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GLOSSARY 
TERM DEFINITION 
Natural capital The stock of renewable and nonrenewable natural resources (e.g., 

plants, animals, air, water, soils, minerals) that combine to yield a 
flow of benefits to people, both directly and indirectly (Natural Capital 
Coalition, 2016). Natural capital is frequently valued in terms of impacts on 
society, such as human health 

Social capital Social capital refers to the value inherent in relationships and networks 
amongst people and institutions that enables society to function more 
effectively. An example of an impact on social capital is land dispossession 
and associated land conflicts 

Human capital Human capital refers to people and their ability to be economically 
productive. Education, training and health care can help increase human 
capital. In this study, human capital impacts have a direct effect on the 
health and welfare of people working in ǘƘŜ ǇǊƻŘǳŎǘΩǎ ǾŀƭǳŜ ŎƘŀƛƴΣ ǎǳŎƘ ŀǎ 
underpayment and occupational health & safety. Polluting air emissions, 
while valued by their impact on human health, are considered an impact on 
natural capital 

Visible benefits Economically visible positive flows/impacts such as employment wages  
Visible costs Economically visible negative flows/impacts such as carbon markets which 

put a monetary price on greenhouse gas (GHG) pollution 
Hidden benefits Economically invisible flows/impacts of agriculture and food system, both 

positive and negative, include those on water quality, air emissions, and 
food safety. Hidden costs and benefits are rarely captured by conventional 
economic analyses that usually value goods and services that have a market 
price (also referred to as positive externalities). Examples of hidden benefits 
include aesthetic appreciation of a managed agricultural landscape, leisure 
and recreation within such landscapes in the form of agro-tourism, or 
cultural identity arising from the cultivation of and consumption of local 
farming produce (TEEB, 2015) 

Hidden costs Economically invisible flows/impacts of agriculture and food system, both 
positive and negative, include those on water quality, air emissions, and 
food safety. These hidden costs and benefits are rarely captured by 
conventional economic analyses that usually value goods and services that 
have a market price (also referred to as negative externalities). Examples of 
hidden costs include health impacts arising from agro-chemicals and 
nutrient run-off from farmland affecting the quality of bathing water, which 
in turn impacts on the leisure and recreation opportunities (TEEB, 2015) 

Environmental 
costs/benefits 

Environmental costs/benefits is a term used for visible or hidden 
costs/benefits when referring to the effect they have on natural capital 

Social costs/benefits Social costs/benefits is a term used for visible or hidden costs/benefits when 
referring to the direct or indirect effect they have on society. This includes 
all direct and indirect effects of human and social capital impacts and most 
indirect effects of natural capital impacts 

Externalities An externality arises when the actions of one economic agent in society 
impose costs or benefits on other agent(s) in society, and these costs or 
benefits are not fully compensated for and thus do not factor into that 
ŀƎŜƴǘΩǎ ŘŜŎƛǎƛƻƴ-making (TEEB, 2015). External costs and benefits are called 
respectively negative and positive externalities 
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Internalization of 
externalities 

A range of drivers that can lead to privatization of the external cost to the 
creator e.g. carbon taxes leading to additional cost to companies releasing 
greenhouse gases (GHGs) 

Ecosystem  A dynamic complex of plant, animal and micro-organism communities and 
their non-living environment interacting as a functional unit (TEEB, 2015) 

Ecosystem services The direct and indirect contributions of ecosystems to human well-being: 

¶ ΨtǊƻǾƛǎƛƻƴƛƴƎΩ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ - all nutritional, material and 

energetic outputs from living systems 

¶ ΨwŜƎǳƭŀǘƛƴƎ ŀƴŘ aŀƛƴǘŜƴŀƴŎŜΩ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ - all the ways in 

which living organisms can mediate or moderate the ambient 

environment that affects human performance 

¶ Ψ/ǳƭǘǳǊŀƭΩ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ - all the non-material, and normally 

non-ŎƻƴǎǳƳǇǘƛǾŜΣ ƻǳǘǇǳǘǎ ƻŦ ŜŎƻǎȅǎǘŜƳǎ ǘƘŀǘ ŀŦŦŜŎǘ ǇŜƻǇƭŜΩǎ 

physical and mental states 

Eco-agri-food systems 
complex 

A collective term encompassing the vast and interacting complex of 
ecosystems, agricultural lands, pastures, fisheries, labour, infrastructure, 
technology, policies, culture, traditions, and institutions (including markets) 
that are variously involved in growing, processing, distributing and 
consuming food (TEEB, 2015) 

Valuation, economic The process of estimating a value for a particular good or service in a certain 
context (in monetary or non-monetary terms) (TEEB, 2015) 

Natural/human/social 
capital accounting 

A process of translating physical measures in terms of metric tons of air 
pollutants emitted, or cubic meters of water used, into a monetary figure 
expressing the damage caused to the environment and society. Also known 
as monetary valuation, or monetization 

Human capital return 
on investment 

The human capital return on investment (HCROI) measures the human 
capital benefits created (or human capital costs reduced) relative to the 
financial resources invested. It is defined as the difference between the 
financial investment of an intervention and the increase in human capital 
benefits (or reduction in human capital costs) caused by the intervention, 
divided by the financial investment of the intervention 
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EXECUTIVE SUMMARY 
This report demonstrates how natural and human capital accounting can be used to understand and 

reduce the environmental and human impact costs of palm oil production. It was commissioned by TEEB 

as part of a series of studies for its agriculture and food (TEEBAgriFood) project. 

Palm oil is ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ǇƻǇǳƭŀǊ ǾŜƎŜǘŀōƭŜ ƻƛƭΣ widely used in the food, personal care, chemicals and 

energy sectors. Over 56 million tonnes of palm oil was consumed in 2013 and this is expected to 

double by 2050. Its popularity is due to ǇŀƭƳ ƻƛƭΩǎ high productivity, low market price, and versatility 

compared to other vegetable oils. Two types of palm oil are produced ς crude palm oil from the fruit of 

the plant and palm kernel oil from its seed ς which are used differently. While palm oil is naturally very 

stable and suitable for cooking, palm kernel oil contains almost double the amount of saturated fats and 

lower levels of carotenoids which makes it useful for making soaps, cosmetics and detergents. 

However, the rapid growth of palm oil production in some countries is having serious environmental 

and social impact costs due to carbon dioxide emissions and air pollution from using fire to clear 

rainforest and peatland for new plantations, water pollution and harm to health from applying 

fertilizers and pesticides to crops, methane released from palm oil mill effluent processing facilities, land 

property rights violations during land expansion and substandard wages and working conditions. 

The root cause of these problems is that the agriculture sector is too often considered in isolation from 

the society that it feeds, and the environment that supports it. Instead, business and society need to 

shift their thinking towards a systems-based approach which recognizes the reality that agriculture, 

society and the environment are all connected. Natural and human capital accounting are used to reveal 

these mutual inter-dependencies. In so doing, it is possible to highlight outcomes that both improve 

human livelihoods and also reduce impacts and dependencies on ecosystems and biodiversity. 

Natural capital refers to the resources and services provided by nature such as clean air and water, 

healthy soil and a stable climate. Human capital refers to people and their ability to be economically 

productive. Companies, including farmers, in the agricultural sector depend on natural and human 

capital to support their business activities, so that they can grow crops and raise livestock. However, 

natural and human capital are often undervalued in the market, leading to their unsustainable use and 

increasing degradation. Natural and human capital accounting can put a monetary value on these 

resources and services, as well as on the damage done to them, so that policymakers and businesses 

can integrate ǘƘŜ άǘǊǳŜέ natural and human capital costs and benefits into decision making1.  

In this way, companies and investors can use natural and human capital accounting to better 

understand the risks they face as a result of environmental and social impact costs. These risks stem 

from stricter regulation driving higher compliance costs, changing consumer demand leading to a loss of 

                                                           
1 In environmental economics and the Natural Capital Protocol (Natural Capital Coalition, 2016), valuation can 
extend beyond montization to include qualitative, quantitative, and monetary approaches, or a combination of 
these.  
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market share, and reputational damage reducing share prices. For example, public concern over 

deforestation could cause customers to switch to certified sustainable palm oil or palm oil-free 

products. Tougher regulation of burning to clear land for new plantations or requiring legal minimum 

wages could lead to large fines.  

By incorporating natural and human capital accounting into their businesses, companies and investors 

can reduce these risks, as well as take advantage of opportunities from more sustainable products and 

production processes. Policymakers too can use natural and human capital accounting when designing 

regulations or economic instruments to stress test the effect of those on the environment and social 

well-being. 

This research is organized in two parts. First, a materiality assessment quantifies and monetizes a 

selection of material natural capital impacts of palm oil across the 11 leading producer countries. This is 

followed by a case study that quantifies and monetizes natural capital impacts in more detail in 

Indonesia, the largest palm oil producer, and also quantifies and monetizes a selection of human capital 

impacts. A scenario analysis illustrates how natural and human capital accounting can be used in 

Indonesia to compare a selection of alternative techniques for growing palm oil which may lower impact 

costs. 

The scope of the research is limited to palm oil production and its supply chain for inputs such as 

fertilizers and pesticides. This approach was chosen rather than a full value chain assessment because 

this is where most natural capital impact costs occur. It does not include downstream activities such as 

transportation, product manufacturing, consumption and end of use. For the same reason, the study 

also focuses on assessing the natural and human capital costs of palm oil production. The natural and 

human capital benefits of palm oil production do not fall within the scope of this study. ¢99.!ƎǊƛCƻƻŘΩǎ 

universal Valuation Framework helps place this scope in context by illustrating a full value chain from 

production to disposal assessing the cost as well as the benefit side of the equation (TEEBAgriFood, 

2016).  

FIGURE 0.1: TEEBAGRIFOOD VALUATION FRAMEWORK 

 

Countries included in the materiality assessment are Indonesia, Malaysia, Thailand, Nigeria, Colombia, 
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Papua New Guinea, GuatemalaΣ IƻƴŘǳǊŀǎΣ /ƾǘŜ ŘΩLǾƻƛǊŜΣ .ǊŀȊƛƭ ŀnd China. The methodology followed by 

the research involves identifying the main natural capital impact costs of palm oil 

production and measuring them in physical terms such as tonnes of greenhouse gas (GHG) emissions. 

They are then converted into monetary values or natural capital costs. A similar strategy is applied for 

the measurement of the human capital costs in the case study.  

MATERIALITY ASSESSMENT RESULTS 
The results show that palm oil production in the 11 countries assessed has a natural capital cost of 

$43 billion per year compared to the commodity's annual value of $50bn. Of this cost, crude palm oil 

accounts for $37.5bn while palm kernel oil accounts for $5bn. Indonesia has by far the biggest share of 

the total natural capital cost at 66%, while Malaysia is second at 26%. 

Overall, producing one tonne of crude palm oil (CPO) has a natural capital cost of $790 while 

one tonne of palm kernel oil costs $897 in 2013. If these costs were added to the weighted average 

market price of $837 per tonne of palm oil in 2013, the overall cost per tonne would almost double. The 

natural capital intensity of palm oil production varies widely between countries, which may have 

implications for siting palm oil operations or sourcing palm oil (see Figure 0.1). 

FIGURE 0.2: TOTAL NATURAL CAPITAL COST AND INTENSITY 

 

¢ƘŜ Ŏƻǎǘ ƻŦ LƴŘƻƴŜǎƛŀΩǎ ǇŀƭƳ ƻƛƭ ƛƴŘǳǎtry is driven by the large size of its production and its high natural 

capital intensity. The total natural capital cost of palm oil production in Indonesia is almost $28bn while 

its natural capital intensity is $950 per tonne. Land-use change is the biggest single impact in Indonesia, 

mostly due to GHG emissions from peatland drainage and clearing rainforest.  

Palm oil production in Malaysia has much lower natural capital intensity than Indonesia due to the 

lower cost of land conversion. Only 12% of MalaysƛŀΩǎ Ǉƭŀƴǘŀǘƛƻƴǎ ŀǊŜ ǇƭŀƴǘŜŘ ƻƴ ǇŜŀǘƭŀƴŘ ŀƴŘ ол҈ ƻƴ 

forested land. 

Climate change due to GHG emissions from palm oil production, mostly as a result of land-use change, is 
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responsible for 89% of the natural capital cost per tonne of palm oil. The use of fertilizers is responsible 

for 22% of the cost. Palm oil mill effluent contributes 12% of the cost, largely as a result of the climate 

change impacts of methane emissions. The impacts of pesticides contributes 3% of the cost 

per tonne. The upstream impacts from manufacturing fertilizers, pesticides and other raw material 

inputs are responsible for 3% of the cost (see Figure 0.2). 

