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Abstract
 

The purpose of this study is to provide a strategy for the development of palm based biogas power plant 
(BPP) seen from the analysis of needs and financing schemes. From the research, it is known the dangers of 
POME waste to human health and the environment, the benefits of POME as a renewable energy source, 
the large cost of developing BPP, and the benefits that can be obtained if POME is used as fuel for BPP. In 
addition, it is also known that there are changes in regulations that reduce the interest of palm oil factory 
(POF) and investors to develop BPP. From the SWOT analysis conducted, the following strategies are given. 
The government set a policy that each POF has one BPP or cooperates with other POF to build BPP, 
reallocated fuel subsidy funds to the development of BPP, and abolished the Minister of Energy and Mineral 
Resources No. 12/2017 and re-enact the Minister of Energy and Mineral Resources No. 27/2014 in order to 
increase the interest of POF and investors to build BPP, involve an independent third party as a project 
supervisor and provide sanctions for project termination if it is identified that the construction 
qualifications of the materials used are not in accordance with the required standards. 
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INTRODUCTION 

Changes in the world climate caused by 

carbon emissions due to the use of fossil fuels 

have led countries around the world to declare 

net-zero emissions for carbon gas. Net-zero 

emission (NZE) or zero carbon emissions is a 

situation where the amount of carbon released 

into the atmosphere does not exceed what the 

earth absorbs. To achieve this, a transition from 

the current energy system to a cleaner energy 

system is needed to achieve a balance between 

human activities and natural balance (Zahira & 

Fadillah, 2022). Many countries have committed 

to achieving net-zero emissions of carbon gases, 
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including Korea, Japan, and the European Un-

ion in 2050, and China in 2060 (IEA, 2021). 

Indonesia itself has committed to reducing gr-

eenhouse gas emissions by 29% from “busin-

ess as usual” levels in 2030 (Electricity Supp-ly 

Business Plan State Electricity Company Year 

2016 to 2025). 

One way to achieve NZE is the energy 

transition. Energy transition is an effort to div-

ert energy sources from fossil-based energy to 

alternative carbon-free energy sources (Chrys-

hna, 2022). This awareness arises because car-

bon gas causes a greenhouse effect which cau-

ses sunlight that should be reflected on the 

earth's surface to be trapped by greenhouse 

gases in the atmosphere. As a result, there is 

an increase in temperature on the earth's sur-

face which causes global warming (Aswad & 

Hendriyanto, 2018). 

Many countries have committed to ach-

ieving net-zero emissions of carbon gases, inc-

luding Korea, Japan and the European Union 

in 2050, and China in 2060 (IEA, 2021). Ind-

onesia itself has committed to reducing green-

house gas emissions by 29% from “business as 

usual” levels in 2030 (Electricity Supply Busi-

ness Plan State Electricity Company Year 2016 

to 2025). 

In the energy sector, NZE can be achie-

ved through the transition from fossil fuel-ba-

sed energy to electrical energy. Electrical ener-

gy is an alternative to fossil energy sources 

because it is free of carbon emissions. How-

ever, if electricity production still uses fossil 

fuels, such as Diesel Power Plants (DPP), then 

the production process will still produce car-

bon emissions. For this reason, it is necessary 

to develop power plants that can meet elect-

ricity needs while reducing carbon emissions. 

One of them is through the development of a 

POME (Palm Oil Mill Effluent) based biogas 

power plant (BPP). 

POME is the liquid waste that comes 

from processing palm oil fresh fruit bunches 

(FFB) (Muhadi, 2013). Waste produced by PO-

M (palm oil mills) is in solid, gas, and liquid fo-

rm. Palm oil solid waste consists of empty fruit 

bunches, shells, and husks (Haryanti, et al., 2014). 

Among all palm oil waste, the most dangerous is 

POME waste because it produces methane gas 

which causes a greenhouse effect and can cause 

death if inhaled by humans (Anonymous, 2014). 

Methane is a greenhouse gas (GHG) that 

causes global warming with 21 times greater pow-

er than CO2 gas (Firdausi, 2020). High levels of 

methane can reduce oxygen levels in the earth's 

atmosphere by up to 19.5% and also cause fires 

and explosions when mixed with air. In humans, 

methane causes acute respiratory infections 

(ARI) which can cause death (Andhika, Lanti, & 

Setyono, 2015). 

