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Abstract 

This study provides the first techno-economic case study on palm oil biomass waste utilization in 

remote Papua, Indonesia, with a focus on energy access, sustainability, and policy implications. 

Specifically, the research examines the renewable energy potential of empty fruit bunches (EFB), 

mesocarp fiber, palm kernel shell, and palm oil mill effluent (POME) generated by PT Korindo Group 

in Jair District, Boven Digoel. Based on 2023 production data, the total biomass waste exceeded 1.13 

million tons annually, with a combined theoretical energy potential surpassing 3.02 billion kWh/year. 

Solid biomass, particularly dried EFB, contributes over 98% of this potential, while POME provides 

an additional source of biogas for decentralized electricity generation. The results indicate that 

biomass-derived energy could meet the annual needs of more than 3.3 million rural households, 

reducing dependence on costly diesel, mitigating open burning, and lowering methane emissions 

from untreated POME. A preliminary economic assessment of a 2 MW biomass power plant 

demonstrates strong financial viability, with a payback period of 6.3 years and an internal rate of 

return above 14%. Beyond technical and economic feasibility, the study emphasizes broader 

sustainability benefits, including rural employment creation, local energy independence, and 

alignment with Indonesia’s National Energy Policy (KEN, RUEN) as well as Sustainable 

Development Goals (SDG 7, 8, 12 and 13). These findings highlight the strategic role of palm oil 

biomass waste in bridging energy transition targets and frontier-region realities. Future work should 

extend to life cycle assessments, pilot-scale implementations, and community-based governance 

models to ensure long-term scalability and socio-environmental integration. 

Keywords: palm oil biomass; empty fruit bunches (EFB); renewable energy; POME; briquettes; 

biogas; Papua; rural electrification; sustainable development; energy policy  

 

1. Introduction 

Indonesia stands as one of the world’s foremost palm oil producers, with plantations widely 

distributed across Sumatra, Kalimantan, Sulawesi, and Papua [1]. Despite this abundance of natural 

resources, Papua remains among the least developed regions, particularly in terms of energy 

infrastructure and electricity access. In the southern Papuan regency of Boven Digoel, isolation is 

acute, and many areas lack a reliable power supply. For example, in Jair District, most residents rely 

solely on diesel generators to access electricity between 5 PM and 10 PM [2]. High transportation 

costs and limited access to fuel exacerbate the already critical energy deficit in the region. While many 

studies on palm oil biomass-to-energy have focused on Sumatra and Kalimantan, limited research 

addresses Papua, which remains one of the least electrified and most energy-insecure regions in 
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Indonesia. This research gap highlights the urgency of exploring locally available biomass resources 

for frontier-region electrification. 

Conversely, the expansion of palm oil plantations, particularly under PT Korindo Group’s 

operations in Jair, has led to the generation of substantial palm oil mill waste, including empty fruit 

bunches (EFB), fibers, shells, and palm oil mill effluent (POME). Solid waste from crude palm oil 

(CPO) production can account for up to 40–50% of the total fresh fruit bunches (FFB) processed [3]. 

These by-products carry considerable calorific value; palm shell waste reaches 3,719 kcal/kg, while 

fiber registers at 3,186 kcal/kg, making them ideal feedstock for biomass-based energy production 

[4]. Globally, palm oil biomass has been widely discussed as a renewable energy feedstock; however, 

its application in remote island and frontier contexts is underexplored. Papua thus provides a unique 

case to examine the dual challenge of energy access and sustainable waste management within a 

marginalized region. 

Utilizing palm oil waste as a renewable energy source in remote areas such as Boven Digoel 

presents a promising strategy for local resource mobilization and sustainable energy generation. 

Various waste streams, including POME, EFB, fiber, and shells, can be converted into biogas, bio-oil, 

and bio-briquettes, offering a renewable energy solution that aligns with Indonesia’s national energy 

goals [1],[3]. Such an approach not only addresses local energy needs but also mitigates 

environmental pollution caused by unprocessed palm waste [2]. 