FIGURE 0.3: INTENSITY PER TONNE SPLIT BY PRACTICES AND IMPACT TYPE 

 

INDONESIAN CASE STUDY RESULTS 
The case study on Indonesia shows how natural and human capital accounting can be used to 

assess alternative palm oil production practices that reduce the impact costs of the sector. These costs 

can be compared to the financial costs of the practices to inform decisions over which to implement. 

The case study illustrates this approach by focusing on three practices with the largest natural capital 

costs and two practices with substantial expected human capital costs: land selection and clearing, 

fertilizer application, and palm oil mill effluent remediation, as well as wages and occupational health 

and safety. The research does not attempt to assess an exhaustive range of practices, but to illustrate 

the usefulness of natural and human capital accounting as an assessment tool. 

FIGURE 0.4: LIFE CYCLE STAGE AND PRACTICE SCOPE FOR THE INDONESIA CASE STUDY 
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The results show that converting primary forest on peat soil using burning techniques has highest 

natural capital cost due to GHG emissions and air pollution2. On average, burning a hectare of primary 

forest on peat soil releases 29 grams of pollutants to air; a hectare of primary forest on mineral soil 

releases 28 grams; and a hectare of disturbed forest on mineral soil releases 13 grams. At the other end 

of the spectrum of analyzed scenarios, converting grassland and already-disturbed forest using 

mechanical means yields a natural capital benefit as the palm oil plantation sequesters more carbon 

than the previous land use.  The results also show that converting forest or peatland by burning appears 

less financially costly than mechanical means, but entails a higher natural capital cost (see Figure 0.3). 

FIGURE 0.5: NATURAL AND FINANCIAL CAPITAL COSTS OF LAND CLEARING TECHNIQUES OVER 

LIFETIME OF PLANTATION 

 

Over the lifetime of the plantation, using an optimized mix of organic fertilizer containing pruned palm 

oil fronds, empty fruit bunches (EFBs) and palm oil mill effluent (POME) combined with chemical 

fertilizers has the lowest natural capital cost at $1,640 per tonne palm oil, compared to $3,080 per 

tonne palm oil where chemical fertilizer use is not optimized. The optimization scenario also has the 

                                                           
2 Other ecosystem services rendered by natural ecosystems, and lost through land conversion, as well as other 
impacts of air pollution, are excluded from the scope of this study. 
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lowest financial cost due to the lower quantity of fertilizer. 

Installing methane capture equipment on palm oil mill effluent (POME) treatment processes to 

generate energy is also identified as best practice to reduce natural capital costs. It also results in a 17% 

financial cost saving due to a hypothetical sale of carbon credits. 

The results also show that underpayment and occupational health impacts have a total human capital 

cost of $592 per full-time employee, or $34 per tonne of palm oil and $53 per tonne of palm kernel oil.  

If plantation owners paid a living wage to casual workers, the human capital cost of underpayment 

would be reduced to zero, while plantations remain profitable with margins reducing from 28% to 

24%. The human capital return on investment for this intervention is 11%, which means that the 

decrease in human capital costs is higher than the decrease in the net cash flow of the plantation.  

Wearing personal protective equipment (PPE) reduces instances of pesticide poisoning, cutting the 

human capital cost of occupational health by 6%. The human capital return on investment for this 

intervention is 130%. As these results do not take into account positive effects of improved labor 

conditions on net cash flow or projected financial losses due to reputational and other risks, they should 

not be considered as a complete financial business case analysis for these interventions, but as a means 

to include human capital costs in business decision making. 

FIGURE 0.6: DIRECT EFFECT OF INTERVENTIONS ON HUMAN CAPITAL COSTS AND NET CASH FLOW OF 

A PLANTATION3 

 

                                                           
3 The change in net cash flow of a plantation represents the net financial investment needed to implement 
interventions. It not only includes increased labour costs (due to the payment of living wages) and purchasing 
costs of PPE, but also a change in interests paid on debts, taxes and depreciation. 
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This research makes a series of recommendations for business, financial institutions and policymakers, 

as well as identifying areas for further research. 

 

RECOMMENDATIONS FOR BUSINESS 
¶ Companies in the palm oil production sector should consider the use of natural and human 

capital accounting to assess the risks to their businesses posed by the environmental and social 

impacts of palm oil production. Factors such as tougher regulation and enforcement, changing 

consumer demand and reputational damage risk could force companies to pay the natural and 

human capital costs of palm oil production, threatening future revenues.  

¶ Investors and banks are advised to assess their exposure to the natural and human capital costs 

of the palm oil sector in their equity portfolios and loan books. The internalization of natural 

and human capital costs could affect shareholder value and the ability of companies to repay 

loans. Investors and banks should engage with palm oil companies that have the highest natural 

and human capital costs to assess what they are doing to minimize the risks to their business. 

¶ This research has demonstrated the applicability of natural and human capital accounting to 

decision making by revealing the hidden costs of production in the palm oil sector and 

shortlisting priority cost areas for businesses to focus on. For example, on the natural capital 

side it has identified the growing and milling practices having the highest impact: land use 

change and the associated carbon emissions contributing 89% to the cost of one tonne of palm 

oil; fertilizer application contributes 22% (with 67% from GHGs, 25% from toxic substances to 

freshwater environment, and 8% from toxic substances to human health) and the management 

of palm oil mill effluent emissions (POME) which is the third most costly practice in terms of 

environmental cost, contributing 12% of total costs, due to methane emissions contributing to 

climate change. On the social side it has found that on average underpayment of workers is a 

larger issue in the sector then occupational accidents, with human capital costs of the former 

being twice the size of the latter. The research showed that underpayment is predominantly an 

issue for casual workers and that the human capital cost of occupational accidents is mainly 

driven by fatal accidents and cases of acute pesticide poisoning. 

¶ Furthermore, companies should consider implementing best practices for palm 

production to improve overall performance and reduce natural and human capital costs. Palm 

oil producers could use natural and human capital accounting to assess a range of alternative 

$0

$20

$40

$60

$80

$100

$120

$140

Baseline scenario Paying living wagesIncreasing use of PPERecommended
practice scenario

Net cash flow (US$/tonne refined palm oil)



                         IMPROVING BUSINESS DECISION MAKING:  
                         Valuing the Hidden Costs of Production in the Palm Oil Sector 
 

16 
 

practices to see which would have the greatest benefit for their operations.  

¶ This research has also demonstrated the applicability of natural and human capital accounting 

to decision making by revealing the potential of an array of interventions to manage the above 

costs and their required investments. For example, analysis has revealed that using an 

optimized mix of organic fertilizer containing pruned palm oil fronds, empty fruit bunches and 

palm oil mill effluent combined with chemical fertilizers has the lowest natural capital cost and 

also the lowest financial cost due to the lower quantity of fertilizer needed. On the social side, it 

has revealed that if plantation owners paid a living wage to casual workers, the human capital 

cost of underpayment would be reduced to zero, while plantations remain profitable with 

margins reducing from 28% to 24%. Purchasing more personal protective equipment to reduce 

instances of pesticide poisoning was found to cause a large reduction in human capital costs 

compared to the required financial cost, translating in a human capital return on investment of 

130%. 

RECOMMENDATIONS FOR POLICY 
¶ Policymakers should introduce measures to internalize the natural and human capital costs of 

palm oil production to create incentives for companies to improve performance. Such measures 

could take the form of environmental and social taxes, regulations, or voluntary agreements. 

Natural and human capital accounting could be used to devise these measures. 

¶ Policymakers should bring together companies, investors, campaign groups, academics and 

consultancies to create a framework for natural and human capital valuation and integrated 

accounting. Such a framework is important to ensure consistent measurement of natural and 

human capital. The Natural Capital Coalition, which has created a Protocol and supporting 

sector guidance for natural capital accounting, provides an important model (Natural Capital 

Coalition, 2016). 

¶ Further research should be conducted to: 

o Measure qualitatively and quantitatively the natural and human capital benefits of palm 

oil production 

o  Measure qualitatively and quantitatively the positive and negative natural and human 

capital effects downstream from palm oil production should also be carried out  

o Measure the complete financial, natural and human capital costs and benefits of 

alternative production practices and other interventions. This should also consider how 

the investment costs of implementing these measures could be financed and shared 

along the supply chain 

o Monetize operational, marketing and product risks, as well as legal, regulatory, 

reputational and financial risks associated with natural and human capital costs.  
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READERõS GUIDE 
1. The Introduction will first describe consumption and production trends, followed by an 

introduction of the TEEB eco-agri-food system framework. This is the major framework used in 

this study to assess all negative relations between palm oil production systems on one hand and 

the human (economic & social) system and ecosystems and biodiversity on the other hand 

2. The Scope and Methodology highlights the overarching aims and objectives of this analysis, as 

well as the main activities included within the scope, followed by an introduction to the 

framework for assessment: the high-level approach used in this study to quantify and value the 

impacts and dependencies of palm oil production systems. 

3. The Materiality Assessment section calculates the costs of palm oil and palm kernel oil 

production in the top eleven producing countries. The country with the highest total natural 

capital cost is identified, as well as practices that contribute the most to these costs. These form 

the basis for the subsequent section  

4. The Case Study on Indonesia focuses on five practices and assesses the natural, human and 

financial cost implications of possible interventions. Practices include land conversion, fertilizer 

application, methane capture from palm oil effluent ponds, wages and occupational health and 

safety practices. Each section provides a description of the prevalent practice, possible 

interventions, a quantification and valuation of natural or human and financial implications, and 

an assessment of the main barriers and opportunities for change. 

5. The Recommendations section concludes the report with recommendations for business, 

investors and policy makers and suggested future research. 
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INTRODUCTION  

BACKGROUND, AIMS AND OBJECTIVES OF STUDY 
The Economics of Ecosystems & Biodiversity (TEEB) is a global initiative ŦƻŎǳǎŜŘ ƻƴ ΨƳŀƪƛƴƎ ƴŀǘǳǊŜΩǎ 

ǾŀƭǳŜǎ ǾƛǎƛōƭŜΩ. Its principal objective is to mainstream the values of biodiversity and ecosystem services 

into decision-making at all levels (TEEB, 2015). The TEEB study on Agriculture and Food (TEEBAgriFood) 

aims at capturing the values of ecosystems and biodiversity across different agricultural systems where 

a variety of management practices are used. It takes into account the visible values of ecosystems and 

biodiversity as they are captured in the price tags of food, as well as the invisible costs and benefits of 

food systems, such as the provisioning of clean water and air (a positive value) and the polluting of 

water and air (a negative value).  

At the heart of the study is the question: are we paying the correct price for our food? Answering this 

question involves capturing the complexity of food systems, looking at the positive and negative 

impacts, and analyzing the visible and invisible inter-relations with nature and society. Contrary to 

ΨǇǳǘǘƛƴƎ ŀ ǇǊƛŎŜ ƻƴ ƴŀǘǳǊŜΩΣ ŀǎ ǎƻƳŜ ƘŀǾŜ ŎƻƴŦǳǎŜŘ ǿƛǘƘ ¢99.Σ ǘƘŜ Ǝƻŀƭ ƛǎ ǘƻ ŜȄŀƳƛƴŜ ƳƻǊŜ ŎƭƻǎŜƭȅ ǘƘŜ 

implicit values of the services that nature provides at zero or close to zero market cost. 

As input for the TEEBAgriFood study, TEEB has commissioned a series of exploratory studies that 

attempt to populate the TEEBAgriFood framework: livestock (dairy, poultry and beef production); rice; 

palm oil; inland fisheries; agro-forestry; and maize (TEEB, 2015). This report studies palm oil production 

practices with a goal to improve business decision making with implications for all stages of the value 

chain. It does so by showcasing interactions between palm oil production and ecosystem services, and 

their value to society. Ultimately it demonstrates how natural4 and human5 capital accounting analysis 

can be used by businesses to underpin improved environmental and social sustainability in the sector. 

Natural and social costs from economic production systems can only be assessed where data is available 

and of sufficient quality. In practice many times data quality is low or nonexistent. Owing to this 

limitation, this study should be understood as an example of how this type of analysis can be used. 

Specific ǎǘŜǇǎ ǘŀƪŜƴ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ ǎǘǳŘȅΩǎ ŀƛƳǎ ƛƴŎƭǳŘŜΥ  

¶ A natural capital country level materiality assessment mapping the negative externalities of 

palm oil production systems and their supply chain,  

                                                           
4 The stock of renewable and nonrenewable natural resources (e.g., plants, animals, air, water, soils, minerals) that 
combine to yield a flow of benefits to people, both directly and indirectly (Natural Capital Coalition, 2016). Natural 
capital is frequently valued in terms of impacts on society, such as human health 
5 Human capital refers to people and their ability to be economically productive. Education, training and health 
care can help increase human capital. The social costs in scope of this study ς underpayment and occupational 
health ς should as such be classified under human capital. Land dispossession ς while not in scope ς can be 
classified under social capital, as it has an effect on the relationships and networks amongst people and 
institutions that enables societies to function more effectively  
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¶ A case study on Indonesia6 creating an industry aggregated natural and human7 capital account, 

using secondary data on the current state of palm oil production 

¶ Scenario analysis that assesses the natural, human and financial capital net present value (NPV) 

associated with possible interventions that can be undertaken to optimize palm oil production 

in Indonesia. This analysis follows a practice-based approach, which focuses on selected 

practices and choices that growers have to do at each stage of the palm oil production life cycle, 

and assesses alternatives from a natural, human and financial capital standpoint.  

