fire rates have increased in
certified plantations in the last years, but not as much as in the plantations that have never
been certified where the mean fire rate increased drastically. This could be due to certification
systems being uneffective, more plantations obtaining certification, dry weather, or all three.
Nonetheless, the graph suggests that certification does assist in reducing deforestation and

forest fires compared to non-certified plantations.

Certification systems and forestry regulations recommend developing palm oil plantations in

unforested areas or on abandoned mineral land instead of destroying forested areas and

66



peatlands, as a solution to deforestation. This option should be considered as there was 17 to
26 million ha of available land in Indonesia in 2016 declared as suitable for palm oil
plantations. Still, palm oil plantations are not utilizing the available land and continue to
destroy the natural forests. The reason for plantations not using available land could be due to

transportation costs and accessibility.

Regardless of the positive effects certification may or may not have, we should discuss the
possible negative effects as well. In a country troubled by corruption, there will likely be
those who exploit the system, regardless of the fact that it was put in place to promote
positive change. This is where the concept of greenwashing is relevant. It is mostly older
plantations gaining certification, more specifically those plantations that do not have any
natural forest left to destroy. Certification in regard to deforestation does therefore say little
about the plantations sustainability in that context. Certification does not have much use
without enforcement and follow-up, and can actually be damaging by painting a false picture

of the degree of sustainability.

7.3.1.3 Conclusion

First, a major negative environmental impact identified was GHG emission. Composting and
briquette production proved to be a sustainable way of managing empty fruit bunches left
over from the production process that emits little GHG, and should be considered. Solutions
discussed for reducing deforestation and peatland destruction were firstly improvement of

forest law enforcement and monitoring, as Brazil did.

Moving on to a subject in a seemingly better position to improve and be implemented,
namely certification and policy, which might work where law enforcement does not. It is
understood that the impact certification has on sustainable production is unclear, due to the
fact that it is widely debated and that various sources report quite different results. It should
be noted that policy and certification systems do have some positive effects and potential,
although the effects and reduction of deforestation has not been substantial. Certification has
the potential to reduce deforestation and peatland destruction if palm oil plantations complied
with their recommendation to grow palm oil on available mineral land instead of in forested

arcas.

67



We do not know how the industry would look without certification systems and we can't deny
that setting rules, boundaries, and following up on these could generate results. It is clear that
improvements and adjustments are needed, especially in regard to enforcement and
transparency. Holding actors in the industry accountable by demanding transparency through
consequence maps from palm oil suppliers and generally improving transparency systems,

such as what is being done in the NDPE policy scheme, would be possible improvements.

7.3.2 Drivers for sustainable action
Now that we have discovered some possible sustainable actions and how they can reduce
negative impacts on the environment, we need to discuss the drivers for these actions. Various

drivers can be identified, such as awareness of unethical practises and certification.

7.3.2.1 Awareness challenges the industry

Awareness has many different positive impacts regarding sustainability, which has to be
discussed from two perspectives, consumer awareness and awareness from other
stakeholders, such as NGOs and the government. These actors are important, as it is clear that
the palm oil industry will not move towards sustainability on its own initiative. With the
increasing environmental awareness over the last few decades, several empirical studies and
models such as EIA have emerged, providing knowledge and further enhancing awareness. In
this regard, AMDAL has been one of the positive developments in Indonesia, caused by

awarencess.

Consumer awareness has been a powerful force with the rise of social media and the
development of cancel culture. Consumers can through this force challenge industries and
companies, including the palm oil industry. This has an effect on the reputation of palm oil,
which may lead people to boycott palm oil through social media trends. Loss of reputation is
hard to recover from, and should therefore be taken seriously by actors in the industry. If
palm oil is cancelled or boycotted by consumers, and companies using palm oil as an
ingredient in their products switch to other plant oils, it will have a significant effect on the
industry as well as Indonesia's economy. Loss of reputation can therefore be detrimental and

can be seen as a cost, and it will influence companies cost-benefit analysis.
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If consumers demand sustainable palm oil and are willing to bear the extra costs of producing
a sustainable product, actors would in theory profit from satisfying the demand. Consumers
are generally willing to pay a premium for sustainable products, likewise willingness to pay
generally decreases with unethical behaviour. Hence, palm oil producers might not increase
their profits by moving towards sustainability, however, they would prevent loss of profits by

preventing loss of reputation and customers.

We conclude that the effect of consumer awareness can be significant, but who encourages
consumer awareness in the palm oil industry? This brings us to our next point, namely NGOs.
Different NGOs have been criticizing the palm oil industry for a long time and spread
awareness to consumers through large informative campaigns which appeal to consumers'
emotions. Greenpeace’s viral Rang-tan video heavily incorporated pathos into the video to
convey the message in a compelling and memorable fashion. By spreading awareness, these
NGOs put pressure on actors in the industry. However, the change has to be accomplished in
the supply chain, which is not something that can be done by consumers and NGOs alone.
With that said, some change has and can arguably be achieved. Greenpeace's boycott of
Nestle, which forced them to apologize and take sustainable actions, showcases the power of

NGOs and consumers through boycotts.

7.3.2.2 How effective is certification as a driver towards sustainability?

The greatest argument for adopting certification is external pressure and mandatory
regulations. The demand for sustainable palm oil and pressure from consumers and NGOs
has led various certification schemes to emerge, such as RSPO which was created as a
reaction to NGO campaigns, and includes concerned stakeholders throughout the value chain.
Although the effectiveness of certification is unclear, we can still discuss how certification
works as a driver towards sustainability. The concept of certification schemes are important
as they are supposed to provide information to consumers and companies on which suppliers

have sustainable practises, as well as holding them accountable.

The increase in voluntary certification schemes and demand for certified palm oil forces the
industry towards sustainability. Companies can simply be cancelled if they do not use
certified products, which Cadbury and Nestle are examples of. The two companies issuing

apologies and changing their behaviour was a shift towards sustainability in itself, but it also
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strengthened consumer awareness and pressure on the industry, by putting pressure on

companies using palm oil in their procuts, which in turn puts pressure on palm oil producers.

Wilmar used the concept of sustainable palm oil to build their reputation. The CEO
responded to criticism and then used it as an opportunity to promote sustainable palm oil and
create a trend of companies integrating NDPE policies into their supply chain. The CEO
argued that it was possible to produce palm oil while still protecting the forests and
contributing to development in palm oil growing regions, including Indonesia. Since Wilmar
is one of the world's biggest trade companies, it impacted many other major trading
companies to implement the same policy. Although the success was limited, it still
demonstrates how actors in the industry can move the industry towards sustainability. When
more and more companies switch to certified palm oil, as a reaction to criticism or to avoid
ending up with a loss of reputation, such as with Nestle and Cadbury, it will likely send a
message to the palm oil supply chain, including the plantations. Palm oil suppliers, like any
other business, strive to generate profit and will therefore strive to satisfy their customers.
Ergo, there exists pressure from consumers, NGOs, and certification schemes affecting the

industry.

But certification may also hinder the drive towards sustainable action. Indonesia's
government formed ISPO as a response to international criticism. The establishment of ISPO
could also be due to displeasure with NGOs creating certification and policy ment to regulate
the industry. However, corruption in Indonesia drove the palm oil industry towards
expansion, which was a reason for the rise of NGOs in the first place. Competition in the
market of certification schemes may be seen as a positive component. However, ISPO has on
one side led some to question the authority of voluntary international standards, and on the
other side made some concerned that the government seeks to present an outward front to
combat criticism without implementing sustainable action. This can be reflected in AMDAL

which has had some effect, but has still not been implemented in an effective way.

Greenwashing through certification and the government's promises of change without real
sustainable implementation or follow up, can actually damage the push for sustainability, as it
gives a false impression of sustainability, tricking consumers and making them less aware.
This might lead consumers to believe that further action is unnecessary or not as crucial.

Consequently, there are relevant NGOs investigating the different certification systemes and
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sharing information with the public. Greenpeace has on several occasions accused RSPO of

questionable behaviour, forcing them to improve.

Some companies eliminate palm oil from their products entirely, regardless of certification, in
fear of scrutiny. This affects the palm oil industry which is vital for improving conditions in
Indonesia, and there is a concern that certification and its strict standards can dismantle
plantations, especially smallholder plantations, and slow down growth. The practicality of
certification in changing the industry without negatively affecting the lives that depend on it
is hard to determine. There is a risk of hurting the economic growth in Indonesia through the
palm oil industry by moving towards sustainability too fast, but also by moving towards

sustainability too slow.

There is the positive aspect, where certification has high potential when implemented
effectively with the intention of reducing negative environmental impacts without halting
Indonesia's growth. Then there is the negative aspect, where certification is not always
implemented effectively, thus creating a false image of sustainability. Furthermore, there is
valid concern regarding the practicality of certification. Hence, we see that there are forces in

respect to certification pushing and halting the drive towards sustainable change.

7.3.2.3 Challenges in reaching sustainability due to certification costs

Costs and barriers related to certification is arguably a factor as to why certification has some
negative consequences. Given the assumption that certification has potential for reducing
negative environmental impacts, and that the potential of certification is greater than the
negative considerations, discussing the costs of certification is highly relevant when deciding

if it is halting the shift towards sustainability.

We concluded that consumers are usually willing to pay a premium for sustainable and
certified products, but there needs to be a sufficient demand and their willingness to pay has
to exceed the costs related to certification. Each link in the supply chain has to comply with
the certification standards, meaning that certification needs to be financially attractive for
each of these links in order for them to voluntarily meet the sustainable standards. We have
found that premium prices of certification is a potential financial benefit as it has been shown
to generate up to 21% higher revenues from sales, and that it also provides opportunities in

different markets. At the same time, certification has also been shown to create loss of net
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income up to 8% per hectare the first year. Indicating that certification is usually not

financially attractive in the start-up phase.

Furthermore, it is more challenging for smallholders than large scale companies to achieve
certification as they dont have the same means to meet the start-up costs of certification or
other costs related to certification. Overcoming barriers regarding costs, access to financial
means, availability of legal documents, and acquiring and improving knowledge and skills,
can be challenging for many companies and especially smallholders. This halts the drive
towards sustainable action, since smallholders in Indonesia produce over one third of the
palm oil. To become certified, the links in the supply chain need motivation and financial

means to overcome the initial loss in net income.

These high start-up costs and many barriers could certainly be a factor as to why certification
standards are not met or implemented effectively. If smallholders had motivation and
assistance in the start-up phase, the negative aspects regarding poor implementation, creating

a false sustainable image, and issues regarding practicality, would be reduced.

7.3.2.4 Conclusion

It is clear that awareness from consumers, NGOs, and the government is important and has a
positive effect through pressure, especially since it is clear that the palm oil industry will not
move towards sustainability on its own initiative. Although, there are limits to what their

influence can do in the short run.

Certification has potential when implemented effectively with the intention of reducing
negative environmental impact without halting Indonesia's growth. There are forces in regard
to certification pushing and halting the drive towards sustainable change. Certification seems
to have higher potential for positive impact than negative impacts on reducing negative
environmental impacts and increasing sustainability in the industry in the long run. The
greatest argument for links in the supply chain to adopt certification is external pressure and
mandatory regulations. The increase in voluntary certification schemes, demand for certified
palm oil, and companies switching to certified palm oil, forces the industry towards
sustainability. Actors in the Indonesian palm oil industry might not increase their profits by
moving towards sustainability, however, they would prevent loss of profits by preventing loss

of reputation and customers. Lastly, we emphasize that certification has not shown significant
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results, but it has the potential of preventing poor implementation, creating a false image of
sustainability, and issues regarding practicality, if the start-up phase and barriers were more

manageable, especially for smallholders.
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Chapter 8: Conclusion

We have through the thesis aimed at presenting information that relates to and provides useful
insight into the palm oil industry and Indonesia, and the surrounding elements that both affect
and are affected by the industry. Our goal has been to assess the current state of the industry
and to provide further elaboration on the impact it has on the environment. Additionally, we
wanted to provide insight into what we consider as the necessary steps going forward in order
to achieve a sustainable industry in accordance with the triple bottom line, that can support

both the environment and the various stakeholders.

Firstly, we have found that the biggest problem from an environmental point of view, is the
high rate of deforestation and clearing of peatlands in order to make room for palm oil
plantations, and the high amounts of GHG released during this process as well as during the
production of CPO. Clearing of forests, especially primary forest, and peatlands, causes a
series of negative impacts that include GHG emissions, degradation of soil and its many
consequential impacts, loss of biodiversity, release of respiratory inorganics, and loss of

natural protection against natural disasters.

Secondly, there is a strong connection between environmental and economic sustainability,
especially in poor countries and regions. This means that economists can play important roles
when moving towards a sustainable palm oil industry in Indonesia. They contribute by
quantifying environmental data and converting it to monetary values which is easier to
understand for many stakeholders, and are more interesting for some. They also contribute by
further detailing the most critical environmental impacts and identifying processes that can
reduce costs and negative environmental impacts. Economists can therefore contribute to all
the steps required for attaining sustainability. They can do so by providing models and
estimates of values and environmental impacts that should be used for evaluating plans,
strategies, and policies that relate, in any way, to the environment. And finally, they can
contribute by evaluating the actual results when such plans have already been put into motion

or have concluded, generating empirical data which can be applied to future projects.
Finally, various sustainable solutions were identified in the discussion, but the main issue lies
in the lack of motivation and poor implementation of sustainable solutions, stemming from

financial barriers and concern of slowing down the economic growth. Certification was a
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considerable topic of discussion and we concluded that certification has potential when
implemented effectively with the intention of reducing negative environmental impacts
without halting Indonesia's growth. The increased awareness in the industry, specifically from
consumers and NGOs, as well as an increase in the number and size of certification schemes,
are identified as the main forces with the highest potential for moving the industry towards

sustainable action.

In assessing and applying the three different case studies LCSA, LCA, and TEV - and using
the results from all three in our discussion and conclusion - we have contributed with a new
conceptual model. To further explain, we have, instead of going in depth on one EIA,
provided a wider and more comprehensive understanding on different environmental impact
issues in the palm oil industry and in Indonesia, which is something we have not found in our

literature search. This method provides a holistic conclusion based on more holistic research.

8.1 The path forward for the Indonesian palm oil industry

The way forward as we see it, has to start with the stakeholders that are furthest away, the
consumers and NGOs. Both the government and the industry leaders have shown themselves
to be unwilling and incapable of making meaningful sustainable changes, while the
smallholders and plantation workers cannot afford, nor have the knowledge required to
become more environmentally sustainable, despite it being more profitable and economically

sustainable in the long run.

When consumers and NGOs demand sustainable palm oil and boycott palm oil products, the
producers will have to follow suit, and will be forced to implement more sustainable
cultivation and production processes. For this to work however, there needs to be better
oversight and enforcement of sustainable certification schemes. At the same time, the
government is strongly incentivised to support this change with policy, regulations, and
stronger enforcement of said changes. The government should also offer training for
smallholders, who are important for the national economy, so that they can use the land area

they occupy more effectively, reducing unnecessary land-clearing.

This change needs to be based on empirical data and address the most critical areas first,

which is deforestation of primary forest and clearing of peatland, as well as outdated and poor
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production processes and waste management, which causes high emissions of GHG,
destruction of soil and hydrology, and harmful particles. There are both economic and
environmental advantages to implementing sustainable practices such as better waste
management and waste-water treatment which will pay off over time, despite some high
initial costs, so these should be implemented where possible, especially in the private and

government owned plantations who are more likely to have sufficient capital to do so.
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Abstract: Palm oil production is a key industry in tropical regions, driven by the demand for affordable
vegetable oil. Palm oil production has been increasing by 9% every year, mostly due to expanding
biofuel markets. However, the oil palm industry has been associated with key environmental issues,
such as deforestation, peatland exploitation and biomass buming that release carbon dioxide (COs)
into the atmosphere, leading to climate change. This review therefore aims to discuss the characteristics
of oil palm plantations and their impacts, especially CO; emissions in the Southeast Asian region.
The tropical climate and soil in Southeast Asian countries, such as Malaysia and Indonesia, are very
suitable for growing oil palm trees. However, due to the scarcity of available plantation areas
deforestation oocurs, especially in peat swamp areas. Total carbon losses from both biomass and peat
due to the conversion of tropical virgin peat swamp forestinto oil palm plantations are estimated tobe
around 427.2 + 90.7 t Cha~! and 17.1 + 3.6 t C ha~! year!, respectively. Even though measured CO;
fhixes have shown that overall, oil palm plantation CO; emissions are about one to bwo times higher
than other major crops, the ability of oil palms to absorb COy (a net of &4 tons of CO; per hectare
each year) and produce around 18 tons of oxy gen per hectare per year is one of the main advantages
of this crop. Since the oil palm industry plays a crucial role in the sociceconomic development
of Southeast Asian countries, sustainable and environmentally friendly practices would provide
economic benefits while minimizing environmental impacts. A comprehensive review of all existing
oil plantation procedures is needed to ensure that this high yielding crop has highly competitive
environmental benefits.

Keywords: palm oil; fropical area; carbon emission; COj; flux
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1. Introduction

Iaeis guineensis, or oil palm, is a tree in the palm family (Arecaceae) that is cultivated as the most
important source of cilseed today [1-3]. Oil palm trees are found only in the tropical forest ecosystem
and grow in the range of 10* north and south of the equator. This tree species can grow in areas
where the other tree species cannot grow well [4]. With average yields in major producing countries
ranging between three and four mesocarps (palm) oil ha~! year‘l, the oil palm is regarded as the most
productive oil crop on the market [2]. Global palm oil production is increasing by around 9% per year
and the eil is used in various kinds of products. Two of the biggest markets for palm oil are China and
India [5-7].

il palm plantations have been associated with deforestation in many tropical regions [5-10]
and affect the biodiversity of tropical forests [11]. Oil palm plantations support much fewer species
than other tree crops [12,13]. In terms of global palm oil production, Indonesia and Malaysia are
the largest producers, with the capacity to produce 43 million ty\e&r‘i, accounting for 87% of all
palm cil. From 1990, Indonesia and Malaysia had a total oil palm harvested area of 6.5 million ha.
However, between the years 1990 and 2010, more than 10% of the total deforestation in Indonesia and
Malaysia was due to oil palm, evenwhen assuming that only half of the oil palm expansion caused
forest loss [14].

Other than deforestation, oil palm plantations have also been associated with carbon emissions
and climate change [15,16]. Oil palm plantations have been associated with a 2.5 Gigaton Carbon (Gt C)
loss in carbon stock in tropical peatlands since 1990 [17], and in many cases oil palm plantations have
been linked to the loss of carbon stored within peatland areas [18-21]. Total carbon losses from biomass
and peat of 427.2 + 90.7 t C ha! and 17.1 £ 3.6t C ha™! year‘l, respectively, due to the conversion
of natural tropical peat swamp forest to oil palm plantations, were recorded ever the past 25 years.
The amount of total carbon loss from peat is around 63% of the total carbon loss, demonstrating that
it is essential that mitigation measures are developed to preserve tropical peat swamps from land
conversion, which will, in turn, reduce the greenhouse gas load [22].

Since palm oil is important as a cheap source of vegetable oil, this study aims to discuss the
characteristics of oil palm plantations and the surrounding environment. The associations of oil palm
plantations with carbon dioxide (COy) fluxes are also presented, particularly those from the Southeast
Asian region. A systematic review method based on relevant literature regarding oil palm plantations
from various sources was used in this study. Peer-reviewed literature was identified and scrutinized
for information, and data relating to oil palm plantations in tropical regions were summarized.