The methane produced by POME can be 

used as fuel for BPP. When methane is used for 

electricity generation it reduces greenhouse gas 

emissions. Thus, POME-based BPP will increase 

domestic clean energy production and help shift 

the energy transition to carbon-free renewable 

energy sources towards net zero emissions (NZ-

E). 

Along with efforts to develop POME-based 

carbon-free renewable energy, the government is 

faced with the reality of the high financing 

required for it. The right strategy is needed based 

on a comprehensive analysis of the strengths, we-

aknesses, opportunities, and challenges related to 

the development of POME-based BPP. For this 

reason, a strategy analysis was carried out using a 

SWOT analysis. 

SWOT analysis is a fundamental tool for 

organizations to analyze the internal and exter-

nal environment of the organization during times 

of uncertainty (Rozmi, Nordin, & Bakar, 2018; 

Rajani & Calak, 2021). SWOT analysis is a simple 

yet powerful management tool for measuring the 

capabilities and weaknesses of an organization's 

resources, opportunities, and threats to its future 

(Islam et al. 2020). 

Strengths are the internal aspects of the 

organization that support the achievement of its 

goals, while weaknesses are the internal aspects 
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that hinder the success of the organization. 

Opportunity is an external aspect that helps 

an organization achieve its goals. Threats are 

external aspects that prevent an organization 

from achieving its goals (Benzaghta, Elwalda, 

& Mousa, 2021). According to David et al. (as 

cited in Benzaghta, Elwalda, & Mousa, 2021), 

internal aspects refer to features that are und-

er the control of the business, while external 

aspects are factors that are outside the control 

of the business. 

SWOT analysis basically talks about the 

organization's strategic choices related to the 

vision, mission, objectives, and internal and 

external analysis of the organization. It all bo-

ils down to how to gain a competitive advan-

tage for the organization. After conducting 

the analysis, the next step is implementing the 

strategy. Strategy implementation is importa-

nt for organizations to gain competitive adva-

ntage (Nogueira et al., 2021). 

According to Obi et al (2019) the SWOT 

analysis produces a SWOT Matrix or TOWS 

Matrix as follows: (1) SO strategy, which is a 

strategy to take advantage of opportunities, 

(2) ST strategy, which is a strategy to avoid 

threats, (3) WO strategy, which is a strategy 

take advantage of new opportunities by reduc-

ing weaknesses and (4) WT strategy, namely a 

strategy to avoid threats by minimizing existi-

ng weaknesses. The matrix can be described as 

follows. 

 
Figure 1. SWOT/TOWS Matrix 

Source: Benzaghta, Elwalda & Mousa (2021) 

METHOD 

This research is descriptive-analytical 

which is also called qualitative research (Sugi-

yono, 2016) where in qualitative research soc-

ial reality is seen as something holistic/ whole, 

complex, dynamic, and full of meaning. Such a 

paradigm is called the postpositivism paradigm. 

According to Soekanto (2007) research with des-

criptive analysis, namely the research carried out 

aims to create an objective picture of a situation 

in a situation. This qualitative research method 

is often also called the naturalistic research me-

thod because the research is carried out in nat-

ural conditions (natural settings) where the rese-

archer is the key instrument (Sugiyono, 2013). 

The opposite of qualitative research is experim-

ental research. Data collection techniques were 

carried out by triangulation (combined), data 

analysis is inductive and uses literature study. 

The results of qualitative research emphasize 

meaning rather than generalizations. 

RESULTS AND DISCUSSION 

Utilizing POME as a source of electrical 

energy has several advantages. First, overcoming 

the negative impact of POME on the environme-

nt, because after the methane gas produced is 

used for BPP, its content is no longer dangerous. 

Second, the supply of POME will always be there 

as long as the palm oil industry exists. Thus, the 

POME-based BPP project is a source of renew-

able energy (sustainable energy) that can create 

electricity independence without sacrificing the 

rights of future generations as well as a solution 

to overcome the impact of hazardous waste. 