In this study two types of approaches are combined. A global assessment for the natural capital costs of 

palm oil production highlights the key natural capital aspects and geographical hotspots. A regional 

assessment then analyses specific kinds of palm oil practices in their geographical and socio-economic 

context. While the first approach allows a broad geographical coverage and identifies hotspots but also 

the costs of the sector worldwide, the latter enables the comparison of specific farming systems and the 

incorporation of region-specific nuances.  

The primary audience of this study are agri-businesses and businesses buying palm oil from their 

suppliers. The secondary audience are other decision-makers such as investors and governments of 

palm oil producing and consuming countries that could benefit from using natural and human capital 

accounting techniques in the setting of investment appraisal techniques or regulatory frameworks to 

encourage corporate action. 

THE PALM OIL SECTOR 
²ƛǘƘ ƻǾŜǊ рс Ƴƛƭƭƛƻƴ ǘƻƴƴŜǎ ŎƻƴǎǳƳŜŘ ƛƴ нлмоΣ ǇŀƭƳ ƻƛƭ ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ǇƻǇǳƭŀǊ ǾŜƎŜǘŀōƭŜ ƻƛƭΣ 

followed by soybean, rapeseed and sunflower oil (Sime Darby, 2014). Palm oil consumption is expected 

to continue to grow as demand for vegetable oil is forecast to double over the next 40 years for use in 

food, cosmetics and biofuels (Fairhurst & McLaughlin, 2009). Consumption in Europe alone is up 365% 

since 2006. Indonesia and Malaysia are the largest producers, contributing 49% and 35% of total 

production respectively in 2013 (FaoStat, 2013). 

The popularity of palm oil is mostly due to its relatively low market price and versatility compared to 

other vegetable oils (Sime Darby, 2014). On average, one hectare of oil palms will yield almost 4 metric 

tons of oil, which is almost 10 times the amount produced by a hectare of soy, and seven times the 

production of rapeseed. While accounting for 32% of total global production of oils and fats in 2012 

(including animal sources), oil palms occupied only 5.5% of oilseed crop area (IFC & World Bank, 2011). 

At the same time, it is highly sought after in food production as one of the few naturally saturated 

vegetable oils, making it solid at room temperature and giving it a long shelf life (May-Tobin, et al., 

2012).  

Businesses involved in palm oil sector range from small producers to large vertically-integrated 

multinationals, as well as processors and manufacturers of finished products using palm oil (Forest 

                                                           
6 In 2009, Indonesia was ranked by the World Bank as the third-largest greenhouse gas emitter globally due to high 
levels of deforestation and conversion of carbon-rich peatlands, most of which was undertaken to expand palm oil 
production 
7 The human capital account has a smaller scope than the natural capital account and was only calculated for the 
Indonesia case study analysis 
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Heroes, 2015). Supporting businesses include raw material suppliers, traders and transport companies. 

The palm oil production chain is complex and supplies several industries including food, personal care, 

chemicals and energy.  In the context of production systems, a distinction is often made between 

holding types such as smallholders, state plantations and private plantations.  

In Indonesia and Malaysia for example, smallholders (typically defined as holders with less than 50 ha) 

account for 35-45% of palm oil production while in Latin America and Africa, the majority of producers 

are smallholders (SPOTT, 2015). Smallholding systems are often characterized by lower level of inputs 

and lower yields. In a recent report the IFU investigated the acute challenges faced by smallholder 

farmers ς those controlling 50 ha or less of cultivated land ς as compared to their larger counterparts 

(IFC & World Bank, 2011b). Some the main differences are classified below.  

TABLE 2.8: PALM OIL PRODUCTION BY GROWER TYPE (SUHARTO, 2009) 

  SMALLHOLDERS GOVERNMENT 
PLANTATIONS 

PRIVATE 
PLANTATIONS 

Areas (x1,000 ha)  2,903   697   3,497  

% 41% 10% 49% 

Yield (kg/ha) 2,523 4,165 3,846 

 

¶ Independent smallholders are often less productive; studies have identified elements of 

ƛƴŜŦŦƛŎƛŜƴŎȅ ǘƘŀǘ ƛƴŎƭǳŘŜ ƳŀƛƴǘŀƛƴƛƴƎ ƻƭŘ ƻƛƭ ǇŀƭƳǎ ǘƻƻ ƭƻƴƎΣ ǳǎƛƴƎ ǎƳŀƭƭƘƻƭŘŜǊǎΩ ƻǿƴ όƭƻǿ-

quality) seedlings, applying insufficient amounts of fertilizer, harvesting unripe fresh fruits 

bunches (FFBs), and not having strong data management systems 

¶ Indonesia has seen particular challenges with smallholder land titling, as well as with troubling 

environmental practices such as burning for land clearing. 

¶ Smallholder productivity is on average significantly lower than plantations. As Figure 30 depicts, 

in 2008 smallholders in Indonesia averaged a yield 34% lower than private plantations, and 39% 

below government plantation production (Suharto, 2009). 

Palm oil production generates a range of positive economic, social and environmental benefits to 

different stakeholders. It constitutes a potential source of employment for local communities and 

revenue for smallholders. It has a number of advantages that make it one of the most potentially 

sustainable options for producing vegetable oil. When well-managed, plantations can also store carbon 

and contribute to climate regulation, as well as support a wide range of species and enhance 

biodiversity.  

²ƘƛƭŜ ǘƘŜ ŎǊƻǇΩǎ ǇƻǎƛǘƛǾŜ ŜŎƻƴƻƳƛŎΣ ǎƻŎƛŀƭ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ƛǎ ǎƛƎƴƛŦƛŎŀƴǘΣ ǘƘŜ ŎǳǊǊŜƴt situation 

is often suboptimal and resulting in widespread environmental and social damage. For example, the 

rapid growth in demand has driven investment in large parcels of land in equatorial regions across the 

globe where oil palms thrive. For the most part, the only undeveloped and cheap land in these regions is 

occupied by carbon-rich rainforests. Negative impacts from the deforestation of biodiverse and carbon-

rich primary forests and peatlands include: 
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¶ Greenhouse gas (GHG) emissions: deforestation is the leading cause globally, accounting for 

roughly 15% of global totals, more than the operational impacts of agriculture, manufacturing, 

or transportation;  

¶ Haze events from forest fires forming transboundary clouds of pollutants; and subsequent soil 

degradation and water pollution from the excessive application of chemical fertilizers and 

pesticides to maintain soil fertility post-fires;  

¶ Substantial biodiversity loss; and 

¶ Partial responsibility for social impacts on local communities, such as human rights abuses 

related to land acquisition and plantation development prior to deforestation.   

FOREST FIRES IN INDOENSIA 

Fires related to land clearing in Indonesia are a frequent occurrence. During June and July 2013, large 

fires caused smog, haze, and respiratory problems as far away as Malaysia and Singapore, creating an 

international health concern and serious liability issues for companies associated with the burning 

(Kapoor & Taylor, 2013). Another forest crisis occurred in February 2014, an unusual time of the year as 

the normal burning season is April to October (Alisjahbana, et al., 2014). Most recently in 2015, fires 

raged from April to November, with efforts to extinguish them hampered by seasonal dry conditions 

exacerbated by the El Nino effect. As climate change worsens, these events may become more frequent 

and severe. 

According to analysis forest ŦƛǊŜǎ ŀǊŜ ŎŀǳǎŜŘ ōȅ ǘƘŜ ΨŎƻƭƭŜŎǘƛǾŜ ƴŜƎƭƛƎŜƴŎŜΩ of companies, smallholders 

and government, ǿƘƛŎƘ ƛǎƴΩǘ ƛƴǾŜǎǘƛƴƎ ǎǳŦŦƛŎƛŜƴǘƭȅ ƛƴ ǇǊŜǾŜƴǘŀǘƛǾŜ ƳŜŀǎǳǊŜǎ όDǳŀǊŘƛŀƴΣ нлмрύΦ For 

example, in a 2015 World Resources Institute analysis in September 2015 37% of the fires in Sumatra 

occurred on pulpwood concessions, with a good proportion of the rest on or near land used by palm oil 

producers (WRI, 2015).  

It is also increasingly recognized that palm oil practices bring with them an array of indirect natural and 

human capital costs, which are becoming ever more visible. For example, Indonesia ƎƻǾŜǊƴƳŜƴǘΩǎ 

estimates suggest ǘƘŜ ŦƛƴŀƴŎƛŀƭ ŘŀƳŀƎŜ ŦǊƻƳ нлмрΩǎ ŦƛǊŜǎ could be as high as $47bn (almost the size of 

ǘƘŜ ŎƻƳƳƻŘƛǘȅΩǎ ǘǊŀŘƛƴƎ ǾŀƭǳŜ ǿƻǊƭŘǿƛŘŜύ through disruptions to economic activities and events 

cancellations (Straits Times, 2015). The human cost involves an estimated half a million cases of 

respiratory tract infectƛƻƴǎ ŀƴŘ ŘŜŀǘƘǎ ǎƛƴŎŜ ǘƘŜ ǎǘŀǊǘ ƻŦ нлмрΩǎ ŦƛǊŜǎ όDǳŀǊŘƛŀƴΣ нлмрōύΦ ! ²ƻǊƭŘ .ŀƴƪ 

study on forest fires in 2014 in Riau province estimated that they caused $935m of losses relating to lost 

agricultural productivity and trade (World Bank, 2014). 

Due to the importance of palm oil to the economies of major producing countries like Indonesia and 

Malaysia, the governments of these countries play a significant role in regulating and promoting 

sustainable development within the sector. A variety of other organizations supporting the interests of 

groups of stakeholders are also active in the sector, alongside certification standards, tools provided by 

non-governmental organizations, and initiatives put forward by businesses at different levels of the 

supply chain (IFC & World Bank, 2011).  
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PALM OIL PRODUCERS  

The palm oil sector is characterized by a multitude of holding types and production practices exhibiting 

different structural profiles (such as area, levels of debt, size of the household, type of labor, quantity of 

inputs used), leading to differences in social, economic and environmental costs and benefits. For 

example, a distinction is often made between smallholders, state plantations and private plantations; 

with smallholding systems often characterized by lower level of inputs and lower yields. In addition, 

there may be differences between smallholders themselves in terms of holding sizes, structure, and 

strategy. 

For example, recent research comparing and contrasting the typical practices associated with 

independent plots (not linked by contract to any company or mills) and plasma plots (acquired through 

development schemes and supported by a partner company in managing, financing and operating the 

farm) to oil palm estate companies and RSPO certified companies shows that practices, in terms of land 

use, nutrient management, pest management and other inputs use vary widely from one farm to 

another (Boer et al., 2012).  Net margins also vary between $1,200 and $3,400 per ha per year.  

In response to global eƴǾƛǊƻƴƳŜƴǘŀƭ ŎŀƳǇŀƛƎƴǎΣ ǘƘŜ ǇŀƭƳ ƻƛƭ ƛƴŘǳǎǘǊȅΩǎ largest growers like Wilmar 

International, Golden Agri-Resources, Cargill, Musim Mas have been engaging in policies against 

deforestation, destruction of carbon-rich peatlands, and abuse of human rights. For example, the Palm 

Oil Manifesto was supported by the largest five palm oil growers in the world aiming ǘƻ ŜƴƘŀƴŎŜ w{thΩǎ 

work (HCSS, 2014). Sime Darby is a founding member of RSPO and is part of a group of organizations 

developing The Sustainable Palm Oil Manifesto (Sime Darby, 2013; 2013a). Wilmar worked with the 

Forest Trust and committed in 2013 to zero deforestation, no peatland development, no exploitation of 

people and local communities, no burning and no development on high conservation value areas. 

Wilmar also participates in a government-initiated smallholder schemes in Indonesia and Malaysia in 

which they help family-run plantations develop and lessen their environment impacts (Wilmar, 2013; 

Rhett, 2013). Other producers such as SIPEF, Golden Agri Resources, New Britain Palm Oil and Astra 

Agro Lestari have also put initiatives in place from development on degraded land to integrated pest-

management practices (Sipef, Undated; Rhett, 2011; New Britain Palm Oil Limited, 2013; Astra Agro 

Lestari, Undated).  

However effort is still ongoing. For example in 2015 a public campaign was launched by Forest Heroes 

against luxury hotel chain Mandarin Oriental owing to its links to palm oil company Astra Agro Lestari, 

which has been accused of deforestation (more than 14,000 hectares of deforestation between 2006 

and 2014) and habitat destruction (27,000 ha of carbon-rich peat since 2009) (Forest Heroes, 2015).  