2, 0l Palm Characteristics and Its Environment

2.1. The Oil Palm Crap

The oil palm tree is a single-stemmed plant [7]. The woody stem carries a single terminal growing
point, from which leaves appear at regular intervals in a double spiral [23]. According to Johnson [24],
general oil palm leaves ame branched into leaflets joined to a central leaf axis (the rachis) and often
feature a feather Palms bearing such foliage are often recognized simply as feather palms. An oil
palm keaf can reach up to 5 m in length. Each leaf supports a single inflorescence, which can be either
male or female [25]. il palms bear both functionally male and female flowers on the same tee in
an alternating cycle to minimize the chances of self-pollination [25].

An oil palm tree begins to bear fruit 3-4 years after planting. The fruits are in bunches,
encompassing the oily pericarp, shell and kemnel, which contains 45-55% of edible oil [7,27,25].
Theweight of each fruit bunch is approximately 15-30 kg and can reach up to 50kg [29,30]. The harvested
product is a fruit bunch comprising between 1500 and 2000 fruitlets [25]. The products of the fresh
fruit bunch include crude palm oil, which isextracted from the orange-yellow mesocarp, while palm
kernel oil is usually extracted from the white kernel [25,24].
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2.2, Qimate

Geographically, the oil palm flourishes best in lowland regions in the tropical rainforest [30,31].

The oil palm is planted in a wide range of latitudes on each continent, roughly 10° north and south of
the equator. This distribution is due to how the global oceanic and atmospheric currents affect the
climate, as well as the presence and relative position of large landmasses that can greatly alter the
temperature and rainfall [32].

In general, the equatorial belt offers suitable cultivation environments for oil palm, because it
provides a suitable amount of sunshine, high temperatures, and wet and humid conditions with a high
rainfall rate [35,34]. Specifically, there are five important climatic conditions for oil palm cultivation as
proposed by Goh [35] {Table 1). Ultimately, to achieve the best yield from oil palms, the cil palms need
minimum climatic requirements, such as adequate sunshine and solar radiation of 16-17 MJ m™2 da.)r_l,
annual rainfall of 2000-2500 mm, low vapor pressure deficit and temperatures of a mean maximum in
the range of 26-33 “C and a mean minimum in the range 22-24 °C.

Table 1. Proposed classification of climatic properties in relation to the suitability for oil palm.

Climatic Element HighlySuitsble  Suimble  Doderkly  Cuntatly  Pecminently

Suitable Unsuitsble  Unsuitable

-1 2500-3000 30004000 A000-5000 =5000

Annual rainfall (mm year™) N0 2500 17002000 14001700 1100-1400 <1100
Duration of dry season {mornth) o 1 24 5 =6
e ] 234 3436 =36
Mean annual temperature 2629 ey 2023 1720 =20
1719 1021 21-73 =13
Daily solar radiation (M] m™2) 16-17 1416 114 a1 iy
Wind (ms1) <10 10-15 15-25 2540 =40

Source: Goh [26]).

The oil palm industry plays a crucial role in the socic-economic development of Malaysia [36].
The oil palm yield critically depends on dimatic factors [37,38]. Hence, local microclimate changes due
to altering land-use, topography; soil properties, etc. and regional changes forced by large-scale global
changes are expected to impose significant impacts on the palm il industry in the coming decades.
Therefore, assessing these impacts requires information at both the regional and local scales.

From a large-scale perspective, the El Nifio-Southern Oscillation phenomenon (ENSOY} is known
to influence palm oil production months affter its peak. Both warm and cold events negatively impact
oil palm production. In the short term (a few months) the warm event, or El Nifio, is associated with
prolonged dry spells that may lead to bunch failure and floral abortion in oil palm trees [39]. In the
longer term of 1-2 years, the production of cil palm is commonly disrupted due to sex differentiabion.
On the other hand, La Nifia, which brings about more rainfall in the country, often disrupts harvesting
and logistics management. In addition, La Nifia also induces poor pollination and fruit-sets [40].

There is a lack of comprehensive studies on how climate change impacts oil palm production and
yield and the underlying sociceconomics. Most studies have focused on a broader scale perspective
and discussed the climate suitability instead of focusing on the yield, which is likely determined by
the complex interplay between broad climatic factors and local-scale biotic and abiotic interactions.
For instance, Paterson et al. [41], using the results from Global Climate Models (GMCs) and a niche
model via a stepwise approach, argued that climate change is expected to reduce the area with suitable
climates for oil palm plantations over the maritime continent. Studies linking oil palm to EN50 and
its implications for short-term forecasts are numerous [42,43]. However, there is a lack of shudies
discussing the implications of ENSO variability in the future warmer climate and how this is linked to
local environmental changes that may affect oil palm cultivation in the future. The hy pothesis is that
the warmer climate is expected toenlarge the variance of natural climate variability and bring about
stronger El Nifio and La Nifia events [44]. This alteration is expected to impact the regional circulation
over Southeast Asian regions, and this impact will be cascaded down to the local scale. The assessment
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of climate change impacts at a specific plantation thus requires relevant information at both large and
plantation scales.

2.3, Soil Classification and Characteristics

The tropical soils used for the cultivation of oil palms have been classified based on the United
States Department of Agriculture (USDA) Scil Taxonomy system [45]. There are four types of common
soils found: ultisols, oxisols, histosols and mollisols. The types of soil differ between regions in the
equatorial tropics. For example, ultisols, axisols and histosols are generally available in Southeast Asia.
In Africa, the soil ty pes oxisols, ultisols and mellisols are commonly found, while in America, oxisols
and ultisols are the commeon seils [25].

Soil characteristics are crucial for oil palm cultivation because they are contributing factors to
oil palm production levels [25]. There are two systems available that assess the suitability of soils
for growing oil palm. The first system is by Olivin [46,47], who suggested a systematic method for
assessing soils for oil palm. The system grades the soils based on soil texture, the quantity of gravel
and stones, drainage, and chemical composition, i.e., pH, organic matter and exchangeable cations.
In general, Olivin [46,47] defined a good soil as one with little gravel, a texture of soil that allows
reasonable drainage, and soil that manages to retain plenty of exchangeable cations and contains
a good amount of organic matter.

The second system is that of Paramananthan [458], which provides a detailed set of suitability
criteria for the cultivation of oil palm. The system is intended for Southeast Asia, but would probably
be relevant in all similar climates [49]. Several important characteristics have been determined by the
systemn, and one is that land with a slope of more than 20° is considered unsuitable, because planking on
steep slopes is prone to erosion and can cause problems, e.g., difficulty in harvesting and degradation
of the average quality of the soil for the planted oil palm trees [50,51]. In addition, the system selects
land that is neither insufficiently or excessively drained, nor prone to flooding,. In terms of soil physical
criteria, the soil structure needs to be stable and able to provide excellent stable drainage. Additionally,
Paramananthan [52] identified and discussed the number of soil by pes that are generally unsuitable for
palms and in which il palm cannot thrive. They are soils in dry regions, highly weathered soils, soils
on steep terrain, lateritic soils, acid sulphate soils, saline soils, sandy soils and organic soils.

3. The Oil Palm and Climate Change Factors

3.1. Deforestation

Forests play important roles in the global ecosystem, where they absorb CO; by photosynthesis,
which is then released by autotrophic respiration [53]. Forest areas are also known to be carbon
pools that trap carbon content in the soil and sub-surface for thousands of years. Any changes or
modification to forest areas, as well as forest fires, contribute to carbon emissions. As reported by van
Der Werf et al. [54], it has been estimated that between 1997 and 2009 there were carbon emissions
of 20Pg C year‘l with important contributions from A frica (52%), South America (5%, Equatorial
Asia (10°%), the boreal region (9%) and Australia (7%). Figure 1 shows the benchmark map of carbon
stored in the earth's tropical forests for over 2.5 million ha of forest awa and 75 countries, as reported
by NASA [55].

Delorestation is usually defined as the loss of forest cover through the conversion of the land to
another land-use [56,57]. Factors that contribute to carbon emissions from deforestation include the
high profits that come with international trade, which in hurn mean losses of unsustainable production
are most noticeable at local levels [55-60]. Large amounts of forest areas have been cleared for food
crops and also plantations [61]. Global policy changes and the increased demand for biofuels in the
transport and energy sectors are also contributing factors [58]. Moreover, deforestation in Southeast
Asia is also linked with the logging of tropical timber for economic development [62]. Estimations on
deforestation rates were 17-127% for il palm, 44-129% for timber and 3.1-11.1% for logging in
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Indonesia [63]. Tt is been estimated that an area of 3.5 % 10 ha was burned in east Kalimantan between
1982-1983, which then happened again in 1994 [64]. A study by Yong [65] found that there was
a (.54% deforestation rate in Malaysia with an annual average tree cover loss of 2%. Major drivers
of deforestation in Malaysia are commercial loggers, commercial oil palm and other tree planters,
infrastructure developers and governmental agencies that are reducing areas of forest land [65].

Figure 1. Map of (a} total biomass carbon; (b) total biomass carbon uncertainty. Source: MASA [55].

Deforestation can also have economic and health impacts, and impacts on the enwironment, flora
and fauna of an area. As reported by Wolf [62], deforestation can significantly affect soil erosion,
flooding and climate change; it can cause agricultural losses, and wildlife and indigenous peoples are
also impacted. A study by Chua, Chua and Wang [64] also revealed that the 1997-1998 defoestation
and forest fires in Southeast Asia led to the Nipah virus outbreak, and the deforestation was then
exacerbated by drought driven by the ENSO event. Another environmental impactwas suggested tobe
the daily temperabure in terms of reduced daytime temperatures and increases in boundary layer clouds.
This also had the consequence of rising albedo, transpiration and latent heatloss [66]. Deforestation was
suggested to influence the regional climate, elevate local temperatures, cause a decline in precipitation
and limit soil moisture, thus increasing climate variability and causing drought [67]. The role of a state
or country in preserving forests can support env ironmental sustainability. The Sabah state government,
through the Sabah Struchure Plan 2033, has committed to preserving the permanent forest reserve
based on the priority conservation area. The state of Sabah also retains forest areas as the largest
land-use areas in 2033 with 66.71% of the total area of Sabah (Town and Regional Planning Department
of Sabah, Kota Kinabaly, Sabah, 2016). The Sabah Structure Plan 2033 is a legal document that focuses
on the prioritization of the conservation of forests [68].

3.2, Pantland Areas

Peatland plays a significant role as a carbon pool and is an important component of the carbon
soil-atmospheric exchange process [69]. In Southeast Asia only, forested peatland stores at least
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42,000 million metric tons (MF) of soil carbon [70]. According to Yoshino et al. [71], the total area of peat
swamps in Southeast Asia was estimated to be 25 million ha, with 43.1% in Papua, Indonesia, 22.5%
in Sumatera, 22% in Kalimantan, and other areas in Peninsular Malaysia, Thailand and Malaysian
Borneo. When peatland areas are developed for agriculture, the peat soil in these swamp forests tends
to decay and release huge stores of carbon into the atmosphere [69,72].

The natural ecosystem of peatland is usually wet, where un-drained peat consists of 10%
plant matter and 90% water, making these amas waterlogged where ponding of rainwater on peat
surfaces occurs [70,73]. However, due to economic pressures, peatland areas are being deforested,
drained and often burned for agricultural purposes, such as oil palm and pulpwood plantations [70].
Drained peatlands, such as in Sumatra and Kalimantan, are susceptible to fires where drought has
intensified the lammability of the peat, and fires are widely used to clear the land, degrade re-growing
vegetation and maintain the land for growing crops [72]. Fires in peatland areas are not easy to
extinguish and often burn for a long period. Moreover, anthropogenic activity with the use of fires
by people to clear and convert the land to agricultural areas, particularly for oil palm plantations,
contributes to uncontrolled burning, which in turn damages large areas of peatland [74]. Itis estimated
that the peat swamp forest in Sumatra has declined by about 4% over the last bwo decades due to
timber activities, plantations and fires [6775].

There are five flux components of peatland, including net CO,; uptake by vegetation, CO,
emissions from disturbed peatland, CO; emissions and other emissions from fires, exports of dissolved
and particulate organic carbon and emissions of methane [70]. A study by Othman and Latif [76] found
that 1 hour of peat combustion releases 13.850-20.610 ug m™? of CO, and concluded that peat soil fires
produce various amounts of air pollutants and significantly affect atmospheric chemical reactions.

3.3. Biomass Burning

Biomass burning, particularly of agricultural waste, is a major source of aerosol [77]. Certain areas
in the world face severe haze episodes due to biomass burning of wheat straw, peatland soil, agricultural
waste and forest areas. Biomass burning has also been performed with the aid of fire for land clearing,.
As reported by Yokelson et al. [78] and Langmann et al [79], biomass composition plays a significant
role in the combustion process, where during the first phase of buming the biomass fuel undergoes
thermal degradation and water and volatiles are released. The second phase is pyrolysis, which includes
cracking of the carbon chain fuel molecules. Then, several complex mixtures are released and formed
during the distillation and pyrolysis process that forms flaming combustion. Shouldering combustion
then occurs when the axy gensupply is limited and exothermic reactions take place, which are gas—solid
reactions between oxygen and carbon, which then produce high kevels of COs. Moreover, intense
biomass burning episodes, for example in the year 2015, can also be enhanced by dry weather related
to the occurrence of strong El Nifio conditions [80].

Biomass burning is related to smoke haze and this recurring environmental problem in Southeast
Asia affects regional air quality [81,52]. Biomass buming is also a top contributor to particulate
pollution in Southeast Asia. Almostevery year, fires from biomass burning in Sumatra and Bomeo
during the dry season, particularly between September to October, contributed to PM;y concentrations
above 150 pg m 3 at multiple locations in the southern region of Southeast Asia [81]. Another impact
of the burning of garden and agricultural residue, especially in suburban areas, is an additional source
of anhydro sugars and other organic compounds to aerosol [83].

Emissions from biomass burning have been estimated, particularly targeting carbon emissions.
Among the key parameters in estimating fire emissions and biomass burning are the burned area, the fuel
load, the combustion factor and the emission factor [84,85]. Estimated Greenhouse Gases (GHGs) and
carbon emissions from fires, particularly including non-forest, Acacia species, forest and peat soil fires
in Central Sumatra in the year 2013 were calculated by Gaveau et al. [67], where 172 + 59 Tg COy-eq
of GHGs were released during the period of 18-24 June. These fire emissions were 26% of the average
annual carbon emissions from tropical Asia between 2003 and 2008. A study by Shi et al [86] on
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carbon emissions from biomass burning in Southeast Asia for the period 2001-2010 used different
types of satellite data. The study found that more than 60,000 km? yeari was burned in areas
predominantly concentrated in Myanmar, northern Thailand, eastern Cambodia and northern Laos,
while the Biosphere Model Integrating Eco-phy siclogical and Mechanistic Approaches using Satellite
(BEAMSMCD45A-Peat) data analysis determined that 210.7 Tg C was released from 2001 to 2010 with
the largest contributor being Indonesia. Emission inventories of non-agricultural open fires from 2000
to 2009 in Asia was performed by Song et al. [25], who determined that annual emissions for CO; and
COwere 83and 6.1 Tg y\e&rl, respectively. They also suggested that burning emissions originated
from forest areas because of the large biomass density.

4. 0il Palm and Gas Emissions

GHGs from oil palm areas are expected toinfluence climate change and air quality. Previous studies
have shown that commeon biogenic GHGs can be both emitted naturally and absorbed by oil palm
trees. In terms of GHG absorption, CO, is always the focus in relation to land-use changes relating
to oil palm areas. According to Henson [57], a hectare of oil palm trees can absorb a net amount of
64 tons of U0z each year and produces around 18 tons of oxygen, which is higher than a forest’s net
absorption (424 tha™! year™).

Recently, a study by Nadzir et al. [45] revealed that the emissions of isoprene (CsHg), COx,
and surface ozone (Oy) from oil palm plantation areas in the state of Pahang, Peninsular Malaysia,
were significantly high due to meteorological factors such as temperature. The study observed high
mixing ratios of isoprene during the day and low mixing ratios at night, which is consistent with
many previous studies [89-92]. The maximum daytime peak values observed were ~25 ppb, while the
lowest values were measured during the night with mixing ratios of ~0.5 ppb for isoprene. Surface O3
was observed to have the same pattern where high mixing ratios were measured during the daytime
{~60 ppb). CO5, on the other hand, showed a diurnal pattern with high mixing ratios during the night
compared to the daytime.

In addition to climate change issues, air quality problems can also be linked to oil palm land-use
changes. Biogenic GHGs, also known as BVOCs (Biogenic Volatile Organic Compounds), such as
isoprene (CsHg), can be released from oil palm tiees. BYOCs contribute to about 909 of all VOCs in the
atmosphere [93]. Isoprene and other BVOCs are linked to the production of surface O3 in the presence
of nitrogen oxide (NOx) [94], which contributes to climate change and poor air quality. Surface Oy is
a widespread air quality problem if present in high concentrations with present-day levels of NOy as
well as biogenic and anthropogenic VOC emissions [95,56]. NO, can be emitted from industrial and
city areas near oil palm plantations depending on the prevailing wind. According to Nadzir et al. [%7],
the three major N0y sources responsible for increased Ny over oil palm plantation areas are all linked
to agro-industrial activities, such as vehicle exhaust, palm oil plant combustion, and substantial soil
nitrogen fertilization for plantations.

4.1. Emissions of CO;

0il palm plantations and related activities have been associated with climate change, where COs is
the main key driver. The main pathways where oil palm-related COy is released into the atmosphere are
through deforestation, peatland exploitation and biomass burning, as well as the oil palm plantations
themselves [98]. This section, however, will only focus on C0O, emissions from cil palm plantations on
peat soil and related aspects as there is growing concern regarding the magnitude of CO; losses from
one of the earth’s natural carbon storage areas [99,100]. Better constraints on oil palm CO; have been
addressed through common field CO); emission measurements on plantation scil (peat), while there is
limited information on emissions from the drain, trunk, and lkeaf of the oil palm tree. Indonesia and
Malaysia have been the main target areas of CO, emissions measurements, as they aim to dedicate
millions of metric tons of palm oil to meet global demand in producing biofuels [101].
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0il palm plantations on peat soil in Indonesia have been estimated to have CO, emissions ranging
between 12 and 95 t C ha ! year—! (Table 2). While most of the measurements were located in Sumatra,
Indonesia, the highest CO, emission was mcorded in Jambi and Riau (95 t C ha™! year™) [102].
The lowest CO, emissions, however, were also recorded in Jambi (10 t C ha™! ye&r‘1} [103], which could
imply high spatial variability of emissions from peat soil. In Malaysia, CO; emissions were estimated
between 7 and 79 t C ha~! year‘l (Table 2). The highest Malaysian peat soil CO» emissions were
recorded in Selangor at 79 and 65 t C ha™! year™! in the years 2000 and 20086, respectively [104].
The lowest COp emission was recorded in Sarawak (7 t C ha~! year—l), which also has the largest area
of oil palm plantation on peat soil in Malaysia [105]. Comparisons between Indonesia and Malaysia's
CO; emissions show that both countries, as main palm oil producers globally, have a comparable
magnitude of emissions, which could be due to similar peat soils as well as oil palm tree characteristics.

Table 2. Peat soil CO; emissions from previously reported studies.