POME can be anaerobically digested into biogas, as demonstrated by the Pasir Mandoge biogas 

power plant, which processes 1,584 m³ of POME to yield 47,520 m³ of biogas and generate 2 MW of 

power [5]. Utilizing POME for biogas production significantly reduces environmental contamination, 

particularly in aquatic ecosystems, by preventing direct effluent discharge. Solid residues such as 

fiber and shell can be combusted to generate electricity. For instance, Perkebunan Nusantara VI uses 

six tons of solid waste per hour to produce 776 kWh, sufficient to meet the factory's energy demand. 

Dried EFB, with an enhanced calorific value of 4,353 kcal/kg [6], becomes a suitable alternative fuel 

for biomass power plants. Pyrolysis of EFB and shells yields bio-oil and bio-briquettes, which can 

replace diesel fuel and meet national standards for energy content and moisture levels [7]. Briquettes 

made from palm shells exhibit a calorific value exceeding 5,000 kcal/kg. Despite its promise, the 

deployment of palm waste for renewable energy still faces challenges, such as the need for upfront 

investment in appropriate technology and infrastructure, along with skilled labor. Furthermore, 

emissions resulting from biomass combustion must be carefully managed to ensure compliance with 

environmental standards [5],[8]. 

In addition to supporting national policies such as Presidential Regulation No. 5/2006 and 

Presidential Instruction No. 1/2006, the adoption of a palm waste-to-energy system strengthens 

energy sovereignty and national security, particularly in border and remote areas [9,10]. This 

approach contributes to climate change mitigation by promoting the use of renewable energy and 

reducing dependence on fossil fuels [11,12]. This study explores the potential utilization of palm oil 

waste generated by PT Korindo Group in Jair District as a renewable energy source [13,14]. This study 

not only contributes to Indonesia’s renewable energy roadmap but also advances sustainability 

science by linking biomass utilization with energy justice, climate mitigation, and rural livelihood 

improvement. In doing so, it directly aligns with Sustainable Development Goals (SDG 7 and SDG 

13). By analyzing the types and volumes of available biomass, potential energy conversion pathways, 

and existing infrastructure readiness, this study aims to support the development of sustainable 

energy systems in remote areas and enhance Indonesia’s energy and territorial resilience [15,16]. 
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Figure 1. National Primary Energy Mix Target for 2025 under Presidential Regulation No. 5/2006 compared to 

2005 baseline and Business-as-Usual (BaU) scenario. 

This focus on renewable biomass energy aligns with Indonesia’s national energy roadmap. 

Based on Presidential Regulation No. 5/2006, the country aims to reduce its dependency on petroleum 

from 54.7% in 2005 to 20% by 2025 and significantly increase the share of new and renewable energy 

(EBT) to 17%, as illustrated in Figure 1 [9,17]. Within this target, bioenergy, including biomass, biogas, 

and biofuels, is projected to contribute up to 5% of the primary energy mix [18,19]. Conversely, under 

the business-as-usual (BaU) scenario, fossil fuels are expected to still dominate more than 96% of the 

supply by 2025 [20]. These policy directions underscore the strategic importance of utilizing locally 

available biomass resources, especially in energy-poor and remote provinces such as Papua [21]. 

2. Materials and Methods 

This section outlines the methodological approach used to estimate the theoretical energy 

potential of palm oil biomass waste from PT Korindo Group in Jair District, Boven Digoel, Papua. 

The research design combines quantitative estimation techniques with a case study framework, 

allowing an in-depth assessment of locally available resources in a frontier-region context. The 

integration of technical analysis with policy and sustainability framing ensures that the results 

remain both scientifically rigorous and practically relevant for renewable energy planning in remote 

areas. 

2.1. Study Area 

The study was conducted in Jair District, a remote frontier region in Boven Digoel Regency, 

Papua. The area suffers from chronic energy poverty, with limited infrastructure and heavy 

dependence on expensive diesel fuel. PT Korindo Group operates palm plantations and processing 

facilities spanning 10,865 hectares, making it a suitable case for exploring localized biomass-to-energy 

applications. This context provides a realistic platform to assess the feasibility of integrating palm 

waste into decentralized renewable energy systems. This case study approach was selected to capture 
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both the technical feasibility and the socio-economic implications of biomass energy development in 

marginalized regions, which remain underrepresented in existing literature. 

