Bioculture
Institute for Advanced Science,

Bioculture ]Ournal Social and Sustainable Future

Bioculture 2(1): 19-33
ISSN 3025-3632 ; MORALITY BEFORE KNOWLEDGE

Strategy for developing the utilization of organic waste as
an alternative source of electricity in Indonesia
Farchani Putri Yuniar?*, Grace Gardenia Ginting?

1 School of Environmental Science, Universitas Indonesia, Central Jakarta 10430, Indonesia.
*Correspondence: farchani.putri@ui.ac.id

Received Date: June 25, 2024 Revised Date: July 30, 2024 Accepted Date: July 30, 2024

ABSTRACT

Background: Indonesia has pledged to reach its Net Zero Emission target by 2060, necessitating the shift to
renewable energy sources. To achieve this, Indonesia must transition from its current reliance on fossil fuel
power plants to renewable energy generators, ensuring the same or greater electricity capacity. One viable
renewable energy source is organic waste. This study aims to explore strategies for developing organic waste as
an alternative energy source to bolster Indonesia's energy resilience and environmental sustainability. Method:
The research employs a qualitative approach, including literature reviews and qualitative descriptive analysis.
Findings: Waste to Energy (WtE) processes convert waste into electricity and/or heat, aiding in greenhouse gas
reduction, improving waste management efficiency, and supporting sustainable development. WtE technologies
can utilize both thermochemical and biochemical methods to convert waste into energy. The Indonesian
government is known to have 12 projects to accelerate the installation of Waste Processing into Electrical
Energy, both the Waste Power Plants that have been in operation and under construction and using gasification
as the method. The development of WtE faces various challenges ranging from completeness and consistency of
regulations, high tipping fees, complex cooperation mechanisms and business models, problems with the
characteristics and nature of Indonesian waste that need special handling, and rejection from residents.
Conclusion: Strategies that can be implemented in developing WtE in Indonesia include drafting policies and
regulations, increasing public awareness, collaboration with the private sector, choosing the right technology,
developing infrastructure, increasing the efficiency of waste collection, and international partnerships.
Novelty/Originality of this study: This research offers concrete strategies to develop Waste to Energy (WtE)
technology in Indonesia, including policy formulation, increasing public awareness, and collaboration with the
private sector to utilize organic waste as a renewable energy source to support the 2060 Net Zero Emission
target.
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1. Introduction

The increasing population in Indonesia has led to a rapid increase in the volume of
waste, even exceeding the capacity of the available infrastructure. As a result, several
community activities emerged that damaged the environment, such as burning waste and
throwing waste into rivers. Most of the waste generated in Indonesia is generally wet waste
(organic waste), which covers about 60-70% of the total waste volume. For some people,
waste is an item that is considered to have no value even though waste can be used as an
alternative source of energy, where the composition of waste that is rich in organic matter
is around 70,69% (Pujotomo, 2016). Organic waste is waste that is easily
degraded/decomposed by nature and will disappear by itself even if left alone. There are
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two types of organic waste, namely animal organic waste and biological organic waste.
Animal organic waste is organic waste originating from animal bodies, for example leftover
meat, bones, fish innards, and so on, while biological organic waste originates from plant
body parts, for example vegetable scraps, fruit peels, fallen leaves of gardens, and the like
(Alkautsar et al., 2020).

Currently, waste management, particularly in urban areas, is neither efficient nor
effective due to its centralized nature and reliance on mixed waste disposal systems
(Pujotomo, 2016). Waste management that is less comprehensive can lead to pollution and
environmental damage. Based on its type, organic waste has the largest percentage in
Indonesia, namely 54,1% in 2022 and the largest waste generation based on its source
comes from households (Arfidianingrum et al., 2023).

Energy is an essential requirement for daily human survival. The demand for
electrical energy in Indonesia is continuously rising in tandem with economic and
population growth. It is projected that Indonesia's electricity needs will surge more than
sevenfold to 1,611 TWh by 2050 (Al Hakim et al., 2022). As the largest tropical archipelago
in the world, Indonesia possesses abundant biomass resources that can be harnessed as a
source of energy. The potential of Indonesia's bioenergy resources reaches 32.000 MW, but
in reality the installed capacity is only 1.740,4 MW or the utilization is only 5,4% of the total
potential of electricity-based bioenergy resources (Ma'arif et al., 2019). Numerous
successful studies and initiatives worldwide have demonstrated the implementation of
Organic Waste-to-Energy (OWtE) technology for managing and treating solid organic
residues. Specific examples of these practices have been developed and implemented in
Latin American and Caribbean (LAC) countries. Over the past 40 years, the strategies and
sectoral applications for OWtE have been shaped by the political context and technological
advancements of the time. However, challenges such as high initial costs, limited access to
advanced technologies, lack of stakeholder participation, and insufficient public policies
have impeded the effective implementation of OWtE technologies for organic waste
treatment (Silva-Martinez et al., 2020).

Indonesia is dedicated to reaching the Net Zero Emission goal by 2060, which
involves generating energy from renewable sources as part of its Net Zero Energy strategy.
This transition necessitates converting energy generation facilities that are currently
predominantly fueled by fossil fuels such as coal and oil. Not only converting the type of
power plant used, but also having to provide the same or even greater electricity capacity
in the process of converting this power plant. Of course, to support this statement, in
addition to building new industrial areas that implement Net Zero, the Indonesian
government must also be able to improve the pattern of electricity generation that is
distributed to the wider community (Hertadi et al.,, 2022).