Third, POME-based BPP is very appropri-

ate because Indonesia is the largest palm oil-pro-

ducing country in the world (Regar & Harjanto, 

2022). Based on data from the Director General 

of Plantations in September 2015, it is known that 

the total area of oil palm plantations in Indonesia 

reached 6,290,731.85 hectares owned by 1,181 oil 

palm plantation companies. Total palm oil prod-

uction is 11.7 million tons/year or 30,831.81 tons/ 

hour. To process palm oil plantation products, 

there are 702 palm oil mills (POM) spread across 

18 provinces in Indonesia (Firdausi, 2020). 
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Fourth, the development of POME-bas-

ed BPP is in line with efforts to accelerate the 

energy transition towards net-zero emissions 

for carbon gas because this system produces 

large amounts of energy that is environmenta-

lly friendly, sustainable, and low carbon. 

The electrical energy produced from 

using POME for BPP also has many advant-

ages, namely that it can be used for various 

purposes. Utilization can be carried out by the 

POM itself by directly using it for combustion 

in boilers or using it as fuel for generating 

electricity generators to supply the factory's 

electricity needs (Wijono, 2017). 

Electricity produced from BPP can also 

be used as a source of electricity for other par-

ties outside the factory by installing suppor-

ting installations so that electricity can be dis-

tributed to residential areas around the POM, 

even across regions/ provinces. This could be 

one solution to electricity shortages outside 

Java. The potential electrical energy from pa-

lm biogas, namely 72 MWh/ day, can be dis-

tributed to more than 3,500 homes. This is ba-

sed on estimates of residential electrical 

energy consumption which is around 20 kWh/ 

day. 

The distribution of POM in Indonesia is 

mostly located on the islands of Sumatra and 

Kalimantan. Based on electricity statistics data 

(2019), the electrification ratio of the two isla-

nds has not yet reached 100%. Riau (98.34%) 

and South Sumatra (98.30%), for example, 

have the smallest electrification ratio among 

other provinces in Sumatra. Meanwhile in Kal-

imantan, the lowest electrification ratio is in 

Central Kalimantan (94.60%) and West Kali-

mantan (97.96%). This problem can be over-

come by distributing electricity from palm oil 

biogas to areas that do not yet receive electr-

icity from PLN. Apart from that, POM also has 

the potential to earn additional income 

because it has helped PLN provide electricity. 

Biogas produced by POME management 

can be used as a substitute for LPG gas or fire-

wood as fuel for cooking. Biogas is an odorless 

and colorless gas that burns with a blue color 

similar to liquefied petroleum gas (LPG) so it can 

be used for cooking (Wijono, 2017). Some areas 

are still found using wood as fuel for cooking. As 

we use it every day, wood fuel can run out. This 

is different from biogas produced from POME, 

which can always be produced as long as there is 

still palm oil production (Indonesian Coaction, 

2021). 

The biogas produced by POME can also be 

used as fuel for motor vehicles, called gas fuel 

(BBG). This fuel is cleaner compared to oil fuel 

because its exhaust emissions are environmen-

tally friendly (Ibrahim, Darianto, & Cahya, 2018). 

Apart from being fuel for cooking and motor 

vehicle fuel, biogas from POME can also be used 

as a water heater, air heater, and dryer (Pasaribu 

& Kusdiyantini, 2021). 

The party building the BPP can be anyone, 

but the best is the palm oil mill itself because 

they always produce POME so that POME supp-

lies can always be maintained. Apart from that, 

POM itself requires quite a lot of electricity to 

carry out its production process. This electricity 

need can be met by the BPP which they estab-

lished. Once their needs are met, POM can sell 

the electrical power they produce to PLN. This is 

made possible by the existence of an electricity 

buying and selling policy between BPP and PLN 

called a power purchase agreement/PPA. Even 

though POMs can gain many benefits if they 

have BPP, the reality shows that not all POMs 

have it. This is because the costs required to 

build BPP are very large. This requires appro-

priate policies and strategies from the govern-

ment. The following SWOT analysis is provided 

to overcome this. 
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Table 1. SWOT Matrix for BPP Development in Indonesia 