2.2. Methodology Overview 

The study followed a systematic process consisting of five main stages: 

1. Collection and Quantification of Biomass Waste 

Primary data on waste generation were collected from PT Korindo’s processing operations, 

complemented by secondary parameters such as calorific values and methane yields sourced from 

peer-reviewed studies. 

2. Classification of Waste Types 

Waste streams were categorized into solid (EFB, fiber, shell, wet decanter solids) and liquid (POME) 

to align with appropriate conversion pathways. 

3. Energy Potential Estimation 

For solid biomass: 

𝑬 =  𝑸 × 𝑪𝑽 (1) 

Where: 

E = theoretical energy (kcal/year), 

Q = waste mass (kg/year), 

CV = calorific value (kcal/kg). 

For POME: 

𝑬𝒏𝒆𝒓𝒈𝒚 = 𝒎𝒆𝒕𝒉𝒂𝒏𝒆 𝒚𝒊𝒆𝒍𝒅 × 𝒄𝒂𝒍𝒐𝒓𝒊𝒇𝒊𝒄 𝒗𝒂𝒍𝒖𝒆

× 𝒄𝒐𝒏𝒗𝒆𝒓𝒔𝒊𝒐𝒏 𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚 
(2) 

4. Energy Unit Standardization 

Results were expressed in kcal, GJ, and kWh for international comparability using standardized 

conversion factors. 

5. Comparative and Policy-Relevant Analysis 

The estimated potential was compared against rural electrification demand benchmarks and national 

renewable energy targets to assess alignment with sustainability and policy objectives. 

2.3. Biomass Waste Estimation 

The volume of biomass waste was estimated using industry-standard mass-based conversion 

factors applied to the annual processed volume of fresh fruit bunches (FFB), totalling 1,569,160 

tons/year. 

Table 1. Waste Generation Ratios Based on FFB Weight. 

Waste Type Conversion Factor (% of FFB) 

Empty Fruit Bunches (EFB) 23% 

Fiber 13.5% 

Shell 5.5% 

Wet Decanter Solids (WDS) 4% 

Palm Oil Mill Effluent 60% 

Table 1 presents the proportion of each waste type generated from processing fresh fruit 

bunches (FFB). For every 100 tons of FFB, for example, 23 tons of EFB and 13.5 tons of fiber are 

produced. These conversion factors provide the foundation for estimating waste quantities and their 

corresponding energy potential. 

Table 2. Estimated Annual Waste Volumes. 

Waste Type Estimated Volume (tons/year) 
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EFB 360,907 

Fiber 211,826 

Shell 86,303 

WDS 62,766 

POME 439,365 

Table 2 shows the annual estimated tonnage of each biomass waste stream based on the 

conversion ratios in Table 1 and the total FFB processed by PT Korindo. Notably, POME is the largest 

contributor due to its high liquid content in the extraction process, followed by EFB and fiber. 

2.4. Energy Potential Estimation 

The theoretical energy potential was calculated using the formula (1) in section 2.2: 

Table 3. Calorific Values of Palm Oil Biomass Waste. 

Waste Type Calorific Value (kcal/kg) 

Shell 3,719 

Fiber 3,186 

Dried EFB 4,353 

Bio-briquettes >5,000 

Biogas (POME) ~9.97 kWh/m³ 

Table 3 provides the calorific content of each biomass waste stream. The calorific value 

determines how much energy can be derived from burning or processing the material. Dried EFB has 

the highest calorific value among solid wastes, making it the most energy-rich component for direct 

combustion. Biogas from POME is presented in kWh/m³ due to its gaseous form and electricity 

generation application. 

2.5. Assumptions and Limitations 

To streamline the analysis, the following assumptions were applied: 

• Annual FFB processing volume remains constant during the study period. 