Emissions

Country Area Year {(tCha-1 }rear‘l] Refermnce
Jambi and Riau 20072010 95 Hooijer et al. [102]
Jambi 2010-2011 13 Marwanto and Agus [106]
Indonesia Jambi 2011-2012 10 Dariahetal. [103]
Riau 2011-2012 18 Husnain etal [107]
Riau 2016-2017 12 Mamwanto et al. [108]
Selangor 2000 79 Matysek et al. [104]
Sarawak 2002-2003 17 Melling et al. [109]
Malaysia Sarawak 2002-2003 11 Melling etal. [110]
Sarawak 2003 7 Matyseketal. [104]
Selangor 2006 65 Matysek etal. [104]

Extensive measurements on oil palm C0O; emissions, such as from the root, trunk, drain and
also above the canopy are essential to better understand the role of oil palm on global scale carbon
emissions (Table 3). Oil palm root C0; emissions were estimated at 19 t C ha-! 3.-eaa.1""1 in Aeeh
Barat, Indonesia [111], while a separate study in Sarawak, Malaysia showed the average trunk, drain
and soil CO; emission was 24 tC ha~! year! [112]. Comparisons between the two studies on CO;
emissions suggest the oil palm tree root could release a huge portion of the high CO; emissions. On the
contrary, a large area of oil palm plantation in Sabah, Malaysia recorded an average CO, uptake of

82t Cha! }rea.r"l above the oil palm canopy, higher than an intact forest (32 t C ha-! year‘i} [113].

The high rates of carbon uptake of cil palm mean it is thecretically possible to achieve carbon neutrality
for biofuels, in the long term replacing fossil fuels [114,115]. Based on the above argument, the overall
emission and absorption of cil palm plantations with factors that influence these exchanges in tropical
regions are presented in Figure 2.

Table 3. Oil palm plantations related C0; emissions.

Country Area Year Emissions (t Cha~! year1) Reference

Indornesia Aceh Barat 2008 19 (Root) Agusetal [111]

i Sabah 2008 82 (Above canopy-uptake)  Fowleretal [113]
¥ Sarawak 20152017 24 (Trunk, drain, soil) Manninget al [112]
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Figure 2. Emission and absorption of oil palm plantations with factors that influence these exchanges
in tropical re gions.

4.2. Comparison Studies on Oil Palm CO3 with Other Crops

In this section, the focus on CO; flix has not been expanded upon in detail for other crops
besides il palm. The challenge in comparing emissions between different crops lies in the fact that
not only do the soil types, rainfall and temperatures vary, but agricultural practices such as tillage,
liming of soil and addition of nitrogen fertilizer can also influence CO; emissions [116-121]. In some
cases, plantations such as rubber plantations have been shown to have a lower CO; flux compared to
a natural forest [122]. Any useful comparison of emissions between different crops will require careful
consideration of both the natural properties of the soil and agricultural practices in specific regions.

Table 4 shows some of the C0; emissions from different crops as well as intact forest. The CO;
fluxes in these studies show that, overall, oil palm plantation COs emissions are about one to two
magnitudes higher compared to other crops, such as barley, corn and rubber. Corn appears to have the
lowest emissions at 0.4 £ C ha™! ye&r_l. Based on these values alone, it would seem that COy flux is
highest in oil palm plantations. However, as mentioned in the earlier paragraph, various factors can
affect the flux in the scil, as even oil palm fhux has a nmgr:\I:na!’t.\reen?izmdgstCh.a:._‘1 yea.r‘l, as shown
in emissions studies in Malaysia and Indonesia (Table 2). The intact forest CO flux recorded by Zhao
etal [122] is higher than that of oil palm recorded in a study by Matysek et al. [104]. Additionally, crop
yields per hectare should be an important consideration, as total flux may be offset for crops with high
yields, such oil palm, which has a potential yield that generally exceeds § t 0il ha! year~1! [25].

Table 4. CO; emissions from different crops.

Plant Type Time Measured (Location) Emissions (t C ha-! year-1) Reference
Movember 1998 to October 2000, over

Batley Saidl 063 Séncher etal [123]
nen-irdgated barley (Central Spain) [z
Based on agricultural inputs detailed
by Frye and Blevins (1997) and Ismail :

Com Sodl etal (1964), Blevins et al. (1883). 04 West and Marland [115]

(Kentucky, USA)
Rubber a7
Intact Fomst i January and March 2016 (China) as Zhaoetal [122]
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5. Conclusions

Overwhelming global demand for affordable vegetable oil has driven the fast expansion of oil
palm plantations, especially in the Southeast Asian region. This expansion has led to many disastrous
environmental issues, such as the destruction of natural carbon storage. The ufilization of peatland and
deforestation for oil palm plantations has been identified as the main challenge to controlling natural
carbon emissions to the atmosphere. Frevious estimation studies show that oil palm carbon and CO,
emissions are a magnitude higher compared to other crops {e.g., barley, corn, rubber). Natural climate
variability, such as El Nifio and La Nifia events, is expected to influence oil palm plantations at both
large and small scales, and the change in this variability under warmer climates is expected to influence
the palm oil yield. The ability of cil palms to absorb CO; (a net of 64 tons of CO; per hectare each year)
and produce around 18 tons of oxygen is an advantage of this type of plantation.

To further reduce oil palm-related natural carbon emissions, a number of key processes can
be implemented. For instance, curbing biomass buming, reducing the exploitation of peatland or
swamp areas for plantation and replacing fossil fuels with biofuels to power plantation and production
activities can achieve sustainable oil palm. The sustainability of plantation expansions can be achieved
through a comprehensive review of all existing plantations to ensure that they align with existing
sustainability criteria.
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Appendix 2: Case 2: Life cycle assessment
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ABSETRACT

This paper describes the wrend of utilizing oil palm residue, ie. the empy fruit bunches
(EFB) left after extraction of the palm oil, using a case study of Malaysia, which s one of the
waorld's major palm oil producers, and discusses the environmental performance of recy-
cling technolegies being developed in Malaysia for fuel, fiber, and fertilizer. Seven tech-
nologies are analyzed: ethanol production, methane recovery, briquette production, biofuel
for combined heat and power (CHP) plants, composting, madium density iberhoard (MDF)
production, and pulp and paper production. The life cycle assessment (LCA] method is used
to discuss the environmental impacts of these technologies for adding value to this bio-
mass. Sensitivity analyses are conducted to determine the land use effects for the various
technologies ublizing EFE and to estimate the energy generation potential of raw EFE in
CHP plants and methane production. Among the technolegies for energy production, CHP
plants have the best performance if the electricity generated is connacted o the natonal
arid, with superior benefits in the majarity of mpact eategories compared to briguetts,
muthane, and ethanol production, Overall, wa find that methane ecovery and composting
are more environmentally friendly than other technologies, as measured by reduction of
greenhouse gas emisstons. Pulp and paper, and MDF production are faverable technologles
for land use impacts; however, they have intense primary energy requlrements, chemical
wse in the processes, and emissions from their waste treatment systems. Our results
provide information for decision makers when planning for sustainable use of oil palm
biomass.

& 2013 Elsevier Ltd. All rights reserved

b Introduction

tonees of palm oil mill effluent during the palm oil extraction, The
salid ofl palm residue is a biemass consisting of, by wet weight,

Malaysia is cne of the top producers of palm oil in the world, with
a tokal area of 50,000 km® of oil palm plantations. A total of 423
palm ol mills are operating in Malaysia, In 2011, a total of about
92,59 million tonnes of fresh fruit bunches (FFE) were harvested
and processed in the palm oil mills, resulting in the generation of
about 44 million tonnes of solid ofl palm residues and 62 million

* Corresponding auther, Telfax: (81 4 7136 4730
E-magil address: chiew yoonlin@gmail.com (Y.L, Chiew).

23.8 million tonnes (54%) of empty frait bunch (EFB), 13.2 miltion
tonnes (30%) of shell, and 7.9 million tonnes (18%) of fiber [1].
The palm oil industry accounts for the largest blomass
production in Malaysia, and since the 19605, all palm oil mills
have depended on their own biomass for fuel, using mainly the
shells and fibers. However, the empty fruit bunches have not

0961-9534/3 — see front matter © 7013 Elsevier Lid. All rights reserved.
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been optimally used, because they are wet, bulky, and walu-
minous, which are unfavarable properties for transpertation
and handling, instead, they have been left by the millers to ot
at the palim mill and plantation. Palm ol mill effluent [POME)
also represents the largest potential for biomass energy utili-
zation in the country, but this resource is readily available and
in need of an efficient and effective means of utilization [2],
Studies have reported that only about 30% of palm oil mills in
Malaysia are involved in recycling activities for EFB and POME
3], In erder to improve the environmental performance of
palm oil production, the industry must start being concerned
with using all resources from the oil palm in an optimal way,
while at the same time minimizing the environmental impact
of the recycling systems in or outside of the mill,

several different technologies have been developed and are
now available in the market for effective use of oil palm residue,
especially EFE as mein feedstock. However, most of the palm oil
millers do not have a directive for choosing which technology to
invest in o solve the issue of EFB dispesal [3]; thevefore, they
continue to practice the old disposal method. This situation also
creates difficulties for third party investors in recyding tech-
nologies who need to acquire EFR for their feedstock, Indeed,
palm oil millers must become acquainted with many recycling
technology options and learn how best to utilize the EFE, for fuel,
fiber or fertilizer. They must weigh the benefits and drawbacks
of the preducts, by-preducts or energy that are generated. Policy
makers should provide information about the technologies and
establish guidelines to help millers reduce the environmental
impact and bocat the grewth of the recycling industry, in order
to bring optirmal benefits to the millers and the nation.

A few studies have been carred out to evaluate the envi-
ronmental impacts of palm oil production, which include
comventional recyeling methods in palm oil mills [4—6]. For this
study, the development of recycling technology options avail-
able in the market for effective use of EFE, as well as policy
initiatives promoting these new technologies have bean
reviewed, The alm was to develop a basis data set to evaluate
the environmental impact of these technologies using the life
cyrle assessment {LCA) method. This study will show how LCA
cen be useful for the evalustion of technologes used for pro-
cessing the EFE and the conditions under which some EFB
utilization chaine can be made envirenmentally sustainable,
using the results from studies conducted in the recent past.
Sensitivity analyses were conducted to determine the land use
effect of every technelogy and to compare the energy genera-
tion potential fer the raw EFB use in CHP plants with methane
recovery. A life cycle based comparison of different technal-
ogies far utilizing EFE is useful for making decisions for recy-
cling technology options and for providing information about
effective and economical combinations of different conversion
systems. The results provide a benchmark for continuing
mmprovement of environmental performance and can aid in the
creaticn of & road map for sustainable utilization of EFE,

2. Methods

In this study, seven different technologies are considered —
four using EFE as biofuel and three using EFB as material; 1)
Ethanol production, 2) Methane recovery, 3] Briquette

producticn, 4) CHP plant, 5) Composting, 6) MDF production, 7)
Pulp and paper production. The life cycle assessment
approach was used to discuss the energy consumption and
the sverall environmental impact of different technologies for
utilizing EFB. The analysis considered the pre-treatment,
processes involved in every technolagy, and final disposal of
the wastes that remain after the process. The benefits of the
various environmental impacts are also evaluated by consid-
ering the alloration of avoided products within the system
boundaries for each technology.

3 Current status of recycling technology
options

To meke use of EFE biomass, many new technologies have
been developed at local research institutes such as the Palm
Ol Besearch Institute of Malaysia (PORIM), Malaysian Palm Ol
Board (MPOB), and Forest Research Institute Malaysia (FRIM),
in collaboration with local universities. These recycling tech-
nologies described below convert EFB to biofuel and value-
added products.

3.1. Ethanel production

Inn 2006, the Malaysian Matienal Biofuel Policy was launched
by the government to reduce fuel consumption, especially in
the transportation and industry sectors, by promoting palm
¢il as the main commedity for biofuel preduction, with the
added benefit of stabilizieg palm oil prices. However, the high
price of crude palm oil, controversy over palm ofl for foed
wersus fuel, and the issue of sustainable biofuel production
have discouraged utilization of palm eil for biofuel production
[7). EFB is regarded as an excellent feedstock for the produc-
tion of biofuels due to its abundent supply, year-round avail-
ability, and becauze unlike palm oil, it is not used as food and
feed. The process of converting EF to ethanel is more com-
plex than current ethanol production from corn or sugarcane,
berause the complex cellulose—hemieellulage—lignin struc-
ture needs to be broken up before fermentation cen begin.
Consequently the technology s net yet used on a commercial
eeale, Researchers are finding the most effective and low-cost
enzymes for the pre-treatment and organisms for the fer-
mentation process.

A test done by BioCentrum at Denmark's Technical Uni-
versity estimated that 1 tonne dry EFB is able to produce
0.38 m* of ethanol using a new process (wet explosion) for pre-
treatment |8]. Other techniques, however, have proven to be
less efficient. Piarpuzén et al. [9] demonstrated & method of
ethanel production from EFB using alkaline pre-treatment and
enzymatic hydrolysis approach, which yielded ethanaol at only
0.067 m* t ! of dry EFB. Millati et al. [10] also using dilute
sulphuric acid pre-treatment, achieved & yield of 0.112 m’ !
of dry EFB, Yano et al. [11] developed new yeast strains, and
wtilized milling pre-treatment, with enzyme hydrolysis,
resulting ethancl yield 0.13 m* t 7 of dry EFB,

On 28, Dec 2010, Sime Darby Plantation Sdn. Bhd. began
collaborating with Mitsui Engineering and Ship building Co,
Ltd. [MES) of Japan to construct and operata the first bie-
ethanol demonstration plant which will convert oil palm EFB
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into ethanol. The plant will have a raw EFB processing ca-
pacity of 1.25 t 4~ and use hydrethermal pre-treatment and
enzymatic hydrolysis technology. The pilet plant will collect
opetational data and confirm the technical feasibiliey of
commercial-scale production of ethanel from EFE [12].

3.2, Methane recovery

There has been little commercial interest in using EFE for
methane recovery in the market due to its lignocellulesic
composition. Currently, there is a local company which is
using the juice from pressed EFB mixed with POME for
methane production. Using anserobic digestion technology
for capturing biogas ina palm oil mill with 30 tonnes of FFE per
heur, the company is able to produce 11,200 m* d ! of biogas
with $2.5% of methane [13],

However, raw EFB have a high potentisl to produce meth-
ane in the ferm of biogas, because they are biodegradable and
have high moisture content. Paepatung et al. [14] estimated
that the maximum specific methane production rate for EFB
with ratio of inoculum to substrate of 3:1 and at mesophilic
condition (310 K) is 0.0135 m* d *, which is relatively low and
the final potential yield of methane from EFE {for 90 days of
retention) s 037 m® kg of Volatile Solid (V5), However,
Migves's experiment [16] performed at thermophilic condition
{328 K), inoculum and substrate ration 21, for retention of 7
days and 30 days, the methane yield is 0.13-0,202 m™ kg ' of
VS. O-Thong [17] also reported that in thermephilic condi-
tions, inoculum end substrate ratiom 4:1, for 45 days of
retention, the highest of methane vield of EFB {50,202 m® kg
of V5 at initial organic load of 20 kg m~,

Experiments have verified that EFB are a suitable substrate
for co-digeston with POME, with optimal conditions for the
daily maximurm specific biogas production of 0,0574 m® kg™’
Chemical Oxygen Demand (COD), the methane yield is pre-
dicted to be 25.6% [18).

Studies have been carried out to improve the biogas yield
fram EFB through pre-treatment EFB with MaOH, which can
obtained methane yield of 0404 m® kg * of VS [16]. The
combination of hydrothermal trestment with MaOH pre-
scaking EFE and co-digestion with POME method cbtained
methane yield of 0,292 m® kg~ ' of V5 [15,17].

3.3.  Briquette production

Due to the limited local demand for heat and energy, the
Malaysian palm ol industry has developed a new business
oppoTtunity in transporting oil palm residue (shell, EFE) to
overseas locations such as the Netherlands and Japan to use in
boiler in power plants [13,20], To improve the potential of EFB,
vendors transform them into briquette form, which allows for
easier transportation and higher quality combustion due to
lowered moisture content end increased calorific value. In
2008, MPOB demaonstrated that EFE can be converted into
Briquette form with different compositions of il palm residue
and sawdust [21]. Currently, Global Green Synergy. a local
company, provides & model for briquette production, by
pressing dry EFB fiber into cylinders of diameter 9.5 cm and
length 30 em, which have meisture content less than 10% and
calorific value of 18 M) kg * [22].

In November 2009, the Japanese ITOCHU Corporation and
the world's largest palm oil producer, Felda Palm Industries
Sdn. Bhd., formed a jeint venture company, FNI Biofuel Sdn.
Bhd., te produce solid fuel from EFB. The target annual pro-
duction of the solid fuel is 24,000 tonnes, to be exported to Japan
and consurned by Tolyo Electric Power Company beginning in
2012, Ultimately, the company plans to raise the annual pro-
duction of the solid fuel to 120,000 tonnes per year [23],

3.4, Combined heat and power plant

In 2001, the Malayslan government announced renewable
energy &s the "Sth fuel” in its Puel Diversification Policy. In
conjunction with this policy, the Small Renewable Energy
Power Program (SREF) was launched in May 2001 by the Min-
istry of Energy, Water and Communication to encourage uti-
lization of agriculture waste, such as oil palm residue, rice
straw, and wood chips, for power generation and electricity
generated from these resources s eligible to be connected o
the national gnd with a Lmitation of 10 MW, Pusat Tenaga
Malaysia (PTM) (now Malaysia Green Technology Corporation)
was entrusted with implementing the Biomass Power Gener-
ation and Co-generation in the Malaysian Palm Oil Industry
{BioGen project) by the Government of Malaysia, with addi-
tional support from the United Mation Development Pro-
gramme (UNDF} and the Glebal Envirenment Facility {(GEF)
This projest aims to reduce the grewth rate of greenhouse pas
emissions from fossil fuel fired combustion processes and
seeks to make use of the unutilized biomass by increasing
pewer generating capacity using cogeneration technelogy.
This led to the first demonstration of a 13 MW combined heat
and power (CHF) plant using EFE as its main fuel in Bahau,
Megeri Sembilan [24].

At the same time, the European Commission (EC) and the
Associztion of South-East Asian Mations (ASEAN) cooperated
to form the EC-ASEAN COGEN Programmes to promote Euro-
pean cogeneration technolegy in ASEAN countries. One of the
projects undertaken in this program was the TSH Blomass
Power Plant in Sabah with 8 capacity of 14 MW: 10 MW ta sell
to the national grid and 4 MW for their own plant use. Such
biomass cogeneration projects also qualify for carbon credits
under the Clean Development Mechaniem (CDM) praject of
the Kwoto Protocol implemented by the United Mations
Framework Convention on Climate Change [UNFCCC). All of
these pelicies have atiracted many investments; according to
the PTM and UNFCCC, a total of 18 CHP plants using EFB as fuel
are registered under SREP, COM, and COGEN, with power plant
scales ranging from 1 to 14 MW, yielding a total installed ca-
pacity of 145 MW [25,26]. Some of them are installed at the
palm oil mill and some are independent power plants con-
nected to the grid.

However, not all of them have successfully started pro-
duction, for example only 3 CHP plants are reported in oper-
ation under the SREP program [27]. COM reports cn these CHP
projects indicate that they are having major issues with the
preparation of the fuel (EFB) for the power plants. It is difficult
for plant cwners to establish a consistent supply chain for the
feedstock of their CHP plants, and the high moisture content
and bulkiness of EFB makes it difficult to transport and leads
to poor combustion. Te mitigate these difficulties, pre-
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treatment by shredding and dryingis important for converting
EFE into a better fuel for the beiler, and a policy is required to
control the local biomass supply to develop a sustainable
system of using EFB for power generation [28,29).

35, Composting

Composting is cne of the conventional recycling methods.
Since the governmment hes banned the uncentrolled inciner-
ation of blomass (mainly EFB) under the Environment Quality
Act in 1374, the mills are now obliged to find alternative
means of utilizing the EFE. Palm ol mills with plantations can
use their EFE for mulching and soil conditioning, or fertilizer
to conserve soll molsture and to reduce the soll temperature,
However, using EFB for mulching has & few limirations, most
notably transportation costs; therefore, agronomists in
Malayz=ia have sugpested composting, which can reduce the
EFE 50% ~ 75% by volume and can be used as fertilizer in the oil

palm plantation, or for cther end uses such as landscaping,
gelf courses, and horticulture.