TƘŜ ǊŜƭŜŀǎŜ ƻŦ ǘƘŜ tŀƭƳ hƛƭ aŀƴƛŦŜǎǘƻΩǎ ŘǊŀŦǘ I/{ {ŎƛŜƴŎŜ {ǘǳŘȅ ƛƴ hŎǘƻōŜǊ нлмр ǿŀǎ also met with 

nearly universal criticism by stakeholders, they would lead to more conversion of forests and peatland 

for palm oil. For example, it is said that because the study does not take into account the High Carbon 

Approach, first developed in 2010 with broad support from business, NGOs and technical experts, a 

Ŏƭŀǎǎ ƻŦ ŦƻǊŜǎǘǎ ƪƴƻǿƴ ŀǎ άȅƻǳƴƎ ǊŜƎŜƴŜǊŀǘƛƴƎ ŦƻǊŜǎǘέ ǇǊƻǘŜŎǘŜŘ ǳƴŘŜǊ ǘƘŜ I/{ !ǇǇǊƻŀŎƘΣ ǿƻǳƭŘ ōŜ 

available for clearing under the threshold proposed by the SPOM study (Mongabay, 2015). 

PALM OIL STANDARDS AND GOVERNMENT INTERVENTIONS 

The Roundtable on Sustainable Palm Oil (RSPO) was established in 2004 with the objective of promoting 

the growth and use of sustainable oil palm products through credible global standards and engagement 
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of stakeholders. Voluntary at present, it has put in place several certification schemes to certify 

ǎǳǎǘŀƛƴŀōƭŜ ǇŀƭƳ ƻƛƭ ŀƴŘ ƛǎ ŎǳǊǊŜƴǘƭȅ ŜǎǘƛƳŀǘŜŘ ǘƘŀǘ му҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǇŀƭƳ ƻƛƭ ƛǎ ŎŜǊǘƛŦƛŜŘ ōȅ ǘƘŜ w{thΦ 

Companies must meet a set of criteria in order to gain certification including commitment to 

transparency, compliance with applicable laws and regulations and use of appropriate best practices by 

growers and millers, among others (Savi, 2014; GreenPalm Sustainability, 2014). 

w{thΩǎ ŎŜǊǘƛŦƛŎŀǘƛƻƴ ŦǊŀƳŜǿƻǊks for growers and millers have been criticized for lack of legal force over 

its members whilst some growers have developed the principles and criteria further, through initiatives 

such as the Sustainable Palm Oil Manifesto. It was formed in 2014 by a number of key stakeholders in 

the industry who declared commitment to enhance the RSPO criteria with additional requirements to 

establish a traceable and transparent supply chain, accelerate the journey to no deforestation through 

the conservation of high-carbon stock forests, the protection of peat areas, and ensuring a positive 

social impact on people and communities (Rhett, 2014; Musim Mas, Undated). 

Governments have also been stepping up their efforts. Both Indonesia and Malaysia have recently 

launched their own national sustainable palm oil standards, ISPO and MSPO respectively. The 

Indonesian Sustainable Palm Oil (ISPO) standard is a mandatory certification scheme that aims at 

certification of all Indonesian growers, including smallholders. The 2015-implemented third in the world 

Malaysian Sustainable Palm Oil (MSPO) is a voluntary certification standard, which has garnered strong 

support from both domestic palm oil industry players and exporters alike (Jakarta Post, 2015).  

LƴŘƻƴŜǎƛŀΩǎ ŦƛƴŀƴŎƛŀƭ ǊŜƎǳƭŀǘƻǊ ŀƴƴƻǳƴŎŜŘ ƛƴ нлмр ǘƘŀǘ ƛǘ ǿƛƭƭ ƛƴǘǊƻŘǳŎŜ ǊǳƭŜǎ ǘƻ ǊŜǎǘǊƛŎǘ ōŀƴƪǎΩ ƭŜƴŘƛƴƎ ǘƻ 

environmentally-damaging projects by 2018. The Financial Services Authority, is aiming to draft 

regulations by 2016 to target agriculture, energy, fishery and microfinance companies. While not 

specifically directed at the forest fires, it is expected that policing the environmental impact of projects 

and activities of companies that borrow funds from its banks will help Indonesia curb the burning that in 

2015 covered an area four times the size of Bali Island. The eight largest Indonesian banks including PT 

Bank Central Asia and PT Bank Mandiri are also expected to work with the World Wildlife Fund in 

integrating sustainable financing criteria for the palm oil industry in a pilot project from January 2016 

(Bloomberg Brief, 2015).  

PALM OIL USERS 

Traceability is one of the main issues facing users of palm oil. In response to global environmental 

ŎŀƳǇŀƛƎƴǎΣ ƳŀƧƻǊ ōǊŀƴŘǎ ƭƛƪŜ ¦ƴƛƭŜǾŜǊΣ YŜƭƭƻƎƎΣ 5ǳƴƪƛƴΩ 5ƻƴǳǘǎΣ aŀǊǎΣ IŜǊǎƘŜȅΣ ŀƴŘ WƻƘƴǎƻƴ & Johnson 

have announced policies that commit them not to buy from companies engaged in deforestation, 

destruction of carbon-rich peatlands, or abuse of human rights.  

For example, following a Greenpeace campaign against Nestlé on the significant natural capital costs of 

palm oil on deforestation, the company recognized that it needed to address the palm oil sourcing issue 

and turn the reputational risk into an opportunity (FT, 2012). It suspended sourcing from Sinar Mas, and 

the company held meetings with Greenpeace in which it provided details of its palm oil supply chain. 

With a focus on the longer term, Nestlé sought a credible external partner to certify the sustainability of 

its palm oil suppliers, choosing the Forest Trust to establish responsible sourcing guidelines, including 

legal compliance, respect of local and indigenous communities, respect of high conservation value 

areas, peatland and high-carbon stock forests protection, and compliance with RSPO Principles and 

Criteria (Nestle, 2012). Others such as Unilever pledged to source 100% of their oil from certified 
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sources by 2015 and achieved their targets through the purchasing of Green Palm certifications, an 

offsetting scheme (GreenPalm Sustainability, Undated).  

Nevertheless achievement is still in progress. In May 2015, the Rainforest Action Network published a 

survey of major companies using palm oil and their progress in sorting out their supply chains, listing a 

ƴǳƳōŜǊ ƻŦ ŎƻƳǇŀƴƛŜǎ ŀƳƻƴƎ ǘƘŜ ΨƭŀƎƎŀǊŘǎΩΥ YǊŀŦǘΣ Heinz (these two companies have now merged to 

form a single conglomerate), PepsiCo and Unilever (Rainforest Action Network, 2015). Unilever, for 

example was criticized for its reliance on GreenPalm certificates as a shortfall in its approach, as this 

offset model does not directly improve the practices of the companies from which it sources palm oil.  

NON-GOVERNMENTAL ORGANISATIONS AND TOOLS 

Many non-governmental organizations are active in the space and provide useful analysis and 

sustainable management tools. The World Resource Institute (WRI) developed a publicly-available 

Suitability Mapper tool that allows users to identify indicatively suitable sites in Indonesia for palm oil 

production based on a comprehensive set of criteria and aiming to help companies and governments 

implement better land use planning processes (World Resource Institute, 2013). WRI also provides a 

tool that enables users to assess forest cover change and risks related to sustainable palm oil 

production (World Resource Institute, 2013a). SPOTT (Sustainable Palm Oil Transparency Toolkit) is a 

tool developed by the London Zoological Society (ZSL) to assess oil palm growers on the information 

that they make publicly available about the sustainability of their operations (London Zoological Society, 

2014).  

INTRODUCING THE TEEB SCHEMATIC 
TEEBAgriFood aims to assess the positive and negative socio-economic and environmental effects of 

agricultural production systems (TEEBAgriFood, 2016). Figure 1.1 summarizes the economic 

interdependencies between human (economic and social) systems, agriculture and food systems, and 

biodiversity and ecosystems. In doing so, it will address the economic invisibility of many of these links 

while exploring how biodiversity and key ecosystem services deliver benefits to the agriculture sector 

and also beyond, itself being a key contributor to human health, livelihoods and well-being. 

The same schematic is adapted to assess palm oil production, illustrated in Figure 1.2. Palm oil 

production depends on inputs from other sectors such as fertilizers, fuel and machinery, as well as 

relying on support from services provided by ecosystems such as the nutrient cycle and water 

purification. Palm oil production has many benefits including providing employment and raising living 

standards, but also many social and environmental impacts such as health problems caused by pollution 

and land conversion.  

These costs and benefits are not meant to be exhaustive. Key to the figure is that some of these costs 

and benefits are economically invisible ς they are often not reflected in actual costs such as market 

prices. In section 2 (Scope and Methodology) it is explained how this schematic is used to assess the 

natural and human capital costs of palm oil production systems. 

Not used in this assessment but equally important, TEEBAgriFood also offers an important resource in 

the face of its Valuation Framework, which enbles the user to hold to a common form of assessment all 

significant costs and benefits (whether they be economic, social or related to risks and uncertainty), 
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each type of food system, production alternative, or consumer choice across the entire value chain. 

(TEEBAgriFood, 2016). The Valuation Framework is presented in Figure 1.3.  

FIGURE 1.1: TEEBAGRIFOOD SCHEMATIC FOR ON-FARM PRODUCTION SHOWING THE COSTS AND 

BENEFITS OF THE ECO-AGRI-FOOD SYSTEM NEXUS  

 

FIGURE 1.2: TEEBAGRIFOOD SCHEMATIC FOR ON-FARM PRODUCTION (ADAPTED FROM THE 

ECONOMICS OF ECOSYSTEMS & BIODIVERSITY, 2014)8 

 

                                                           
8 This figure provides a non-exhaustive list of potential impacts and dependencies of palm oil production. This 
study focusses only on a subset of these. 5ŜǘŀƛƭŜŘ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘƛǎ ǎǘǳŘȅΩǎ ǎŎƻǇŜ ƛǎ ǇǊƻǾƛŘŜŘ ƛƴ /ƘŀǇǘŜǊ н 
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FIGURE 1.3: TEEBAGRIFOOD VALUATION FRAMEWORK 

 

HUMAN SYSTEMS 

Science and technology provide a number of inputs to agricultural and food systems. Some of these 

inputs have been developed and applied over many centuries (such as machinery) whereas others are 

more recent developments (chemical fertilizers). The cumulative effect of these inputs in recent 

decades has been the rapid expansion in food availability.  

Labor is a factor of production but might also include more broadly human capital, when referring to 

people and their ability to be economically productive. An example of how human capital can increase is 

through the continuous growth of human knowledge on agro-ecological processes such as composting. 

But human capital can also be negatively affectedΣ ŦƻǊ ŜȄŀƳǇƭŜ ǿƘŜƴ ǿƻǊƪŜǊǎΩ ǊƛƎƘǘǎ ŀǊŜ ōŜƛƴƎ ǾƛƻƭŀǘŜŘΦ  

Costs and benefits to the human system can also affect social capital, which refers to the value inherent 

in relationships and networks amongst people and institutions that enables society to function more 

effectively. A social capital benefit can be an increased social cohesion in communities, a social capital 

cost can be land dispossession and associated land conflicts. 

BIODIVERSITY & ECOSYSTEMS 

Ecosystems and biodiversity, or natural capital, also provide inputs to agriculture and food systems. The 

agricultural sector is, and always has been, nested within ecosystems, where crop and livestock systems 

form the basis of an entire downstream economy. Oil palm cultivation depends on soil fertility, stable 

climate and precipitation levels. When natural ecosystems are cleared, the loss of services may affect an 

area larger than the cleared area. For example, primary forests and peatland contribute to water 

provisioning and regulation. According to the water footprint network, growing one tonne of oil palm 

fruit necessitates 1,057 cubic meters of rainwater (Mekonnen & Hoekstra, 2011).  If local precipitation 

levels are affected, this water need will have to be met by irrigation, increasing the operating costs of 

the plantation and causing additional impacts on water sources. 

Broader society also ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ƎƻƻŘǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ 9ŀǊǘƘΩǎ ƴŀǘǳǊŀƭ ǎȅǎǘŜƳǎΣ 

directly through the provision of material and non-material goods to people, such as food, timber and 

medicines, and indirectly through the functioning of ecosystem processes. These includes the formation 
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of soils and maintenance of soil fertility that sustains crop and livestock production which in-turn 

depends on the ecosystem process of the decomposition of, and nutrient cycling by soil micro-

organisms.  

However, strong focus on productivity increases are shown to increasingly lead to perverse incentives 

promoting innovations that reduce the resilience of ecosystems and biodiversity (TEEB, 2015). The value 

of these services often remains invisible until it is no longer provided: an example is the need for agro-

chemicals to substitute for natural forms of pest control, or provide a buffering service against storms 

normally rendered by mangroves. 