SWOT MATRIX 

Strength 

1. Indonesia is a palm oil producer 

the world's largest so it fits 

perfectly to develop BPP 

2. Cost of production per kWh of 

electricity use BPP relatively 

cheaper compared to fossil fuel 

3. Electrical power generated by 

BPP big enough to increase the 

electrification ratio 

Weakness 

1. The cost of building a BPP is 

relatively high while palm oil 

mills has the limited finance 

2. The removal Permen of ESDM 

No. 27/ 2014 regarding the 

Purchase of Electricity from 

Biomass and Biogas Power 

Plant and the enactment of the 

Permen of ESDMNo. 12/2017 

concerning Utilization of 

Energy Sources Renewable 

Energy Supply Electricity  

Opportunitiy 

1. BPP is suitable for a transition 

program energy. 

2. Use of methane as fuel BPP will 

reduce the impact hich is 

harmful to the environment and 

humans 

Strength - Opportunity (S - O) 

1. The government sets policies 

that each palm oil factory has 

one BPP or cooperate with other 

palm oil factory to build BPP 

2. Requiring State Electricity 

Company to provide technical 

assistance needed in building 

BPP. 

3. Requiring State Electricity 

Company to buy electricity 

generated by BPP in accordance 

with applicable regulations 

Weaknesses - Opportunities (W - O) 

1. Reallocating fuel subsidy funds 

to BPP development 

2. Palm oil factory cooperates 

with banks to get development 

financing BPP 

3. Making policies easier BPP 

investment by private parties 

that are not farm oil factories 

4. Removing the Permen of 

ESDM No. 12/2017 and 

reinstated Permen of ESDM 

No. 27/2014 

Threats 

1. Gas reactors can explode due to 

the nature of the gas methane is 

explosive 

2. There is a risk of leaking gas 

pipelines 

Strengths - Threats (S - T) 

1. Imposing certain specifications in 

order the reactor did not explode 

2. Implement a processing system 

and strong quality pipe material 

for anticipate gas leaks 

Weaknesses - Threats (W - T) 

1. Involving third parties 

independent as project 

supervisor to ensure fulfillment 

of technical aspects needed 

2. Project termination sanction 

when identified qualifications 

construction materials used are 

not according to the required 

standard 

 

From the SWOT analysis, it is known 

the strengths, weaknesses, opportunities, and 

threats faced in BPP development as prese-

nted in the SWOT Matrix above. Based on the 

SWOT analysis, a strategy can be made by the 

government. The SO strategy is used to take 

advantage of opportunities by using the stre-

ngths they have. The ST strategy is used to 

reduce threats by using force. WO strategy is 

used to take advantage of new opportunities 

by reducing weaknesses. WT's strategy to 

avoid threats by minimizing existing weakne-

sses. 

S–O Strategy (Strength–Opportunity), Ind-

onesia has the main strength to become a BPP 

developer in the form of being the largest palm 

oil producing country in the world. This makes 

the raw material for BPP in the form of POME to 

be fulfilled easily in Indonesia. POME is usually 

discharged into the environment after obtaining 

dilution so as not to harm the environment. Bec-

ause POME is usually just thrown away, many 

palm oil companies are willing to give away their 
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POME for free. Even if the company asks for 

payment, it is only for the cost of transporting 

the POME from the company to the BPP 

location. This causes the cost of electricity 

production per kWh to be relatively cheaper 

compared to using fossil fuels. 

This has been investigated by Butar-Bu-

tar, Amin, & Kasim (2013) who examined the 

feasibility of building BPP at palm oil mills 

Tandun, Riau owned by PT Perkebunan Nus-

antara V. At the beginning of the analysis, an 

analysis was carried out on the adequacy of 

POME raw materials to be processed into po-

wer plants. The cost analysis shows that the 

cost of producing electricity using biogas is 

IDR 250/ kWh. This cost is much cheaper th-

an a power plant using fuel oil which reaches 

IDR 2,500/ kWh. 

In line with this, Irwansyah, Danial, and 

Hiendro (2018) also examined the costs requ-

ired to produce electricity per kWh from 

POME waste at PT Fajar Saudara Kusuma's, 

which is located in Sambas Regency, West 

Kalimantan. From the analysis carried out, it 

is known that if all the POME produced is 

used as fuel for BPP, it can generate electric 

power of 4,596.187 MW in 2016 and 4,703.86 

MW in 2017 with a production cost of IDR 

661.00/kWh. 