To produce high quality compostin a short period of time,
different heaping conditions, mechanical aeration [requency,
and additives such as chicken manure, FOME, and liquid fer-
mentation wastes from food processing industry have been
investigated [30], Only the POME and liquid fermentation
wastes from feod processing additive are commenly used due
to their emple supply. These studies reported thar the O'N
ratio of the compest from EFB ranges from 12 to 15 [31,32).

Currently, there are two types of composting plant in
Malaysia: closed system and open system. For an epen sys-
tem, which most of the mills are practicing, the incoming EFB
ig ghredded into fiber using hammer mill machinery that is
interfaced to the palm oll mill, The shredded EFE are then
moved to composting plants where they are strip laid on flat to
gently sloping well-drained terrain. POME is sprayed onto the
compost piles, Seme millers mix boiler ash, kernel shells and
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Fig. 1 — System boundary of the technolegy sptions for
utilizing EFB.,

fikers into the compost piles, The piles are pericdically turned
{1-3 times per week) by the use of a moving mechanical de-
vice on tracks to promote uniform aeration and to control the
temperatures in the composting process. To make the com-
pest biologically active, cultured soiled microorganisms and
beneficial fungus are added to the compest piles about 1-2
weeks prior to maturity. Finally, mineral fertilizers are alsc
added a few weeks before maturity to enrich the compest's
nutritienal value for end use, It takes 2—3 months for compost
te be matured, and the matured compost 15 packed and
transported to the oil palm plantation for application by
a mechanical spreader.

In an open systern, there (s emission from composting EFB
process, The C0y emission from EFB compost is considered
gresnhouse gas [GHG) neutral. However, there are CH; and
M;0 emissions during the composting of EFB, and these
amounts are rather small [54). Composting is considered to be
a carbon trading project because of the large contribution of
avoided CHy emission from palm oil mill efflusnt (POME) and
EFB decaying in landflls, Currently six projects are registered
under the CDM project [26], The major palm oil companies in
Malaysia such as Felda and Sime Darby are interested in this
technelogy. Felda is currently operating four composting
plants at their mills in Mackil, Trolak, Jengka and Sampadi.
Another two in Kalabakan, Sabah and Jeranga, Terrengganu
are still being planned [33]. Sime Darby has planned the con-
struetion of 23 composting plants, seven of which have
already been commissioned [34].

3.6, Medium density fiberboard production

Currently, the MDF industry in Malaysia has 14 plants with
atotal annual installed capacity of29hm®, Malaysian exports
of MDF amounted to 1.2 h m*, with a value of about USD 400
millien in 2008 [35] In the 1990%, most of the MDF plants in
Malaysia depended on the supply of rubberwood as their
feedstock. With the declining supply of rubberwood, the
Malaysian MDF industry can no longer rely entirely on rub-
berwood material, The industry started to use Acacla mangium
and mixed hardweod in order to sustain their operations in

Future [36]. However, due to the high costs of these materials,
palm biomess such as oil palm trunk, fronds, and EFE are
being promoted as fiber sources to mix together with rubber-
wood in the manufacture of MOF,

Research results have shown that MDF from EFB is com-
patible with the propertes of MDF from rubberwoed. To
industrialize MDF production from EFB, MPOB built & pilot
MDF plant te simulate an industry plant, to promote EFB use
as part of the raw material for MDF production [37]. EFE is
shredded inte fiber and blended with formaldebyde, then
pressed with hot press at a temperature of about 413 K, MDF
from EFE has a density of 400800 kg m™?, and it has great
absorption properties compared to wood-based MDF [50]. To
improve the quality of EFE for MDF production, cumment
research confinues investigating the optimal ratio of EFE to be
mixed with rubberwoed, pre-treatment of the EFE fber to
remove its residual oil, and understending the mechanical
and physical properties of MDF from EFE [38,39].

Agro-Bio Fibre Sdn Bhd began its operations in 1998 as
a picneer manufacturer of MDF from EFB. This technology was
jointly developed with the FRIM [40]. Another example, Tian
Siang Trading Sdn. Bhd. is operating an MDF plant with a ca-
pacity of 50 m* d', but this product is currently anly being
sold to local buyers in Malaysia. An expert market has not
been established due to low velume of production and little
awareness ef this new product In overseas markets [41].

3.7 Pulp and paper production

Malaysias pulp, paper, and paper board Industry relies
heavily on imparts — not only of the Anal products, but also for
the raw materials for local plants. Progress towards self-
sufficiency in this sector iz slow due to the typically small
producton capacities of Malaysian paper mills, which are not
more than 300 ke y * [42],

Increasing paper production in a self-sufficient way re-
quires identifying local sources of fiber. This new demand has
led to the planning of more forest plantation projects. How-
ever, competition for land use from other industries, such as
oil palm plantations, has restrained the plan. In en attempt b
improve self-sufficiency and reverse the trend of et import in
thie sector, the Malaysian government has made investmen e
aof USD 15 millien for promoting oil palm residue ss fiber
source for pulp and paper production, making it 8 priority in
the industrial master plan {IMP2 and IMP3) for research and
development [43,44].

FRIM has been a leader in developing new technologies for
the production of pulp and paper from EFB. They and others
have investigated the suitsbility of EFB for paper and pulp
making with different pulping processes (mechanical, semi-
chemical, chemical, and hybrid), bleaching processes (con-
ventional chlorination, total free chlorine, elemental chlorine
free), and by blending with softwood pulp [45-50]. EFE has
been found to be a goed raw material, and EFE pulp can be
manufactiured inte various paper grades.

Based on the technology developed by FRIM, in 2008, the
world's first palm oil-based pulp and paper mill was estab-
lished in Kunak Town, Tawau Region in Sabah [31]. ECOFU-
TURE Berhad and SEA Pacific Paper Technology Engineering
Sdn. Bhd are both new companies that convert EFB pulp inte
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fuel from EFE.

Unit Ethanol Methane gas Briquette Electricity, CHF plant
it kg 1mh {1000 kg) [1 MW h)

Inputs
Transformation, 1o industrial ares m 0.0018" 0,01z @01
Material
EFB kg 106" 126" 30000" 25100
Water tap m’ 064" 50.6° - 0.33°
Lubricaring oil kg - - - Llni E5
Ammania kg - - - 475"
Sulphuric acid kg 0144 - - -
Sodium chioride kg N - = aomr
Lime kg 0,097 - - -
Engrgy
Electrickty k' h 036" 0.05° 138.13" 230,00
Steam kg 51 - -
Dlesel kg - - as" -
Heat M 64! 063"
Duiputs
Compost kg = 12.6% - =
Dedyris kg - - 0.001% a01F
Efftuent m [ 506" - hO0F
Disposal ofl kg - - - 0014
Ash to landfill kg 100
Ermisaicm
Heat, waste' M L4 02 519.7 BZB.0
CHy kg - 000" - -
Hz5 kg ooe° - -
ooy kg - 15° 0.5" 416.0°
o kg - - 01F [ifup: o
0] kg - - - 0.15°
NOx kg - - 0.017 -
MHa juasn kg - 0.00% - =
N0 kg - 0LODOB" - 093"
Particulates < 10 um kg - - 0:12° -
Particulates (2.5 pm) kg - - - ¢o21°

a Estimation from ethanol plant area of 835 m? and ethans] production 0.1 m® d " for 15 years [55]

b Estimation from 1.25 ¢ of EFE producing 0.15 m® of ethanal [12].
¢ Ecoinvent database [S6],

d Ref [57].

e Estimation based on ratio of EFB to inoculum is 14 [17).

[ Assumes that 1254 M] of heat is needed for heating up each cubic meter of wates in the process,
g Briguette production plant of 1620 m? and annual briquetts production 18,000 ¢ for 7 years [22].

h Data obtained from Global Green Synergy Sdn. Bha [23].

| CHP plant area of 12,100 m® and electricity production 40,300 MW for operation of 8000 h annually over 21 years |538).
i Data cbtained from Sunguest Sdn, Bhd, JJuay HH, personal commaunication, fuly 2010 and reference from the project’s CDM PDD 58],

k Estirated from mase balanes,

| Estimated from electricity and fuel consumption and energy balance, Gross calorific value of diese] is #4800 K kg "

different by-product such as medium paper, container, and
wrapping paper [52],

4. Life cycle assessment

Life cycle assessment is one of the principal decision support
tools for assessing the fow dynamics of resources, LCA can
give insight into the environmental burdens per functional unit
(kg t ") of EFE processed, assuming EFB's moisture content is
65%, The inflow and outflow data, emissions, and resource
recowery through electricity from the system or resources
which can be replaced with EFB were considered, Fig 1 shows

the systemn boundary and Table 1 shows the reference process
flows of the technology aptions for utilizing EFB,

The life cycle impact assessment was performed with
SimaPro (version 7.0} software [53], adopting the CML 2
bageline (2000) method. Ten different impact categories
were evaluated: abiotic depletion, acidification, eutrophi-
cation, global warming, ozone layer depletion, human tox-
icity, fresh water ecotoxicity, marine ecotoxicity, terrestnal
ecotoxicity, and photochemical oxidation. The character-
ization of every category is defined as in Eq. (1) and each
impact category is explained in detail in the Guidance of
CML [54]. The normalized indicater result category is
defined as the indicator result category divided by the
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Inputs and outpu r and fiber
Unit Cormpost MDF Paper
{1000 kg) {1 m) {1000 kg)

Inputs
Transformaticn, to m’ 005" 0.0007° 0.00

industrial area
IMaterial
EFB kg 2600 10,000¢ S140"
POME m? 55% - -
Water tap m? - 1.4' o1.8"
Alumninium sulphste kg - 247 -
Paraffin wax kg = 658 =!
Ures formakdehyde resin kg - 65,08 -
Kaolin kg = = e
({Limestone, Quicklime) kg = B {172, 5)°
Sulphuric acid kg 16
Magnesium sulphate ks - - 23°
Seafium chlorate kg = 147
Sedium hydroxide kg - - 21F
(G, N, Og) liguid ka (L1 1.2, 129
Sulfur diaxhds kg - - L1®
Energy
Electeicity ¥k 0.7 41470 1350
Diegal kg 16" 0" -
Fuel Ml - 9188 (Iogs & wood chips)® 16,740 (Matural gas) |
Output
Solid waste kg - - 1420
Debris kg 22 3"
Efflusnt m* - 0.8 324"
Leachare m? D054 - -
Ash kg - 19 -
Emissiat
Heat, wasee™ M 160.5 10,7212 21,600.0
CH., iogentc kg 02" - -
10 poasit, €0, pigenic) kg (B4, —f° = {1440, 370) ©
1CD feanet, OO biciganic) kg (20.8, - - {70, 0.8) ©
O, kg 00005 - b
{50y, NOy, HCR by - - {05, 2.0,0.02)
MHs kg T - o.02"
Elernents {C, M, F, K, Ca, ka (28.0,2.2,13, 28, - {=, 0.1,0.01,0.3,0.1,

Fe, 5, Mg 0.7, 1.1, 0.4 0.62, —, 002
Heavy metal (Mn, Zo, Cu, Cr, ke (0.02, 0.003, 0.007, = {0002, 0O08, —, —, —, -} ¢

Ph, Cdy 0.009, 0004, 0,004
Formaldebyde ka - 0.06' -
Particulates, <25 ym kg = = 0y
Abgorbable srganic halagen kg - - 0.1°

kg - = {12, 13.00°

{BOD, COD)

@ Average data from three composting plants [$9,60],
b Heat release from compost during the process is esimated 1452 M) ¢!, and heat release from EFE (= 14.3 MJ ¢ (eee Section 4.2).

¢ Ecoinvent database [56].

d EFB sompast content of nutrients and heavy metals at 50 days (= taken from a pilot piant [32].
e &3 million tennes of EFB produced 2.3 m® of MDF [61], and assuming that MDF plant area i 16,000 m* for 2.3 h m® of MDF for 10 years 2],

{ Ref [63].

g ~1% of paraffin wax [53] and ~10% of resin content [3%,63].

h Waoed chips and bogs used for process heat and dbesel use for eguipment [63].

i Estimated from production each kilogram of fiberbaard needs 4.0% g of formaldehyde and MOF density of 850 kgm .
} Estimated from pulp and paper plant of 20,000 m? for production =100 t 4" of EFE pulp for 15 years.
k Estimsted 35,000 t of pulp produced from 180,000 t of EFE, water consumption 2800 m” d-7, and effluent emission 3100 m* d " [&4]

I Total electriciny and steam consuraption far pulping, Bleaching, refining, paper machine, and other processss [65]. Matural gas s maln feel far
penerating steam and the enthalpy steam is estimated as 2.7 G kg .
m Estimated from electreity and fuel consumption and energy balance. Gross calorific value of dlesel 1s 42,800 k] kg .
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indicator result category reference, This indicator indicates
the relative significance of the various environmental im-
pacts of the LCA syatem according to the geographicel area,
The characterized results are divided by their respective
normalized values and multiplied by assigned weights that
give the relative importance of the particular impact cat-
egory. The Waorld, 1990, was selected as the normalization
value for our analyses,

Indicatar result oy, = Zm, = Characterisation factor g
)

{1

where i is the type of intervention (substance of emission) and
m; is magnitude,

4.1 Life cycle inventory analysis

A life evele inventory for the LA madel has been established
based on data collected from existing plants, interviews of
employees in major palm o0il companies and stakeholders
invalved with the technologies in Malaysia, review of selected
literature, and Ecolnvent databases. The input and output for
processes considered for each of these technologies are
shown in Table 2 and Table 3.

4.2, Assumptions

Electricity consumption in all processes of every technology is
taken from the average of Malaysian national electricity pro-
duction: 59% natural gas, 30% coal, 2% diesel eil, 2% fuel eil
and 7% hydro of energy input [66]. Machinery and infra-
structure of all technologies are not included and only Input
materials flows, such as fossil fuels and electricity consump-
tion are considered, Emission from the palm oil mill and ofl
palm plantation are not included in this study. Assuming that
the ambient temperature is 303308 K, compost temperature

w
a0
il
0
-
@ 5
g
- A0
-
2=
b
10
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Fig. 3 — Characteristic values of impact categories to process one tonne of EFB without allocation of avoided products.
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Table 4 — Assumptic

Technology Assumptions Equivalence Reference
Ethanal Energy content of gasoline = 46 Ml kg ' 1 kg of ethanol <3 0,67 kg of gasaling &7
production Energy content of ethanol = 31 M kg ?
Methane Gar engine elactricity penetation 1 m* of methane gas & 358 KW h J13eg]
TECOVETY afficiency = £0% of national electricity
LHY methane gas = 35.8 M} m
Briquette Calorific value of EFE briquette = 18 Mj kg * 1 tof briquette £ 061 © of hardeoal j22,65]
production Average energy cantent of hardeoal {hitumincus)
{bituminous) = 296 Ml kg *
CHP plant Ewery MW hof electricity generated fram 1 MW hoof electrieity [CHP plant) < B8D kW b af |29]
CHF ia transmitted to natienal grid with nafianal electricity
efficiency of B%. 1t of EFE & 0001 t of potassium (ash),
EFE contains 1% of ash that has high content
af potassium, which can be used for
chemical fertilizer,
Composting EFE cotnpost has autrlent eontent of 23% M, 1 L EFE compost ¢ chemical fertilizer {32,70]
1.28% P, and 2.79% K (47.8 kg of M fertilizer,
Aszuming that chemical nitrogen fertlizer 25.6 kg of F fertilizer, and 46.5 kg
contains 46% of M, phesphete fertilizer of K fertilizer)
containg 46%—54% of Py0c and potash Note: Crop uptake efficleney =
fertilizer contains B0% of KO not included
MODF praduction 1t EFB 4= 0,86 m” industrial hardwood and {56]
022 m” of residus wood.
Pulp and paper = 1t EFB &+ 2.8 m® industrial hardwood i5a]
production

is 323-335 K, and the specific heat capacity of air
1175k kg 'K t the heat relessed from decomposition of EFB
during composting is estimated to ke 37.6 M) ¢ 1

4.3, Data quality requirements

Due to different levels of maturity of the technologies in the
Malaysian market, we were able to collect complete material
and energy inputs for only briquette production, CHP plants,
and composting plants. However, we were able to use data
and estimates from a case study for ethanol production.
Sevaral etudies have bean conducted for mathane production
fram EFB, with results varying based on experimental condi-
thans. The median values of methane yield data [17] were used
to estimate inputs for this study; other values are discussed in
Section 5.3.2, For pulp and paper and MDF plants, we were
able to utilize some studies on energy, and we relied on the
ecoinvent database for the remaining inputs,

5. Results and discussion

According to the swrvey and literature reviewed, the tech-
nelogies are estimated to produce the following products from
4 tonne of EFB:

» Ethanol plant: 94.7 kg of ethancl {0.12 m? of ethanol};
» Methane recovery; 79.0 m” of methane;

« Briquette plant: 0,33 t of briquette,

+ CHF plant: 0.43 MW h of electricity;

« Composting plant: 0.4 ¢ of compost;
= MDF plant: 0.1 m? of MDF;
» Pulp and paper plant: 0.2 t of pulp and paper,

5.1 Energy consumption of the technalogy

Energy consumption for all the processes considered for the
technologhes are shewn in Fig, 2 (see. Takle 1 for processes
involved). Pulp and paper production consumes the most
energy —about 4.2 G to process a tonne of EFE — among all the
technelogies, followed by athanel preduction for about 1.3 Gf
and MDF production for 1.07 GJ. This is because all these
technologies involve processes that require mechinery that
uses a large amount of electricity and heat. These technal-
oples also necessitate spending energy on proper EFB pre-
treatment, such as shredding, washing, and drying pro-
cesses, to convert EFR into clean fiber for raw material Based
on our estimation, composting consumes less energy than the
others because it only involves the use of amall machinery
and vehicles, The energy consumption for methane recovery,
CHP plant, and briquette are 520 M, 360 MJ and 166 MJ
respectively.

5.2, Envirgnmental impact assessment

5.2.1. Without allecation of avoided products

Fig. 3 shows the comparative results of characteristic values of
impact categories for all technologies without allocation of
avoided products, Composting is the most environmentally
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friendly technology, as it has the lowest value for almost all
impact categories, except fresh water aquatic ecotoxicity and
terrestrial ecotoxicity, for which the briquette production and
methane recovery perform best. Methane recovery from EFB
has an espectally high impact on eutrophication compared to
the other recyeling technologles,

Conversely, pulp and peper production is not & favorable
technology, as it has the highest values for all impact cate-
gories, except for eutrophication, where it i lower than
methane recovery. MDF production has higher values com-
pared with CHF plants in the impact categaories of eutrophi-
cetion, ozone depletion, terrestrial  ecotoxicity, and
photochemical oxidation, For the biofuel technologies, bri-
quette production has a lower impact than methane recovery,
CHP plants, and ethanal production for all impact categories,
except terrestrial ecotaxicity, which, methane recovery has
the lowest impact, Ethano] production has a relatively high
impact compared to CHP plants for all impact categories,
except fresh water aquatic ecotoxicity, where CHP plants have
a higher impact due to ash emission.

If glebal warming, acidification, and czone layer depletion
are considered as the most important impact categories for
decision making, then overall, our results show that com-
posting has the least impact on the environment, followed by
briquette production, MDF production, CHP plant, methane
productien, ethano] production, and pulp and paper pro-
duction. For the impact category of global warming, pulp and

paper production has the highest impact, emitting 361.8 kg
COy equivalent, and next is ethanol production at 159.6 kg
CO; equivalent, methane recovery 108.6 kg C0; equivalent,
CHF plant 100.0 kg CO; equivalent, MDF production §1.2 kg
GOy equivalent, briquette production 43.7 kg CO. equivalent
and composting is 22.2 kg 00 equivalent. However, for the
acidification end ozone layer depletion categories, MDF pro-
duction has less impact on the epvirenment than CHP plants,
For acidification, the pulp and paper emitted 1.38 kg S0,
equivalent, and followed by ethanol production 063 kg SO,
equivalent, methane recovery 0.54 kg 50; equivalent, CHF
plant 042 kg S0; equivalent, MDF production 0.30 kg 305
equivalent, briguette production 017 kg S0; equivalent and
composting 0.07 kg 50, equivalent.