• Losses due to moisture content, combustion inefficiencies, and emissions are excluded from 

calculations. 

• The study assesses theoretical energy potential only, without incorporating detailed life-cycle 

environmental impact assessments or cost-benefit analysis. 

• Primary data were limited to PT Korindo operations; however, they provide a representative 

benchmark for large-scale palm oil plantations in Papua. 

2.6. Research Framework 
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Figure 1. Research Framework. 

This study employs a multidisciplinary framework that integrates technical analysis with 

national energy and sustainability goals. The framework consists of five key stages: 

1. Identification of Local Energy Challenges 

Assessing energy poverty and diesel dependency in Jair District. 

2. Palm Biomass Mapping 

Quantifying waste generation based on plantation-level data. 

3. Characterization of Conversion Pathways 

Reviewing physical and chemical properties to identify feasible energy routes (biogas, briquettes, 

combustion). 

4. Calculation of Energy Yields 

Estimating theoretical outputs from each waste type. 

5. Strategic Alignment 

Interpreting findings in the context of national renewable energy policy and SDGs, with 

consideration of socio-economic co-benefits. 

3. Results 

This section presents the estimated renewable energy potential from palm oil biomass waste 

generated by PT Korindo Group in Jair District, Boven Digoel, Papua. The results combine primary 

production data with calorific values and conversion benchmarks from literature to derive theoretical 

outputs. Beyond technical estimation, the results are interpreted in terms of rural electrification 

potential, alignment with national renewable energy targets, and contributions to sustainability 

objectives.   
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3.1. Energy Potential from Solid Biomass Waste 

The energy potential of solid palm oil waste—including dried empty fruit bunches (EFB), fiber, 

and shell—was estimated based on annual waste volume and respective calorific values. The results 

are summarized in the table below: 

Table 4. Energy Potential of Solid Palm Biomass Waste. 

Waste 

Type 

Quantity 

(tons/year) 

Calorific 

Value 

(kcal/kg) 

Total Energy 

(kcal/year) 

Energy 

(GJ/year)* 

Shell 86,303 3,719 320,978,557,000 1,343,702 

Fiber 211,826 3,186 675,102,036,000 2,824,893 

EFB 

(dried) 

360,907 4,353 1,571,100,471,000 6,573,859 

Total — — 2,567,181,064,000 10,742,454 

* Conversion factor: 1 kcal = 4.184 J → 1 GJ = 10⁹ J. 

Table 4 illustrates that dried EFB accounts for the highest energy yield, contributing over 1.57 

trillion kcal/year due to both its high volume and calorific content. Fiber and shell also provide 

substantial energy potential, making them viable candidates for combustion-based or briquette-

based energy systems. Collectively, solid biomass from PT Korindo’s operations could generate over 

10.7 million GJ/year, equivalent to more than 2.56 trillion kcal/year. This translates into nearly 2.98 

billion kWh/year, providing the dominant source of renewable energy potential in the study area. 

From a sustainability perspective, the conversion of solid biomass into energy could replace large 

portions of diesel consumption, reduce open burning, and support rural households through 

decentralized energy systems. 

3.2. Biogas Potential from Palm Oil Mill Effluent (POME) 

In addition to solid biomass, POME presents a significant source for biogas generation through 

anaerobic digestion. The estimation of its energy potential follows conservative assumptions derived 

from operational benchmarks such as the Pasir Mandoge biogas plant, with key assumptions: 

• Methane yield: 28 m³ CH₄ per ton of POME 

• Methane calorific value: 9.97 kWh/m³ 

• Electricity conversion efficiency: 35% 

Table 5. Estimated Energy Potential from POME Biogas. 

