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Abstract 

Oil palm has flourished as an economically vital crop in Indonesia given its 

use in both food and non-food products (including biodiesel) for domestic 

and export markets. However, the expansion of oil palm plantations in 

Indonesia is controversial. While the crop generates fiscal earnings for the 

country, and regular income streams for farmers and companies, oil palm 

plantation expansion is claimed to cause deforestation, environmental 

degradation and biodiversity losses. At the same time, there is a national 

target to reduce GHG emissions from land use change and the production 

of palm oil. Climate change mitigation goals also include ambitious targets 

to blend biodiesel with fossil diesel in various economic sectors.  

This thesis looks at the palm oil agro-industry, from oil palm plantation to 

crude palm oil (CPO) production, and CPO based biodiesel production. It 

proposes a policy evaluation to verify policy implications in relation to the 

issue of land use allocation, and the poor profitability in palm oil biodiesel 

production. The overarching objective is to evaluate the effectiveness of 

prevailing policies used to promote the palm oil agro-industry for biodiesel 

production in Indonesia. 

The thesis is framed by policy research and ex-post policy evaluation. The 

focus is on the process of policy formulation and implementation, rather 

than outcome evaluation. Two specific analytical frameworks are used to 

answer the research questions while addressing the criteria of effectiveness 

in policy evaluation: (i) policy coherence analysis and (ii) life cycle cost 

analysis. Qualitative indicators are used to measure the coherence of 

biofuel policy with other sectoral policies (agriculture, climate and 

forestry) in relation to land allocation. Quantitative economic indicators 

are used to compare the costs and benefits of conventional palm oil 

biodiesel production with a biorefinery conceptual plant.  

There are valuable lessons to be learnt from this policy evaluation. The 

results indicate areas in which policy effectiveness can be improved. For 

land allocation, adjustments and improvements in policy formulation and 

implementation are crucial. Uncertainties when it comes to the allocation 

of land to meet multi sectoral policy goals are to be addressed by clarifying 

land use definitions and categories, which should be backed up by 

consistent land use definitions in various policy documents. The dual land 

classification presently applied should move towards a single land 



 

 

 

classification, linking actual landscape coverage and the legal status of the 

land. Policy information and guidance across sectoral policies should be 

compiled in a single database. Such a publicly available database would 

help enhance the efficiency of land allocation for multiple policy purposes. 

More importantly, the formulation of biodiesel policy has to engage various 

sectoral policies that compete for the same resources.  

The biorefinery conceptual plant allows the reduction of government 

subsidies, while also providing a pathway to enhance the use of renewable 

energy and reduce GHG emissions. Policies have been designed to enhance 

plant profits through the improved utilisation of biomass residues in the 

palm oil mill for energy generation and composting. However, the low 

implementation rate of policies indicates the need to improve the 

effectiveness of policy implementation, and therefore the need for better 

monitoring processes, and possibly more stringent consequences for non-

compliance. 

 

Keywords: palm oil; biodiesel; Indonesia; policy evaluation; policy 

coherence analysis; land allocation; sectoral policy goals; life cycle cost 

analysis; biodiesel cost competitiveness; biorefinery 

 



 

 

 



 

 

 

Sammanfattning 

Oljepalm har blivit en alltmer väsentlig gröda för Indonesien med 

användning inom flera områden, både som livsmedel men också som 

biodrivmedel (t.ex. biodiesel). Efterfrågan på palmoljan finns såväl 

nationellt som internationellt. Den intensiva tillväxten av 

oljepalmplantager är dock kontroversiell. Samtidigt som grödan genererar 

värdefulla intäkter för Indonesiens ekonomi, såväl för företag som enskilda 

jordbrukare, anklagas plantagetillväxt för att leda till avskogning, 

försämring i den biologiska mångfalden samt diverse miljöskador. 

Dessutom har regeringen i Indonesien satt ett nationellt mål om att minska 

utsläppen av växthusgaser som orsakas av förändrad markanvändning. 

Vidare har landet ambitiösa mål för inblandning av biodiesel i fossila 

bränslen inom flera olika sektorer.  

Denna avhandling studerar palmoljeindustrin i Indonesia från 

oljepalmplantager till produktion av palmolja och palmoljebaserad 

biodiesel. Det handlar om en policyutvärdering kring efterfrågan på mark 

samt lönsamhet i palmolje- och biodieselproduktion. Det övergripande 

målet är att utvärdera huruvida nuvarande policy är effektiv för att främja 

palmoljebranschen för biodieselproduktion i Indonesien. 

Avhandlingen bygger på policystudier och ex-post policyutvärdering. 

Fokus ligger på policyutformning och implementering, snarare än på 

utvärdering av policyutfall. Två specifika analytiska angreppssätt används 

för att få svar på frågorna kring effektivitet inom policyutvärdering: (i) 

analys av policy sammanhållning och (ii) livscykel kost analys. Kvalitativa 

indikatorer används för att bedöma hur väl policy för biodiesel hänger 

samman med policy inom andra sektorer (såsom jordbruk, klimat och 

skogsbruk) när det gäller markallokering. Kvantitativa ekonomiska 

indikatorer används för att jämföra kostnader och fördelar för 

konventionell palmoljeproduktion för biodiesel med ett konceptuellt 

bioraffinaderi anläggning.  

Det går att dra värdefulla slutsatser från denna utvärdering. Resultaten 

visar på områden där policy kan förbättras. Inom markallokering är 

justeringar och förbättringar i hur regelverken är utformade och tillämpas 

helt avgörande. Osäkerheter kring markallokering för att uppnå målen 

inom olika sektorer kan minskas genom att klargöra definitioner och 

kategoriindelning för olika typer av mark, samt konsekvent tillämpning av 



 

 

 

dessa i olika policydokument. Den dubbla markklassificeringen som för 

närvarande används bör lämnas till förmån för en enkel klassificering som 

kopplar samman den legala status av marken med den vegetation som 

täcker själva landskapet. En databas bör byggas som sätter samman 

informationen kring detta. En offentligt tillgänglig databas kommer att 

bidra till effektiv markallokeringen för flera politiska ändamål. Ännu 

viktigare är att formuleringen av biodieselpolitiken måste involvera olika 

sektorspolitiska strategier som konkurrerar om samma resurser.  

För att uppnå en konkurrenskraftig biodiesel produktion och därigenom 

göra det möjligt att minska subventioner, kan det konceptuella 

bioraffinaderiet vara en möjlighet. Detta skulle samtidigt kunna främja 

användandet av förnybara drivmedel och minskning av utsläppen av 

växthusgaser. Regelverken har utformats för att öka lönsamheten av 

raffinaderier genom förbättrad användning av rest produkter från 

palmoljeproduktion. Dock ligger implementering efter och visar att en 

effektivisering av dessa policy behövs. Detta kan ske genom bättre 

övervakningsprocesser och mer kännbara konsekvenser vid 

regelavvikelser. 

Nyckelord: palmolja; biodiesel; Indonesia; policyutvärdering; analys av 

policy sammanhållning; markallokering; sektorpolistika målen; livscykel 

kost analys; konkurrenskraft för priset på biodiesel; bioraffinaderi 

 

 



 

 

 



 

 

 

Preface 

This thesis is the outcome of research conducted at the Energy and Climate 

Studies (ECS) unit at KTH Royal Institute of Technology under the 

supervision of Professor Semida Silveira, head of the ECS unit. Research at 

ECS has an interdisciplinary character with a strong systems approach, 

linking issues related to energy technology and policy, climate change, and 

sustainable development. ECS currently focuses on four thematic areas: 

bioenergy systems, energy for sustainable development, energy systems 

efficiency, and urban sustainability. 

This thesis is focused on the evaluation of policy instruments related to the 

palm oil agro-industry in Indonesia. This country is interesting to 

investigate as Indonesia is the largest palm oil producer in the world, and 

therefore has significant opportunity to also become a leading palm oil 

based-biodiesel producer. Environmental and economic issues hindering 

the attainment of the biodiesel target in Indonesia are described in this 

thesis. The results of the analysis lead to recommendations for improving 

the effectiveness of Indonesian policies towards sustainable palm oil 

biodiesel production. The knowledge gained from this work may help 

improve existing practice and inform future decision-making towards 

efficient policies. 

The research for this licentiate thesis has been funded by the Swedish 

Energy Agency under the Programme INSISTS (Indonesian-Swedish 

Initiative for Sustainable Energy Solutions). 

 

 

Stockholm, February 2018 

Fumi Harahap 
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1 Introduction 

1.1 Development of the palm oil agro-industry in Indonesia 

Indonesia is the largest producer of crude palm oil (CPO) and accounts for 

half of the total global production (FAOSTAT, 2016). CPO is a raw material 

used in multiple food products (i.e. cooking oil) as well as in non-food 

related products (i.e. biodiesel, cosmetics, pharmaceutical products). Out 

of nearly 30 million tonnes (Mtonnes) of CPO produced in Indonesia in 

2015, 70% went to export markets, 17% was used domestically for food, and 

9% was used for domestic biodiesel production (MoA, 2016). The industry 

created 3.72 million jobs in the country in 2013, mostly in rural areas where 

plantations and processing plants are located (Pacheco et al., 2017).  

In 2003, oil palm plantations occupied 5.3 million hectares (Mha) and, 

within a decade, the plantation area had doubled with an average annual 

area expansion of 7% (MoA, 2016). The growth is even more significant in 

terms of production of CPO. Within the same period, production tripled, 

from 10.4 Mtonnes of CPO in 2003 to 29.8 Mtonnes in 2014 (MoA, 2016), 

see Figure 1. Improved productivity in both crops and palm oil processing 

explain the higher growth in CPO production compared to area expansion.  

Increased domestic and international CPO demand for food and non-food 

products (such as biodiesel) can lead to further expansion of the plantation 

area. However, the expansion of the palm oil sector is seen as a 

controversial subject (Wicke et al., 2011). On the one hand, the sector 

provides positive benefits in generating fiscal earnings for the country 

(14,278 million USD or 1.8% of total country’s GDP in 2016) and regular 

income streams for a large number of farmers and companies (Pacheco et 

al., 2017). On the other hand, non-sustainable agricultural practices in 

plantation expansion, especially deforestation, lead to environmental 

degradation, climate change impact (GHG emissions), and biodiversity 

losses (Cacho et al., 2014; Gaveau et al., 2016). This makes palm oil agro-

industry in Indonesia an interesting case to investigate. In particular, it is 

interesting to explore the potential pathways for the country to move 
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towards sustainable agricultural practices as well as sustainable biodiesel 

production, while fulfilling climate change and renewable energy 

deployment goals. 