522 With allocation of aveided products

The impact of allecation of avoided products if EFB is used for
biofuels or biomaterial was investigated based on the as-
sumptions and estimation &5 shown n Table 4. Results for
characteristics of the different technologies for utilizing EFE
by allecation of avelded products in the model are shown in
Fig. 4.

EFB used as an alternative fiber source in MDF production
and pulp and paper production does not provide a significant
benefit in any impact categories, The CHP plant, however, is
a favorable technology for all impact categories if the elec-
tricity generated is connected to the national grid, Next is
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and with allocation

Impact Ethanal Methane Briquetta CHP Composting MDF Paper and
categories production reCovery production plant production  pulp production
WD W Wi W Wi W Wi W wW'o W Wi W WD w

Abiotie dephatban a2 14 41 75 27 212 47 4.5 14 b | 33 38 234 253

aAcidification 1.5 14 L7 -2 (151 0z 13 =21 0z -1 09 09 4.5 43

Eutrophication DE 06 Ed i 6] o1 04 3 0.1 o7 0.6 07 18 17

Global warming 36 27 x5 35 10 0.6 23 ~5.0 0.5 —40 14 14 82 B2
(CWP10D)

Ozone layer 007 0023 QuoCa o0z 0005 0005 el -001  0.004 D004 001 0ol @04 o
depletion
{ooP)

Human taxicity 06 04 o2 0.5 01 01 o5 -03 0.04 g3 04 04 14 L4

Fresh water aquatikc  1.E 13 {HE T -{.7 04 n2 a2 -0.8 11 1l 18 21 3.2 9.2
BCoroy

Marine aguatic 204 1659 4.4 121 30 18 B 119 16 16 67 103 356 3548
ecotoxicity

Terresirial 25 22 03 0 04 03 Cca | a7 {virg 18 15 58 548
ecotoacity

Phatocherical 03 02 02 01 0.1 0oz D1 0.2 0.03 o1 0.2 0.2 10 10
oxidation

WY0: Without allecation; W: With allecation.

methane recovery, which is also favorable tachnology for zll
impact categories, except it has significant impacts in eutro-
phication. Compesting has benefits in abiotic depletion,
acdification, eutrophication, global warming and photo-
chemical axidation if EFB is used. Briquette production nsed
for replacement of fuel in the power plant’s boiler has pesitive
environmental impacts on abictic depletion and eutrophica-
tion; ethanol production for replacement of gesoline has
a positive environmental impact on ezone layer depletion.
Briquette and ethanol production are not favorable in other
impact categeries like acidification, global warming, human
toxicity, fresh water aquatic acotoxicity, manne aquatic eco-
toxicity, terrestrial ecotoxicity, and photochemical oxidation.
However, the emission from combustion of EFB briquette is
net ineluded in this analysis,

The technelogies that convert EFE into biofuel, such as CHP
plant, briquette production, ethanaol production, and methane
recovery are favorable to the environtment, espectally in the
impact category of abiotic depleticn. For global warming po-
tential, the CHP plant can reduce greenhouse gases of 2186 kg
C0; equivalent, composting and methane recovery are
1765 kg C0y equivalent and 154.6 kg CO; equivalent, respec-
tively. By allocation of swoided products, greenhouse gas
emissions for briguette and ethanol are reduced by 44% and
2%%, respectively, However, palp and paper production and
MDF production give no significant reduction {less than 1%).

5.2.3. Normalization
Table 5 shows the normalization values of all impact cate
gartes for every technology to process one tonne of EFB

P :
Substance  Compartment  Ethanal Methane Briquette CHF Composting  MEDF Paper and pulp
production TECOVETY production plant production production
Hydrogen Adr 241 145 231 459 45 36 1450
Nluoride
Mermls, A 142 10 163 EL 33 166 1027
ungpecified
Mickel Air B57 53 118 2E1 35 231 1300
Selemium Alr 96 37 3 3 3 0 597
Vanadium Air a7az 290 5 74 a5 1508 feed
Barium Water 1575 Tag 1437 2755 563 1457 7664
Heryllium Water 740 96 4 4 2 250 1329
Cobalt Water 132 4 2 340 2 9E 181
Copper, fon Water a2 9 19 205 4 53 1784
Mickel, jon Water 14 72 155 869 3z a7 2523
Seleniim Water 358 154 4 4 5 34 154
Vanadium, Water 504 525 1 438 1 56 657
ion
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T

Substance Ethanal Methane Briguette CHP Cormposting MDF FPaper and
producticn  recovery production plant production  pulp production
Carbon dioxide 371 15 56 774 65 324 004
Carbon dioxide, fossil 113.3 651 45 a7 135 128 1239
Dimitrogen menaside 0.4 19.0 VE] 120 o1 11 40
Methane 21 01 2.5 54 04 23 134
Methane, Biogenic 11 188 o o 1.2 oz 13
Mathane, fossil 55 34 o5 s 06 17 15.7

without allocation of avoided products. All of the technologies
give a significant environmental impact in the category of
marine aguatic ecotoxicity and a minor impacet in the care-
gories of abiotc depletion, global warming and fresh water
aquatic ecoboxicity, terrestrial ecotoxicity, acidification, and
eutrophication,

CHP plants perform well, showing greater benefits than
methane recovery in several impact categomies: abiotic
depletion, acidification, eutrophication, global warming,
czape layer depletion, and photochemical axidation; meth-
ane recovery only fares noticeably better for fresh water
aquatic ecotoxicity and human ecotoxicity, CHP plants also
benefit more impact categories than compesting because it
has significant impacts in the marine aguatic scotoxicity,
ablotie depletion, and global wartming. Hewever, using etha-
nol production from EFB in the transportation sector does not
contribute a significant impact te ozone layer depletion.
Ethanel and briquette production are enly able to make
contributions te ablotic depletion, In general, methane re-
covery gives lower benefits to the environment compared to
CHP plant, especially to the category of eutrophication. Fur-
ther processing, such as use of the digestate for fertilizer,
could potentially alter the enwvironmental impacts of meth-
ane recovery, however this is beyond the system boundary of
this study.

Pulp and paper production and MDF production are still
considered unfavorable technologies because the energy used
in the process, chemicals used, and emission from the waste
treatment in the processes are comparably high compared to
impaet eategories of marine agquate ecotoxicity, ablotie
depletion, and global warming potential,

5.2.4. Inventory analysis of compounds

Table 6 and Table 7 show the inventory analysis of the impact
categories of marine aquatic ecotoxicity and global warming
potential with a 0.5% cutoff. The results in Table 6 show va-
nadivm, barium, nickel ion, beryllium, and vanadium ion are
the main pollutants emitted through waste and waste water
treatment from methane, MDF, ethanol, and pulp and paper
producticn, For the impact category of global warming, COj,
N30, CH; emission from the process and CO;, €O, and CH,
emission from uiilizing fossil fuel are the main sources [see
Table 7). Ethanel production, methane recovery, and com-
posting have higher COy emuission from utilizing fossil fuel
than €O, emission from the process. Meanwhile, the COy
emission from briquette production, CHF plant, MDF produc-
tion, and pulp and papet production, are higher than COy
emisgion from fossil fuel

5.3. Sensitivity analysis

531,  Land use effect

In the CML methodology, the impact of land use chenge is not
considered, In this case, pulp and paper and MDF production
may nat be evaluated completely because, for example, if EFB
i% used for making pulp and paper, it will reduce deforestation
and land use for fiber tree plantation. Therefore, Ecoindicator
99 is selected for evaluating the land use effects of these
recyeling technologies, In Eceindicator 99, the land use effect
quantifies land occupation and land transformation. The
assumption is that the land use will effect a change in habitat
size when mankind occupies large areas for urban and agri-
cultural purposes, by threatening many species with extine-
tion. The effects of land use by man-made systems are
measured by the diseppearance of species with the unit of
Potentially Disappeared Fraction of Species (PDF, given per
area per year), and different types of land-use will have dif-
ferent effects. However, methane recovery is not included due
to & lack of data from actual plants.

Fig 5 shows the impact on land use when implementation
of these technologies transforms the land to industral area
given by the method of Ecoindicator 99. Using EFB for pulp and
paper production benefits the impact category of land use at
2.2 Pt {40 FDF m® yr), and MDF production and briquette pro-
duction have a minor benefit of 0.3 Pt {5 POF m?® yr) and 0.1 Pt
{2 PDF m? yr] to the land use respectively. This is bacausa the
conversion rate from EFB to paper and MDF are different. For
MDF production, EFB enly contributes 1o the minor substitu-
tion of fiber supply, while EFE used in pulp and paper can

0s

-0.5

-1.5

= " GRane Grquets  CWPplanl Composing  NOF | Paperand
progucton

Fig, 5 — Land use i
93,

t af each technology in Ecolndicator
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avoid transformation of land for Aber tree plantations. The
miner land wse benefit for briquette production is due to
avoided land wse for mining hardeoal. Other technologies
have no significant impact on land use change, except that
ethanol production has a miner impact of 0.2 Pt {4 PDF m? yr)
to the land uze. This is beceuse of the land area used for
ethanol production is relatively large compared to other
technelogies

5.3.2.  Electricity generation potential of raw EFE

Assuming that the raw EFB has £5% moisture content, the
electricity generation potentlal of a tenne of raw EFB is 958 M]
when used as fuel for a CHF plant with electricity efficiency of
22%. However, raw EFB has an electricity generation potential
of 516—1715 M] 17" if the methane generated is subsequently
used to produce electnicity (see Appendix 1), Methane recov-
ery from EFB is a viable technology for energy recovery based
on the experimental data. However, the methane yield of EFB
also can vary significantly depending on the quality of EFB and
the biogas plant configuration, such as the reactor type and
operating conditions.

6. Conclusion

Research and developtnent of technologies for utilization of
oil palm residue are well established in Malaysia, The use of
this biomass as a raw material for bicenergy and bicmaterial
is encouraged by the need for a secure energy supply,
a reduction of greenhouse gas emissions, and (or achieving
self-sufficiency in the fber industry. However, a sustainable
system for commercializing the various developed technol-
ogies is yet to be studied.

The energy consumption and environmental impact of
each technology for utilizing EFE have been evaluated by the
use of life cycle assessment. Based on the assumptions and
the data sources applied to this LCA study, the following
eonclusions are drawn:

» The technology that has the least emission is composting,
followed by briquette production, MDF production, CHP
plant, methane recovery, ethanel production, and pulp and
paper production. However, when allocation of products
and by-products are considered, the most favorable tech-
nology is CHF plant, followed by methane recovery, com-
posting, briquette production, ethaneol production, MDF
production, and pulp and paper production.

= The sensitivity analysis shows that utilizing raw EFB for
electricity generation can penerate relatively high energy
compared to CHP plant, and the pulp and paper and MDF
production also have a beneficial impact on land use.
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Appendix 1. Electricity generation potential of
raw EFE

These caleulations estimate the electricity generation poten-
tial of raw EFB used for fuel in CHP plants or used for methane
gas production. We assume that raw EFE has 65% moisture
conteant and standard temperature and pressure.

(1)Fuel for CHP plant

Lower calorific value of raw EFE = 4.4 GJ t" of EFB |29]
Electricity generation efficiency of CHP plant - 2%

Electricity generation potential of raw EFB = 4.4 GJ t~* of EFE
x 022 = 96E Mt

(2)Methane gas production

Electricity generation efficiency of gas engine = 40 % [13]
Energy potential of methane gas - 35.8 0] m ™ [68]
Theoretical estimation of methane petential (MP) of raw EFB is
0422 m® kg' of VS |15, 17|. However, at thermophilic
condition,

a) Experimental estimation MP of raw EFB (low valug) =
0.13-0.202 m* kg * of VS [16]

Metharre gas patential {1 ¢ of raw EFB} = {1000 kg of EFB =
35 % of dry EFB » 79.2% of V5) » 0.13 = 360 m?

Electricity generation potential of raw EFE = 36.0m” « 35.8
MIm ™ x 040 = 516 M) 7]

Methane gas potential {1 t of raw EFB) = {1000 kg of EFB =
35 % of dry EFE = 79.2 % of V§) « 0,202 = 56.0 m*

Electricity generstion potential of raw EFB = 56.0m” « 35.8
Mim = 040 =802 MJt?

b) Experimental estimation MP of raw EFB {medium value) =
0.153-0,202 m* kg~ of V5 [17]

Methane gas potential (1t of raw EFB) = {1000 kg of EFB =
39.2% of V5) = 0,153 - 60.0 m”

Electricity generation potential of raw EFE = 60.0m? « 35.8
M m? x 040 = 859 M) ¢

Methare gas patential (1t of raw EFB) = {1000 kg of EFB =
39.2% of V5) = 0,202 = 7.1 m?

Electricity generation potential of raw EFE = 79.1m” « 358
Ml x 040 = 12133 M) £
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At mesophilic condition, 90 days of retention <) Exper-
imental estimation MF of raw EFE (high walue) = 0.37 m'
kg of VS [14]

T=27315K,P=101325kgm ‘s %, R=8314 Jmol* K*

Methane gas potential (1t of raw EFB) = (350 kg of EFB x
82 5% of V5) 50,37 x 101,325/(8.314 £ 273.15) = 5.345 mol kg

Electricity peneration potential of raw EFB = 5.345 mol kg
% B02,35 kf mol ™" « 40% - 1715 MJ 1!

Summary!
Reference Mer.hane Methane Electricity
glei generation
[m* I:g"1 of V5] |m’ potential
raw EFB] M1t of raw EFR]
Mieves 01300202 36-56 S16-802
[16]
O-Thong  0.153-0.202 6079 #59-1133
[17]
Paepatung 370" 1120} 1715 (1715)
[14]

*If walue was in standard temperature and pressure the methane
yield and electricity peneration potential are the value in brackers.

Based on the experimental results using batch assays, the
energy potential of one tonne raw EFB without pretreatment
or co-digestion other material is 516-1133 M), and the yield
depends on the number of retention days and initial organic
loading rate. The energy potential of the raw EFB can be
mncreased up to 1715 M with retention of more than 90 days.
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Appendix 3: Case 3: Economic valuation of the Leuser National Park
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Abstract

The Leuser Ecosystem in Northern Sumatra is officially protected by its status as an Indonesian national park.
Mevertheless, it remains under severe threat of deforestation. Rainforest destruction has already caused a decline in
ecological functions and services. Besides, it is affecting numerous economic activities in and around the Leuser
Mational Park. The objectives of this study are twofold: firstly, to determine the total economic value (TEV) of the
Leuser Ecosystem through a systems dvmamic model. And secondly, to evaluate the economic comsequences of
deforestation versus conservation, disaggregating the economic value for the main stakeholders and regions involved.
Using a dynamic simulation model, economic valuation is applied to evaluate the TEV of the Leuser National Park
over the perod 2000-2030. Three scenarics are considered: ‘conservation’, ‘deforestation’ and, ‘selective use’. The
results are presented in terms of (1) the type of benefits, (2) the allocation of these benefits among stakeholders, and (3)
the regional distribution of benefits. The economic benefits considered include: water supply, fisheries, flood and
drought prevention, agriculture and plantations, hydro-electricity, tourism, biodiversity, carbon sequestration, fire
prevention, non-timber forest products, and timber. The stakeholders include: local community members, the local
government, the logging and plantation industry, the national government, and the intemational community. The
regions considered cover the 11 districts involved in the management of the Leuser Ecosystem. With a 4% discount rate,
the accumulated TEV for the ecosystem over the 30-year period is: US 7.0 billion under the *deforestation scenario’,
US §9.5 billion under the ‘conservation scenario” and US $9.1 billion under the ‘selective utilisation scenario”. The main
contributors in the conservation and selective use scenarios are water supply, flood prevention, tourism and agriculture.
Timber revenues play an important role in the deforestation scenario. Compared to deforestation, conservation of the
Leuser Ecosystem benefits all categories of stakeholders, except for the elite logging and plantation industry.
i€y 2002 Elsevier Science B.V. All rights reserved.

Keywards: Natural resource valuation; Conservation; Deforestation; Indonesia
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Fig. 1. The boundaries of the pilot analysis.

national park and a buffer zone (Fig. 1). Defor-
estation in this ecosystem is widespread, despite its
formally protected status (van Schaik et al., 2001).
This is believed to have severe ecological conse-
quences, such as the probable local extinction of
the Sumatran orangutan, rhinoceros, tiger and
elephant. In addition, the local economy could
become structurally damaged as crucial ecological
functions of the rainforest decline. Consequent
damage caused by floods, erosion and loss of
water supply can greatly exceed the revenues
derived from timber extraction and land conver-
sion.

The objectives of this study are to determine the
total economic value (TEV) of the Leuser Ecosys-
tem and evaluate the consequences of deforesta-
tion. A dynamic simulation model is applied to

evaluate the TEV of the Park over the period
2000-2030. The originality of this study lies in the
dynamic link exposed between ecological functions
and their related economic values. In addition this
study provides a breakdown of impacts on differ-
ent stakeholder groups and geographic units.!

To determine both the complex systems dy-
namics of tropical rainforests and the stakeholder
elements, the authors have closely collaborated
with social and ecological experts working in

U Pet-Soade e al, (1999) presents one of the few economic
valuation studies per stakeholder for blast fishing in Indonesia
based on a much simpler systems model, Bockstael et al, (1995)
present an economic valuation of ecosystems using a
sophisticated systems dynamics but they did not consider
stakeholder aspects,
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Sumatra. The scenarios have been determined
through consultations with local policy makers
involved in the management of the national park.
These include: (1) the ‘conservation’ scenario,
implying that protection of the rainforest is strictly
enforced and that logging will be excluded as an
economic activity; (2) the “deforestation’ scenario,
implying a continuation of the current trend of
clear-cutting; and (3) the ‘selective use’ scenario, in
which logging of primary forest is substantially
reduced and replanting of logged forest is assumed
to be compulsory. The results are presented in
terms of the types of benefits, the allocation of
these benefits among stakeholders, and the regio-
nal distribution of these benefits.

The paper is structured as follows: Section 2
elaborates on the peneral background of the
Leuser Ecosystem, including its main threats and
the foreseen scenarios. Section 3 provides a back-
ground of the applied methodology. Section 4
addresses the benefits outlined in the analysis. The
results of the valuation process are presented in
Section 5. Finally, conclusions are drawn in
Section 6.

2. The Lewser Ecosystem
2.1. Threats

Despite its protected status, the Leuser Ecosys-
tem is under enormous pressure. [ts lowland
forests are being rapidly logged and non-timber
forest products (NTFP) are being overexploited.
Furthermore continued illegal poaching will cause
animal species to verge on extinction. An addi-
tional threat is the tourist industry which is being
developed in an unsustainable manner. At present,
20% of the Leuser National Park has already been
degraded (GIS Unit, LDP 2000). Most of this
deforestation is taking place through legal or semi-
legal conversion of former logging concessions
into plantation estate crops (mainly oil palm and
rubber). In addition the army is allegedly involved
in largescale clear-cutting just inside the park
boundaries. The remaining conversions are trans-
migration areas (often including a plantation
component), other forestry plantations, infrastruc-

ture areas (roads and bridges), and regions of
spontaneous settlement with associated small-scale
agriculture. Both local governments and business
interests view this development as the first step
towards ‘developing’ the region.