Parameter Value 

POME generated 439,365 tons/year 

Estimated biogas volume 12,301,482 m³/year 

Energy content (gross) 122,637,771 kWh/year 

Electrical energy (net, 35%) 42,923,220 kWh/year 

Table 5 shows that POME alone can yield approximately 42.9 GWh/year of electricity, sufficient 

to meet the basic energy needs of thousands of rural households. The relatively lower yield compared 

to solid biomass is due to conversion losses inherent in biogas-to-electricity systems; however, 

although it smaller in magnitude than solid biomass, POME plays a critical role in improving 

wastewater management, mitigating methane emissions, and providing decentralized electricity for 

off-grid villages. This dual role strengthens its relevance not only as an energy source but also as an 

environmental safeguard in remote plantation operations. 

3.3. Total Theoretical Renewable Energy Potential 
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By combining energy derived from solid biomass and POME biogas, the total theoretical 

renewable energy potential from PT Korindo’s operations is presented below. 

Table 6. Combined Renewable Energy Potential from All Biomass Waste. 

Waste Stream Estimated Energy (kWh/year) 

Shell 372,140,000 

Fiber 781,460,000 

Dried EFB 1,827,370,000 

POME (biogas) 42,923,220 

Total 3,023,893,220 

The combined renewable energy potential exceeds 3.02 billion kWh/year, illustrating the 

immense opportunity for fossil fuel substitution and decentralized energy generation in Papua. 

Notably, over 98% of the potential originates from solid biomass, reaffirming the strategic importance 

of combustion and thermal processing technologies. This energy potential is sufficient to meet the 

basic annual electricity needs of over 3.3 million households (assuming 900 kWh per household per 

year). Such results demonstrate the transformative potential of palm oil biomass to enhance rural 

energy equity, particularly in frontier regions such as Papua where conventional grid expansion is 

economically unfeasible. 

3.4. Visual Comparison by Waste Type 

To facilitate interpretation of relative contributions, a visual representation of energy yield by 

waste type is provided in Figure 2. 

 

Figure 2. Estimated Energy Contribution by Waste Type (kWh/year). 

Figure 2 visually emphasizes the dominant role of dried EFB, which contributes more than 1.8 

billion kWh/year, followed by fiber (781 million kWh/year) and shell (372 million kWh/year). 

Although POME’s net energy contribution is relatively modest (42.9 million kWh/year), its value lies 

in the diversification of energy sources and potential for grid-independent electricity generation. 

Figure 2 also illustrates the proportional contributions of each waste type, with EFB clearly 

dominating the energy yield. Fiber and shell serve as important secondary contributors, while POME 

provides a valuable supplement for decentralized electricity. The visual comparison highlights the 

centrality of solid biomass in energy recovery strategies while underscoring the complementary 

environmental role of POME. 

3.5. Policy-Relevant Interpretation 
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The magnitude of potential energy derived from palm oil biomass waste demonstrates clear 

alignment with Indonesia’s National Energy Policy (KEN) and General National Energy Plan 

(RUEN), which target 23% renewable energy by 2025. Moreover, the ability to convert waste into 

energy in a frontier province directly advances SDG 7 (Affordable and Clean Energy) and SDG 13 

(Climate Action). The results confirm that resource mobilization at the local level can serve as a 

strategic complement to national energy transition goals, while simultaneously reducing emissions 

and improving environmental quality. 

4. Discussion 

The empirical findings of this study highlight the considerable potential of palm oil biomass 

waste, namely dried empty fruit bunches (EFB), fiber, shell, and Palm Oil Mill Effluent (POME) as 

renewable energy resources in remote, energy-deficient regions such as Jair District, Boven Digoel, 

Papua. The total theoretical energy available from PT Korindo Group's biomass waste exceeds 3.02 

billion kWh/year, sufficient to power more than 3.3 million rural households. 

4.1. Addressing Energy Insecurity in Remote Border Areas 

The chronic under-electrification in Papua’s frontier districts stems from geographic isolation, 

inadequate infrastructure, and overreliance on costly diesel fuel. Leveraging locally available 

biomass waste offers a decentralized and cost-effective energy alternative. In regions such as Jair 

District, where conventional grid expansion is economically prohibitive, biomass conversion can 

fulfill basic household electricity demand while promoting energy self-sufficiency. 