Figure 1: Oil palm plantation area (Mha) and CPO production (Mtonne) 

in Indonesia 2002-2014 (Source: MoA, 2016) 

This thesis examines the supply side of the palm oil agro-industry in 

Indonesia. According to the European Union terminology database (Unión 

Europea, 2015), agro-industry can be applied to “two distinct concepts: (i) 

industry which is connected with agriculture; and (ii) agriculture 

developed along industrial lines”. The term palm oil agro-industry as used 

in the thesis includes i) the upstream industry or oil palm plantations that 

produce palm fruits, ii) the midstream industry or palm oil mill where the 

CPO is produced, and iii) the downstream industry or refining plant which 

processes CPO into biodiesel. Note that, while CPO is a raw material for 

multiple food and non-edible products, the downstream industry focused 

on here is the CPO for palm oil biodiesel production, in line with the 

Indonesian government’s ambitious target to achieve 30% biodiesel 

blending with fossil diesel by 2025 in the nation’s transport, industry and 

power sectors. CPO for food production and exports are not considered. 

With extensive plantations and as the leading producer of CPO in the 

world, Indonesia is well positioned to develop palm oil-based biodiesel.  

1.2 Challenges affecting the deployment of palm oil biodiesel 

Increasing energy demand, energy security and concerns over global 

warming have stimulated liquid biofuels programmes (e.g. biodiesel, 

bioethanol) in many countries. In Indonesia, the government has fostered 
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the development of biodiesel production since 2006 by mandating 

biodiesel blending with fossil diesel for the transport, industry and power 

sectors. The mandate aims at reducing the country’s reliance on oil imports 

and reducing emissions from fossil use. At the same time, it supports the 

domestic agricultural economy, particularly the palm oil industry, 

consequently making palm oil the dominant first-generation feedstock for 

biodiesel in Indonesia. The biodiesel programme in Indonesia targets both 

domestic markets and exports. Various policies promoting the 

development of biodiesel contributed to a production increase from 0.07 

billion litres in 2009 to 3.67 billion litres in 2016 (Wright et al., 2017), as 

shown in Figure 2. 

Figure 2: Biodiesel production and domestic consumption (billion litres) 

in Indonesia 2008-2016 (Source: Wright et al., 2017) 

Despite policies promoting investments in biodiesel production, biodiesel 

use has not yet reached the deployment targets set by the government. The 

market penetration of biodiesel was far below the installed production 

capacity of 10.9 billion litres in a total of 30 biodiesel refineries in 2016, or 

equivalent to 34% utilization rate (Wright et al. 2017). The biodiesel blend 

rate in transport was 10.2% in 2016, or half of the target set for that sector 

in the same year. Also, biodiesel use in the industry and power sectors 

remain low.  

The unachieved targets for biodiesel provide reason for a policy evaluation 

aiming at identifying opportunities to adjust and improve policies. Policy 

evaluation can be undertaken throughout the life of a policy to provide 
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policy makers with timely feedback on whether a policy is being 

implemented properly and outputs are being delivered as expected, or 

whether a review of the policy is required. The policy evaluation considers 

the main challenges that occur in the palm oil agro-industry, as described 

next in Section 1.3. 

1.3 Scope of the thesis 

This thesis focuses on two main challenges for the sustainable 

development of the palm oil agro-industry in Indonesia. The palm oil agro-

industry comprises of the oil palm plantation (upstream level), the palm 

oil mill (midstream level) and the biodiesel refining plant (downstream 

level). First, there are major concerns regarding the scarcity of land. Land 

is a limited resource affecting the implementation of many sectoral policies 

in Indonesia. Pacheco et al. (2017) have discussed efforts made in 

transitioning to a more sustainable palm oil production in Indonesia, but 

recognise the lack of coordinated policies. Securing land for oil palm 

plantations while avoiding conflict with other sectoral policies is needed to 

allow Indonesia to meet its sustainable development priorities and, at the 

same time, reduce GHG emissions. This issue is addressed in Paper I of 

this thesis. 

The second challenge discussed in the thesis is related to the cost 

competitiveness of palm oil-based biodiesel (Paper II). Similar to what was 

observed in other biodiesel producing countries, palm oil biodiesel 

production has depended on subsidies to be established and to be able to 

compete with fossil diesel (Lee et al., 2013). The high price of CPO has 

encouraged producers to export CPO or divert the feedstock to produce 

edible oils and other industrial production, as domestic markets have not 

been perceived as attractive to justify investments (Lee et al., 2013). In 

2007 and 2015, biodiesel producers in Indonesia had to significantly cut 

their production due to low diesel fuel prices on the one hand, and high 

feedstock prices on the other (Caroko et al., 2011; Wright et al., 2016). 

Financial support from the government has helped to sustain a biodiesel 

market in Indonesia. However, improving the profitability of palm oil 

biodiesel production is much needed so that the industry can become 

independent from subsidies, and economically sustainable.        

The challenges faced by the palm oil agro-industry have motivated policy 

interventions. But given the shortcomings of policy goals, it is worth 
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evaluating current policy frameworks to identify potential adjustments, 

and to improve existing practices towards a sustainable palm oil agro-

industry. This thesis helps to identify policy improvements to address the 

issues relating to land use allocation, sustainability and profitability in 

palm oil biodiesel production. The results should be of interest to actors 

involved in policy making in the bioenergy field, particularly palm oil-

based biodiesel in Indonesia.  

1.4 Objective of the thesis 

The objective of this thesis is to evaluate the effectiveness of prevailing 

policies used to promote the palm oil agro-industry for biodiesel 

production in Indonesia. The effectiveness can be defined as the ability to 

generate impact: directly, if the instruments contribute to resolve a specific 

problem, or indirectly, if the instruments lead to non-targeted favourable 

changes (Lambin et al., 2014).  

The main interest here is the actual implementation of policies for 

biodiesel production within the palm oil agro-industry in Indonesia. This 

thesis examines two main policy instruments within the palm oil agro-

industry in Indonesia: i) policies related to the allocation of land for palm 

oil biodiesel feedstock production; and ii) policies related to the utilization 

of biomass residues in the palm oil mill. These two policy instruments are 

addressed in relation to specific questions in the corresponding appended 

papers (I and II).  

To measure the effectiveness of land use policies governing land for 

biodiesel feedstock production, the specific question is: How coherent are 

the policies allocating land for palm oil biodiesel feedstock production 

with policy goals in other sectors?   

To measure the effectiveness of policies for utilising biomass residues in 

the palm oil mill and the impact on biodiesel cost competitiveness, the 

specific question is: How do the policies for the utilisation of biomass 

residues in the palm oil mill affect the cost-competitiveness of biodiesel 

production? 

Table 1 summarises the connection between the thesis stated objectives, 

research questions and contributing papers.  

By understanding the role and impact of current policies in two aspects 

(land allocation and biodiesel cost competitiveness) of the palm oil agro-
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industry value chain, we can better understand recent developments and 

opportunities within the palm oil and biodiesel agro-industry. The 

assessment of current national policies provides the basis for exploring 

improvements to the present framework that promote the achievement of 

national biodiesel targets. 

Table 1: Objective, research questions and contributing papers 

THESIS 

OBJECTIVE 

RESEARCH QUESTIONS 

(RQ) 

CONTRIBUTING 

PAPERS 

Evaluate the 

effectiveness of 

prevailing policies 

used to promote 

the palm oil agro-

industry for 

biodiesel 

production in 

Indonesia 

RQ I. How coherent are the 

policies allocating land 

for palm oil biodiesel 

feedstock production 

with policy goals in other 

sectors? 

Paper I. Land allocation 

to meet sectoral goals in 

Indonesia—An analysis 

of policy coherence 

RQ II. How do the policies 

for the utilisation of 

biomass residues in the 

palm oil mill affect the 

cost-competitiveness of 

biodiesel production? 

Paper II. Enhancing the 

cost competitiveness of 

palm oil biodiesel 

production in Indonesia 

1.5 Concept of policy evaluation 

The policy process cycle consists of problem identification, analysis and 

selection of alternatives, policy formulation, implementation, monitoring, 

evaluation and feedback (Hill, 2005). This thesis is focused on policy 

evaluation.  

Policy evaluation is a “systematic and objective assessment of an on-

going or completed policy, its design, implementation and results” 

(OECD, 2010) 

Policy evaluation involves retrospective assessments of the formulation, 

implementation or impact of a policy to understand the results, 

performance and outcomes (Vedung, 2010). Analysing those phases within 

the policy process cycle is important to provide a basis for reformulating or 

reorganising policies towards more effective interventions.  
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The evaluation of policy instruments can be performed through ex-ante or 

ex-post assessment. An ex-post evaluation should be understood as 

retrospective evaluation when the implementation of the policy is either 

ongoing or terminated, while ex-ante assessment is made in advance to 

understand what can be expected as a result of planned interventions 

(OECD, 2012). The focus of the thesis is mainly on ex-post evaluation.  

There are many types of ex-post policy evaluation, which often overlap. 

Kautto (2011) suggested that prime differences can be made between 

formative evaluation and summative evaluation. Formative (or process) 

evaluation aims to understand the process through which a policy was 

implemented and delivered, and identify factors that have helped or 

hindered its effectiveness (HM Treasury, 2011; Netting et al., 2008). This 

type of evaluation is focused on policy formulation and implementation 

processes. Summative (or outcome) evaluation measures the outcomes of 

the policy, investigates what changes have occurred, and whether the 

changes can be attributed to the policy (HM Treasury, 2011; Kautto, 2011).  

The outcome evaluation is expected to be carried out after a process 

evaluation. Therefore, it may take considerable time before it is done; 

certainly, after the policy has been implemented, or when the policy 

timeframe is at its end. This is to ensure that the measured outcomes are 

associated with the policy impact rather than other effects. Both process 

and outcome evaluation are important. However, there are many factors 

that influence the selection of the type of evaluation to be carried out, such 

as the complexity of the relationship between the intervention and the 

outcome(s), unexpected events, possible interactions with other 

governmental interventions, and difficulties in isolating the effect of a 

single policy (Hogwood et al., 1984).  

The policy evaluation in this thesis is formative, and thus focused on the 

process. The idea is to verify whether the policy is being implemented as 

planned, what is working or not, and whether it is delivering expected 

outputs based on the initially defined objectives. Mulgan et al. (2001) 

indicated that process evaluation shall measure policy as close to real time 

as possible, being a prerequisite for improved policy, and fundamental for 

effective policy planning.  