AGRICULTURE & FOOD SYSTEMS 

There are costs and benefits flowing from agriculture and food systems. Some of these are visible and 

generally marketed, such as food. In other cases there are benefits that are partially visible, or invisible. 

These might include aesthetic appreciation of a managed agricultural landscape, which can be seen 

through annual visits from tourism. There are also costs; some affect human welfare directly, such as 

health impacts arising from agro-chemicals or occupational accidents. Others affect humans indirectly, 

for instance nutrient run-off from farm land might affect the quality of bathing water, which in turn 

impacts on the leisure and recreation activities (TEEB, 2015). Indeed agriculture and seafood, sitting at 

ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ǎŜŎǘƻǊΩǎ ǎǳǇǇƭȅ ŎƘŀƛƴΣ ŀǊŜ ŀƳƻƴƎ ǘƘŜ ǎŜƎƳŜƴǘǎ ƻŦ ōǳǎƛƴŜǎǎ ŀŎǘƛǾƛǘȅ ǘƘŀǘ ǇƻǎŜ ǘƘŜ ƎǊŜŀǘŜǎǘ 

threat to critical ecosystems through impacts such as soil erosion, air, land and water pollution, 

deforestation of habitats and species reduction (WWF, 2012). 

The magnitude and even whether the practice leads to a cost or a benefit may also vary. For example, 

an analysis comparing palm oil monoculture and agroforestry in Brazil found that agroforestry 

generated three times as much ecosystem services than monoculture, all while having less negative 

environmental impacts (Figure 1.4) (TEEB for Business Brazil, 2014).  

FIGURE 1.4: COMPARISON OF THE ENVIRONMENTAL VALUE OF PALM OIL MONOCULTURE, PALM OIL 

AGROFORESTRY OVER 25 YEARS 

 

http://www.trucost.com/published-research/127/TEEB-Brazil-natural-capital-report
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BUSINESS RELEVANCE 
Businesses benefit from and impose a cost on natural and human capital through their use of inputs and 

production activities. These can represent real costs on society, either directly or indirectly, such as 

health costs due to air pollution or decreased recreational value due to land conversion. These costs can 

get internalized into ŎƻƳǇŀƴƛŜǎΩ bottom lines through various internalization channels.  

For example, agricultural commodities depend on soil fertility and the nutrient cycle. If this service is 

not provided by ecosystems any more, companies will either have to pay for a substitute (increased 

fertilizer application) or incur losses through decreased yield. Similarly, impacts on the health of workers 

may lead to increased costs for companies due to increased sick days or decreased efficiency. An 

increasing number of countries are also imposing GHG taxes or emission trading permits. While the 

price of these market instruments often does not reflect the full cost to society of emitting GHGs, they 

may be seen as a first step in the internalization of GHG costs.  

This rate of internalization is growing at a faster pace than ever before, due to lower transaction costs9, 

consumer demand for sustainable products and more effective regulation (de Groot Ruiz, et al., 2014). 

For example, the mining industry has increased spending on water by 250% from $3,4bn in 2009 to 

$12bn in 2013 and the average annual increase in minimum wages in China in 2011-2015 is 13% (de 

Groot Ruiz, et al., 2014).  As a consequence, factors that previously were not priced, such as water or 

ǳƴŘŜǊǇŀȅƳŜƴǘΣ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ǇǊƛŎŜŘ ŀƴŘ ƛƳǇŀŎǘƛƴƎ ŎƻƳǇŀƴƛŜǎΩ ōƻǘǘƻƳ ƭƛƴŜǎΦ 

THE BENEFITS OF MONETIZATION 

As the rate of internalization is increasing, natural and human capital costs are increasingly becoming 

profit drivers. However, conventional steps to measure and value economic performance such as Gross 

Domestic Product (GDP), investment performance, or traditional profit-and-loss statements and balance 

sheets do not reflect the full scale of environmental and social impacts caused by business. This leads to 

a lack of recognition of the true costs of business and suboptimal decision-making, as many decisions 

that involve environmental and social impacts today are based on heuristics and thus are prone to 

decision bias. 

To bridge this gap and in order to understand the potential magnitude of risks to business profitability 

from the external cost of business activity, companies can monetize their natural and human capital 

costs. This translates physical measures in terms of metric tons of air pollutants emitted, or cubic 

meters of water used, into the dominant language of business and economics: a monetary value 

expressing the damage caused to environment and society. In other words it is a representation of the 

potential value that companies would have to internalize if they were to become accountable for their 

impacts.  

This common monetary language is important as it allows business and decision makers in general to 

compare different types of impacts not normally comparable (such as across air pollutants) and weigh 

them off against other profit drivers. It also enables the identification of hotspots and facilitates 

comparison between companies. As an integration tool, it can be used to measure and report overall 

                                                           
9 Transaction costs are the costs of providing for some good or service through the market rather than having it 
provided from within the firm. Examples are search and information costs, bargaining and decision costs, and 
policing and enforcement costs. 
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ƛƳǇŀŎǘǎ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ Ŏƻǎǘǎ ǊŜƭŜǾŀƴǘ ŦƻǊ ŀ ǊŀƴƎŜ ƻŦ ǎǘŀƪŜƘƻƭŘŜǊǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŀ ōǳǎƛƴŜǎǎΩ ǾŀƭǳŜ 

creation. Another advantage is that companies are in a better position to steer lobbying strategies for 

sustainable policies targeted at internalizing externalities. 

USING MONETIZATION IN PRACTICE 

Monetization of external cost is gaining ground through initiatives such as TEEB and the Natural Capital 

Coalition. Monetization is a layer on the TEEB framework that helps business understand the costs and 

benefits in monetary terms: valuation framework (i.e. what to value and why), valuation approach (i.e. 

how to structure and conduct valuation applications) and valuation methodologies (i.e. the actual 

valuation models and techniques used to derive economic value and other forms of value) are the 

cornerstones of economic valuation in general, as they will be for TEEBAgriFood (TEEB, 2015). 

The approach to valuation will always be context-specific and will depend on the application being 

considered (TEEB, 2015). For example, recent applications of valuation have emerged in the context of 

policy, business and national accounting. The approach in each context and application will be different, 

but for the sake of completeness and comparability, it is important that the elements of value 

considered and evaluated in each approach are the same, defined and described in a consistent 

manner. Failing that, it would not be possible to draw policy or business conclusions from comparisons 

across different scenarios or strategies, as each evaluation would be using its own lexicon, making its 

own choices of what should be valued and why (TEEB, 2015). 

A major collaboration within the private sector aiming to do just that is developed by the Natural Capital 

Coalition with support from the International Finance Corporation, the International Union for 

Conservation of Nature and The World Bank: the Natural Capital Protocol (Natural Capital Coalition, 

2016). The objective has been to create a harmonized accounting framework, providing businesses with 

standardized tools and metrics to identify their impact and reliance on natural capital (Natural Capital 

Coalition, 2016). 

Apart from the need for (globally) accepted standards, another challenge for monetization concerns the 

tension between the goal to quantify and the reality of qualitative observations (de Groot Ruiz, et al., 

2014). Some parties suggest a possible lack of credibility to express social and environmental impacts in 

financial values. Others argue that some of the impacts with an ethical dimension ς such as child labour 

or worker safety ς cannot be given a monetary value (Accounting for Sustainability, 2012). Naturally, 

monetization should acknowledge possible limitations with respect to specific impacts and should not 

be treated as a one-off guidance for making decisions. 

INTERNALISATION DRIVERS 

A large proportion of natural and human capital costs are not yet fully internalized but companies may 

increasingly need to absorb these costs as regulatory, reputational and financing risk drivers become 

realized. The next section explores the relevance of these for the palm oil sector.  

OPERATIONAL RISK DRIVERS 

Operational risk materializes through iƴŎǊŜŀǎŜŘ ƻǇŜǊŀǘƛƻƴŀƭ Ŏƻǎǘǎ ǘƻ ΨǊŜǇƭŀŎŜΩ ǎŜǊǾƛŎŜǎ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ 

society and ecosystems which have disappeared. For example, planting on peat lands is a high cost and 

low yielding practice that will impact margins as soil erosion, water contamination and failure to 

maintain site fertility reduce future yields and returns (WWF, 2012b). Failure to maintain biodiversity 
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will eliminate natural pest control animals and increase costs and pollution risks from use of pesticides, 

while the loss of natural habitat in and around plantations can lead to localized climate difference, in 

particular a drier microclimate, which further reduce palm oil yields. 

On the other hand, it has been said that business benefits gained from practice optimization, such as 

the one delivered by RSPO certification (e.g. reduced social conflicts, operational improvements, 

reduced labor turnover, improved market access and access to capital) outweighs the incremental costs 

of implementation. In a study assessing the benefits of implementing RSPO principles and criteria on 

their plantations reported the key benefits in the realm of company operations one company stated 

that they have saved $250,000 annually across their estates due to reduced pesticide application, whilst 

another reported an annual savings of $73,859 in herbicide usage on a single estate (WWF, 2012c). A 

large producer also reported a 42% reduction in accident rates as a result of improved safety 

procedures and equipment. Several companies reported reductions in rates of worker turnover. Only 

one firm was able to quantify the change, reporting a 6% turnover reduction, a key benefit for a mid-

sized estate operating in a remote, labor short region. 

MARKETING AND REPUTATIONAL RISK DRIVERS 

Market risks exist due to changing consumer preferences which can influence sales and market share 

presenting risks for laggards. These range from loss of market as demand for sustainable palm oil grows; 

fewer trading partners, reduced international opportunities. 

Reputational risks as unsuǎǘŀƛƴŀōƭŜ ǇǊŀŎǘƛŎŜǎ Ŏŀƴ ƴŜƎŀǘƛǾŜƭȅ ƛƳǇŀŎǘ ŀ ŎƻƳǇŀƴȅΩǎ ǊŜǇǳǘŀǘƛƻƴ ŀƴŘ ƘŜƴŎŜ 

its market share. Downstream, consumer-facing companies using palm oil are also exposed to risk due 

ǘƻ ŎƻƴǎǳƳŜǊ ƻǊ ƛƴǾŜǎǘƻǊǎΩ ŎƻƴŎŜǊƴǎ ŀōƻǳǘ ƛƳǇŀŎǘǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ нлмл DǊŜŜƴǇŜŀŎŜ criticized Sinar 

Mas, a major palm oil producer, for deforestation and peatland clearance in Indonesia, extending its 

ŎǊƛǘƛŎƛǎƳ ǘƻ ǘƘŜ ǇǊƻŘǳŎŜǊΩǎ ŎƭƛŜƴǘǎ ŀƴŘ ƛƴǾŜǎǘƻǊǎΦ ¢ƘŜ ŎƻƳōƛƴŜŘ ŜŦŦŜŎǘ ƻŦ ǘƘƛǎ ǘŀǊƎŜǘŜŘ ŎŀƳǇŀƛƎƴ ƭŜŘ ǘƻ 

damage in reputation and loss of business for Sinar Mas, eventually reflecting its share price (Guardian, 

2010)Φ DǊŜŜƴǇŜŀŎŜΩǎ ǎƻŎƛŀƭ ƳŜŘƛŀ ŎŀƳǇŀƛƎƴ ŀƎŀƛƴǎǘ bŜǎǘƭŞ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ŎƻƳǇŀƴȅ ǊŜǾŜǊǎƛƴƎ ƛǘǎ ƛƴƛǘƛŀƭ 

ǊŜŀŎǘƛƻƴ ǿŀǎ ǘƻ ŦƻǊŎŜ ǘƘŜ ǾƛŘŜƻΩǎ ǿƛǘƘŘǊŀǿŀƭ ƛƴ ŦŀǾƻǊ ƻŦ ǎǳǎǇŜƴŘŜŘ ŎƻƴǘǊŀŎǘǎΣ ŀƴd increased 

transparency.  