This study estimates that the energy generated from biomass waste could meet the annual 

electricity needs of more than 3.3 million households, assuming an average consumption of 900 

kWh/year. Sodri and Septriana (2022) demonstrated that biogas generation from POME is both 

economically viable and environmentally beneficial in rural settings [22]. Thus, palm biomass offers 

a transformative opportunity to reshape local energy systems.  

4.2. Environmental and Economic Co-benefits 

Beyond improving energy access, biomass utilization yields multiple environmental and 

economic benefits. By diverting EFB and POME from open disposal or unmanaged decomposition: 

• Methane emissions from untreated POME can be significantly reduced. 

• Air quality is improved through the reduction of open burning practices. 

• Land use efficiency is increased by converting residues into energy rather than letting them 

accumulate as waste. 

In thermophilic conditions, anaerobic digestion of POME has been shown to yield higher 

methane output than mesophilic systems, offering increased energy efficiency [23],[26]. Irvan et al. 

(2025) found that methane generation from thermophilic anaerobic reactors could reach over 6–16 

L/day per reactor, with substantial reductions in COD and volatile solids [24]. 

Economically, local processing of biomass fuels reduces diesel transport costs and supports rural 

employment in collection, drying, briquetting, and system maintenance. This aligns with sustainable 

development principles and supports compliance with sustainability certifications (ISPO, RSPO), 

further enhancing market competitiveness. 

4.3. Briquetting of EFB as a Clean Fuel Innovation 

A key innovation highlighted in this study is the potential of dried EFB to be processed into 

environmentally friendly briquettes. This form of solid biofuel presents a viable, clean-burning 

alternative to raw biomass or kerosene in rural households. 

Laboratory tests demonstrate that: 

• EFB briquettes can reach calorific values exceeding 5,000 kcal/kg. 
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• Emissions such as smoke, carbon monoxide, and particulates remain within safe limits for indoor 

combustion. 

• Ash production is minimal, reducing the operational burden on end users. 

Recent studies also highlight that pretreating EFB via delignification before co-digestion with 

POME can enhance biogas yield by improving biodegradability [25]. These attributes position EFB 

briquettes as a low-emission, sustainable energy source suitable for domestic cooking and heating 

applications. Furthermore, they offer an alternative to firewood, helping to mitigate deforestation 

and household air pollution in rural settings. The briquetting of EFB not only adds economic value 

to plantation waste but also supports clean cooking transitions, a target under Indonesia’s SDG 7 

roadmap. In practice, community-scale briquetting units could be deployed near palm oil mills, 

facilitating local value addition and promoting energy independence.  

4.4. Technological and Infrastructure Challenges 

Despite the promising potential, several technological and infrastructural constraints must be 

addressed: 

• Drying and densification equipment for EFB briquettes requires capital investment and maintenance 

capacity. 

• Biogas systems for POME must be appropriately sized and managed to ensure biological stability 

and consistent output. 

• Energy storage and distribution systems are needed to match variable demand in off-grid 

communities. 

Materials such as activated carbon or conductive particles are being tested to enhance sludge 

stabilization and methane production in anaerobic systems [26]. Projects like the Pasir Mandoge 

Biogas Plant illustrate effective utilisation of POME-based electricity systems, serving as a model for 

potential adoption in Papua when adequate technical and institutional frameworks are established. 

Addressing existing challenges requires comprehensive approaches, including technological 

advancements, robust institutional backing, targeted training, and financing solutions that 

accommodate the specific needs of remote regions. 

4.5. Policy and Governance Alignment 

The use of palm oil biomass as a renewable energy source aligns with multiple national policies 

and development priorities: 

• The National Energy Policy (KEN) and RUEN emphasize increased biomass utilization to reach 

renewable energy targets of 23% by 2025 and 31% by 2050. 

• Presidential Regulation No. 112/2022 prioritizes renewable energy development in remote and 

frontier areas through decentralized approaches. 

This policy framework supports the use of residual biomass as a local energy source, especially 

when integrated into rural electrification strategies targeting off-grid regions like Boven Digoel. 

However, implementation remains constrained by limited institutional coordination, inadequate 

local capacity, and fragmented funding mechanisms. 