Nagel (2002) defines five key elements of policy evaluation: goals, 

programmes and instruments, relations between instruments and goals, 

effectiveness of the instruments applied to achieve the goals, and 
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alternative policy options. Policy goals are strategic targets defined by 

policy makers (Nilsson et al., 2012). Policy instruments are tools to 

incentivise actors to take actions and contribute to the achievement of the 

policy goals. Policy instruments can be legislative and non-legislative (i.e. 

voluntary, administrative) (Enzensberger et al., 2002). Legislative 

instruments can be further divided into demand and control instruments 

or regulatory instruments, and market-based or economic instruments 

(Rogge et al. 2013; Sorrel et al. 2003). Regulatory instruments force the 

market players to adopt behaviour defined as acceptable by the state 

authority. Economic instruments are often the preferred choice to foster 

long-term developments in a market place.  

The potential performance of a policy is assessed against evaluation 

criteria. The evaluation criteria generally include effectiveness, efficiency, 

system conformity or equity, practicability or institutional feasibility, 

flexibility replicability, and impact on economic development 

(Enzensberger et al., 2002; Oikonomou et al., 2008; Sorrel et al., 2003). 

Effectiveness is the most common criteria used in policy evaluation 

(Enzensberger et al., 2002; Neij et al., 2006). It is also the main criteria 

discussed in this thesis. However, to a certain extent, the analysis also 

includes the criteria of efficiency, particularly when examining the cost 

competitiveness of palm oil biodiesel production, or the second research 

question (RQ II). 

1.6 Methodological framework for policy evaluation 

The thesis work is framed by policy research and policy evaluation. Policy 

research is multidisciplinary, multidimensional, focuses on actionable 

factors rather than theoretical constructs, and incorporates the future as 

well as the past (Majchrzak, 1984). Policy evaluation can employ a range of 

principles and methods to gather and assess information to understand 

what actually occurred following implementation.  

This work explores and applies different analytical tools and evaluation 

methodologies, or mixed methods, to find out if and to what extent desired 

changes and policy impacts are achieved. The mixed-method research 

provides a deeper understanding of a research problem or phenomenon  

(Pokorny et al., 2013; Wheeldon et al., 2012). The thesis uses two main 

methodologies: policy coherence analysis (Paper I) and life cycle cost 

analysis (Paper II) to answer the research questions while addressing the 
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criteria of effectiveness in policy evaluation. The application of policy 

coherence analysis and life cycle cost analysis results in a combination of 

qualitative and quantitative approaches.  

a) Policy coherence analysis 

The development of bioenergy, and biofuel production in particular, is 

influenced by a wide range of policies in various sectors such as agriculture, 

energy, transport, forestry, environment and trade (FAO, 2008a; Lucia, 

2011). These numerous interlinkages make bioenergy the most complex 

area among renewable energy sources. Dealing with such complex 

interactions requires multi-sectoral policy approaches (Lucia, 2011; 

Söderberg et al., 2013). Sectoral policies (directly or indirectly) affecting 

biofuel become congested and force policy goals to interact (Kautto, 2011). 

Effective policy coordination is required to avoid conflicts of goals and 

make use of synergies. This approach is used to answer the first question 

(RQ I) related to sectoral land allocation, detailed in Section 5.1 and Paper 

I. Policy coherence suggests consistency between policy goals, instruments 

and other policy-related signals such as actions, implementation 

mechanisms, and communications or policy amendment (Huttunen et al., 

2014). Hence, indicators of effectiveness are set to be coherent policies, in 

terms of consistencies or synergies.  

b) Life cycle cost analysis 

Life Cycle Assessment (LCA) is a tool for decision making process and is 

commonly used in policy analysis (Ahlgren et al., 2015; McManus et al., 

2015). The LCA can help perform a sustainability evaluation to gain an 

understanding of the associated environmental impacts and economic 

value of the products in a biodiesel production system (Lee et al., 2016). 

Life Cycle Cost (LCC) analysis is a type of LCA. Analysis of LCC or cost 

effectiveness analysis is an appropriate technique used to assess the costs 

and revenues of biodiesel production (HM Treasury, 2011; Lee et al., 2013). 

This tool is applied to evaluate the policies for utilizing biomass residues 

using advanced biomass conversion techniques in palm oil production. The 

evaluation was carried out at the plant level by considering average plant 

capacity in Indonesia, current technological configuration and the 

biorefinery as a conceptual plant embedding the requirements for biomass 

residues utilisation as defined in the policies. The system boundary 

encompasses the palm oil mill and biodiesel production, and accounts for 
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the entire system of inputs and outputs. The study evaluates the economic 

competitiveness of harnessing the untapped biomass resources (i.e. empty 

fruit bunch, fibre, shell and palm oil mill effluents) and explores different 

allocations of the residues to produce value added products (i.e. electricity, 

steam, and biofertiliser). The study is performed at steady state operation 

using three key economic parameters: net income, net present value (NPV) 

and biodiesel breakeven price (BBP) to present the degree of effectiveness 

of the evaluated systems to answer the second research question, discussed 

in detail Section 6.1 and Paper II. 

Appropriate data to perform the analysis was collected by applying 

methods for data collection in policy research. Majchrzak (1984) and 

Majchrzak et al. (2014) indicate methods suitable for data collection in 

policy research: focused synthesis, secondary data analysis, field work, 

experiments, interview and surveys, and case studies. Here, a combination 

of the methods for data collection are applied.  

i. Focused synthesis involves a selective review of written material and 

discusses the information to which they directly contribute to the 

overall research objective (Majchrzak, 1984). Here, this method was 

used at the start of the research process (Paper I and Paper II). A 

review and analysis was performed on the content of published 

scientific articles, technical reports and national official policy 

documents involving biodiesel policy. This contributed to a better 

understanding of the current frameworks, helped to identify key 

policies for evaluation, and facilitated the selection of appropriate 

methods to answer the research questions. Availability of data and 

information was also considered when choosing the methodology. 

Furthermore, Paper I applied qualitative content analysis, a technique 

used to analyse text information in the policy document (Hsieh et al., 

2005; Liao, 2016). The work involved scrutinising official policy 

documents from 2006 which was the start of the biodiesel programme 

in Indonesia until 2015. Other documents published before 2006 but 

still valid and relevant to support the interpretation of policy 

documents were included in the analysis. 

 

ii. Secondary data analysis serves to acquire new evidence and was 

obtained by analysing existing databases. Majchrzak et al. (2014) 

indicate that the use of secondary data analysis is appropriate and 

effective when the available data fit with the overarching objective of 
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the research. This data collection method is used in the analysis 

carried out in Paper I and Paper II.  

 

iii. Field work and a case study were conducted to obtain CPO 

production data in palm oil mills located in North Sumatra, Indonesia 

during 2015 and 2016. The information was used in the life cycle cost 

analysis as detailed in Paper II.   

Table 2 summarises frameworks used in this thesis to evaluate policy 

instruments in the appended papers. 

Table 2: Frameworks to evaluate policy instruments and the corresponding 

appended papers 

 

Analytical 

framework to 

evaluate policy 

instruments 

Methods for 

data collection 

Indicators of 

effectiveness 

Paper I. Land 

allocation to meet 

sectoral goals in 

Indonesia—An 

analysis of policy 

coherence 

Policy 

coherence 

analysis 

Focused 

synthesis, 

secondary data 

analysis 

Qualitative 

(coherent 

policies, 

consistencies or 

synergy) 

Paper II. Enhancing 

the cost 

competitiveness of 

palm oil biodiesel 

production in 

Indonesia 

Life cycle cost 

analysis 

Focused 

synthesis, field 

work and case 

study, 

secondary data 

analysis 

Quantitative 

(net income, 

NPV, BBP) 

 

The methods chosen in this thesis have some limitations. As qualitative 

methods such as content analysis involve interpretations of the underlying 

context that can include false interpretations and personal bias, proper 

research design is required (Bengtsson, 2016). Design of the policy 

research process is key to set the boundary of the research. In this thesis, 

particularly in the research on land allocation, the policy documents are 

reviewed in relation to the context. Bias in the research process is also 

minimised by using national data and targeting the national context. Any 
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uncertainty in the interpretation process, scientific work and technical 

reports from credible institutions are used to elucidate relevant 

information.   

Moreover, there are limitations in the use of secondary data to complement 

specific plant data to perform the LCC analysis. The use of secondary data 

requires compromises in the measurement of concepts, unless the data 

matches very closely with the concepts operationalised from the targeted 

question (Majchrzak et al., 2014). Therefore, a number of validation steps 

were carried out to justify the use of such data to represent a typical agro-

industrial plant operation in Indonesia, and a sensitivity analysis was used 

to alleviate any uncertainties. 

The analysis is delimited to the evaluation of national policy since the 

policy elements (e.g. policy goal, instruments) are currently set at the 

national level. Current research is also delimited to the supply side of the 

palm oil agro-industry in Indonesia. The demand side and regional aspects 

could be incorporated in future research to enhance the current work, as 

described in Section 7.3. 

1.7 Thesis structure 

Following this introductory chapter, Chapter 2 presents the general 

characteristics of palm oil production and use in the agro-industry. 

Chapter 3 outlines state-of-the-art policy evaluation research. Chapter 4 

describes the main development of biodiesel policies in Indonesia since the 

programme launched in 2006. The thesis binds the two journal papers 

(Paper I and Paper II) and elaborates on the context under which the 

research has been carried out. Chapter 5 presents the methods and results 

of the analysis for land use policies affecting the area for feedstock 

plantation (Paper I). Chapter 6 presents the methods and results of the 

economic assessment for utilising biomass residues in the palm oil mill and 

the impact to the overall costs and revenues of biodiesel (Paper II). Chapter 

7 contains conclusions and recommendations describing conditions to 

improve existing practices towards sustainable palm oil biodiesel 

production in Indonesia and indicates future research topics. The diagram 

in Figure 3 illustrates the licentiate thesis structure. 
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 Figure 3: Licentiate thesis layout 
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2 Palm oil production and use in the agro-
industry 

2.1 Oil palm plantation development – ecological and legal 

suitability 

The oil palm, Elaeis guineensis Jacq., is a monocotyledon that belongs to 

the Arecaceae family (also known as Palmaceae) (Souza et al., 2017). The 

crop has an economic life-span of around 25–30 years, producing fruits 

throughout the year. Compared to other oilseed crops, palm oil has the 

highest yields, around 4 – 5 tonnes of oil per hectare,  while rapeseed, 

sunflower and soy yields are in the range of 0.5 – 1 tonnes of oil per hectare 

(Balat, 2011). 

The oil palm requires warm and wet conditions to grow, with optimal 

temperatures ranging between 24 and 28 °C, and optimal rainfall between 

2000 and 2500 mm per year (Corley et al., 2016). The palm’s growth is 

constrained by chemical (e.g. nutrient) or physical (e.g. water, soil) 

conditions, which can be overcome by irrigation and fertiliser application. 