More recently in 2015, luxury hotel chain Mandarin Oriental was targeted by Forest Heroes for having 

the same parent company as palm oil producer Astra Agro Lestari, resulting in a strong forest 

conservation and human rights policy and an immediate moratorium on forest clearance in the wake of 

ǘƘŜ ά{ƘŜΩǎ bƻǘ ŀ Cŀƴέ ŎŀƳǇŀƛƎƴ (Innovation Forum, 2015). Reputational risk from association with 

companies acting illegally on palm oil has already also hit European banks and has the potential to affect 

ŎƻƳǇŀƴƛŜǎ ǘƘŀǘ ŘƻƴΩǘ ŘƛǊŜŎǘƭȅ ǿƻǊƪ ƛƴ LƴŘƻƴŜǎƛŀ όaŎYƻȅΣ нлмпύΦ 

LEGAL AND REGULATORY RISK DRIVERS 

Regulation and legal action can restrict access to resources, increase costs of access and influence 

expansion options. For example, in the palm oil sector compliance risks due to violation of existing 

regulations or increased stringency of regulation in future can lead to fines and/or suspension of 

Ǉƭŀƴǘŀǘƛƻƴ ƳŀƴŀƎŜǊΩǎκƻǿƴŜǊΩǎ ŎƻƴŎŜǎǎƛƻƴΣ ƻǇŜǊŀǘƛƴƎ ƭƛŎŜƴǎŜǎ ƻǊ ƭŀƴŘ ƭŜŀǎŜΦ Companies that use palm oil 

are heavily reliant on a few political economies with rapidly evolving regulations, where any change in 

Indonesian political attitudes towards land allocation, climate change policy or trade tariffs could have a 

significant bearing on the production and trade of palm oil with implications for the whole supply chain.  
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Wilmar International, a company that is estimated to control 45% of all palm oil trade, reported that an 

Indonesian regulation passed in 2013, limiting ownership of land for new plantations, threatened its 

ability to meet its growth targets. In a landmark case, palm oil producer PT Kallista Alam was fined 

around $30 million by the Indonesian Ministry of Environment for illegally burning protected forest, the 

first major ruling of its kind. Attention on illegal trade in palm oil is also increasing, for example in 

ǊŜƭŀǘƛƻƴ ǘƻ ǘƘŜ ǘƘŜŦǘ ƻŦ ƻƛƭ ǇŀƭƳ ŦǊǳƛǘ ōǳƴŎƘŜǎ ŦǊƻƳ ǇƭŀƴǘŀǘƛƻƴǎΦ 5ŜǎǇƛǘŜ ǘƘƛǎΣ /5tΩǎ ŦƻǊŜǎǘǎ Řŀǘŀ ŦǊƻƳ 

2013 reveals that few companies (less than 15% of companies that responded to questions on palm oil), 

especially those further up the supply chain, recognize any material regulatory risk from palm oil to 

their business (McKoy, 2014). 

FINANCING RISK DRIVERS 

Investors are increasingly committed to using environmental data alongside other metrics to inform 

decision making and drive value. The main risk stemming from this trend for companies is related to 

increased financing costs and reduced financing options due to a lack of transparency and 

environmental metrics. For example, companies risk being cut off from bank financing if they fail to 

ƳŜŜǘ ƴŜǿ ǾƻƭǳƴǘŀǊȅ ōŀƴƪ ƎǳƛŘŜƭƛƴŜǎ ƻƴ ŘŜŦƻǊŜǎǘŀǘƛƻƴΣ ǎǳŎƘ ŀǎ ǘƘŜ Ψ{ƻŦǘ /ƻƳƳƻŘƛǘƛŜǎ /ƻƳǇŀŎǘΩ ŀŘƻǇǘŜŘ 

by 10 leading financial institutions, including Barclays, BNP Paribas and Santander (CDP, 2015). These 

guidelines require that clients whose operations include significant palm oil, timber, or soy production 

or processing, in areas of high tropical deforestation risk, must show these operations are consistent 

with zero net deforestation. 

Transparency ƛƴ ǘƘŜ ŦƛƴŀƴŎŜ ǎŜŎǘƻǊ ƛǎ ōŜŎƻƳƛƴƎ ƛƴŎǊŜŀǎƛƴƎƭȅ ƛƳǇƻǊǘŀƴǘΦ Lƴ ƛǘǎ ά¦Ǉ ƛƴ {ƳƻƪŜΥ CŀƛƭǳǊŜǎ ƛƴ 

²ƛƭƳŀǊΩǎ ǇǊƻƳƛǎŜ ǘƻ ŎƭŜŀƴ ǳǇ ǘƘŜ ǇŀƭƳ ƻƛƭ ōǳǎƛƴŜǎǎέ ǊŜǇƻǊǘ ŦƻƭƭƻǿƛƴƎ LƴŘƻƴŜǎƛŀΩǎ нлмр ŦƛǊŜ ŎǊƛǎƛǎΣ CǊƛŜƴŘǎ 

of the Earth examines the role played by two palm oil companies, Bumitama Agri and Wilmar 

International, in creating conditions that allowed the fires to burn out of control across thousands of 

hectares of ecologically sensitive land in Central Kalimantan. Using satellite maps, field investigations, 

and financiaƭ ƳŀǊƪŜǘǎ ǊŜǎŜŀǊŎƘΣ ǘƘŜ ǊŜǇƻǊǘ ŀƭǎƻ ŘŜǘŀƛƭǎ ŦŀƛƭǳǊŜǎ ƛƴ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ LƴŘƻƴŜǎƛŀΩǎ 

national moratorium on peatland development, and argues that major U.S. and European investors are 

complicit in creating the conditions that led to the fires (FoE, 2015). 
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SCOPE AND METHODOLOGY  

SCOPE 

GEOGRAPHICAL SCOPE 

The materiality assessment focuses on the natural capital costs of the top eleven palm oil and palm 

kernel oil producing countries, namely Indonesia, Malaysia, Thailand, Nigeria, Colombia, Papua New 

Guinea, Guatemala, IƻƴŘǳǊŀǎΣ /ƻǘŜ ŘΩLǾƻƛǊŜΣ .ǊŀȊƛƭ ŀƴŘ /ƘƛƴŀΦ Together they account for 96% of total 

production, with Indonesia and Malaysia contributing 49% and 35% respectively. While it is recognized 

that costs may vary quite significantly from one location to another within a single country, the 

assessment was conducted at a national level. 

The case study focuses on the natural and human capital costs of different practices and their possible 

optimizations in Indonesia. 

FIGURE 2.1: GEOGRAPHICAL SCOPE 

 

VALUE CHAIN SCOPE 

PALM OIL PRODUCTION PROCESS 

Oil palm produces two distinct types of oils: crude palm oil from the mesocarp and crude palm kernel oil 

from the kernel (seed) of the fruit. Upon harvesting, oil palm fruits, which are produced in fresh fruit 

bunches (FFBs) are transported to a palm oil mill where the fruits are sterilized, stripped from the 

bunches and crushed to extract the crude palm oil (CPO). Oil palm fruits need to be processed within 24 

hours to avoid denaturing; for this reason, mills are often small facilities which serve around 5,000 ha.  

The seeds, or kernels, are crushed in order to produce palm kernel oil, and palm kernel meals as a by-

product. However, due to the different composition of fatty acids between the two, they are used very 

differently. While palm oil has a balanced composition of both saturated and unsaturated fatty acids 
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that is coupled with high vitamin E content, the oil is naturally very stable and suitable for cooking. Palm 

kernel oil is considered lower quality because it contains almost double the amount of saturated fats 

and lower levels of carotenoids than palm (fruit) oil thus distinctly promoting high cholesterol when 

eaten. It is therefore useful for making soaps, cosmetics and detergents (Palm Oil Health, 2015). The by-

product is palm oil mill effluent, which can be treated and applied on fields as organic fertilizers. Palm 

oil is then refined into various palm oil products.  

The materiality assessment studies the visible and invisible natural capital costs linked to the growing, 

milling and refining stages of palm oil production. It does not include the transportation, food 

processing and consumption stages. Palm oil and palm kernel oil were included within the scope of the 

analysis; other by-products such as fatty acid distillate or palm kernel expeller were excluded. 

FIGURE 2.2: LIFE CYCLE STAGE AND PRACTICE SCOPE FOR THE MATERIALITY ANALYSIS 

 

The Indonesia case study looks at the visible and invisible natural and human capital costs associated 

with five specific growing and milling practices.   
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FIGURE 2.3: LIFE CYCLE STAGE AND PRACTICE SCOPE FOR THE INDONESIA CASE STUDY 

 

SCOPE OF NATURAL AND HUMAN CAPITAL COSTS  

This study focuses on the significant but less studied visible and invisible costs associated with palm oil 

production. The scoping of costs to be included was conducted through a combination of consultation 

with TEEB and desk-based research. The review presented in table 2.1 looks at selected costs and is not 

intended to be exhaustive. 

It is important to note that palm oil production also delivers a range of benefits, some of which are 

clearly visible such as employment, palm oil itself, as well as waste, which can sometimes be used as a 

source of energy in mills, or methane captured from palm oil mill effluent ponds. It also delivers less 

visible benefits such as ecosystem services including for example carbon sequestration.  

For example, the industry employs an estimated six million people worldwide and generates up to 30 

times more employment per hectare than other large scale farming operations due to low levels of 

mechanization. It has played a central role in generating export earnings and reducing poverty in 

ǇǊƻŘǳŎƛƴƎ ŎƻǳƴǘǊƛŜǎΦ {ƳŀƭƭƘƻƭŘŜǊǎΣ ǿƘƻ ŎƻƴǘǊƻƭ ƻǾŜǊ пл҈ ƻŦ {ƻǳǘƘŜŀǎǘ !ǎƛŀΩǎ ŎǳƭǘƛǾŀǘƛƻƴΣ ǊŜƎǳƭŀǊƭȅ 

report achieving more income from oil palm than alternative crops. Studies have indicated that every 

1% increase in ha under cultivation contributes to a reduction of between 0.15 and 0.25 points of 

population living under poverty (IFC & World Bank, 2011). These benefits accrue to population above a 

certain threshold of skills and income, as oil palm cultivation requires significant investment and 

experience (Obidzinski, et al., 2012).  
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TABLE 2.1: SELECTED COSTS OF PALM OIL PRODUCTION 

Cost Description Scope 
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Land dispossession, and associated land conflicts, is described in many research papers 
as a major ς perhaps the most important ς social impact associated with palm oil 
expansion and production in Indonesia (Vermeulen & Goad, 2006; Obidzinski, et al., 
2012). For example, in 2010 more than 630 land disputes took place in Indonesia 
between palm oil companies and local communities (Colchester, 2011). This issue is 
rooted in amongst others a lack of recognized customary rights and clarity over land 
tenure prior to plantation development, weak local governance, unfair and unclear 
agreements with local communities and the failure of companies to meet either 
contractual or perceived obligations (Obidzinski, et al., 2012; Marti, 2008; Rist et al., 
2010). For Indonesia, most of the time, government agencies simply issue concession 
permits; they emphasize the need for prior community acceptance of plantation 
investment plans, but let the companies and communities negotiate the level and nature 
of compensation (Obidzinski, et al., 2012). The benefits companies claim plantation 
development has for local communities are often too high and companies tend to focus 
on village elite during negotiations causing problems of representation and elite capture 
(Obidzinski, et al., 2012).  

Excluded 
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e
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g As noted earlier, palm oil has the potential to generate wealth and employment for local 

communities. However, palm oil has been linked to impoverishment of smallholder 
farmers (underearning) as well as workers (underpayment) as a result from debt, low 
wages, piece-rate labour via contractors and the avoidance of statutory employee 
benefits (Rist, et al., 2010; Marti 2008; Vermeulen & Goad, 2006; Navamukundan & 
Subramanian, 2003). Murray Li (2015) reports that payment of wages below the 
provincial minimum, a minimum wage insufficient for a decent standard of living and the 
prevalence of casual, subcontracted, temporary and part-time work are amongst the 
main points of concern. Many studies have noted that 2 ha of oil palm, the standard plot 
size allocated per household under most tied smallholder schemes in Indonesia, is not 
sufficient to sustain both farm and family (Murray Li, 2015). The U.S. Department of 
Labor reports that low labor costs in Southeast Asia are one of the reasons for the price 
of palm oil to remain competitive (Department of Labor, 2013). 

Included in 
case study 
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Oil cultivation displaces local cultivation practices, causing food insecurity, and also 
affecting social relations and land ownership (Obidzinski, et al., 2012).The expansion of 
Ǉƭŀƴǘŀǘƛƻƴǎ ŘƛƳƛƴƛǎƘŜǎ ŎǳǎǘƻƳŀǊȅ ƭŀƴŘƘƻƭŘŜǊǎΩ ƻǇportunities for independent farming, 
fishing, hunting and collection of forest products, which often is their way of life for 
generations (Manik, et al., 2013; Murray Li, 2015). As an example, Orth (2007) shows that 
oil palm development in Central Kalimantan has adversely affected the shifting 
cultivation practices of the local Dayak communities, causing food insecurity. However, 
the full livelihood impacts on rural communities involved in oil palm cultivation, 
particularly those on food security, health, social and cultural change, and the loss of 
environmental goods and services remain little understood (Rist, et al., 2010). 