2.2. Seenarios

Three macro-economic scenarios have been
selected for further investigation:

2.2.1. Deforestation

In the ‘deforestation’ scenario, the current trend
of controlled and uncontrolled logging and un-
sustainable harvesting of NTFP is assumed to
continue. Eco-tourism will not be developed and
international interests to invest in conservation
and carbon sequestration funds declines. Further-
more natural functions of the rainforest decline
which impacts local community use of these
functions. If the current lack of enforcement
remains, this development is quite likely to occur.

2.2.2. Conservation

The logging of primary and secondary forest
entirely ceases in the ‘conservation’ scenario. No
timber revenues and only a limited amount of
NTFP accrue. Eco-tourism is developed to its
maximum allowable potential and international
interests to invest in conservation funds remain
high. Carbon sequestration funds increase and
natural functions of the rainforest are maintained
for community use.

2.2.3. Selective wse

In the “selective use’ scenario, logging of primary
forest is substantially reduced and replanting of
logged forest is assumed to be compulsory.
Although the area of primary forest will decline,
the overall forest area remains constant due to the
increase of secondary forest. In addition, the
harvesting of NTFP is actively developed. Despite
efforts to develop eco-tourism, the tourist sector
will not reach levels found in the conservation
scenario, due to lower levels of biodiversity. Like-
wise, there is less international interest to invest in
conservation and carbon sequestration. The nat-
ural functions of the rainforest (such as water
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supply and flood prevention) are only partially
maintained.

2.3. Changes of ecological fimctions

As shown in the first column of Fig. 4,
deforestation changes several ecological functions.
The assumptions underlying these chanpes are
described below. Because the study focused pre-
dominantly on the economic dimensions of defor-
estation, the ecological relationships have been
somewhat simplified.

2.3.1. Reduction of forest area

In the deforestation scenario increased logging,
especially during the first decade, is assumed. After
2010, the logging intensity declines because only
the less financially-attractive highland forests re-
main. This non-linear process is depicted in Fig. 2.
Due to the steep slopes of the highlands, only areas
of low lands are converted into plantations. This
causes an increase in so-called ‘waste lands’,
mainly consisting of grasslands (i.e., alang alang).
In the conservation scenario, the allocation of
different forms of land use remains the same. In
the ‘selective use’ scenario the area of primary
forest will decline. This decline is compensated for
by an increase in secondary forest. Because
replanting 15 not successful in every soil type,
ultimately wastelands will develop.

2.3.2 Increased erosion

Population pressure and inappropriate agricul-
tural techniques cause local communities to en-
croach on the park. Given the mountainous
landscape, people often farm steep slopes where
soil depths are only between 50 and 100 cm. The
removal or alteration of the forest vegetation has
immediate repercussions. Studies have shown that
the removal of the forest floor litter layers alone
may cause a 20-fold increase in soil erosion
(Edwards, 1994). In the Leuser Ecosystem, annual
losses of up to 1,350 tonnes ha™' of maize
cultivation area have been measured. Within a
few wyears, these lands will be unfit for any
agricultural, forestry or tourist activity (BZD,
2000a). In this study, increased erosion has been
incorporated indirectly as a degrading impact on
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Fig. 2. Projected land allocation for each scenario (period
2000-2030),

agriculture. This influence varies for the type of
crop and region considered.

2.3.3. Water retention

Deforestation reduces the water retention func-
tion of rainforests thereby increasing the frequency
and intensity of floods and droughts. Moreover,
due to the change in the micro-climatic conditions,
less water is generated in perpetuity. These effects
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are clearly recorded: compared to 10 years ago,
approximately 50% of the streams in Aceh have
less than 50% of the typical water flow in the
springtime. Furthermore 20% of the flows are
completely dry throughout the year. For North
Sumatra the situation is comparable: on average
80% of the rivers contain less than 50% of the
usual water flow. Roughly 15% of the rivers have
fallen completely dry (BZD, 2000b).

Fig. 3 shows how, due to reduced water avail-
ability, local communities” consumption of surface
and groundwater provided by the Leuser Ecosys-
tem declines in the deforestation scenario. IF the
rainforest is conserved, the availability of water is
assumed to be sufficient to meet the demands of
the local communities.

2.3.4. Reduced pollination and pest control
Rainforest flora and fauna provide indirect
benefits by creating and maintaining the forest
environment. In many ways they sustain the
ecological services (e.g., pollination, decomposi-
tion, seed dispersal, seed predation, herbivory and
predation) on which human livelihoods depend.
They influence the reproductive success of plants,
contribute to soil fertility and serve as regulators

600

of pest populations (Redford, 1996). A typical
example of this function in Leuser is the roke of
fruit bats. At least 443 products useful to man are
derived from 163 plant species that rely to some
degree on bats for pollination and seed dispersal.
The destruction of the habitat of the fruit bat
would, for example, lead to the disappearance of
the popular durian (Mickleburgh et al., 1992). The
degree of pest control is assumed to be propor-
tional to the amount of remaining primary and
secondary forest. Thus, as more forest is logged,
the production costs of agriculture increase, whilke
production levels fall.

2.4, Stakeholders

The stakeholder dimension can be viewed in two
ways: (1) at the societal level (e.g., local, national,
international level), and (2) at district or regency
level (i.e., Kabupatens). At both levels stake-
holders can gain or lose from deforestation
depending on location-specific characteristics (for
instance whether the stakeholder is located up-
stream or downstream from a certain logging
concession). Both levels are considered here.

g
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2.4.1. Regency level

As indicated by the map in Fig. 1, the study
region is limited to the 11 regencies that are part of
the Leuser Ecosystem. OF these 11 regencies, 4
belong to the province of North Sumatra and 7
belong to the province of Aceh. Each regency
benefits in a different manner from the Leuser
Ecosystem, depending on the structure of the
economy, population demographics, land cover,
vulnerability to floods and fires. To illustrate these
distinctions, and the results are presented at the
level of the individual regencies.

2.4.2 Societal level

Tablke 1 shows how the changes in benefits are
likely to affect the different stakeholders. An
important question that is addressed by the
stakeholder analysis is whether the potential im-
balance between costs arising at the local level and
benefits accruing at the national and international
levels should be neutralised by compensating
people living in or near protected areas for their
losses (Ferraro and Kramer, 1997).

Five categories of stakeholders are identified: (1)
local communities (households, small-scale farm-
ers and entrepreneurs); (2) local government (a
responsible body that maintains infrastructure and
collects local taxes); (3) the elite logging and
plantation industry (the owners of concessions);
{4) the national government (a law enforcing
body); and (5) the international community (re-
presenting global concerns for poverty, climate
change and biodiversity loss).

3. Methodology

The road towards sustainable development in-
volves improved integration of the environment
into economic decision-making, in particular by
using economic techniques to appraise projects
and policies. In this study, economic valuation is
used as the main analytical tool to compare the
advantages and disadvantages of three scenarios in
Leuser. Nowadays, most economists agree that the
value of natural resources depends not only on the
market prices of their direct uses, but also on all
other components that generate value in the

broadest sense. This is reflected in the concept of
the so-called TEV. In this section, a brief descrip-
tion of the applied methodology is given.

3.1. Overall approach

In order to make sound policy decisions with
regard to environmental problems, decision-ma-
kers need information on the benefits and costs of
alternative options. An evident way to organise
this information is to consider the underlying
processes, starting with the cause, followed by
the resultant physical impact and finally the social
and economic effects. This is known as the ‘impact
pathway approach’.

The impact pathway for Leuser is shown in Fig.
4 indicating the physical and socioeconomic pro-
cesses resulting from deforestation of the Leuser
Ecosystem. The impact pathway approach pro-
ceeds in a series of methodological steps. These
include (1) defining the study boundaries (i.e.,
impacts on ecological functions/services); (2) iden-
tifying the physical impacts that are economically
significant; (3) quantifying the significant socio-
economic effects; and (4) calculating monetary
values and conducting a sensitivity analysis. In
reality this ‘ideal’ approach can rarely be followed
completely. Often there is lack of information.
Some impacts can be quantified reasonably well
while others can be estimated only by order of
magnitude. In these cases, it is particularly im-
portant to undertake a sensitivity analysis in order
to understand which factors and assumptions
influence the overall results the most. Further,
the quantitative analyses can be complemented
with more qualitative considerations.

3.1.1. Defining the boundaries of the study

To maintain a transparent and comprehensible
overview of the TEV of the Leuser Ecosystem,
only three scenarios are analysed (see earlier
explanation). The temporal boundary of the
project is 2000-2030. This period leaves enough
time for the main environmental impacts to come
into effect, while it is sufficiently short to estimate
future developments. The geographic boundaries
have two dimensions: the area where ecological
impacts occur (the boundaries of the Leuser
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Fig. 4. Impact pathway of deforestation of the Leuser Ecosystern.

Ecosystem) and the area where changes in benefits
take place. The beneficiaries are not limited to the
Leuser Ecosystem. For example, tourism benefits
for travel agents abroad may change as a result of
deforestation. This economic loss, however, is
partly avoided because rather than not making
the journey, tourists may simply choose another
destination.

3.1.2. Identifying impacts that are economically
significant

Effects may be economically significant or
insignificant. Only the former category is relevant
to this appraisal. Inevitably, judgement must be

used in deciding what is and is not significant. To
judge the magnitude of environmental effects, the
following criteria are used: (a) the location, timing
and reversibility of the effect; (b) the potential
effect on the natural, human, chemical and physi-
cal environment; and (¢) whether the effect is
positive or negative.

3.1.3. Physically quantifyving the significant impacts

To assist in the prediction of the approximate
physical consequences of the scenarios, a dynamic
simulation model was developed. The model
approximates the main effects of each scenario
on the various benefit categories and evaluates the
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changes for the various stakeholders (i.e., localf
nationalfinternational agents and the involved
regencies). To cakulate these impacts, simplifying
assumptions have been adopted for certain aspects
(for example, climatic/hydrological conditions and
future economic activities).

3.1.4 Calewlating monetary values and conducting
a sensitivity analysis

Having established and tabulated the full range
and significance of the effects, changes are valued
in monetary terms. The main impact pathways,
including nine categories, will be covered in the
following sections. The last column of Fig. 4 shows
the specific valuation technique applied to estimate
the economic value of a particular effect. The
selection of a valuation technique depends on the
characteristics of the cost or benefit to be valued.
We lack the space to elaborate on the techniques
applied. Dixon and Sherman (1990) and Brown et
al. (1993) and Bann (1998) provide a practical and
detailed description of the steps involved in
applying the methods described, specifically for
the valuation of tropical rainforest.

3.2. Caleulating the overall value

Most scenarios yield benefits at least intermit-
tently over their lifetimes, and usually they incur
costs over that lifetime. Because the distribution of
these costs and benefits may vary for different
scenarios over time, they need to be converted to
net present values (NPVs) by discounting both
categories of values. The choice of the appropriate
discount rate remains a controversial issue because
it may have a significant impact on the outcome of
the analysis. The usual way to deal with this is to
apply different discount rates so as to allow the
decision-maker to choose the most appropriate
rate. Following Pearce and Ulph (1995) we adopt
a 4% discount rate as a starting point and report
values for other discount rates as well.

Not all effects can be expressed in monetary
units and some effects can only be assessed
qualitatively. Therefore, NPVs of different scenar-
ios cannot always be directly compared. This
underlies part of the variation in earlier studies
investigating the NPV of rainforest conversion.

Therefore, the NPV based on the quantifiable
parts of the TEV should not be the sole criterion
for selection.

We acknowledge that there are many conceptual
and empirical problems inherent in producing
TEV estimates for the Leuser Ecosystem under
the given scenario conditions. For example, the
valuation approach taken here assumes that there
are no sharp thresholds, discontinuities or irrever-
sibilities in the ecosystem respond functions. Also,
different valuation techniques hawe been used
simultaneously to estimate the TEV. Although
we have carefully prevented overlapping values,
such an approach is rather uncommon in valua-
tion studies. Studies that have attempted similar
exercises have been criticised in the scientific
community for their disregard for the significant
uncertainties in the data and their underlying
assumptions (e.g., Constanza et al, 1997). We
stress, however, that given the uncertainties in-
volved, we may never have a precise estimate of
the TEV of the Leuser Ecosystem. Nevertheless,
the crude estimate we have assembled is a useful
starting point for further research.

4. Benefits

Because the focus of the study is limited to the
first-order effects, the valuation of individual
benefits of the Leuser Ecosystem can be consid-
ered as separate and independent analyses. This
assumption is plausible because benefits are largely
compatible. The analyses are based on a number
of methodological and empirical assumptions (van
Beukering et al., 2001), which will be summarised
in this section.

4.1. Water supply

As mentioned, the first signs of reduced water
replenishment have already been seen in and
around the Leuser Ecosystem. Groundwater re-
servoirs are rapidly being exhausted and several
rivers fall completely dry during part of the year.
This has severe consequences for the local com-
munity. Both households and industries need to
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anticipate water shortages and higher costs for
water.

The economic damage of reduced water supply
from the Leuser Ecosystem for households and
industries is based on a ‘gquantitative’ component
(volume of water provided per m® of ecosystem)
and a ‘price’ component (focusing on the minimal
cost (Rp.m™Y). The ‘quantitative’ component
refers to reduced water availability. In the defor-
estation scenario, this water shortage increases
(Fig. 3) and demand will have to be met by
another water source. The dependency on water
from Leuser declines from 74% in 2000 to 12% in
2030. In the conservation scenario, the water
supply is sufficient to meet the increasing demand.
The ‘price’ component of the water value refers to
the cost-reducing impact of water supply. In the
deforestation scenario, water will be retrieved from
more costly sources with prices increasing by 0.3%
annually. In the conservation scenario, prices
remain constant at their 2000 level.

4.2. Fishery

Coastal fisheries and aquaculture in and around
Leuser are very important. They provide a large
portion of the animal protein in local people’s
diets and generate ample foreign exchange. Their
annual value currently exceeds US $171 million. If
the Leuser Ecosystem is degraded, the decline in
fresh water may have a detrimental impact on the
functioning of the fishery sector. In the valuation
of the Leuser fishery sector the following subdivi-
sions are used: (1) maritime fishery, (2) brackish
water fishery, (3) brackish water aquaculture, and
(4) freshwater aquaculture.

The dependency of fisheries on Leuser varies
across these different categories and between the
regencies. The average share of the fishery sector
dependent on Leuser is estimated at 2% for the
maritime fishery, 9% for brackish water fishery
and 100% for brackish and freshwater aquaculture
(van Beukering et al., 2001). This generated an
economic value of US $33 million in the year 2000.
In the ‘conservation’ scenario, this valie is as-
sumed to remain constant. In the ‘deforestation’
scenario, support from the Leuser Ecosystem is

expected to decline at an annual rate of 1% and the
prices are assumed to increase at 0.5% annually.

4.3. Flood and drought prevention

Flooding generally becomes more frequent and
more destructive as a result of converting forests to
other uses. Annual storm flows from a secondary
forest are about threefold higher than from a
similar-sized primary forest catchment area (Kra-
mer et al, 1995). In Aceh, local farmers have
reported an increasing frequency of drought and
damaging floods due to degradation of the water-
catchment area. In May 1998, over 5,000 ha of
intensive rice growing areas were taken out of
active production. This was the result of the failure
of 29 irrigation schemes due to a water shortage.
Furthermore, floods in December 2000 cost the
lives of at least 190 people and left 660, 000 people
homeless. This cost the Aceh province almost US
$90 million in losses (Jakarta Post, 2000a). Log-
ging companies are slowly recognising their role in
increased flooding and have made large donations
to support the victims (Jakarta Post, 2000b).

For this smdy, the following three damage
categories of floods and droughts are identified:
(1) residential houses; (2) infrastructure (such as
bridges and roads); and (3) mor[aliry.z The prob-
ability of a flood occurring in the area is assumed
to increase linearly with the area of deforestation.

4.4, Agriculture and plantations

Agriculture is a major source of income for the
local communities around Leuser. Large rubber
and oil palm plantations in northern Sumatra play
a major role in the national economy. Almost all
remaining lowland forest has been given out
officially for oil palm plantations. Yield decline
has been recorded, however, in several Leuser

? The individual values of impacts are estimated to be US
53000 per residential house, US $5000 for | km of road, and US
$15000 for a mortality case. The first two values are based on
local prices while the latter value was derived through benefit
transfer of the value of mortality in Western Europe (US 33
milion) corrected for purchasing power parity differences
between the Europe and Indonesia,
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regencies. This decline can be ascribed mainly to a
deterioration of nutrients in the soil, along with
soil erosion, drought and floods, and an increase
in weeds. Clearly, these causes of decline are linked
to the deforestation of Leuser. For example, the
logging of water-catchment areas in Leuser is
found to be responsible for taking 94% of failed
irrigation areas out of production (BZD, 2000a).

A simplified dose—response relationship is ap-
plied to estimate agricultural losses due to flood-
ing, erosion and droughts. In the case of flooding,
damage is estimated based on the following
parameters: area of inundation, and depth, dura-
tion, seasonality, intensity and frequency of flood
events. Kramer et al. (1995) calculated that all 654
ha would be lost over a period of 100 years. For
year 1, this results in a damage of US $51 700,
given an average annual net return of US $453 on
1 ha. The damage in the ‘with park’ scenario is
only US $50800. Therefore, the NPV of conserva-
tion for avoided crop loss is US $900 per year. To
determine the economic value of the agricultural
sector of the Leuser Ecosystem, three types of
crops are considered: (1) rice, (2) vegetables and
(3) cash crops.

Deforestation is assumed to result in a reduction
of output volumes and an increase in the produc-
tion costs. As shown in Fig. 5, deforestation has
two types of impacts on the volume of agricultural
production. On the one hand, converting forest-
land to other uses will have a positive effect on the
overall agricultural yield. However, steeps slopes
in the high lands and soil acidity in peat swamps
makes agriculture in these areas unviable in the
long term; production will decline after a few
years. Also, deforestation will have negative struc-
tural effects on off-site agriculture. We therefore
assume an annual decline in off-site agricultural
output of 2%. In addition, the costs of production
are assumed to increase by 0.1% per year.

4.5, Hydro-electricity

Several regencies, such as Aceh Tenggara., have
hydro-electricity plants that use water from Leu-
ser. The plants operated in Aceh Tenggara are
designed as small-scale economic activities, and
may therefore be considered as supplementary to

the conservation scenario. It appears that the
operational conditions for the hydro-plants have
worsened in recent years. Increased erosion of the
waterways has forced the operators to remove
excessive sediments from their turbines. This has
led to frequent interruption of the power supply,
higher operational costs and damage to the blades
of the turbines. One plant closed down due to lack
of water supply. Most of these disturbances are
considered abnormal and may therefore be attrib-
uted to deforestation.

To determine the value of power generation
dependent on the Leuser Ecosystem, the amount
of electricity potentially produced through hydro-
power technologies is estimated at 22%. In the
conservation scenario, this share will stay constant
over time. In the deforestation scenario, this share
is assumed to decline from 22 to 16%. Further-
more, the cost of electricity generation is assumed
to increase by 2% per year.

4.6. Tourism

Low-impact eco-tourism can be one of the most
important sustainable, non-consumptive uses of
Leuser, thereby giving local communities powerful
incentives for conservation. Wildlife tourism ac-
counts for approximately 20—-40% of international
tourism and in 1988 there were between 157 and
236 million international eco-tourists world-wide
{Ceballos-Lascurdain, 1996). Fig. 6 depicts the
number of visiting tourists in the period 1989-—
1999, showing the dramatic decline since 1995 in
response to the security problems in Aceh. Never-
theless, given the opportunities to view wildlife
such as orang-utans, some experts view eco-tour-
ism as a major potential source of revenue for
communities living around Leuser (van Schaik,
1999).