The climatic conditions constitute the main factor determining land 

suitability for oil palm. Suitable lands for oil palm are found in the Amazon 

region, Central Africa, Western Africa and in Southeast Asia (Indonesia 

and Malaysia) (Pirker et al., 2016). In Indonesia, oil palm plantations are 

mostly found in Sumatra and Kalimantan. The plantation has been claimed 

as the prime cause of land use change resulting from the conversion of 

natural forest and peatland into oil palm plantations (Wicke et al., 2011).  

A forest area in Indonesia is defined as any particular area determined or 

designated by the government to be permanent forest (Law 41/1999). 

Under Indonesian regulation, the area available for plantation 

development consists of non-forest area and released forest area. The areas 

available for oil palm plantation under Indonesian regulations is discussed 

in Paper I.  
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Peatland is particularly important as it stores carbonaceous materials 

which are vital for the atmospheric carbon cycle (Lee et al., 2013). Peat is 

the name given to soil with high organic matter content. Peat soils in 

Malaysia and Indonesia absorb carbon at the rate of 100 kg per hectare 

every year, which contribute to 20-33% of the Earth’s terrestrial carbon 

(Mukherjee et al., 2014). Peat is formed in areas that are saturated with 

water (high water table). Although the cost of establishing plantations in 

peat soils can be 2-3 times higher than on mineral soils, planting on peat 

has increased due to shortage of good mineral soils. The estimated amount 

of peat land in Indonesia ranges from 17 to 27 Mha (Hooijer et al., 2006; 

Murdiyarso et al., 2011; Page et al., 2007). Concessions for oil palm 

plantations in peat land amount to approximately 3 Mha (Hooijer et al., 

2006; Page et al., 2007). In Indonesia, peat is generally found in swamp 

areas (Osaki et al., 2015; Sorensen, 1993). 

Understanding the legal land classification in Indonesia is important to 

identify the areas available for future plantation expansion, and also to 

verify potential overlaps that may occur in land allocation. This is further 

discussed in Paper I and Chapter 5 to answer the first research question 

(RQ I).  

2.2 Crude palm oil production and use 

Crude Palm Oil (CPO) and palm kernel oil are the main vegetable oils 

extracted from the palm fruit. They have different fatty acid profiles, which 

increase the crop’s versatility in several industrial applications (Barcelos et 

al., 2015). The process to produce crude palm oil includes sterilisation, 

stripping, digesting and pressing the fruits for oil extraction (Harsono et 

al., 2013). As described in Chapter 1, the CPO can be used for food and non-

food products. A diagram illustrating the multiple products derived from 

the oil palm is shown in Figure 4. 

In addition to the main products, i.e. crude palm oil and crude palm kernel 

oil, industrial activities in a palm oil mill generate significant amounts of 

solid and liquid biomass residues, e.g. empty fruit bunch, fibre, shells and 

palm oil mill effluents. The ratio of biomass residues per tonne of Fresh 

Fruit Bunch (FFB) is shown in Table 3.  
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Figure 4: The main uses of the oil palm (Source: Lee et al., 2013) 

Table 3: Ratio of biomass residues from CPO production per tonne of FFB 

Type of biomass residue Value Reference 

Empty fruit bunch, EFB 250 kg-EFB/t-FFB (Kamahara et al., 2010) 

Kernel shell, KS 60 kg-KS/t-FFB (POM, 2016) 

Mesocarp fibre, MF 125 kg-MF/t-FFB (Hasanudin et al., 2015) 

Palm oil mill effluent, 
POME 

0.61 m3-POME/t-FFB (Harsono et al., 2013) 

2.3 Palm oil-based biodiesel 

Liquid biofuels (biodiesel, bioethanol) are generally classified as 

conventional or first-generation biofuels if derived from food crops such as 

rapeseed, soybean, sugarcane or oil palm. Advanced or second-generation 

biofuels can be produced from a variety of biomass sources such as wood, 
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residues and waste, using more sophisticated technologies (Mukherjee et 

al., 2014). There are also biofuels derived from algae, so-called third 

generation biofuels. The second and third-generation biofuels have the 

advantage of not directly competing with food crops (Lee et al., 2013).  

Biodiesel is produced from oilseed crops including palm fruits, soybeans 

and rapeseeds. Oil yields per cultivated area are larger for oil palm than 

other oil sources (Balat, 2011). Nevertheless, although palm oil was the 

most produced vegetable oil in 2013, soybean oil was the most used for 

biodiesel production in the world (31%). Rapeseed oil was used for 24% of 

the biodiesel production, and palm oil for only 18% of the biodiesel 

production (Souza et al., 2017). The European Union accounts for more 

than half of the global biodiesel production in the world, which is based on 

rapeseed oil. Soybeans are mostly used in the United States and Brazil. In 

Indonesia, 100% feedstock for biodiesel comes from palm oil (Lee et al., 

2013). International prices of the CPO have generally been lower compared 

to other feedstocks for biodiesel (e.g. rapeseed oil, soybean oil), but this 

does not seem to be enough to achieve a competitive palm-oil-based 

biodiesel production.     

Generally, biodiesel is produced through the transesterification process 

using ethanol or methanol (Ong et al., 2012). The process can benefit from 

the help of an alkaline catalyst, such as potassium hydroxide, to accelerate 

the reaction rate. The chemical process converts palm oil into fatty acid 

methyl ester. This type of biodiesel is commonly produced in Indonesia. 

Biodiesel is the main product in a biodiesel plant which can obtain a ratio 

corresponding to 0.836 kg-biodiesel/kg-CPO1. Glycerol is the co-product, 

with a ratio corresponding to 0.167 kg-glycerol/kg-biodiesel (Kamahara et 

al., 2010). Biodiesel can be easily blended with fossil diesel without the 

need for major modifications to engines or fuelling stations. Biodiesel 

blends with fossil diesel currently used worldwide include 5%, 10%, 20%, 

up to 80% biodiesel blends (Lee et al., 2013). 

 

                                                             

 

1 Calculated based on ratio of 950 L-biodiesel/t-CPO (Ong et al., 2012) and biodiesel density 0.88 kg-
biodiesel/L-biodiesel (MIT, 2007) 
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3 State-of-the-art policy evaluation research in 
the palm oil agro-industry 

Vedung (2010) indicated that the use of (policy) evaluation as a governance 

strategy has gained attention since the early 1990s. The study argued that 

two factors support the growing body of literature on evaluation research 

over the last two decades. First, there was the perception that the public 

sector should become more evidence-based and result-oriented in policy 

planning, formulation and implementation. Second, public sector 

authorities need to demonstrate effectiveness in goal fulfilment to 

legitimise their function and obtain continued funding and support. Over 

time, evaluation cultures, capacities and activities have emerged 

differently in various national settings, and through external and internal 

pressures. As a result, the evaluation culture in many countries has been 

strengthened (Jacob et al., 2015).  

The evaluation process has been embedded in the governance structure, 

especially among OECD countries, and advanced by the European Union 

in the requirement for policy evaluation. Policy evaluation research stands 

out in the following sectors: education, health, social, environment, 

industry, and research and development, but research is needed on other 

sectors (Jacob et al., 2015). Country policy evaluation-based studies were 

conducted in some Latin America countries (Mexico, Chile, Colombia) by 

Gaarder et al. (2010), whereas evaluation research in Asian, African and 

Eastern European countries still laggs behind (Jacob et al., 2015). 

The commitment of the European Union to reduce emissions with the use 

of policy instruments to reach its climate and energy policy goals stimulate 

the evaluation research in this sector (Neij et al., 2006). Several European 

Union member countries have set guidelines and strategies for monitoring 

and assessment of policy instruments for energy and climate change 

(Mickwitz et al., 2009). The evaluation results communicate the impacts of 

policy instruments on GHG emission reduction and the development of 

energy systems.  
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For Indonesia, the government has developed a theoretical framework for 

the monitoring and evaluation of the implementation of its national 

development plans (GoI, 2009). Each government authority (national 

ministry) has set a number of indicators based on outputs to measure 

institutional performance according to policy goals. For example, for 

biofuels, the output is expressed in production volume (Regulation MEMR 

22/2015). However, requirements and guidelines to evaluate performance 

for specific policy instruments have not been established. The exception is 

the monitoring and evaluation of climate change policy due to the 

requirement for frequent international reporting on GHG emissions 

(Kaneko et al., 2016).  

Globally, countries producing palm oil have adjusted their environmental 

standards to comply with the sustainability principles such as the 

Roundtable Sustainable Palm Oil. In Indonesia, the need to overcome 

deforestation has led to growing interest in policy research, not least to 

evaluate the effectiveness of its zero deforestation policy (or the 

moratorium for new concessions on forest and peatland to deliver climate 

policy goal). Such a climate policy (or moratorium policy) affects the 

development of oil palm plantation expansion due to the practice of 

planting on forest and peat land. The moratorium policy was evaluated by 

Austin et al. (2014) after two years of implementation to assess the 

awareness, monitoring and enforcement among regional or district 

governments, and their understanding of the policy implementation 

(monitoring and enforcement). Murdiyarso et al. (2011) quantified the 

areas being protected by the moratorium policy and highlighted policy 

loopholes. The current impact of the moratorium policy on land use cover 

change, deforestation rate and GHG emissions was evaluated by Busch et 

al. (2014), while the future impacts were examined by Austin et al. (2015, 

2017), Mosnier et al. (2017), and Murdiyarso et al. (2011). Economic 

indicators were used by Sumarga et al. (2016) to evaluate the effectiveness 

of the moratorium policy. The moratorium policy is also analysed in Paper 

I of this thesis, together with other sectoral policies and multiple policy 

instruments.  

The government of Indonesia also requires the palm oil industry to treat 

the unused biomass residues as a means to improve the sustainability of 

the industry. Current operational (conventional) production systems have 

linear cycles that are not compatible with growing sustainability 
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requirements. Therefore, the integration of different technologies for 

treating biomass residues and transforming them within the context of 

biorefineries is an area of growing interest (Garcia-Nunez et al., 2016a). 

The biorefinery not only provides opportunities to comply with stricter 

environmental standards, but also to enable the creation of new products, 

and improve the overall economic, environmental and social performance 

of the system. 

Scientific literature on the topic of palm oil integrated biorefineries is 

dominated by country-case studies carried out for Malaysia (Chew et al., 

2008; Chiew et al., 2013; Kasivisvanathan et al., 2012; Yee et al., 2009; 

Yoshizaki et al., 2013) and Colombia (Garcia-Nunez et al., 2016b; Moncada 

et al., 2014; Rincón et al., 2014). Obviously, those countries are among the 

top palm oil producing countries in the world. The review by Garcia-Nunez 

et al. (2016a) did indicate studies that examined the treatment of biomass 

residues in Indonesian palm oil mills (Harsono et al., 2013; Hasanudin et 

al., 2015; Kamahara et al., 2010; Nasution et al., 2014). However, these 

studies neither discussed the integration of palm oil mill into biorefineries 

nor put this in the context of policy analysis. Paper II considers the 

implementation of biorefineries in Indonesia and reviews the potential 

profits from the use of biomass residues in the overall profitability of 

biodiesel production. The analysis quantifies the results from different 

system configurations, and therefore enhances understanding about 

potential gains, and the consequences of more stringent policy 

implementation in the country.  