Excluded 
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tŀƭƳ ƻƛƭ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ƭƛƴƪŜŘ ǘƻ ǾŀǊƛƻǳǎ ōǊŜŀŎƘŜǎ ƛƴ ǿƻǊƪŜǊǎΩ rights, including child & 
forced labor, freedom of association, social security, overtime, harassment 
discrimination, occupational health & safety. It is still often grown by means of child labor 
and forced labor in Indonesia and Malaysia (Department of Labor, 2013; Verité, 2012; 
Widiastuti, 2014). According to Widiastuti (2014) and Sawit Watch (2011), the palm oil 
sector in Indonesia is linked to widespread unacceptable or poor labor conditions, such 
as lack of employment contracts, overtime, discrimination, (sexual) harassment, forced 
and child labor, dangerous working conditions (including unprotected work with 
chemicals) and lack of the provision of basic services. The issues regarding working 
ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ǿƻǊƪŜǊǎΩ ǊƛƎƘǘǎ ŀǊŜ ǎǘǊƻƴƎƭȅ ŎƻǊǊŜƭŀǘŜŘ ǘƻ ǎƛǘǳŀǘƛƻƴǎ ǿƘŜǊŜ Ƴŀƴȅ ƻŦ ǘƘŜ 
jobs created in palm oil plantations and mills are for casual day laborers, which are 
particularly vulnerable to being paid in low wages, lacking of job security, without 
freedom to form unions, and with minimum legal protection (Manik, et al., 2013). 

Occupatio
nal health 
& safety 
included in 
case study 
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Oil palm is a major contributor to deforestation and associated GHG and air pollutant 
emissions in most countries of production. Worldwide, destruction of tropical forests 
accounts for about 10% of annual climate change emissions. In Indonesia alone, where 
land use change and deforestation are the largest single contributors to GHG emissions, 
around 70% of oil palm plantations are on land that was previously forested (IFC & World 
Bank, 2011). GHGs are mainly emitted through the clearing of carbon-dense tropical 
forests and the burning of cleared biomass, the draining of peatlands, and the release of 
methane from effluent treatment ponds. 
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Due to the reduced structural complexity of plantations compared to forested 
ecosystems, oil palm plantations harbor significantly less biodiversity and do not provide 
the same level of environmental services, such as carbon storage, forest products (timber 
and non-timber) and soil benefits.  
When primary forests are cleared for such development, only about 15% of their animal 
species can survive in the resulting plantations (Fitzherbert, et al., 2008). In 2014, 
Savilaakso et al (2014) reviewed 9,143 articles and conducted a meta-analysis on 25 
relevant and accessible articles, and found that only less than 40% of invertebrates and 
20% of vertebrates was shared between oil palm cultivation and previous ecosystem. 
Considerable attention has been placed on endangered species, such as the Sumatran 
tiger, the Asian elephant, and the orangutan, which are particularly vulnerable to the 
clearing of forest areas, as the increased access leads to increased hunting, illegal 
logging, and opens areas to human settlement. 

Excluded 

S
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il 

e
ro
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n Soil erosion is a consequence of land clearing, when the soil is left uncovered. As 

highlighted by WWF (undated, based on Clay, 2004), erosion is accentuated by planting 
trees in rows up and down hillsides instead of cantors, by not properly siting or 
constructing infrastructure such as roads, and by establishing plantations and 
infrastructure on slopes of more than 15 degrees (Clay, 2004). 

Included in 
case study 
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The burning of forests to clear land for plantations has also been a major source of haze 
in Southeast Asia, posing important and lasting health problems, as well as impacting the 
plantations themselves by reducing productivity of oil palm trees by hindering 
photosynthesis, reducing the activity of pollinating weevils, and affecting the health and 
vision of the plantation workers, thereby restricting their ability to harvest the fruit 
(WWF, 2008). The Association of Southeast Asian Nations (ASEAN) countries signed the 
ASEAN Agreement on Transboundary Haze Pollution in 2002 and have adopted a regional 
policy to implement zero burning. Yet, the practice continues mainly among smallholders 
and farmers who typically lack access to heavy machinery as an alternative (ASEAN, 
2003) (Wicke, et al., 2011). 

Included in 
case study 
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Other impacts include indiscriminate use of fertilizers and insecticides by some 
producers, polluting surface and groundwater sources (WWF, 2008). The primary 
processing of palm oil in CPO mills presents a separate set of issues, the principal one 
being the potential for water pollution from the direct release of mill effluent, and the 
effects of this pollution on downstream biodiversity and people. 

Included 

 

This study does not only look at natural capital costs, but also aims to demonstrate how the 

measurement and valuation of human capital costs associated with certain practices can be used to 

underpin interventions that improve the social impact of palm oil cultivation.  

The scope of this assessment is more limited and only includes two negative human capital costs 

associated to the production of palm oil FFB (Fresh Fruit Bunches). The selection of these two costs was 

based on a qualitative materiality assessment of all human and social capital costs (based on a literature 

research), data availability assessment and RSPO expert review10 were conducted. The criteria for the 

selection were: 

¶ Relevance of social or human capital cost during the establishment and cultivation phase of 

palm oil in Indonesia; 

¶ Availability of ŦƻƻǘǇǊƛƴǘ Řŀǘŀ όYtLΩǎύ 

The qualitative materiality analysis showed that the most relevant negative human capital costs linked 

to oil palm plantations in Indonesia are: land dispossession, loss of livelihood alternatives (which can be 

ƭƛƴƪŜŘ ǘƻ ƭŀƴŘ ŘƛǎǇƻǎǎŜǎǎƛƻƴύΣ ǳƴŘŜǊǇŀȅƳŜƴǘ ƻŦ ǿƻǊƪŜǊǎ ŀƴŘ ǿƻǊƪŜǊǎΩ ǊƛƎƘǘǎ ƛǎǎǳŜǎΣ ǎǳŎƘ ŀǎ ŎƘƛƭŘ labor, 

gender discrimination and health loss due to occupational incidents (see Table 2.1 for context). 

Following a data gap analysis, underpayment and health loss due to occupational incidents were 

selected and subsequently measured and monetized. The practices relating to these impacts are 

payment of wages and occupational health & safety policies and practices (OHS). 

 

 

 

 

 

 

 

                                                           
10 Julia Majail, smallholder program manager and social impact expert at RSPO was interviewed 
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TABLE 2.2: SIMPLIFIED NON-EXHAUSTIVE SCHEME FOR SELECTION OF NEGATIVE HUMAN AND SOCIAL 

CAPITAL COSTS (DARK GREY: HIGH, GREY: MEDIUM, LIGHT GREY: LOW, GREEN: IN SCOPE) 

Impact Materiality (estimate) Data availability In scope 

Land dispossession    

Health loss (occupational)    

Underpayment    

Lack of social security    

Child labor     

Discrimination    

Forced labor    

Lack of freedom of 
association 

   

Harassment    

Health loss (local 
communities) 

   

Loss of livelihood 
alternatives 

   

 

One material impact out of scope is land dispossession, which is poorly documented in a quantitative 

way. This is not surprising, given the nature of this issue. However, it does mean that due to the limited 

scope of this part of the analysis and its goal ς exploring the value of social and/or human capital 

valuation in decision making, rather than providing a complete estimation of human and social capital 

costs ς land dispossession was not further investigated. 

OVERVIEW OF METHODOLOGY SPECIFIC TO STUDY 
The framework for assessment used in this study comprises distinct analysis stages: understanding and 

quantifying the drivers of change, understanding the consequences of the impacts and valuing these 

impacts. It makes use of existing literature to showcase the natural and human capital impacts of 

specific practices and how this leads to a change in the condition of specific societal groups: local 

communities, employees, businesses and the wider society. Figure 2.4 illustrates the framework and the 

next sections detail each step.  
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FIGURE 2.4: OVERALL METHODOLOGY (ADAPTED FROM KEELER, ET AL., 2012) 

 

UNDERSTAND AND QUANTIFY DRIVERS OF CHANGE 

The analysis combines the use of secondary global life-cycle assessment studies and the application of 

country-specific valuation coefficients, where data availability and quality is sufficient. The first step is to 

understand the drivers of change by devising appropriate key performance indicators (KPIs) that 

measure the relationship between palm oil systems, human systems, and ecosystems and biodiversity. 

For example, decisions around irrigation practices can lead to water depletion or replenishment, a 

negative or positive impact, measured by the amount of water used (KPI). Similarly, energy use in 

manufacturing processes could lead to climate change or acidification, through the emission of GHGs 

and other pollutants, measured in tonnes. 

Several techniques exist to quantify KPIs and related impacts. These can include primary and secondary 

data collection. In this study secondary data collection is used from life cycle analysis studies, academic 

research, expert interviews and input-output modeling, due to data availability and granularity. The 

Agri-footprint database released in June 2014 was used to model the average impacts of refined palm 

and palm kernel oil (Agri-Footprint, 2014). The choice of methodology is mainly driven by the aim of the 

study and data availability.  

Detailed methodology on the quantification of KPIs and data sources for both the materiality analysis 

and the Indonesia case study are available in Appendix 2. 
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UNDERSTAND & VALUE THE CONSEQUENCES OF IMPACTS 

The second step is to understand the consequence of the impact to a specific end-point. An end point is 

the primary receptor of this impactςsociety, the environment, or the business itself. Each impact can 

have several end-points. For example, water depletion (negative impact) can affect society (end point 1) 

through lack of drinking water and decreased food supply, and the environment (end point 2) through 

decreased water availability to sustain fauna and flora. It can also affect the business itself (end point 3) 

through increased water scarcity in a specific location. 

Impacts ŀǊŜ ǉǳŀƴǘƛŦƛŜŘ ƛƴ ōƛƻǇƘȅǎƛŎŀƭ ǘŜǊƳǎΦ 9ȄŀƳǇƭŜǎ ƻŦ ƳŜǘǊƛŎǎΣ ƻǊ ΨǾŀƭǳŜŘ ŀǘǘǊƛōǳǘŜǎΩΣ ŀǊŜ ŎƘŀƴƎŜǎ ƛƴ 

life expectancy or changes in species richness due to the emission of pollutants. Biophysical models are 

used to estimate these metrics, based on a thorough literature review, and adapted to reflect local 

conditions. For example, the extent to which water pollution impacts society through decreased life 

expectancy depends on local social and environmental factors such as access to drinking water and 

pollutant dispersion based on hydrological patterns. 

The choice of the valued attribute is informed by both the scope and requirements of the study and as 

importantly by how it feeds in step 3. One limitation of some valuation frameworks is that biophysical 

(step 2) and economic modelling (step 3) are conducted in isolation, leading to a discrepancy in metrics. 

For example, water quality metrics are often not well connected with what the society values - 

recreational tourists do not value the concentration of phosphorus or other water pollutants, but rather 

water clarity (Keeler, et al., 2012). 

The last step consists of converting the biophysical metrics into monetary terms that reflect the costs 

and benefits to specific beneficiaries of the change in valued attribute using a valuation coefficient. The 

output of this step is a valued impact that reflects cost or benefit of specific practices and associated use 

of inputs and emissions on human health and ecosystems. In this sense, the valuations reflect the 

damage on different endpoints: the damage to ecosystems and/or the damage to human health.  

NATURAL CAPITAL VALUATION 

Several techniques exist to assign a value to a change in valued attribute and calculate the costs and 

benefits in monetary terms of a specific action. Techniques span from observing behavior on already-

existing alternative markets as a proxy, for example how much is spent on aquatic recreational 

activities, or creating artificial markets by asking population their willingness-to-pay for the existence of 

wildlife habitat.  

A global approach has been used for the valuation exercise. This approach consists of creating a global 

valuation function that can be applied to specific locations. Benefit transfer, or value transfer, is an 

underlying principle of this approach. According to Brander (2013)Σ ΨǾŀƭǳŜ ǘǊŀƴǎŦŜǊ ƛǎ ǘƘŜ ǇǊƻŎŜŘǳǊŜ ƻŦ 

ŜǎǘƛƳŀǘƛƴƎ ǘƘŜ ǾŀƭǳŜ ƻŦ ŀƴ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜ ƻŦ ŎǳǊǊŜƴǘ ǇƻƭƛŎȅ ƛƴǘŜǊŜǎǘ όŀǘ ŀ άǇƻƭƛŎȅ ǎƛǘŜέύ ōȅ ŀǎǎƛƎƴƛƴƎ ŀƴ 

ŜȄƛǎǘƛƴƎ Ǿŀƭǳŀǘƛƻƴ ŜǎǘƛƳŀǘŜ ŦƻǊ ŀ ǎƛƳƛƭŀǊ ŜŎƻǎȅǎǘŜƳ ŜƭǎŜǿƘŜǊŜ όŀǘ ŀ άǎǘǳŘȅ ǎƛǘŜέύΩΦ ±ŀƭǳŜ ǘǊŀƴǎŦŜǊ 

techniques were applied to create country-specific valuations. Similarly to the quantification phase, the 

valuation of direct natural capital impacts was as country specific as possible, and the valuation of the 

supply chain was based on global average factors. An estimate on the range of uncertainty associated 

with its valuations by varying some of the key variables over which there is control is provided in 

Appendix.  
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Natural capital costs cover five categories:  

¶ GHG emissions 

¶ Air pollutants 

¶ Water consumption 

¶ Water pollutants (from fertilizer application) 

¶ Soil pollutants (from pesticide application)  

Downstream impacts from the farm gate to the end consumer are not included in the scope of the 

analysis. A differentiation between farming systems has not been included in the global approach and 

has been captured as part of the analysis in the case study.  