4.6. Climate Mitigation and SDG Contributions 

By substituting diesel fuel and reducing methane emissions from POME, palm biomass 

utilization contributes to SDG 7 (Affordable and Clean Energy) and SDG 13 (Climate Action). 

Moreover, the community-level benefits in terms of job creation, local empowerment, and rural value 

addition support SDG 8 (Decent Work and Economic Growth) and SDG 12 (Responsible 

Consumption and Production). The findings thus confirm that biomass energy in Papua offers a 

multi-dimensional sustainability pathway, linking environmental stewardship with socio-economic 

inclusion. 

4.7. Critical Reflections and Future Research Directions 
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This study focused on theoretical energy potential and preliminary economic feasibility, based 

on a single company’s operations (PT Korindo). While representative, broader regional studies and 

pilot-scale implementations are needed to validate these findings. Life cycle assessment (LCA) should 

be conducted to quantify net greenhouse gas reductions. Future research should also examine social 

acceptance, governance models, and financing frameworks to ensure scalability. Integrating 

community perspectives will be crucial to design energy solutions that are both technically viable 

and socially sustainable.    

4.8. Preliminary Economic Assessment of Biomass Utilization 

To address the electricity shortage in Boven Digoel, the local government and ESDM propose a 

2 MW biomass power plant utilizing palm oil waste from PT Korindo Group in Jair District. This 

section analyzes its economic feasibility through technical output estimation, operational cost, 

revenue forecast, and financial viability indicators. 

4.8.1. Estimated Power Output from Biomass Waste 

The amount of energy generated depends on the calorific value and volume of dry biomass 

available. The following table shows the estimated hourly fuel availability, steam production, and 

corresponding electricity output. 

Table 7. Estimated Steam and Electricity Output from Biomass Types. 

Waste 

Type 

HHV (kJ/kg) Fuel Available 

(kg/hr) 

Steam Generated 

(kg/hr) 

Estimated Power Output 

(MW) 

EFB 18,719.46 7,310 42,524.72 7.33 

Fiber 20,315.45 6,310 39,835.86 6.87 

Shell 23,569.26 2,500 18,301.61 3.16 

These values show that palm oil waste has considerable power generation potential, with EFB 

producing the highest steam volume due to greater fuel mass. 

 

 

Figure 3. Power Output Comparison by Biomass Type . 

4.8.2. Operational Cost Estimation 

The total operational cost includes fuel, supporting materials, and labor. The following table 

summarizes daily and annual costs. 

Table 8. Summary of Daily and Annual Operating Costs. 
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Item Daily Cost (IDR) Notes 

Biomass Fuel (50,126 kg × Rp100) 5,012,600 Main fuel source 

Diesel Fuel (200 L × Rp4,500) 900,000 For start-up 

Lubricants & Maintenance (5%) 506,273 Combined estimation 

Total Daily Cost 6,418,873 

 

Annual Cost (365 days) 2,341,058,900 Excludes labor 

Labor Cost (Annual) 1,344,000,000 

 

Total Operational Cost/Year 3,686,888,499 

 

Operational costs are primarily driven by fuel and labor. Efficient use of biomass can minimize 

diesel usage and reduce total expenditure. 

4.8.3. Revenue Estimation 

The revenue is calculated from energy sales and fixed customer charges. The following table 

outlines the income structure. 

Table 9. Annual Revenue and Profit Projection. 

Component Value (IDR) 

Energy Sales (4.8 MWh @ Rp1,312) Rp6,297,600,000 

Fixed Charges (2,000 HH @ Rp40,000 x 12 mo) Rp960,000,000 

Total Revenue/Year Rp7,257,600,000 

Operational Cost Rp3,686,888,499 

Net Annual Profit Rp3,570,711,501 

The project demonstrates strong profitability, with production cost at Rp768/kWh, well below 

the selling price of Rp1,312/kWh. 