Consequently, research on the topic of palm oil agro-industry has 

increasingly gained attention in recent years, but much more is needed to 

examine the topic in the context of policy research. This thesis contributes 

to filling the knowledge gap within the context of policy research and 

evaluation in palm oil agro-industry. The policy research conducted in this 

thesis applies sound concepts and analytical tools, which can be used by 

policy evaluators to perform evidence-based policy evaluation and to 

provide systematic judgement of the policy features (content, outputs and 

effects). The case of Indonesia also provides a valuable contribution to the 

body of literature on policy research in the Asian region from the largest 

producer of palm oil in the world. 

The research is focused on the crucial aspects of biodiesel deployment in 

Indonesia i.e. land use and allocation, as well as biodiesel economic 
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viability. It considers multi-sector characteristics and supply chain 

integration to deal with the complexity of bioenergy systems. It evaluates 

the joint effect of multiple policy instruments (listed in Chapter 4) instead 

of single policies. As pointed out by Lambin et al. (2014), policy 

instruments interrelate in several ways to have implication on policy 

outcomes and incremental benefits.  

The framework for ex-post policy evaluation in this thesis provides insights 

to stakeholders of the feasibility to evaluate or monitor policy 

developments by using nationwide publicly available data. The concept can 

be applied in a new data set or in other thematic areas where policy 

document and nationwide data are involved. The policy coherence analysis 

using the concept of policy interaction is applicable when assessing other 

competing resources (e.g. land, water, fertiliser) for various economic 

purposes. The life cycle cost analysis can be used as a tool to capture the 

effect of new policy interventions along the production chain.  
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4 Evolution of biodiesel policies in Indonesia 

A policy framework has been developed by the government of Indonesia to 

promote biodiesel production. It contains goals and instruments that have 

been operational since 2006. Policy goals or targets for biodiesel 

production and use express the political vision, and the ambition to achieve 

a 30% blending rate with fossil diesel in the nation’s transport, industry 

and power sectors by 2025. Policy instruments are applied at different 

stages of the biodiesel supply chain and can directly or indirectly support 

biodiesel deployment (FAO, 2008b). Common biodiesel policy 

instruments worldwide include financial support (e.g. tax exemption for 

biofuel producer), consumption targets and blending mandates; trade 

measures (e.g. import tariffs), and measures to promote productivity and 

efficiency improvements at various stages of the value chain (Fonseca et 

al., 2010).  

This chapter is based on policies earmarked for the biofuels industry 

specifically on feedstock production and biofuel refining, including 

business investment in Indonesia. The policies presented in this chapter 

are applicable to all feedstock types used for the production of first 

generation biofuels, but the main focus in this thesis is palm oil based 

biodiesel. Other policies that affect biodiesel development are elaborated 

on in Chapter 5 and Chapter 6 in accordance with the research questions 

(RQ I and RQ II). 

The policy research in this thesis considers the Indonesian legal system at 

the national level. The establishment of basic Laws is in accordance with 

the Constitution. The President proposes a bill for discussion in the 

Parliament. Government Regulation, Presidential Regulation, and 

Presidential Instructions are enacted to implement the Law. Ministerial 

Regulation is then established to further enact specific instruments to 

implement the Government Regulation and Presidential 

Regulation/Instruction. The period of analysis is between 2006 (the start 

of biodiesel programme in Indonesia) until 2015. Figure 5 illustrates the 
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introduction of biodiesel policies between 2006 and 2015, the targets set 

for transport and the target achievements until 2016. The status of the 

policies and the type of instrument are explained in Table 4. The policy 

instruments included in this thesis are legislative measures (regulatory or 

economic instruments) and non-legislative measure (voluntary) 

(described in Section 1.5). 

Note that the focus of this thesis is on biodiesel from palm oil produced in 

Indonesia. Regulations applicable to biodiesel in Indonesia are often 

included in regulations for liquid biofuels at large, which encompasses 

biodiesel and bioethanol. Hence, all regulations for liquid biofuels in 

Indonesia outlined in this thesis are valid for palm oil-based biodiesel. The 

key policy instruments influencing the biodiesel programme in Indonesia 

are elaborated in the next paragraphs. The policy numbers in square 

brackets “[ ]” are used to more easily relate the description with the policy 

timeline outlined in Figure 5 and Table 4. 

 

 Figure 5: Biodiesel policy timeline for Indonesia 2006-2015 

Notes:  

 Lines represent biodiesel blending targets and achievements for each year  

 Each block represents the policy instruments adopted particular years. The list of policy 
instruments, adoption year and status can be found in Table 4 

 The blue boxes represent instruments included in the policy analysis carried out in this thesis 
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Table 4: Biodiesel policies in Indonesia (the status, type of instrument and 

reference policy document) 2006-2015 

S.N 
Policy 

instrument 
title 

Adoption 
year 

Policy 
status 

Policy 
instrument 

type 

Policy 
document 

[1] Provision and 
utilisation of 
biofuel as an 
alternative 
fuel 

2006 In 
force 

Regulatory 
instrument 

Presidential 
Instruction 
1/2016, 
Presidential 
Regulation 
5/2006, 
Government 
Regulation 
79/2014 

[2] Establishment 
of the 
institutional 
framework for 
the biodiesel 
programme 

2006 In 
force 

Regulatory 
instrument 

Presidential 
Instruction 
1/2016 

[3] Standard for 
the biodiesel 
specification 
for fuel mix 

2006 In 
force 

Regulatory 
instrument 

Oil and Gas 
Decree 3674-
3675/2006 

[4] Guidance on 
permit to 
produce, 
purchase, sell 
and export 
biodiesel 

2006 In 
force 

Regulatory 
instrument 

Regulation 
MEMR 
51/2006, 
Presidential 
Regulation 
45/2009 

[5] Land for 
biofuel 
feedstock 
plantation 

2006 In 
force 

Regulatory 
instrument 

Presidential 
Instruction 
1/2006 

[6] Support to 
farmers to 
plant biofuel 
crops 

2006 In 
force 

Economic 
instrument 

Decree MoF 
117/2006 

[7] Establishment 
of a national 
team to 
develop a 
biofuel 
roadmap 

2006 Ended Regulatory 
instrument 

Presidential 
Regulation 
10/2006 

[8] Government 
fund for 
biofuel 
infrastructure 

2007 In 
force 

Economic 
instrument 

Government 
Regulation  
8/2007 
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S.N 
Policy 

instrument 
title 

Adoption 
year 

Policy 
status 

Policy 
instrument 

type 

Policy 
document 

[9] Tax reduction 
for the biofuel 
industry 

2007 In 
force 

Economic 
instrument 

Government 
Regulation  
1/2007 

[10] Biodiesel 
blending 
rate and 
target 
sectors 

2008 In 
force 

Regulatory 
instrument 

Regulation 
MEMR 
32/2008, 
25/2013, 
12/2015 

[11] Biodiesel 
export tax 

2008 In 
force 

Economic 
instrument 

Decree MoF 
59/2008, 
223/2008, 
67/2010, 
75/2012, 
128/2013, 
136/2015  

[12] Biodiesel 
market 
price 

2010 In 
force 

Regulatory 
instrument 

Decree 
MEMR 
219/2010, 
3053/2011, 
2185/2014, 
0726/2015, 
3239/2015 

[13] Subsidy for 
biodiesel 
funded by 
CPO 
products 
export tax 

2015 In 
force 

Economic 
instrument 

Regulation 
MoF 
114/2015, 
133/2015, 
30/2016 

[14] ISPO 
standard for 
palm oil 
industry 
producing 
biodiesel 

2015 In 
force 

Voluntary Regulation 
MoA 11/2015 

Abbreviations: Indonesian Sustainable Palm Oil (ISPO); MEMR (Ministry of Energy and Mineral 
Resources); MoA (Ministry of Agriculture); MoF (Ministry of Finance) 
Notes: Policy instruments number 5,10,12 and 13 are analysed in this thesis 
 

The provision and utilisation of biofuels as alternative fuels, and 

acknowledgement of the contribution of biodiesel to the energy mix gained 

political momentum in 2006 (Presidential Regulation 5/2006) [1]. The 

Presidential Instruction 1/2006 appointed some national ministries to 

design and implement biodiesel policies [2]. The task was to formulate 

economic instruments (such as financial incentives, market price and 
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trading systems) and regulatory instruments (such as standards and 

procedures for the cultivation, supply and distribution of biofuels, the 

provision of land and the development of research and technology), 

develop the agro-industry and deploy the use of biodiesel. Regional 

governments (including governors, district heads and mayors) should also 

promote the development of the domestic biodiesel industry, specifically 

by facilitating the provision of land for feedstock plantation. In the same 

year, the target of 10% biodiesel mix was set (Oil and Gas Decree 3674-

3675/2006) [3], together with guidance for issuing permits to produce, 

purchase, sell and export biodiesel (Regulation of Ministry of Energy and 

Mineral Resources (MEMR) 51/2006) [4], which began the uptake of 

biodiesel in the transport sector. 

The core policy governing land use for biofuel production (Presidential 

Instruction 1/2006) indicates non-productive areas in forest and non-

forest, as suitable for the production of all types of biofuel feedstock [5]. 

Discussions about the policies governing land allocation for palm oil 

biodiesel feedstock, and the link with other sectoral policies are elaborated 

in Chapter 5 and detailed in Paper I. 

In 2006, a national biofuel development team was established [7]. The 

team formulated a biofuel roadmap (Presidential Regulation 10/2006), 

which was completed in 2008 and served as the basis to define biofuel 

blending targets, including for biodiesel. The progressive biodiesel targets 

up to 2025 were issued in Regulation MEMR 32/2008 [10]. The 

transportation, industry and power generation sectors were required to use 

at least 5% biodiesel blended with fossil diesel, gradually increasing to 10% 

by 2015. Currently, biodiesel blending is only implemented in domestic 

land transport. Despite the slow uptake of domestic biodiesel 

consumption, the government raised the target to a 30% blending rate by 

2025 in the three sectors (Regulation MEMR 12/2015). 

Support to farmers to develop plantations of biofuel crops is given in the 

form of lower interest rates (Ministry of Finance (MoF) Decree 117/2006) 

[6]. For palm oil biodiesel, the justification of this regulation is ambiguous, 

as palm oil is intended for various purposes (food and non-food industry) 

and, there is no plantation that only supplies palm oil for biodiesel. 