Erhaneli and Hidayat (2019) examined 

the use of POME as BPP fuel by PT KSI. The 

company's production capacity is 45 tons/ ho-

ur, the potential flow of liquid waste is 492.25 

m3/day. From the calculations, it is known 

that the electricity that can be generated is 1.2 

MW with a production cost of IDR 498.231/ 

kWh. 

Another advantage of BPP is that the 

electricity generated is quite large. This is as 

researched by Firdausi (2020) who examined 

the potential for BPP in West Tanjung Jabung 

Regency, Jambi Province. The results showed 

that with a biogas digester capacity of 15,000 

m3, a generating capacity of 4.5 MW, and a 

potential electricity production of 42,336.00 kW-

h/ year were produced. 

In addition to having strengths, Indonesia 

also has opportunities related to BPP, namely 

BPP is suitable for the energy transition program 

because it produces low-carbon energy, and the 

use of methane as fuel for BPP will reduce its 

harmful impact on the environment and huma-

ns. From the analysis of the strengths and oppo-

rtunities owned by BPP, the SO strategy is given 

as follows: a) The government stipulates a policy 

that each POM has one BPP or cooperates with 

other palm oil mills to build BPP; b) Requiring 

State Electricity Company to provide the techni-

cal assistance needed by palm oil mills in buildi-

ng BPP; c) Requiring State Electricity Company 

to purchase electricity generated by BPP in acco-

rdance with applicable regulations. 

W–O Strategy (Weakness-Opportunity), 

This strategy is taken when there are opportu-

nities that can be exploited, but there are also 

weaknesses that get in the way. For this reason, 

opportunities are still being utilized as optimally 

as possible to reduce the weaknesses they have. 

The weakness of the BPP project is that it req-

uires a relatively large development cost, while 

palm oil mills have limited capacity. This is as 

researched by Raksodewanto and Abrora (2017) 

who stated that the cost of building BPP is very 

high, which is around USD 2.6 million per MW. 

This investment cost really depends on the loca-

tion where the BPP is built, which is adjusted for 

the Construction Expensive Index (CEI). The un-

avoidable fact is that the CEI in the eastern part 

of Indonesia is greater than in the western part, 

so the purchase price of electricity for BPP in the 

eastern region will be more expensive than in 

the western region. However, the investment co-

sts needed to build BPP in the Eastern region are 

also much higher, so not many palm oil mills in 

the Eastern region can afford to build BPP. 

In addition to the high cost of BPP devel-

opment, there are also weaknesses in the form of 

regulations, namely the abolition of the Minister 

of Energy and Mineral Resources No. 27/2014 co-
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ncerning the Purchase of Electricity from Bio-

mass Power Plants and the enactment of the 

Minister of Energy and Mineral Resources No. 

12/2017 concerning Utilization of Renewable 

Energy Sources for the Provision of Electric-

ity. According to Febijanto (2018), the impact 

of changing this regulation is that the selling 

price of electricity changes based on the basic 

production cost and is no longer based on the 

feed-in tariff which was previously regulated 

by Permen ESDM No. 27/2014 by State Elec-

tricity Company. For example, with this new 

regulation, the selling price of electricity, wh-

ich was originally IDR 1,312.5/ kWh for medi-

um voltage in the Sumatra region, changed to 

IDR 1,146.7/kWh (= 85% x IDR 1,349/kWh). 

This economic downturn has had a broad im-

pact on decreasing the interest of palm oil 

mills and developers to build BPP. 

The expensive costs of managing POME 

to become biogas are not only contributed by 

installation costs but also contributed by pre-

treatment costs. Pretreatment is an effort to 

increase the digestability of the substrate, in 

order to increase the reaction rate in anaero-

bic digestion which will ultimately increase 

biogas production. The pretreatment process 

can act as a catalyst that speeds up the reac-

tion process (Wiharja, et al., 2021). The main 

obstacle to the pretreatment process is the 

large operating costs that must be provided, 

starting from the cooling process which req-

uires energy or the addition of chemicals. Wi-

harja et al. (2021) found a way to manage PO-

ME without pretreatment by using a fixed 

bed technique combined with thermophilic 

operating conditions. This method has succe-

eded in reducing the operational costs of ma-

naging POME but has not succeeded in red-

ucing the very large costs of installing BPP. 