To improve our understanding of the motiva-
tions and preferences of local and foreign tourists,
a survey was conducted in 2000-2001. Special
attention was paid to spending patterns and will-
ingness to pay (WTP) for the conservation of the
Leuser Ecosystem. Table 2 provides an overview
of the results. Interestingly, the differences in
spending patterns between local and foreign tour-
ists are much lower than expected. Respondents
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Fig. 5. Assumed change in production due to deforestation,

were also asked about their WTP a ‘general’
donation for the purpose of biodiversity conserva-
tion in Indonesia, regardless of whether they
would ever visit a natural park. This wvalue
represents the non-use value of biodiversity.
Here, a large difference between local and foreign
tourists can be observed. The main reason for not
providing any donation is not so much a disin-
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terest in nature but more a distrust in the institu-
tion that collected the donation.

The number of tourist days is assumed to
decline annually by 3% in the deforestation
scenario. Furthermore, the spending and WTP
for the entrance fee is assumed to decrease by 2%
annually due to reduced attractiveness of Leuser.
The local tourist sector also fears that orang-utans
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Fig. 6. Mumber of foregn visitors to the Bukit Lawang entrance to Leuser. Statistics based on visitor numbers provided by the park

ranger of Bukit Lawang in 2000,
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Table 2
Spending patterns of local and foreign tourists in WTP-survey
(in Rp.}

Local tourists Foreign tourists
Actual spending 68030 72206
WTP entrance fee 783 ARO00
WTP donation 4008 51145

Note: 1USS equals approximately Rp. 10000 in mid 2001,

will become locally extinct. In the conservation
scenario, tourist numbers are assumed to increase
gradually until a maximum is reached, with the
WTP and spending increasing by 2% annually.
Note that few tourists travel to Sumatra just to
visit Leuser. Therefore, only half of the ticket cost
is included in the calculation.

4.7. Biodiversity

People living in areas with a high biodiversity
value tend to be relatively poor. Hence, the highest
economic values for biodiversity are likely to be
found within institutions and people in wealthy
countries. Funds can come from several sources,
including bio-prospecting, the GEF and grants
from international NGOs (with donations possibly
being proportional to biodiversity value) (Wind
and Legg, 2000). In the Leuser Ecosystem, both
research and conservation interests are active. The
Leuser Dewelopment Programme was initiated in
1996 as a seven year EU-funded programme with
annual costs of US $6 million or Rp. 57.7 billion
{LDP, 1994). Of the total amount, 22% is spent on
European input (consultants, monitoring) and
78% 1is used on Sumatra-based inputs (labour,
equipment, training, etc.). It is assumed that 50%
of European inputs benefit the local community
given that certain EU funds are conditional. The
programme will continue to run on the same
financial basis if the Leuser National Park remains
in good condition. If deforestation continues it is
expected that the EU will gradually pull out.

Similar assumptions hold for the current na-
tional and international research and bio-pro-
specting interests in the Leuser Ecosystem. The
valuation of this research benefit is based on actual
expenditures within the park. Although such

expenditures do not represent economic value per
se, they do indicate a minimum WTP to take
advantage of the park resources (IIED, 1994).
Also, the potential return from commercial drugs
derived from plants species is one strong argument
for identifying and preserving the world’s biodi-
versity. About 253% of all Western prescription
drugs and 75% of developing world drugs are
based on plants extracts. To determine the bio-
prospecting value, we used several literature
sources such as Pearce and Moran (1995) and
Simpson and Crafi (1996), and Nunes and van den
Bergh (2001). The estimates referring to the value
of land for medicinal plants vary substantially
from location to location. In the case of the Leuser
National Park we have assumed an intermediate
value of US $1 ha~! of primary forests. The other
types of forest are ignored.

4.8, Carbon sequestration

Anthropogenic increases in the concentrations
of greenhouse gases (such as CO,) in the atmo-
sphere are widely believed to lead to climate
change. Carbon sequestration by rainforest eco-
systems therefore has an economic value, since the
carbon fixed in the ecosystem reduces atmospheric
concentrations. For example, according to Ayl-
ward et al. (1995), following Pearce (1990), con-
serving 1 ha of tropical forest would be worth
$2,000 in avoided damage.

Each type of conversion generates a different
amount of carbon release (Brown et al, 1993).
Combining the prevailing conversion patteérn in
Leuser with standard carbon release values gives
these releases. Estimates of the marginal damage
costs range between US $6.3 and 228 per tonne of
carbon. In this study, the most recent estimates
from the FUND model are adopted (Tol, 1999).
The carbon value in Indonesia is set 50% lower due
to the difficult investment climate, leading to a
price of Rp. 50000 (US $5) for 1 tonne of carbon.

4.9. Fire prevention
The forest fires that engulfed vast areas in

Indonesia in 1997 and 1998 were a true disaster.
A prolonged dry season caused by El Nino created
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conditions for uncontrollable forest fires, often
initially started by local people as part of slash-
and-burn agriculture. Nearly 10 million ha burned,
exposing some 20 million people across Southeast
Asia to harmful smoke-borne pollutants. Eco-
nomic damages due to tourism and transportation
losses, destruction of crops and timber, health care
costs, and other costs have been estimated at
around US $10 billion (Barber and Schweithelm,
2000).

To what extent does primary rainforest have
a fire prevention function, and thus an additional
value for preventing economic damage? There
are various factors that make disturbed forest
more prone to fires than primary forests. The
likelihood that a forest will burn depends on the
level of fire hazard and fire risk: (1) fire hazard is a
measure of the amount, type, and dryness of
potential fuel in the forest. Logged forest has
relatively large amount of dry logging wastes
lying around; (2) Fire risk is a measure of the
probability that the fuel will ignite. In the presence
of abandoned logging roads, which provide easy
access to otherwise remote forests, the fire risk
is greatly increased when settlers use fire for land
clearance.

Two impact categories for fires are identified.
These include (1) damage to the local economy,
and (2) damage to the international economy (e.g.,
Singapore and Malaysia). The main question is:
would damage from fires change if the forest in the
Leuser Ecosystem were degraded? In other words
this addresses the avoided damage from an intact
forest. To calculate the avoided damage for the
local economy, we multiplied the total average
local damage of a fire event for a specific regency
with the probability that the event will occur. The
average damage is assumed to grow proportionally
with the local economy for each regency. The
probability of a fire occurring in the area due to
deforestation is determined by the current prob-
ability of fire events in different forms of land use
multiplied by an indicator of the current composi-
tion of land uses. For example, a fire event in a
primary forest is assumed to occur once every 50
years. In contrast, fire events in grasslands are
assumed to occur every five years.

4.10. Non-timber forest products

NTFP can provide local communities with cash
as long as exploitation does not surpass a thresh-
old level. Here, we assume that harvested NTFP in
Leuser does not exceed this threshold, although in
reality, this may not be the case. An analysis by
Homma (1996) of NTFPs in Brazil suggests that in
small markets, extractive activities can survive.
However, as markets grow, such as in the Leuser
Ecosystem, supply from the extractive sector
becomes inadequate, substitutes are developed
and the extractive economy can eventually col-
lapse. Moreover, increased market demand may
lead to short-term overexploitation and even to
local extinction of plants and animals in high
demand (Arnold and Pérez, 1998).

Annual values range from US $5 ha™! in the
Brazilian Amazon to US $422 ha~' for the
Peruvian jungle. Here, we generated the value of
NTFP by using local field surveys, as well as
expert judgements from LDP staff and local
statistics. Three types of products are identified,
for which production and prices are given in Table
3. They are categorised according to their value.
We assume that in the ‘deforestation’ scenario,
overexploitation of NTFP will occur. As a result, a
short-term increase in harvested NTFP will be
observed in the first decade after which this sector
collapses. This phenomenon can already be seen
for rattan, turtles and cobras (van Dijk et al.,
1999).

4.11. Timber

The total timber value is derived by applying the
market price for a unit of timber to the estimated
quantities that could be sustainably harvested
from an area of forest (Bann, 1998). In Leuser,
this condition of sustainability does not necessarily
hold because the purpose of this study is to
determine the costs and benefits of unsustainable
logging practises, while the conservation scenario
assumes a strict ban on logging. Note that the
costs of harvesting and transporting timber must
be deducted from the market price to establish the
net standing timber in the forest. The cost of
extraction is assumed to be US $17 m ™~ (Brown,
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Table 3
Overall production and market prices for NTFP in Leuser
Ecosystem

NTFP Production Price in Medan
{tonng) (USHtonne)

Low palue NTFP

Cotton tree (Randu) 1177 45

Rattan (Rotan) 18064 45

Resin (Damar) 319 60

Rumbia/Nipah/Sagu 2645 75

Gum benzoin (Ke- n 100

menyan)

Medium value NTFP

Palm sugar (Gula &0 300

Aren)

Nutmeg (Pala) 8416 700

Aromatic ol (Nilam) 334 B0

Candlenut (Kemiri) 27027 1000

Cinnamon {Kayu 156 1000

Manis)

High value NTFP

Honey (Madu) 1 1000

Vanilla 233 5000

Bird nest (Sarang 209 10000

Burung)

Sources: Badan Pusat Statistik (1999), and feld study in
Leuser Ecosystem,

1999). Market prices should also be corrected for
any known market and policy failures. Timber
prices in Indonesia are far below international
standards due to subsidies, non-tariff barriers and
because the market is flooded with illegal timber.
Red meranti, for example, is currently sold for US
$50 m—; without distortions it could sell for US
$80 (Brown, 1999). The rent for a cubic metre sold
at US $80 is roughly US $58. To establish the
economic value of timber, an approach compar-
able to that applied to NTFP was used.

A future increase in wood prices is a real threat
for Indonesia. In 1995, the first signs of a national
wood shortage were noticed. A study by the World
Bank (1995) stressed that the remaining virgin
forest in companies’ concessions will last no more
than 10-15 years. In addition, it is doubtful that
the conditions for regenerating forests will allow
for adequate supply beyond that period. The
pattern of logging in the three scenarios is shown
in Fig. 2. We assume that the harvesting efficiency

of meranti, hardwood in general and other types of
wood from primary forest is 0.5, 5 and 2m® ha=!,
respectively. For secondary forest the logging
efficiency for these species is much lower, at (.25,
25 and 1 m* ha ™!, respectively. To determine the
value of the harvested timber we assume a round
wood/plywood ratio of 2:1 (Monk et al., 1997).

5. Results

The results are presented in several forms: (1)
TEV at different levels of discounting; (2) distribu-
tion of TEV among different sectors; (3) distribu-
tion of TEV among different regencies; and (4)
distribution of TEV among different stakeholders.

5.1. Overall total economic value

By aggregating the net benefits over time, the
TEV for the individual scenarios can be deter-
mined. Fig. 7shows the annual net benefits for the
scenarios over the period 2000-2030. Untl 2010,
the deforestation and selective use scenario gen-
erate higher socio-economic benefits than the
conservation scenario. This is the result of two
underlying mechanisms: (1) large revenues are
generated from increased logging and harvesting
of NTFP, and (2) the negative impacts of defor-
estation are still manageable. After 2010, however,
the net annual benefits of conservation outweigh
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Fig. 7. Met annual benefits over timme of Leuser Mational Park.
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the benefits of increased logging. The ‘low-hang-
ing-fruits’ have been picked and their branches
destroyed. The forest that is left is difficult to reach
and therefore less attractive to logging industries.
Moreover, the negative effects of declining water
retention, reduced pest control, increased erosion,
and more frequent floods and droughts, now start
to take their toll. The net annual benefits of the
conservation scenario, on the other hand, increase
as the growing economy becomes more efficient in
utilising the ‘goods and services” of the Leuser
Ecosystem. Various sectors, such as the tourist
industry, agriculture, and hydro-electricity, gain
from the existence of the rainforest. They both
expand their activities and penerate higher per unit
benefits (Fig. 7).

Based on the annual benefits the TEV can be
calculated. The choice of the discount rate is
crucially important for the calculation of the
NPV and hence for the TEV. Fig 8 shows the
TEV for the three scenarios as a function of the
discount rate. Discount rates ranging from 0 to
15% hawve been used. The higher the rate, the more
future benefits will be discounted away. Fig. 8§
shows the converging TEV of the deforestation,
conservation and selective use scenarios with
increasing discount rates. This confirms that the
former scenario generates high benefits in the

20,000

short-term while the benefits of the conservation
scenario materialise in the long run. Although the
curves converge, the NPV of the scenarios only
coincide at a 15% discount rate. This implies that
within the time frame and the range of discount
rates considered, the conservation scenario re-
mains largely superior from a TEV perspective.
The results of this study are in line with results
from previous research. All values of different land
use types lie between US $500 and 7,000 ha™',
depending on type of conversion and discount
rate.

5.2, Sectors

The TEV comprises numerous benefits of eco-
system goods and services provided by Leuser
Ecosystem. The composition of the accumulated
benefits is shown in Table 4. The configuration
varies widely between the three scenarios. A trivial
difference between the scenarios is the role of
timber, which is significant in the deforestation
scenario but absent in the conservation scenario.
What is also typical is the fact that the average net
value for agriculture is higher in the deforestation
scenario. This is the result of the short-term
encroachment of farmers after the forest has
been cleared. Besides timber and agriculture, all
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Table 4
Distribution of benefits to the different sectors (in million USEH)

Deforestation Conservation Selective use

Value  Proportion (%) Value  Proportion (%) Value  Proportion (%)
Water supply 699 10 2419 25 005 n
Fisheries 557 B 659 7 674 7
Flood prevention 1223 I8 1591 17 1396 15
Agricalture 2499 36 1642 17 1016 11
Hydro-power 252 4 R9E 9 696 B
Tourism 171 2 R2% 9 407 4
Biodiversity 56 I 442 5 92 |
Carbon sequestration 53 1 200 2 125 I
Fire prevention 10 0 TS 7 643 7
NTFP ns 3 94 | 1222 13
Timhber 1184 17 0 0 B25 9
Total 6958 100 9538 100 9100 100

Norte: for the period 2000-2030, at a discount rate of #4

other benefits are higher in the conservation and
selective use scenario. The most important benefits
in these latter two scenarios include water supply
and flood prevention. In the selective use scenario,
NTFP comprise an important share of the TEV.

5.3. Regencies

Table 5 presents the distribution of the TEV
across the 12 regencies. The allocation of the
benefits depends on geographical characteristics,
the size of the economy and the level of depen-
dency on the park. Aceh Utara and Aceh Tengah
receive only a small share; Langkat and Deli
Sardang generate a high TEV. The regencies in
North Sumatra are least affected by the negative
impacts of deforestation. All regencies in the
province of Aceh, however, remain net losers in
the deforestation scenario. Typically, most of the
political and military power in the region is
concentrated in North Sumatra. This may be
considered the driving force of this unbalanced
distribution of losses of deforestation.

3.4. Stakeholders

Tablk 6 shows the distribution of the NPV
among the stakeholders for the different scenarios.
Several typical features can be observed. The local

communities are by far the main beneficiaries of
the Leuser Ecosystem. As such, their share will
grow in the conservation scenario. As expected,
deforestation benefits mainly the logging industry
in the short run. In the long run, howewver,
deforestation also harms the wealthier stake-
holders to a certain extent. As owners of large
plantations and industries, they suffer negative
consequences of reduced ecological services from
the Leuser Ecosystem. The local and national
government may also gain in the short-term by
collecting part of the rent from the harvested
timber. In the long run, however, infrastructural
damages increase while tax income decline. The
international community only benefits from con-
servation of Leuser. Both the biodiversity and
sequestration values are important gains for devel-
oped countries.

A striking element is that the elite (logging)
industry collects a much larger share of the total
value in the deforestation scenario (23%). If the
Leuser Ecosystem were strictly conserved, their
share would only be 11%. This reduction in value
for the elite industry in the conservation scenario
contrasts with benefits for the local and interna-
tional community. The power structure of the elite
(logging and plantation) industry and the socio-
spatial distribution of the local and the interna-
tional community, however, prevents the conser-
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Table 5

Distribution of the NPV of Leuser Ecosystem among the regencies over the period 2000-2030

Regency TEV Deforestation ® (million US$)  TEV Conservation ® {million US§)  TEV Selective use * {million USS)
Aceh utara 274 540 498
Acéh tmgah 290 119 154
Aceh barat 293 417 422
Aceh selatan 452 559 612
Aceh tenggara 602 552 668
Aceh timur 285 523 474
Aceh singkil 380 151 411
Langkat 1331 1811 1590
Karo 671 778 748
Diari 390 458 460
Deli serdang 1165 898 1082
Medan £29 7Y 1781
Total 6961 9518 310l

* TEV caleulated as NPV for a time period of 30 years and a 4% discount rate.

vation scenario from being realised. For similar
reasons, compensation of the latter by the former
group is constrained.

3.5. Sensitivity analysis

A large number of assumptions have been made
in order to generate the results given data, budget
and time constraints. These assumptions need not
be problematic as long as the results are relatively
robust vis-d-vis changes in the assumed parameter
values. Several crucial parameters are tested for
robustness (van Beukering et al., 2001). These
include population growth, the deforestation rate
and the value of timber and water. None of these
parameters change the results fundamentally.
Therefore, the conclusions still hold.

Table 6
Distribution of NPV among stakeholders (in%0)

6. Conclusions

Economic valuation has proved to be a strong
and useful tool in the analysis of welfare changes
for the different scenarios in the Leuser Ecosys-
tem. Several lessons can be learned from the
analysis: (1) with a 4% discount rate, the accumu-
lated TEV for the ecosystem over the 30-year
period is: US $7.0 billion under the ‘deforestation
scenario’, US $9.5 billion under the ‘conservation
scenario’ and US $9.1 billion under the ‘selective
utilisation scenario’;. (2) Conservation spreads the
benefits of Leuser equally among regencies and
thus prevents further social conflict, while defor-
estation widens the regional income gap and thus
may be a source of conflict. This may form a
strong incentive for the regencies to develop and
enforce a common plan; and (3) Finally, conserva-

Scenario Local community Local government Elite industry Mational government  International community
() () ) ) )

Deforestation 45 11 n 7 13

Conservation 56 9 11 5 19

Selective use 53 10 14 5 18

Note: NPV over the period 2000-2030 at a discount rate of 4%,
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tion promotes social and economic equity because
it mainly supports the underprivileged majority of
society. Deforestation widens the gap between rich
and poor.

Despite these positive features of conservation,
deforestation continues uninterrupted in the Leu-
ser Ecosystem. The main reason for this destruc-
tion is the strong political power of the logging and
plantation industries as well as the wide dispersion
of the main beneficiaries of conservation. This
stops the most economically desirable scenario
from occurring and prevents the losers of defor-
estation being compensated by those who gain.
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Appendix 4: Discussion paper - Trym Skiebe Alsaker

Responsibility in business

I will here discuss the topic of responsibility as a general concept, but also in relation to my co-written
master thesis on the topic of the environmental impact and sustainability in the palm oil Industry in
Indonesia and Malaysia. The following discussion will be laid out starting with a brief explanation of
the thesis, an introduction to the concept of sustainability, then some relevant theoretical data which
combines theory on responsibility with that from the case, the concept in relation to the research
questions, and finally a discussion and conclusion based on the presented data.