For long-term investment projects, the biodiesel industry and the 

feedstock growers are eligible for the government investment fund for 

financing processing facilities and other supporting infrastructure 
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(Government Regulation 8/2007) [8]. Since then, various financial 

measures have been introduced, including income tax reduction for biofuel 

industries (Government Regulation 1/2007) [9], biodiesel export taxes 

(Ministry of Finance 59/2008; 136/2015) [11], market prices for biodiesel 

(Decree of Ministry of Energy and Mineral Resources 219/2010; 

3239/2015) [12], and subsidies for biodiesel (Regulation of Ministry of 

Finance 30/2016) [13]. 

Subsidies for biodiesel have been provided since the programme was 

launched, initially in the form of a fixed subsidy until mid-2015, and later 

in the form of variable subsidy, to compete with fossil diesel price. The 

latter scheme channels the export tax on Crude Palm Oil (CPO) products 

to finance the price discrepancy between biodiesel and diesel for 

Indonesian consumers. As shown in Figure 2, the export of biodiesel 

observed after 2014 declined following the export curtailment through 

export tax for CPO and its derivatives. The use of the tax revenues for 

subsidising biodiesel has driven the production growth and deployment in 

recent years. However, the amount of funds available for biodiesel is 

directly correlated to the volume of the export products, implying that a 

smaller proportion of export volume will reduce the amount of funds 

available for biodiesel subsidies. This can potentially affect biodiesel 

production. Direct subsidy to the final product creates a market as long as 

the subsidy is applied, but does not encourage long-term market 

sustainability. The potential to improve the economic competitiveness of 

biodiesel is discussed in Chapter 6 and detailed in Paper II.  

There is currently no specific sustainability requirement for the biodiesel 

fuel in Indonesia. However, sustainability requirement for oil palm 

plantations and palm oil processing are in place, complying with the 

Indonesian Sustainable Palm Oil (ISPO) standard. This standard was first 

launched in 2011 and updated in 2015. The regulation is mandatory for 

large-scale oil palm plantations with or without an integrated processing 

plant, but voluntary for smallholder plantations as well as for integrated 

plantation and processing plant producing palm oil biodiesel (Regulation 

of Ministry of Agriculture 11/2015) [14]. The voluntary scheme can 

potentially jeopardise efforts to ensure the sustainable production of palm 

oil-based biodiesel.  
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5 Land allocation: an analysis of sectoral policy 
coherence 

5.1 Methodological framework 

The interlinkages of bioenergy with other sectors justify the need of 

coherent policies as described in Section 1.6. The framework of policy 

coherence is utilised for promoting synergies between and within different 

sectors to reach intended objectives (Harahap et al., 2017). The conceptual 

frameworks to measure the degree of coherence lie under concepts such as 

policy integration, policy interaction, or policy consistency. The analysis of 

sectoral policy coherence on land allocation fits the theme of policy 

interaction. The combination of several policy aspects is also encompassed 

in the concept of policy mix. The policy mix combines three building 

blocks: elements, processes and dimensions (Rogge et al., 2013). The 

elements comprise of policy goals and instruments, which are shaped by 

the process of policy making and implementation. Dimensions, such as 

governance level, geography or sector, specify the elements and processes. 

Paper I presents the concept to measure the degree of coherence on land 

allocation involving multi-sector analysis and various steps taken to 

describe the coherence characteristic in the policy mix. Policy interactions 

in relation to land allocation at the horizontal administrative level 

(national policies) are explored through (i) internal at one policy area 

(biofuel) and (ii) external at multi policy areas (agriculture, climate and 

forestry). They are assessed at three policy layers (a) policy goals, (b) policy 

instruments, and (c) planned implementation. The different levels and 

policy elements used in the framework for policy coherence analysis is 

illustrated in Figure 6. 

The analysis moves from defining one key goal in each sector based on the 

importance of land for meeting the specific goal. The biofuel policy 

considers the biodiesel blending target of 30% by 2025 in various sectors 

for energy security. Ensuring food security by targeting the annual growth 

rate of 2-5% of food crops production by 2019 is the key goal for the 
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agriculture sector. The climate policy looks at the 23% reduction of GHG 

emissions from land use change from business as usual by 2020. Lastly, 

forestry policy takes into consideration the enhancement of the forest 

management unit by 72% in 2019. Key instruments to materialise the 

policy goals are identified from formal policy documents (Law, 

Government Regulation, Presidential Regulation, Presidential Decree, 

Ministerial Regulation). The analysis of policy coherence on land allocation 

considers dual land use classifications recognised in Indonesia and twenty-

three legal documents governing land use within the thematic areas of 

biofuel, agriculture, climate and forestry. 

Figure 6: Interacting layers of sectoral national policies adopted and modified 

from Huttunen et al. (2014), Lindstad et al. (2015), and Nilsson et al. (2012)  

Indonesia recognises the dual land classification (shown in Figure 7) based 

on (i) the legal status of the land (forest and non-forest area) and (ii) the 

land cover (area with forest cover and area without forest cover) (MoEF, 

2015). Discrepancy is often found on the ground, between the legal status 

of the land and the physical land cover conditions. The two land use 

categories are used as the basis to understand how land issues are 

addressed in the policy documents. Qualitative content analysis approach 

is used to examine the policy documents using the research question as 

guidance to interpret text (Hsieh et al., 2005). Scientific literature and 

reports from credible institutions are used to support the clarification of 

any uncertainties in the policy documents. Detailed descriptions about 

what type of land is associated with each category can be found in Paper I. 
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Figure 7 depicts the approach for content analysis on land allocation to 

meet sectoral policy goals under dual land use classifications. 

Figure 7: Framework for content analysis to scrutinise policy documents within the thematic 

areas of biofuel, agriculture, climate and forestry on the issue of land use allocation 

The qualitative analysis interprets how land allocation is defined in the 

formal policy documents. Such information can be used to quantify the 

land available to satisfy stated policy goals when sectoral policy 

interactions are considered. The analysis is performed by using official 

data on land area that fulfils dual land classifications (based on legal land 

status and land cover). The results are presented in Paper I. The framework 

used to analyse policy coherence can be applied in other contexts of land 

issues where interaction between sectoral policies have occurred. The 

estimation of land available using data on land area that fulfils dual land 

classification can be used for land use planning purposes.  

5.2 Measuring the coherency of biofuel policy with other sectoral 

policies on land allocation 

RQ I: How coherent are the policies allocating land for palm oil 

biodiesel feedstock production with policy goals in other sectors? 

The cross-sectoral policy analysis using the framework detailed in Paper I 

indicates areas of uncertainties and inconsistencies, when it comes to the 

allocation of land to meet multi-sectoral policy goals. According to Howlett 
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et al. (2007) when inconsistencies appear in the instruments, the 

relationship of multiple goals are ineffective. The uncertainties and 

inconsistencies observed in the cross-sectoral policy analysis would lead to 

ineffective policy implementation. 

The recognised land use classifications are not consistently followed by the 

official policy documents. This causes difficulties in defining the type of 

land associated with the sector and also allows room for multiple 

interpretations. For example, in biofuel policy documents, inconsistent 

terms in local language are observed when referring to “degraded land”, 

which is in local language referred to as lahan kritis, lahan yang tidak 

produktif, lahan terdegradasi, lahan yang penutupan vegetasinya 

sangat jarang/kosong (or area with sparse vegetation cover). It is 

interpreted that degraded land includes areas covered with shrub, shrub 

swamp and bareland in forest and non-forest. It was also observed that 

agriculture policy documents denote abandoned areas for food crop 

expansion. The documents indicate that such areas refer to land that has 

been abandoned after the issuance of land rights utilisation, located in 

protection forest, production forest, and non-forest area. However, the 

definition of abandoned areas does not clarify the type of land cover under 

the main land classifications.  

Double land allocation is observed in some areas. For example, swamps 

located in production forest and non-forest areas are found in land 

allocated for the expansion of both biofuel feedstock plantation (biofuel 

policy) and food production (agriculture policy), as well as for climate 

mitigation purpose (climate policy). The challenge is that these policies 

sometimes aim at conflicting objectives, one for utilising the land, and the 

other for protecting the land. The allocation of land in different policy areas 

is summarised in Table 5. It becomes clear that land allocated when only 

looking at a single policy area may be in conflict with other allocations and 

may require adjustments.  

The government has communicated its priorities on land use by clarifying 

the hierarchy of policy goals, moving from agriculture policy to climate 

policy, forestry policy and, finally, biofuel policy. Thus, food security comes 

before climate change mitigation and energy security. This hierarchy in the 

priority policy goal aims to avoid conflict on land allocation. The hierarchy 

of sectoral policy goals in Table 5 is arranged from left to right implying the 

priority is given to the sectoral goal  indicated first in each box.  
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Nevertheless, the government priority policy goal has not been necessarily 

implemented as planned. For example, the agriculture policy is stated to 

be at the top of the policy hierarchy. Yet the conversion of rice fields into 

oil palm plantation continues to occur, primarily driven by higher prices 

for palm oil products, and the potential for higher revenues compared with 

other agriculture commodities (Feintrenie et al., 2008). 

Table 5: Areas where multiple allocations are identified for sectoral policies 

(A: Agriculture policy, C: Climate policy, F: Forestry policy, B: Biofuel policy) 

        Classification by legal status of land 

    

Conserva
tion 

forest 

Protected 
forest 

Limited 
production 

forest 

Permanent 
production 

forest 

Convertible 
production 

forest 

Non-
forest 
area 

C
la

ss
if

ic
a

ti
o

n
 b

y
 l

a
n

d
 c

o
v

er
 

Primary 
dry forest 

C, F C, F C, F C, F C, F C  

Primary 
swamp 
forest 

A, C, F, B A, C, F, B A, C, F, B A, C, F, B A, C, F, B A, C, B 

Secondary 
swamp 
forest 

A, C, F, B A, C, F, B A, C, B A, C, B A, C, B A, C, B 

Primary 
mangrove 
forest 

C, F C, F C, F C, F C, F 
  
  
  

Secondary 
mangrove 
forest 

C, F C, F  C  C  F 

Shrub / 
bush 

F, B F, B B B B B 

Shrub 
swamp 

F, B F, B B B B B  

Bareland F, B F, B A, B A, B A, B A, B 

Swamp A, C, F, B A, C, F, B A, C, B A, C, B A, C, B A, C, B 
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6 Boosting the profitability of palm oil biodiesel 
in Indonesia 

6.1 Framework for an economic comparative analysis of the 

conventional biodiesel production system and the alternative 

biorefinery concept 

The Conventional System and the Biorefinery concept 

Palm oil mills produce crude palm oil (CPO) for biodiesel production in 

Indonesia. The CPO production generates large amounts of biomass 

residues, including empty fruit bunches, mesocarp fibre (or fibre), kernel 

shell (or shell) and palm oil mill effluents. Sung (2016) estimated the total 

weight of those residues at 134 million tonnes in 2013. Besides containing 

energy, organic matter and mineral elements, the residues have substantial 

economic value. Furthermore, the decomposition of untreated residues 

produce significant GHG emissions (Kurnia et al., 2016; Mohammad et al., 

2015).  