4.8.4. Investment Scenario Explanation 

To evaluate investment attractiveness, three financing schemes are compared: 

• Scenario 1 – 100% Equity: Fully financed by private or institutional equity, leading to maximum 

profit retention and faster return. 

• Scenario 2 – 70% Bank Loan: Reduces upfront capital requirement but includes annual loan 

repayments. 

• Scenario 3 – 30% Bank Loan: A balanced model combining reduced debt exposure with 

moderate leverage. 

4.8.5. Financial Performance Comparison 

The table below compares key financial metrics under the three investment scenarios. 

Table 4. 4. Financial Indicators for Three Investment Scenarios. 

Indicator Scenario 1 (100% 

Equity) 

Scenario 2 (70% 

Loan) 

Scenario 3 

(30% Loan) 

Payback Period (Years) 6.26 10 10 

Benefit-Cost Ratio (BCR) 3.24 1.63 1.77 

Internal Rate of Return 14.57% 7.71% 9.37% 
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Scenario 1 shows the most favorable results, with IRR significantly higher than MARR (8%) and 

a BCR of 3.24. 

 

 

Figure 4. 2. Payback Period Comparison by Scenario. 

 

Figure 4. 3. Benefit-Cost Ratio by Scenario. 

 

Figure 4. 4. Internal Rate of Return by Scenario. 

4.8.6. Interpretation and Conclusion 

The financial metrics confirm that the proposed biomass power plant is economically viable 

under all three financing scenarios. Scenario 1 offers the most favorable outcomes, combining 
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profitability with reduced investment risk. Importantly, beyond profitability, the project provides 

wider sustainability benefits: 

• Supporting energy equity in Papua by expanding electricity access to underserved households. 

• Reducing dependence on imported diesel and stabilizing rural energy costs. 

• Creating employment in biomass collection, processing, and plant operations. 

• Aligning with Indonesia’s renewable energy transition goals under RUEN and contributing 

directly to SDG 7 (Clean Energy), SDG 8 (Decent Work), and SDG 13 (Climate Action). 

This preliminary economic assessment demonstrates that biomass-to-energy systems can be 

financially self-sustaining while delivering environmental and social co-benefits. Scaling up such 

models in frontier regions could strengthen Indonesia’s energy sovereignty and accelerate the 

achievement of national and global sustainability targets. 

5. Conclusions 

This study confirms that palm oil biomass waste, particularly empty fruit bunches (EFB), 

mesocarp fiber, shells, and palm oil mill effluent (POME) represents a significant renewable energy 

source for remote and under-electrified regions such as Papua. With a combined theoretical potential 

exceeding 3.02 billion kWh/year, these residues can substitute diesel-based electricity and provide 

sufficient supply for more than 3.3 million households. 

From a technical perspective, dried EFB emerges as the largest contributor, while POME offers 

complementary value through decentralized biogas generation and improved wastewater 

management. Importantly, the preliminary economic assessment of a 2 MW biomass power plant 

indicates strong financial viability, with a production cost of Rp768/kWh, well below the selling price 

of Rp1,312/kWh, a payback period of 6.3 years, and an internal rate of return (IRR) of 14.6%, 

significantly higher than the minimum attractive rate of return. These results confirm that biomass-

to-energy systems in Papua are not only technically feasible but also financially sustainable. 

The novelty of this research lies in presenting one of the first techno-economic and policy-

oriented case studies of palm biomass energy in Papua, bridging the gap between national energy 

transition targets (KEN, RUEN) and local realities of rural energy poverty. By linking technical, 

financial, and policy dimensions, the study provides actionable insights for developing decentralized 

energy systems in frontier regions. 

Future initiatives should extend toward pilot-scale implementation, life cycle assessments 

(LCA), and the design of community-based financing and governance models to ensure scalability, 

social acceptance, and long-term sustainability. If properly integrated, palm biomass can serve as 

both a clean energy solution and a catalyst for inclusive rural development, advancing multiple 

Sustainable Development Goals, including SDG 7 (Clean Energy), SDG 8 (Decent Work), SDG 12 

(Responsible Production and Consumption), and SDG 13 (Climate Action). 
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