Our case

The palm oil industry has experienced exponential growth over the last four decades and has
brought with it economic freedom and poverty alleviation for millions of people. It is easy to grow in
tropical rainforests and provide high yields. It has been a vital part of growing the Indonesian
economy and contributes a considerable amount to the country's agricultural GDP. Palm oil in itself is
a versatile product which is used in a waste array of different products which spans across categories
such as food, biofuel, cosmetics, and cleaning products. But another effect the palm oil industry has
had has been environmental destruction and the release of high amounts of greenhouse gases. We
have in our master thesis aimed to assess the extent of the environmental impact the cultivation of
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oil palm and the production of crude palm oil have had. We have also aimed to assess who the
drivers of this more or less unchecked destruction are, and who are the ones fighting to stop the
further destruction of both the tropical rainforests in Indonesia and the global climate. Our ultimate
goal has therefore been to contribute to the conversation around how the Indonesian palm oil
industry can move in a more sustainable direction. We do so by exploring the following questions: 1.
What are the major negative environmental impacts of the current and expanding palm oil industry
in Indonesia? 2: How can economists contribute by taking the environment into account when
calculating profitability, and how can the negative environmental impacts be measured? 3. What are
the most efficient drivers of sustainable action for the palm oil industry?

Introduction

Responsibility is one of those concepts that can be easy to define but still leaves behind thousands of
guestions that need to be answered. A simple definition of the word responsibility is the obligation
that we as individuals have to the world and the people in it. But what does it mean to be
responsible? To whom do we owe what level of obligation? Who decides when that obligation has, or
has not, been fulfilled? As the only beings possessing an understanding of the individual self and
morals, humans are the only ones who can be expected to bear responsibility. What is considered
responsible will differ between different individuals in different situations and is always subject to
change as we change. When we extend this concept beyond individuals and apply it to an industry
such as the palm oil industry in Indonesia, we also complicate the questions surrounding
responsibility further, and we create even more questions than before. Now there are a whole host
of various actors that affect others and are in turn affected by them.

The various actors are as discussed in the thesis the industry itself which includes both large
multinational companies and poor farmers with hardly enough to survive, anyone who works in the
palm oil value chain, the countries where the industry operates, and the entire world as both
consumers and people being impacted by the environmental damage caused by the industry. Many
people depend on the palm oil industry to various degrees in order to make money and even to
survive, while the entire world could depend on the industry indirectly as a considerable contributor
to climate change. Should the palm oil industry even feel, if we even consider a corporate structure
as being able to feel, responsibility towards those who urgently and directly rely on it to survive, or is
the global climate a more serious concern so the industry should act responsible in a way that is in
line with this problem? Perhaps the answer is neither, and the sole responsibility of an industry lies in
the various organizations that exist within it and their shareholders that expect their investments to
be managed in a profit maximizing way.

Views on responsibility - Friedman

Milton Friedman is among those who argue for the latter assumption made above. In his essay, A
Friedman doctrine — The social responsibility of business is to increase its profits (1970), Friedman
argues that corporations in and of themselves do not carry any responsibility beyond that creating,
growing, and sustaining profits, as responsibility is something only humans can have. If a corporation
does take responsibility in any shape, way, or form, then that is a consequence of the choices made
at the individual level. He also argues that corporations may very well use social responsibility as a
cloak to shield themselves from criticism. The problem as he sees it is that the cloak hides the true
intentions of the organization's leaders and might cause harm to the movements they pretend to
support out of a social responsibility, but the true intention is still to make greater profits. Examples
of this can be found in the palm oil industry in several ways.

The first is how most of the certified plantations, meaning they have committed to “no deforestation,

no peat, no exploitation”, are older ones that contain little to no native forestry left anyways
(Carlson, Heilmayr, Gibbs, Noojipady, Burns, Morton & Kremen, 2018), meaning the certificate neatly
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fits into Friedman’s concept of cloaking. Another example is the criticism that Greenpeace has had
for the Roundtable of Sustainable Palm Qil (RSPO), a palm oil certification NGO, which Greenpeace
called out on the grounds that certified sustainable palm oil is a con (Young, 2019). This touches
upon a rather complex philosophical question about whether it is the outcome or the means that
matter, but without trying to answer that in general, | would argue that they do not in the case of the
palm oil industry. The reason why is because there is even a debate about whether palm oil can truly
be sustainable, and regardless we can see that it has been used to mislead the public in order to
achieve higher markups on palm oil. An example from the logging industry showed that FSC certified
timber could get as much as 15-25% more at auction when compared to non-certified timber
(Conniff, 2018).

Views on responsibility — Carroll

Archie B. Carroll argued in his 1979 paper, A Three-Dimensional Conceptual Model of Corporate
Performance, that social responsibility is one of four obligations that businesses have, and even
reference Friedman’s paper as forceful and the originator of the real debate around corporate
responsibility. In Carroll’s view it is economic and legal responsibilities that are the absolute
requirements for a business to operate in a market, and that the ethical and discretionary (voluntary
philanthropic activities that a corporation takes with no direct financial payback) responsibilities can
offer anything between no benefit and massive success. By aligning industry or corporate goals with
that of social issues such as the environment, one can increase one’s own standing among the
consumers and receive financial benefits in the form of new and more loyal customers.

Carroll also points out that these four concepts often overlap with each other and that you can
achieve success in regard to another responsibility when fulfilling another. His example is that you
can achieve economic success by motivating workers, which could mean higher productivity, through
ethical and discretionary means. In the palm oil Industry, the most fitting example that could
demonstrate what that looks like is the correlation between increased awareness and boycotts of
palm oil by consumers (Hutabarat, Slingerland, Rietberg & Dries, 2018; NG, 2020), with the
emergence and growing demand for certification schemes in the industry. Since a loss of reputation
can be viewed as a cost for a company (Brandi, Cabani, Hosang, Schirmbeck, Westermann & Wiese.
2013), it would be unwise and could come at an economic cost for the palm oil industry, and those
who in turn use palm oil in their products and services, to disregard the responsibility that is being
forced upon them by the market.

Responsibility applied to the thesis research question

In the thesis we used the triple bottom line definition of sustainability which argues that
sustainability is made up of an equilibrium between people, profit, and planet. We also include the
definition made by Herman Daly, which paraphrased, says that the use of renewable resources and
release of pollutants, should not exceed their renewal limit or the development of new sustainable
technologies and the assimilative capacity of the environment (Elkington, J. 1999). With the total
economic valuation (TEV) of the Leuser ecosystem in Indonesia (Beukering, Cesar & Janssen, 2003)
which we used as a case study in our thesis, we provided data that supports the statement that these
three concepts are related and influence each other. The case illustrated the relationship between
the environment and economic profits especially well. The most lucrative methods for utilizing the
ecosystem were those that took the most care to not cause harm to the environment, and they were
both more economically and environmentally sustainable.

This does imply that the most responsible and ethical path would be the more sustainable one.
However, the problem is that while the long-term economic benefit is greater by aligning one’s own
business practices with environmental responsibility, it can be costly in the short run, which could
impact various stakeholders, especially poor farmers and workers at oil palm plantations. We can see
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this type of argument permeate much of the discussion on the global climate and who we should
hold responsible for enacting the necessary changes required to curb climate change. As an example,
we know that China and India as highly populated countries with rapidly growing economic
development are only expected to release more and more greenhouse gases over the coming years.
We also know that most of the greenhouse gases that have already been released into the
atmosphere have been caused by the western world both during and after being established as a
modern developed part of the world (Kroeze, Vlasblom, Gupta, Boudri & Blok, 2004).

As stated this leaves a question about who holds the responsibility of reducing future emissions,
since these and most of the world's developing countries depend on technologies that use
non-renewable resources. Since it is developing countries that release the most greenhouse gases
currently, should they be burdened with the responsibility of reaching the world's climate goals? Or
is it the western world which releases less gases but is the originator of the state of the environment
today? The ethical problem with trying to place this responsibility on developing countries comes
primarily from how these countries can have great numbers of people who live in poverty and
literally cannot afford or have the option of more sustainable choices.

When we discuss how economists can contribute by taking the environment into consideration, we
uncover that one of the ways they do so is by identifying the most critical sources of impacts and the
level of impact. This can be used to create more specific identification for which impact sources we
should address. With this in mind it would be easier to say that perhaps the shipping industry, which
is one of the greatest single sources of CO, emissions (Wan, Zhu, Chen & Sperling, 2016), should be
one of the first to be held responsible for its emissions and should be one of the first areas that are
targeted.

If we step away from the discussion of whether or not corporate entities can or should carry
responsibility and worry about ethical implications, then those that contribute the most to negative
impacts on people and nature should be the same that are held responsible first, given that we
accept this stance. The palm oil industry in Indonesia is a major driver of deforestation, and other
negative environmental impacts that result from it. But here we also find the same ethical challenge
as above, some of the most impactful drivers are the large multinational corporations that makes up
a considerable portion of industry, but also the often poor smallholders which contribute around 1/3
of the feedstock used in the production of crude palm oil, despite them taking up closer to 40-50% of
the land area used for oil palm cultivation, due to poor cultivation and harvesting practices, leading
them to destroy more forest to compensate (Jelsma, Woittiez, Ollivier & Dharmawan, 2018).

Conclusion

| think that in the time since Carroll, Friedman, and several others, first started the debate around
corporate responsibility, that the world has changed a great deal when it comes to the power and
impact that corporations have over people and the environment. | would argue that we all carry
responsibility to the world around us and that we should feel somewhat obligated to act ethically
towards others and nature. Friedman makes no attempt at denying the responsibility that the
individual holds, rather he argues that this is where responsibility lies, but it is individuals that make
up corporations, which in my opinion translates to a need for these individuals to find a common
stand on responsibility and ethical issues that the organization should actively work towards. NGOs
are examples of organizations that are formed out of a common feeling of responsibility and
determination to have other organizations adapt the same sense of responsibility.

There is a strong connection between economic profits, which should be the foremost concern for

any corporation, and social responsibility, as both Carroll and Elkington point out. As corporations
play a larger part in shaping the world and how everything in it interacts, so grow their responsibility.
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There is no single answer to all or any of the ethical dilemmas that arises when trying to figure out
who is responsible and how to fix problems such as poverty and sustainability. Qualified individuals
need to make educated and careful considerations for each individual problem, that use the same
profound ideas that make up the triple bottom line theory, namely taking people, profit, and planet
into consideration. It is not an especially satisfactory conclusion, but we each need to recognize that
we hold at least some responsibility, and when we take this with us when doing business, we can
enact change or a much grander scale than that of an individual.
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Appendix 5: Discussion paper - Susanne Caroline Grytten

Introducing our theses

The topic of our thesis is “Towards a Sustainable Palm Qil Industry” and the problem statement we
wished to investigate were “Environmental impacts of the palm oil industry, particularly in Indonesia,
and how the industry can move towards sustainability”. The research questions more specifically
investigate what the major negative environmental impacts of the current and expanding palm oil
industry in Indonesia is, how economists can contribute by taking the environment into account
when calculating profitability, how the negative environmental impacts can be measured, and lastly
what the most efficient drivers of sustainable action for the palm oil industry is.

Palm oil is made from the pulp of fruit that grows on oil palm trees which grows naturally in the rain
forests (D'Antone, & Spencer, 2015). The palm oil industry in Indonesia has had rapid development in
the last 20 years and is the largest producer of palm oil in the world (Worldbank, 2019: Zahan &
Kano, 2018). This has brought on economic growth for the country, generating employment and rural
poverty alleviation. With that said, the industry has also brought on detrimental environmental
impacts on the natural forests, wildlife, biodiversity and the global climate (Vijay et al., 2016).
Deforestation and destruction of peatlands occurs at high rates in order to make room for palm oil
plantations, causing numerous other negative environmental impacts. A central issue when
identifying how the industry can move towards sustainability is to find how this can be done without
significantly compromising Indonesia's economic growth. We presented much descriptive
information about sustainability, palm oil and the palm oil industry, environmental impacts such as
deforestation, loss of biodiversity and greenhouse gas emission. Further, we dived into awareness of
unsustainable palm oil in the industry, from non governmental organizations and consumers, as well
as the role of policy and certification schemes. We implemented different cases and environmental
impacts assessments to help answer our research questions in a structured and quantifiable manner,
providing more holistic and comprehensive information.

The concept “responsible” and ethical questions

This discussion paper addresses the concept “responsible”. In my understanding and interpretation
the word responsible means that you are the cause of something and therefore the one to blame or
give credit too, or that you are accountable for something. The concept “responsible” is very relevant
to our topic and problem statement. Our thesis does essentially seek to clarify the palm oil industry's
responsibility and how it is handled. The industry is responsible for various negative environmental
impacts, such as loss of rainforests, destruction of peatlands, loss biodiversity, and greenhouse gas
emission. However, the industry is also responsible for much of Indonesia's economic growth, which
has had a major positive effect for the country. We have discussed how the industry can take
responsibility for its negative implications affecting Indonesia and the global climate while still
maintaining its responsibility to the country through economic growth.

The industry as a whole, and the individual links in the palm oil supply chain, has a responsibility in
regards to transparency to each other and to consumers as well as non-governmental organizations
(NGOs). Transparency has been hard to achieve since it is not required to disclose consequences
maps. Certification schemes have a responsibility to hold the industry to their standards and NGOs
have a responsibility to hold the industry accountable and spread awareness. Consumers and NGOs'
awareness of the industry have therefore been essential in our thesis, and will be discussed further
below.
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I'm now going to discuss ethical or potential ethical challenges related to the topic, research
questions, units of analysis or their operating environment, findings and conclusions. When
discussing responsibility, sustainability and ethical challenges, the concept of social responsibility
seems relevant. Social responsibility has a long history and is closely tied to ethics (Carroll, 1999).
Milton Friedman's opinion is that “the social responsibility of Business is to Increase its profits”
(Friedman, 2007, p. 1). This is the corporate social responsibility the industry implements as of now.
The problem here is that this viewpoint does not take into account ethical issues outside of
increasing profits. Indonesia is a country where both profits and sustainability are important. If the
industry in Indonesia keeps operating in an unsustainable way, they could risk decreased profits in
the future, since there are limited resources. Archie Carroll on the other hand states that social
responsibility consists of four layers, including economic, legal, ethical and philanthropic (Carroll,
1999). Carroll's approach is more holistic and all four of the dimensions are factors discussed in our
thesis. If the industry integrated corporate social responsibility, following Carroll’s pyramid, into the
supply chain it would help manage responsibility and ethical questions.

Sustainability and sustainable development are a central theme in our thesis. Our research topic
addresses Indonesia's road towards a sustainable palm oil industry, and looks at ethical challenges
brought on by the industry. We evaluate if the industry is performing in an ethical manner.
Sustainable development can be defined as “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs” (World Commission
on Environment and Development, 1987). This is extremely relevant to the ethical challenge in which
the palm oil industry faces, where the country experiences economic growth now, but it can't
continue in perpetuity with these unsustainable practices, since the plantations leave behind useless
soil. Additionally, deforestation and peatland reduce biodiversity, which disturbs the ecosystem and
stops it from operating normally (Moron, Sheppard & Lonsdale, 2014).

We have concluded that the industry causes major negative environmental impacts, damaging for
the wildlife, society, and the global climate. We can therefore say that the industry does not perform
in an ethical manner. On the other hand, our unit of analysis takes place in Indonesia which is a
country embossed with poverty and is dependent on the palm oil industry in order to improve its
conditions, grow economically and evolve socially (Kasryno, 2015). Ethical challenges emerge when
discussing if the industry needs to change and potentially slow down, since this could have a
damaging effect on the country's growth and society. The hard question left to answer is how the
industry can change with a more practical approach, maintaining concern for the industry's vital role
in improving conditions.

The Indonesian government has a huge responsibility and significant power, but they do not use it as
well as they should. This is mainly due to corruption, decentralized power and poor implementation
of certain measures. The government has in fact played a significant role in the palm oil industry
growth instead of slowing it down or modifying it (Choiruzzad et al. 2021). Certification schemes such
as the “Roundtable on Sustainable Palm Qil Certification” and policies such as “No Deforestation, No
peatland Development, and No Exploration” are supposed to manage ethical challenges and hold
their members accountable, but this is not always the case, as we have discussed in the thesis.
Furthermore, consumers have substantial power and play a significant role in pushing the industry
towards sustainability and therefore have a huge responsibility. Consumers have in the past pushed
many companies such as Nestle and Wilmar to take sustainable action. They have for instance done
this by initiating boycotts and trends on the internet. Famous bloggers and social media influencers
have also spread negative information about palm oil as an ingredient, giving it a bad reputation. This
has led companies such as Nidar to market their products as “Palm oil free” by writing it on their
packaging with large fonts. This illustrates the power consumer awareness holds over companies.
Consumer awareness is therefore an important solution or tool to manage some of these ethical
issues by putting pressure on the industry.
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With that said, boycotting palm oil might not be the most practical or best solution for anyone. QOil
palm grows naturally in the rain forests, however, the industry destroys and burns the natural rain
forests down and plants large fields with oil palm trees, making it unnatural and unsustainable.
Regardless, palm oil is in itself eco-friendly and sustainable, and is in fact a highly productive crop
compared to other oilseed crops (D’Antone, & Spencer, 2015). Boycotting palm oil and replacing it
with other oilseed crops, which will likely be produced with the same unsustainable practices, will
not solve the sustainable issue and could potentially make it worse. Palm oil production is one of the
most profitable uses of land in tropical regions, and replacing palm oil production with other oil
production would be damaging to Indonesia's economy. 17% of Indonesia's agricultural gross
domestic product in 2014 came from the palm oil industry, illustrating how the industry also works as
a positive force, generating employment and higher living standards (Purnomo et al., 2020). It is
therefore clear that palm oil production should be modified, but not stopped. The issues regarding
responsibility and ethics occur when actors in the supply chain do not consider their social
responsibility or the needs of future generations.

Our research question number two is “How can economists contribute by taking the environment
into account when calculating profitability, and how can the negative environmental impacts be
measured?”. This research question talks about combining ethical issues with economic calculations,
and evaluates if economists take ethical issues into account. Economists play an important role in
moving the palm oil industry towards sustainability, and their responsibility is therefore important.
The industry's goal is to be profitable, not sustainable, economists therefore hold much power.

We also take part in this responsibility by researching and writing about the matter. When writing the
thesis, we also have a responsibility to not be confirmation biased and to portray the industry
accurately, and not exaggerate the negative aspects of the industry or understate the positive
aspects. It is important to paint a real picture of the situation, for Indonesia’s and the industries sake.
To manage this issue, we have investigated and compared many different sources from different
publishers to achieve triangulation. Furthermore, we carried out a case study where we took a deep
dive into three different elements in the industry: the production and disposal of empty fruit
bunches, the triple bottom line, and economic evaluation of parts of the rainforests in Indonesia.
This gave us an understanding and insight into the realities of the situation.

Our findings bring light to and identify which negative environmental impacts are most detrimental.
We therefore know, based on our research and empirical studies, that reducing deforestation and
destruction of peatlands is of great importance. By identifying ethical questions and problems of the
industry, we have been able to investigate different solutions and drivers for sustainable action such
as pressure from NGOs and consumers, policy and certification schemes, and different treatment
options for recycling of empty fruit bunches such as composting.

The industry is portrayed in a very negative way. There is much data out there displaying the negative
environmental impacts. However, there is a lack of information and research of environmental
impact assessments and sustainable solutions. There is also a lack of data investigating the positive
impacts, and how to become sustainable without compromising growth, revealing a need for more
research, which might help manage and answer ethical questions.

Summary and conclusion

The industry is responsible for much environmental damage, but it is also responsible for much of
Indonesia's economic growth. It is therefore important that the industry move towards sustainable
solutions that meet the needs of the present without compromising future generations' needs. The
government, NGO’s and consumers have a responsibility to hold the industry accountable and are
important drivers for sustainable change. Certification schemes should be considered in the
discussion of becoming sustainable, although it is not bulletproof. We as writers have a responsibility
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to conduct an ethical research process that evaluates all aspects of the matter without being
confirmation biased. We contribute to the responsibility of spreading awareness by researching and
analyzing information in an ethical manner, and sharing our findings to a field where there is a lack of
research. Actors in the industry as well as spectators taking and upholding the responsibilities
mentioned in the discussion is also what will help guide the industry and manage ethical questions.
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