The government of Indonesia has regulated the palm oil industry to 

convert residues into value added products such as bioelectricity and 

biofertiliser (Regulation 11/2015). Incentives are offered to promote the 

use of residues. For example, special electricity tariffs are provided for 

electricity generated from biomass and biogas sources from palm oil mills 

(Regulation 12/2017). However, the implementation of these policies has 

evolved slowly as shown by the low proportion of biomass and biogas 

power plants installed compared to the total technical potential (IRENA, 

2017; MEMR, 2016; Rahayu et al., 2015). Only 3.6% of the total electricity 

potential from biomass sources and 1.06% of the total electricity potential 

from biogas sources were found in the total installed capacity in palm oil 

mills in Indonesia until 2015. The established profits from CPO sales are 

significant, and there has been little interest to explore additional revenues 

from bio-products. Complementary policy or stricter policy monitoring is 

needed to improve the policy implementation. 
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In the second step of the policy evaluation in this thesis, the analysis 

considers the implementation of policies to treat the unused biomass 

residues in palm oil mills, and the potential impact this may have on costs 

and revenues from biodiesel production. The evaluation is undertaken at 

the plant level to compare the economic performances of a system that 

currently does not fully comply with the policy (Conventional System) and 

an improved system that complies with the policy for utilising biomass 

residues and integrating the value chain of palm oil and biodiesel 

(Biorefinery). The systems are evaluated based on the following aspects 

and detailed in Table 6 and Table 7: 

i. The conversion technologies of biomass residues in the palm oil 

mill (i.e. biomass cogeneration plant, anaerobic biogas digester, 

and aerobic co-composting) and treated quantities of residues;  

ii. Sale of commercial bio-products from processing the biomass 

residues in the palm oil mill (i.e. electricity and biofertiliser);  

iii. Energy supply in the palm oil mill and biodiesel plant;  

iv. Integration of palm oil mill and biodiesel plant. 

The Conventional System depicts a typical production of palm oil 

biodiesel in Indonesia. The biomass residue conversion technologies in 

that system consist of low efficiency biomass cogeneration and an aerobic 

co-composting plant. This system utilises fractions of biomass residues. 

The palm oil mill and the biodiesel plant in Indonesia are typically 

geographically separated, whereby the palm oil mill is closer to the 

plantation, and the biodiesel plant is located near a seaport to more easily 

serve the export market.  

The Biorefinery comprises of a palm oil mill, a biodiesel plant, a high 

efficiency biomass cogeneration plant, a biogas unit or a co-composting 

plant, all in one facility. The system is illustrated as an upgraded system 

compared with what is typically installed in Indonesia. Such a system 

avoids dumping any unused residues. The proposed biorefinery is a simple 

one that uses one feedstock to produce two or three products with current 

available technologies (Jong et al., 2015). The Biorefinery is connected to 

the external electricity grid and therefore excess electricity can be sold 

beyond the refinery borders. Five different cases of palm biomass residues 

allocated by type of Biorefinery are considered in, Case 1 to Case 5. In Case 

1 to Case 4, three biomass conversion technologies (high efficiency 
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cogeneration plant, biogas plant and co-composting plant) are included 

because palm oil mill effluents and empty fruit bunches can be treated in 

more than one of the technologies. Case 5 excludes biofertiliser production 

in a co-composting plant. The biomass conversion technologies and 

quantities of biomass residues treated in Biorefinery Case 1 to Case 5 are 

shown in Table 6, and other characteristics (bio-products, energy supply, 

and location of processing facilities) are shown in Table 7. 

Table 6: Biomass conversion technologies and the quantity of biomass residues in 

Conventional System and Biorefinery Case 1 to Case 5, as a percentage of the total residue 

Biomass 
conversion 
technology 

Type of 
biomass 
residues 

Quantity of biomass residues in the Biorefinery 

Conven
tional 

System 

Case 
1 

Case 
2 

Case 
3 

Case 
4 

Case 
5 

Low efficiency 
biomass 
cogeneration 

KS 2% - 

MF 100% - 

Aerobic co-
composting 
plant 

POME 100% 80% 60% 40% 20% - 

EFB* 76% 61% 46% 31% 15% - 

Biogas plant – 
anaerobic 
covered lagoon 

POME - 20% 40% 60% 80% 100% 

High efficiency 
of biomass 
cogeneration 
plant 

EFB - 39% 54% 70% 85% - 

KS - 100% KS 

MF - 100% MF 

Abbreviations: EFB (empty fruit bunch); MF (mesocarp fibre), KS (kernel shell); POME 
(palm oil mill effluent) 
Note: * Quantity of EFB treated in co-composting plant is calculated based on 
recommended substrate ratio of 3.2 m3-POME/t-EFB for favourable ratio to produce mature 
compost (Mohammad et al, 2015; Schuchardt et al, 2002) 
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Table 7: Characteristics of a Conventional System and five cases of 

Biorefinery (Case 1 to Case 5) in the palm oil mill and the biodiesel plant 

Characteristics 
Conventional 

System 
Biorefinery 
(Case 1 to 5) 

Bio-products from 
processing biomass 
residues in palm oil mill 

Biofertiliser, 
electricity and heat 
for on-site use 

Electricity and heat for on-
site use or also biofertiliser, 
excess electricity is fed to 
the grid 

Energy supply (electricity 
and heat) for palm oil 
mill 

Energy from on-site 
biomass residues 

Energy from on-site 
biomass residues Energy supply (electricity 

and heat) for biodiesel 
plant 

Diesel oil and heavy 
fuel oil 

Location of biodiesel 
plant 

Distant from palm 
oil mill 

In one facility as the palm 
oil mill 

 

Performing economic analysis 

The evaluation was carried out using a life cycle cost analysis, as described 

in Section 1.6. The various steps, methods and sources of data used to 

calculate the mass and energy balance within each system boundary are 

elaborated in Paper II. Quantitative economic indicators (net income, the 

net present value (NPV), and the breakeven price of biodiesel (BBP)) are 

used to compare the costs and revenues of palm oil biodiesel production in 

the Conventional System and the Biorefinery. The plant net income is the 

difference between revenues and costs. The NPV is derived from the total 

discounted income and costs at a lending rate of 6.83% (Bank Indonesia, 

2016) and project lifetime of 25 years. The BBP is the biodiesel sale price 

at zero plant profit. The parameters included in the calculations of costs 

and revenues are summarised in Figure 8. The formula used to calculate 

NPV and BBP are presented in Eq. 1 and Eq. 2.  

The input data for the palm oil mill was mostly obtained from field work in 

a Palm Oil Mill (POM) in North Sumatra, Indonesia during 2015 and 2016. 

The palm oil mill in the Conventional and Biorefinery systems is assumed 

to operate at 30 tonne-FFB/hour or 150,000 tonne-FFB/year and 5,000 

hours/year. The capacity is a common size mill in Indonesia. The biodiesel 



CHAPTER VI. BOOSTING THE PROFITABILITY OF PALM OIL BIODIESEL IN INDONESIA | 37 

 

 

plant receives the CPO from a palm oil mill with the capacity to process 

30,000 t-CPO/year. Alternative uses of the CPO except for biodiesel is not 

considered in the analysis.  

The input data for the biodiesel plant, ratio of biomass residues per tonne 

of fresh fruit bunch (FFB), and other assumptions required for the analysis 

are based on scientific literature. Details of prices and costs data, capital 

cost of technology, any assumptions made, and references used are 

elaborated in detail in Paper II. The prices and costs data used in this 

analysis are obtained from the average values in Indonesia and scientific 

studies. All evaluated systems use similar unit costs and unit prices. 

Economic values are adjusted for inflation to 2016 prices, using Indonesia 

GDP deflator (Bank Indonesia, 2016). The exchange rate used is 1 USD = 

13,000 Indonesian Rupiah (local currency). 

 

 

Figure 8: Parameters used in the calculations of costs and revenues of each system 
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NPV = (∑
𝑅−(𝐶𝐶+𝑇)

(1+𝑖)𝑛
𝑛=𝑁
𝑛´1 ) (Eq. 1) 

where, 

NPV is net present value; 𝑅 is annual revenue; T is the annual O&M cost 

and includes the annual cost of feedstock, materials, energy and 

maintenance cost; CC is total capital cost; 𝑖  is interest rate; n is project 

lifetime. 

 

BBP =
C−R−(Vob∗Pob)

Vob
   (Eq. 2) 

where, 

𝐵𝐵𝑃  is the biodiesel breakeven price; C  is annual costs; 𝑅  is annual 

revenues; 𝑉𝑜𝑏 is the annual biodiesel production; 𝑃𝑜𝑏 is the biodiesel price. 

The sensitivity analysis was performed to analyse the changes of FFB price, 

diesel price, electricity and biofertiliser prices, capital cost to net income 

per tonne of FFB. 

6.2 The impact of utilising biomass residues in palm oil mill on 

biodiesel cost competitiveness 

RQ II: How do the policies for the utilisation of biomass residues in the 
palm oil mill affect the cost-competitiveness of biodiesel production? 

The result of the life cycle cost assessment, as presented in Table 8 proves 

that the conventional systems that are commonly installed for palm oil and 

biodiesel production in Indonesia deliver the highest cost and the lowest 

income in comparison to the system where requirements as stated in the 

policy are taken into account in the technical configuration. While the 

Biorefinery – Case 1 represents the most cost-effective system. This is an 

improved system that simultaneously produces biodiesel, electricity, heat 

and biofertiliser. Such a system avoids dumping any unused residues. It 

converts 80% of palm oil mill effluent and 61% of empty fruit bunch into 

compost; and 20% of palm oil mill effluent, 39% of empty fruit bunch, 

100% of shell and 100% of fibre into electricity, which can either be used 

on-site or sold to the grid.  

The most cost-effective system (Biorefinery – Case 1) generates a net 

income of 9 USD/t-FFB-processed, or more than six-fold what is found in 

the Conventional System. An annual net income of 1.3 million USD/year 
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can be obtained with a NPV of 15.53 million USD. The system can supply 

10,712 MWh/y of electricity to the grid that can electrify about 6,000 

households assuming an electricity consumption of 1,723 kWh/household-

year, which is the average in Indonesia (Enerdata, 2014). The system 

provides additional revenues that can contribute to the increased cost 

competitiveness of biodiesel compared with fossil diesel, which lessens the 

price discrepancy between them and potentially reduces the level of 

subsidy for biodiesel by 0.04 USD/L-biodiesel. This equates to total 

savings of 393 million USD per year, which can be achieved with such a 

reduction while contributing towards the target of a 30% biodiesel 

blending rate by 2020 (or 10.11 billion litres of biodiesel2). Thus part of the 

subsidy budget could be used to promote industrial integration towards the 

biorefinery concept. 