Table 2.3 outlines the scope of the valuation for each monetized cost associated with palm oil 

production included in the analysis.  
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TABLE 2.3 NATURAL CAPITAL COSTS OVERVIEW 

NATURAL CAPITAL 

COSTS 
SCOPE OF THE VALUATION 

GHGs 

(from energy and 

non-energy 

sources) 

Multitude of impacts, including but not limited to, changes in net agricultural 

productivity, human health and property damages from increased flood risk. The 

GHGs considered in this analysis include carbon dioxide, methane and nitrous 

oxide. The Social Cost of Carbon, in 2015 USD, used in this study is $128 per tonne 

CO2 (USIAWG, 2013)11. 

Air Pollutants 

The impacts of air pollutants on human health are captured in this valuation. This 

includes impacts from the emission of SOx, NOx, PM10, VOCs and Ammonia from 

sources such as fuel use, fertilizer application, and pesticide application. 

Water pollutants 

(from fertilizer 

application) 

Eutrophication impacts on ecosystems and human health, associated with algal 

blooms and drinking water quality. This valuation includes the impacts from the 

emission of nitrogen, nitrates, phosphates and phosphorus.  

Soil pollutants 

(from pesticides 

application) 

Soil pollutants have toxic impacts on human health and ecosystems. This valuation 

includes the impacts of over 60 pollutants, including pesticides such as atrazine, 

herbicides such as Diuron and fungicides such as Folpet. 

Water 

consumption 

Water consumption valuation includes the impacts on human health and 

ecosystems. The unit of measurement for human health impacts is disability 

adjusted life years (DALYs) and affected Net Primary Productivity (NPP) in the case 

of ecosystem damage.  

 

Additional methodological details on natural capital valuation are available in Appendix 1. The actual 

natural capital valuation coefficients are presented in the Materiality Analysis. 

HUMAN CAPITAL VALUATION 

The methodological developments for the valuation of human capital costs are in general less mature 

then for natural capital costs. However, the final beneficiaries of human capital costs (i.e. people) are 

similar to most natural capital costs, as are many of the valuation techniques. For example, the human 

capital cost of occupational accidents can be ǾŀƭǳŜŘ ōȅ ǘƘŜ ŎƘŀƴƎŜ ƛƴ 5![¸Ωǎ (Disability Adjusted Life 

Years) ς a metric developed by the WHO ς where a DALY has a certain value. This valuation coefficient is 

the same as that used to determine the natural capital costs of air pollution, which also looks at the 

change in DALY of people due to air pollutants.  

Many other human capital costs can be valued with similar techniques based on human health and 

welfare approaches. 

                                                           
11  A social cost represents the cost to society as a whole resulting from an action, in this instance, the emission of 
carbon. According to USIAWG (2013ύΣ άǘƘŜ {ƻŎƛŀƭ /ƻǎǘ ƻŦ /ŀǊōƻƴ ƛǎ ŀƴ ŜǎǘƛƳŀǘŜ ƻŦ ǘƘŜ ƳƻƴŜǘƛȊŜŘ ŘŀƳŀƎŜǎ 
ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀƴ ƛƴŎǊŜƳŜƴǘŀƭ ƛƴŎǊŜŀǎŜ ƛƴ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ ƛƴ ŀ ƎƛǾŜƴ ȅŜŀǊέΦ  



                         IMPROVING BUSINESS DECISION MAKING:  
                         Valuing the Hidden Costs of Production in the Palm Oil Sector 
 

43 
 

Many human capital costs, such as child labor, overtime and discrimination, can and are being valued 

today and open source protocols and standards on human and social capital impacts are being 

developed by amongst others the World Business Council of Sustainable Development and True Price.  

Similarly to the quantification phase, the valuation of human capital impacts for the case study was as 

country specific as possible. An estimate on the range of uncertainty associated with its valuations by 

varying some of the key variables over which there is control is provided in figure 4.15.  

Human capital costs in this study cover two categories:  

¶ Underpayment 

¶ Occupational health 

Downstream supply chain impacts, from the farm gate to the end consumer, are not included in the 

scope of the analysis. The valuation of human capital costs in the case study focuses on large private 

palm oil estates12, and not on smallholders. 

Table 2.4 outlines the scope of the valuation for each cost associated with palm oil production included 

in the analysis (monetized only, through the use of valuations).  

TABLE 2.4 HUMAN CAPITAL COSTS OVERVIEW 

HUMAN CAPITAL 

COST 
SCOPE OF THE VALUATION 

Underpayment 

This valuation includes the impact of underpayment on human well-being. 

Underpayment prevents workers to provide an adequate standard of living for 

themselves and their families.  

Occupational 

health 

This valuation includes the impacts on human health from occupational incidents. 

The unit of measurement for human health impacts is disability adjusted life years 

(DALYs). 

 

Table 2.5 shows the human capital valuation coefficients for each human capital impact covered in the 

Indonesian case study analysis. The valuation of underpayment is somewhat different in the sense that 

the change in valued attribute ς underpayment ς is not directly measurable, but depends on the country-

specific living wage. The amount of underpayment (US$) is the difference between the total (financial and 

in-kind) wage and the living wage. This living wage is based on country specific characteristics, such as the 

rural household size, components of the food basket and income taxes (see Appendix 1 for more details 

on the living wage calculation). As a valuation coefficient, 1 US$/US$ underpayment was selected in this 

study. This is a conservative valuation coefficient, as it does not account for opportunity costs. 

                                                           
12 Private estate palm plantations account for 54.35% of the CPO production in Indonesia (Indonesia Ministry of 
Agriculture, 2014) 
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TABLE 2.5: HUMAN CAPITAL VALUATION COEFFICIENTS FOR THE INDONESIA CASE STUDY ANALYSIS (IN 

2015 US$ PER UNIT) 

Underpayment 
(US$/US$ 

underpayment) 

Occupational health (US$/incident) 

Light incidents Heavy incidents Fatal incidents Acute Pesticide 
Poisoning (APP) 

incidents 

1 3 866 1,159,469 2,157 

 

For the human capital valuation methodologies, a more detailed description can be found in Appendix 1.  

LIMITATIONS 

NATURAL CAPITAL VALUATION 

The materiality assessment relies on national output data from which natural capital impacts are 

derived at a country level. Calculating all impacts from a regional perspective covering all producer 

countries worldwide would not be feasible from a resources and timing perspective. In addition, the 

global approach does not attempt to capture intra-national differences in impacts, or differences 

between specific technologies and farming practices. These results are therefore strengthened by the 

regional analysis in the case study. 

General limitations regarding the natural capital valuations used in the global approach are described 

below in Table 2.6. Those limitations are related to aspects such as the aggregation of data, the 

exclusions of specific costs, or the use of value transfer techniques. Specific limitations for the different 

valuation methodologies, such as water consumption and eutrophication, appear in Appendix. 

TABLE 2.6: SUMMARY OF LIMITATIONS FOR THE VALUATIONS APPLIED IN THE GLOBAL APPROACH 

LIMITATION EXPLANATION 

Aggregation of 
data 

In some cases, components of valuations which represent impacts on 
different receptors, such as human populations, are aggregated and use 
different valuation techniques. The individual components of valuations may 
or may not be directly comparable, but the methodology applied is consistent 
across the different impact categories and to each unique receptor. 

Exclusions Some natural capital costs have been excluded on the basis of materiality or 
data availability. Please see the relevant methodology sections in Trucost 
(2015) for further information. In addition, benefits are covered only briefly 
and mainly assessed qualitatively.  

Static Valuations are adjusted using inflation rates applied at a specific point in time. 

Value transfer Value transfer was used to assess the impacts on ecosystems and human 
health. Value transfer techniques inherently imply a degree of uncertainty 
when compared to primary valuation techniques (Brander, 2013). 
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One key consideration here is that the monetization of external impact is inherently human-centric, 

with the values reflecting the impact of the environmental change on the wellbeing of the individual, 

society or business. This is so even in a context where the end-point is the environment. For example, 

the costs and benefits of a change in biodiversity are valued based on the services that biodiversity 

provides to society. This is consistent with the approach taken in the international Millennium 

Ecosystem Assessment, which focuses on contributions of ecosystems to human well-being while at the 

same time recognizing that potential for non-anthropocentric sources of value. 

HUMAN CAPITAL VALUATION 

It is important to note that there are limitations to the results of the human capital valuation. An 

overview of key limitations regarding the human capital valuation in the case study is provided below in 

Table 2.7: 

TABLE 2.7: OVERVIEW OF KEY LIMITATIONS FOR THE HUMAN CAPITAL VALUATIONS  

LIMITATION EXPLANATION 

Data quality Averages were used to represent the data. However, there often was a high 
variability across sources and regions for key indicators (i.e. wages, accident 
rates, labor intensity).  When data for private estate plantations in Indonesia 
were not available, data from comparable regions or farm types were used for 
some of the H&S parameters. For example, data on the use of personal 
protective equipment was partially based on data from palm oil plantations in 
Thailand and from smallholder plantations in Indonesia. Global data on 
pesticide poisoning rates were used as recent data on Indonesian palm oil 
plantations are not available. Some data sources are possibly prone to bias. 
For example, average light, heavy and fatal accident rates were mainly based 
on plantation specific sustainability and audit reports, which can result in an 
underestimation of accident rates as plantations with better labor conditions 
are more likely to have sustainability reports or certification programs. 

Scope of human 
capital costs 

Many human capital costs have been excluded on the basis scope, materiality 
or data availability. In addition, benefits are mainly assessed qualitatively. 

Scope of supply 
chain 

The scope for the human capital valuation was limited to private estate 
plantations, established on mineral soil grasslands via mechanical clearing. 
Furthermore, only the establishment and cultivation phases were in scope. 

Static Valuations are adjusted using inflation rates applied at a specific point in time. 

Assumptions Many specific assumptions were made throughout the analysis. For example, 
it was assumed that commodity prices in traditional markets in urban areas of 
palm-oil producing provinces are the same as those in rural areas. 

 

Other specific limitations of the human capital valuation are described in Results. 

FINANCIAL CAPITAL 

Despite every care being taken to ensure the triangulation and reliability of financial analysis presented 

alongside each practice in the Indonesia case study, the assessment has some limitations that must be 
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acknowledged and improved upon in future analyses. The principal limitation of the analysis is that it 

relies on secondary rather than primary data and as such some uncertainty and context, as well as time 

lag are inevitably introduced.  

In addition, it is important to acknowledge the notable lack of producer specificity when addressing the 

costs incurred above. For example, Fairhurst & McLaughlin (2009) note in their analysis a wide 

variability in the cost of inputs, particularly fertilizers, the largest plantation variable cost, due to 

differences in procurement strategy. Some estates had long-term fixed price contracts for fertilizers, 

whilst others purchased according to need. This variation is related to the nature and purchasing 

strength of the different players that classify the Indonesian palm oil industry. 
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MATERIALITY ANALYSIS 

NATURAL CAPITAL QUANTIFICATION 
Fully mature oil palms produce 18 to 30 metric tonnes of fresh fruit bunches (FFB) per hectare. Palm oil 

extraction rate from FFBs varies around 20%, while for palm kernel oil it is much lower at around 4%. 

Figure 3.1 displays total per country combined palm oil and palm kernel oil production in 2013, as well 

as the average yield (tonnes FFB per hectare) and combined conversion rate (palm oil and palm kernel 

oil production as a percentage of fresh fruit bunch (FFB) production).  

FIGURE 3.1: PALM OIL PRODUCTION, YIELD AND CONVERSION RATE (ADAPTED FROM FAOSTAT, 2013) 

 

In 2011, yields ranged from 2 tonnes of FFB/ha in Nigeria to 22 tonnes in Malaysia. Conversion rates 

from FFB to palm oil range from 18% in Nigeria & Colombia to 38% in China; conversion rates from FFB 

to palm kernel oil range from 1% in Thailand to 9% in Brazil. Though no correlation is found between 

yields and conversion rates, these variables are essential in understanding the variability of impacts 

across selected countries. 

Table 3.1 summarizes the key inputs to the analysis. A detailed list of outputs and a detailed 

methodology of calculation methods is available in Appendix 1. 

TABLE 3.1: KEY INPUTS 
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Indonesia 17 22 2 30% 81% 6% 0% 89 23 2.6 0.3 

Malaysia 22 20 2 12% 30% 0% 25% 86 41 2.6 0.3 

Thailand 19 15 1 <1% 74% 0% 1% 72 35 2.6 0.3 

Nigeria 2 12 6 <1% 17% 6% 0% 65* 24* 2.6 0.3 








































































































































































