Facing this reality, a WO strategy was 

given, namely: a) Reallocating fuel subsidy fu-

nds to BPP development; b) palm oil mills 

cooperate with banks to obtain funding for 

BPP development; c) Making policies that 

facilitate BPP investment by non-palm oil mills 

private parties; and d) Removing the Minister of 

Energy and Mineral Resources No. 12/2017 and 

reinstating the Minister of Energy and Mineral 

Resources No. 27/2014. 

S–T Strategy (Strengths–Threats), This str-

ategy is taken when there are strengths, but th-

ere are also threats that can derail the project. 

The threat faced in the BPP project is that the 

gas reactor can explode due to the explosive nat-

ure of methane gas. It is known that the nature 

of methane gas is flammable if it meets free air. 

In fact, if it has been collected in the reactor, 

then the gas pressure becomes very high so it wi-

ll be very dangerous if it explodes. There is also a 

threat of leaking pipes causing methane gas to 

be inhaled by humans and causing death. Where 

as on the other hand, there are strengths that 

methane gas has, which can be a cheap source of 

electrical energy. 

Facing such a threat, the strategies adop-

ted are as follows: a) Imposing certain specifica-

tions so that the reactor does not explode; b) 

Implementing a strong workmanship system and 

pipe material quality to anticipate gas leaks. 

W–T Strategy (Weaknesses–Threats), This 

condition is the weakest condition of the organ-

ization, namely when there is a threat when the 

organization has weaknesses. In general, the thr-

eat faced is the explosive character of methane 

gas, while the weakness is that the cost of con-

structing a BPP is relatively high, and palm oil 

mills have limited capabilities. 

Facing this situation, WT's strategy was gi-

ven as follows: a) Involving an independent third 

party as a project supervisor to help ensure the 

fulfillment of the technical aspects required, and 

b) Imposing sanctions on project termination if 

it is identified that the construction qualifica-

tions of the materials used are not in accordance 

with the required standards. 

CONCLUSION 

From the community side, the BPP project 

is needed to produce renewable electrical ener-
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gy and can increase the electrification ratio 

in the community. From the company's point 

of view, the electricity produced by BPP is 

needed to support the company's operations 

and the remaining electric power can be sold 

to the State Electricity Company through a 

power purchase agreement so as to provide 

economic benefits to the company. From an 

environmental point of view, the BPP project 

is needed to reduce the hazard of POME 

waste because the use of POME as a source 

of electrical energy can reduce the value of 

waste hazard parameters such as BOD (Bio-

logical Oxygen Demand), COD (Chemical 

Oxygen Demand) and methane gas (CH4) 

emission values with an average percentage 

an average of 92%. This value is very safe for 

the health of the environment and humans. 

From the SWOT analysis of BPP proj-

ect development, in general, it is known that 

BPP's strengths include being able to gener-

ate electricity at a relatively low cost but fac-

ing considerable construction cost constrai-

nts. Facing this reality, strategies are given 

that can be implemented. In terms of gover-

nment policy: The government has establi-

shed a policy that each palm oil mill has one 

BPP or cooperates with other PKS to build 

BPP, reallocated fuel subsidy funds to BPP 

development, and abolished ESDM Regulat-

ion No. 12/2017 and reinstating the Minister 

of Energy and Mineral Resources No. 27/2014 

to increase the interest of palm oil mills and 

investors to build BPP. 

In terms of obtaining large funds to 

carry out BPP construction: palm oil mills co-

operate with banks to obtain funding for PL-

TB construction and the government makes 

policies that facilitate BPP investment by 

non-PKS private parties. In terms of project 

safety implementation: Involve an independ-

ent third party as a project supervisor to help 

ensure the fulfillment of the technical asp-

ects required and to impose sanctions on proj-

ect termination if it is identified that the con-

struction qualifications of the materials used are 

not in accordance with the required standards. 
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