Table 8: Net income, NPV, and BBP of the Conventional System and 

Biorefinery (Case 1 to Case 5) 

Economic 

indicators 

Conventional 

System 

Biorefinery 

Case 1 Case 2 Case 3 Case 4 Case 5 

Net income 

(million 

USD/year) 

0.2 1.3 1.1 0.86 0.65 0.45 

Net income 

(USD/t-

FFB-use) 

1.4 9 7 6 4 3 

NPV (in 

million 

USD) 

2.41 15.53 12.83 10.23 7.70 5.36 

BBP 

(USD/L-

biodiesel) 

0.66 0.62 0.62 0.63 0.64 0.65 

                                                             

 

2 The author’s calculation based on the diesel fuel projection in 2025 of 43 billion litres for transport and 
industry sectors (Wright et al. 2017) and biodiesel blending rate of 30% (Regulation 12/2015). Energy 
content of diesel 35.8 MJ/litre and for biodiesel 33 MJ/litre (MIT, 2007) 



CHAPTER VI. BOOSTING THE PROFITABILITY OF PALM OIL BIODIESEL IN INDONESIA | 40 

 

 

The sensitivity analysis (shown in Figure 9) shows that the most cost-

effective unit proves to be the least affected by changes in diesel, 

biofertiliser and electricity prices, capital cost and interest rates. Only 

when the capital cost is increased up to 50% does the unit starts to make a 

loss. The feedstock cost (FFB) represents a dominant share in the biodiesel 

production cost, hence the economic outcome is very sensitive to 

fluctuations in the feedstock price. 

 

 

Figure 9: Sensitivity analyses on net income per tonne FFB (USD/t-FFB) of 

Conventional System and Biorefinery-Case 1 with parameter changes i) FFB price; 

ii) diesel price; iii) biofertiliser and electricity price; iv) capital cost 
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7 Conclusions, recommendations and future 
research 

7.1 Conclusions 

This study evaluated policies affecting the development of the palm oil-

agro industry in Indonesia specifically related to the allocation of land for 

biodiesel feedstock production and the utilisation of biomass residues from 

palm oil production. The policy evaluation has provided an understanding 

of how the policy is supposed to work, the impacts resulting from the 

current practice, and the way the policies are implemented today. The 

impacts are confirmed by a set of qualitative and quantitative indicators.  

The analysis identified areas in which policy formulation and/or 

implementation can be improved. For land allocation, inconsistencies in 

the use of recognised land classifications in the policy documents, the 

unclear definition of specific land categories and the multiple allocation of 

areas denote incoherent sectoral policies on land allocation leading to 

ineffective policy implementation. When it comes to palm oil biodiesel cost 

competitiveness, current policies have been designed to enhance profit at 

the plant through the improved utilisation of biomass residues in the palm 

oil mill. The biorefinery conceptual plant allows the reduction of 

government subsidies, and provides pathways to enhance the use of 

renewable energy and reduce GHG emissions. However, the low 

implementation rate of these policy measures indicates the need to 

improve the effectiveness of policy implementation. Under present 

circumstances, the desired biodiesel blending target will not be met in a 

sustainable way.  

Poor conditions for policy implementation was observed in the utilisation 

of land and palm biomass residues. They can be caused by an unwillingness 

of the target group to comply with the regulations. The poor policy 

implementation results in unintended effects. For land allocation, even 

though the government has set the policy priorities, shifting plantations 

from food crops to other plantations is still occurring. Similar behaviour 
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was also confirmed by the low adoption rate of policies designed to 

motivate the use of biomass residues in palm oil mills. Therefore, the 

present development is not fully complying with the regulations. 

Enforcement measures need to be discussed, including the better 

monitoring of policy implementation, and possibly also more stringent 

consequences for non-compliance.  

Finally, the thesis demonstrates that the inclusion of multi-sector analysis 

and supply chain integration are key considerations not only for the 

development of the palm oil agro-industry but also for policy cycles from 

design, implementation, to evaluation and adjustment. Inclusion of those 

aspects are crucial for better policy coordination and integration. The palm 

oil biodiesel supply chain is affected by a wide range of sectoral policy 

instruments, hence interventions in other sectors may either support or 

jeopardise the fulfilment of biodiesel policy goals.  

7.2 Recommendations 

What can be done to enhance the sustainability of biodiesel production 

in the palm oil agro-industry in Indonesia? 

There are valuable lessons to be learnt from the policy evaluation carried 

out in this thesis. Most importantly, there is room for enhancing the 

sustainability of the palm oil agro-industry in Indonesia with adjustments 

to existing policies. This would enhance their effectiveness and move the 

industry in the right direction.  

For land allocation, improvements in policy formulation and 

implementation are crucial. Uncertainties when it comes to the allocation 

of land to meet multi sectoral policy goals (biofuel, agriculture, climate and 

forestry) are to be addressed by clarifying land use definitions and 

categories, which should be followed by consistent land use reference in 

the various policy documents. This is particularly relevant for what 

constitutes degraded land and abandoned land, and where they are placed 

in the recognised/official land classifications. The dual land classifications 

presently applied should move towards a single, coherent and unified land 

classification, linking actual landscape coverage and legal status of the 

land. This would also provide an instrument to better monitor the land use 

cover change.  
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Coordination is important especially when dealing with basic resources or 

materials such as land and water. In this thesis, the issue of land allocation 

has been particularly analysed, showing that a lack of policy coordination 

leads to overlapping land allocation. This creates confusion on what area is 

actually available and where. Guidelines are needed to clarify the 

qualification of land types, allocation and the priority of land for different 

purposes. Policy information and guidance across sectoral policies should 

be compiled in a single database. A publicly available database would 

enhance the efficiency of land allocation and pave the way for the effective 

implementation of multiple policies. The tool should also be made 

available to monitoring institutions.  

Synergies among policies also need to be explored. This means that the 

formulation of biodiesel programmes should embrace other sectoral 

policies. Policies affecting biodiesel were found in many policy documents, 

but how biodiesel deployment is affected was not explicitly evaluated. 

For the biodiesel agro-industry, synergy, integration and partnership 

between oil palm plantations, the palm oil mills and biodiesel refineries are 

necessary to ensure the development of sustainable industrial practices. 

The upstream (oil palm plantations) and the midstream (palm oil mills) 

industries have been able to operate at profit, while the downstream 

industry (biodiesel refineries) needs to further work on its industrial and 

financial model to become an attractive proposition for investors.  

A structural shift within the domestic palm oil agro-industry is needed to 

strengthen the industry along the value chain. A better integration between 

the upstream, midstream and downstream of palm oil agro-industry 

segments would contribute to reduced financial risk in the biodiesel 

business. The analysis in this thesis has shown that the conversion of 

biomass residues generated in the palm oil mill into value added products 

can help to improve the overall profitability of the biodiesel produced in 

Indonesia. Placing the palm oil mill and the biodiesel refinery plant in one 

single facility, and moving towards the biorefinery concept as explored in 

this thesis brings opportunities for securing feedstock supply, reducing 

transport, and making the whole integrated system more energy and 

carbon efficient.  

The justification of policy instruments designed with biodiesel production 

in mind can be challenging, as it may result in unintended effects. There 

are currently two policy instruments which fall under that category. One, 



CHAPTER VII. CONCLUSIONS, RECOMMENDATIONS AND FUTURE RESEARCH | 44 

 

 

the financial support to farmers to establish biofuel crops. For palm oil 

biodiesel feedstock, the policy is ambiguous (as specified in Chapter 4), as 

there is no single plantation dedicated only for palm oil biodiesel 

production. The policy may also lead in impacts on the markets of other 

products. The second policy is the compliance to sustainability standard 

(ISPO) for palm oil industry producing biodiesel, is voluntary, which 

makes this distinction a loophole for non-sustainable practices. 

Instead, the government could focus on improving the agricultural 

practices regardless of the end products from palm oil. The life cycle 

assessment can be used to measure the impacts of ongoing or new policy 

instruments at different stages of the palm oil biodiesel supply chain, and 

can be used to see what will be affected and how. In this research, life cycle 

cost analysis was found to be a valuable tool to evaluate the combined 

effects of multiple policy instruments to biodiesel profitability. The 

analysis derived from life cycle assessment allows policy makers to better 

understand these issues, and structure or revise the incentives. 

7.3 Future research 

This thesis recommends improving synergy, integration and partnership 

along the supply chain of the palm oil agro-industry. This principle will be 

further elaborated in the future work for improving the current practices. 

While this thesis is focused on the supply side of the palm oil agro-industry, 

the future work should incorporate the demand side of palm oil for meeting 

domestic and export needs for food and non-food products. Future work 

should also account for socio-economic and environmental impacts as 

important sustainability indicators for biodiesel, which have not been 

discussed at length in this thesis.  

Following from the two aspects discussed in this study, there are clear 

opportunities for improving the bioenergy value chain in the palm oil agro-

industry. The established life cycle assessment can be applied to undertake  

an optimization study to identify pathways for minimizing supply chain 

costs and GHG emissions, while maximizing the benefits of crude palm oil 

(CPO) production, and palm oil bioenergy systems. Different scenarios of 

CPO production can capture variations in agricultural practices, plantation 

ownership and the associated business model as well as biomass 

conversion technologies. Optimising the production capacity of palm oil 

agro-industries can contribute to regional planning and development, 
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serving as the basis for policy design. Considering palm oil as an important 

commodity for export, the various demand for food or fuel for domestic 

and international market should be seized.  

Paper I discussed the allocation of degraded land in non-forest area for 

biodiesel feedstock production. To further protect forest area and peatland, 

the government of Indonesia adopted a complement policy for the 

protection of those areas. Evaluating mechanisms for policy 

implementation and the monitoring of the use of degraded land 

particularly for biofuels feedstock and protection of forest area is worth 

further investigation.    

There are numerous residues generated in the process of producing CPO, 

which are also good potential sources of second generation biofuels. This 

thesis has been focused on CPO as a feedstock for biodiesel and considered 

the use of biomass residues in palm oil mills as specified in present policies. 

In the future, the research should also include the investigation of the 

potential for second generation biofuels (biodiesel and bioethanol) from 

fibre, shell, empty fruit bunches, fronds, or roots so that the expansion of  

biofuel production and deployment in Indonesia can be delinked from the 

need for further expanding crop plantations.   
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