Switching from non-renewable to renewable energy sources is essential to support
Indonesia's goal of achieving Net Zero Emissions for environmental sustainability. One of
the renewable energies that can be utilized as a source of electrical energy is organic waste.
High volumes of waste in landfills are still common in Indonesia. Based on research by
Faridha et al. (2015), a waste power plant has the potential to use 120 tons of waste every
day to produce 2,19 MW of electricity using the thermochemical conversion method.
Therefore, waste has enormous potential to become an alternative source of electricity in
Indonesia due to the high waste production in Indonesia, which is 3,2 million tons annually.
The energy crisis and the waste problem are the two main challenges faced by people in
Indonesia at this time. Using waste as a source of electrical energy presents a dual solution
to address two significant challenges simultaneously. By harnessing organic waste as an
alternative renewable energy source, Indonesia can mitigate its waste management issues
while reducing its dependence on non-renewable energy sources, which currently
dominate the energy landscape. The aim of this research is to explore strategies for
developing organic waste as a viable source of electrical energy in Indonesia, aiming to
enhance energy resilience and promote environmental sustainability.
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2. Methods

This study employs a qualitative approach, which is a method used to investigate and
comprehend the meanings that individuals or groups attribute to human or social issues.
The research procedure encompasses the formulation of inquiries and methods, gathering
of data typically within research participant contexts, analyzing the data by deriving general
themes from specific ones, and researchers interpreting the significance of the data. This
writing method is descriptive qualitative based on a literature review involving previous
studies and research on the use of waste as a source of renewable electrical energy.
Information is obtained from scientific journals, articles, and other related publications. The
description of the literature study includes waste problems in Indonesia, non-renewable
energy and renewable energy, energy consumption in Indonesia, waste to energy, waste to
energy technology, waste power plants in Indonesia, waste to energy challenges in
Indonesia, waste to energy development strategy in Indonesia.

The data is collected from relevant journals so that conclusions can be drawn
according to the objectives of the topic to be studied. The initial stage of this research is to
identify the research topic to be reviewed, involving searching and selecting journals that
are relevant to the research topic to be reviewed. After analyzing the relevant articles, the
researcher will combine these findings and interpret them in terms of the research
objectives being carried out.

3. Results and Discussion
3.1 Waste problems in Indonesia

As Indonesia's population and economic activities grow, urban areas experience a
corresponding increase in waste volume each year. High-density urban areas are major
contributors to Indonesia's waste generation. According to the Indonesian Ministry of
Environment and Forestry, the per capita waste generation exceeded 0.7 kg per day in
2015, with only 69% of total waste disposed of in Final Disposal Sites; the remainder is
burned, dumped in public areas, or managed informally. Household waste recycling rates
across Indonesia are notably low, at approximately 1.7% (Kubota et al., 2020). Indonesia
currently has a very high waste generation problem and 60% of the waste generation
comes from organic waste (OW). The scope for anaerobic digestion (AD) of OW is still not
optimal in its management, with many reactors not functioning properly (Tassakka et al.,
2019).

Indonesian people who live in several big cities, especially in the household sector,
still exhibit the behaviour of littering. There are also many urban communities who do not
know about good and correct waste management. In fact, urban communities already have
a good understanding of a healthy and clean environment in urban areas. The results of the
study also show that there are differences in environmental awareness among people in
several regions with different economic classes. Personal awareness of the local
environment needs to be instilled in urban communities as an initial effort to maintain a
clean environment free of waste (Brotosusilo & Handayani, 2020).

Food waste is a significant contributor to organic waste and Indonesia is a major
producer of such waste. The mismanagement of food waste in the country stems from
insufficient processing methods, leading to adverse environmental effects. This issue
extends beyond Indonesia to become a global concern, as food loss and waste occur across
multiple stages of the food value chain. These include agricultural and animal production,
post-harvest handling, storage, processing, distribution, and consumption. In developing
nations, premature harvesting of agricultural products often exacerbates the challenge of
food waste (Suhartini et al., 2022). Currently, in numerous countries, the disposal of food
waste involves either burying it in landfills or incinerating it along with other flammable
household wastes to generate energy. However, these approaches are facing increasing
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economic and environmental hurdles despite the significant organic and nutrient content
found in food waste. In principle, food waste holds promise as a valuable resource that can
be utilized in biofuel production through various fermentation techniques. The valorization
of food waste has garnered growing interest, aiming to produce biogas, hydrogen, ethano],
and biodiesel as end products. Indonesia alone generates over 30 million tons of food waste
annually (Kiran et al,, 2014). Comparison of total food waste from Indonesia with several
other countries can be seen in the following graph (Fig. 1).
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Fig. 1. Graph of total food waste in several countries
(Source: Kiran et al., 2014)

In Indonesia, waste typically falls into three main categories: industrial waste, solid
waste, and electronic waste (e-waste). Currently, Indonesia generates around 176.000 tons
of municipal solid waste every day (64 Mt per year). As much as 70% of solid waste is
reported to be dumped openly in more than 380 landfill locations and only a small portion
is disposed of in landfills or recycled and reused. This is caused by a lack of manpower and
landfill facilities (Khalil et al., 2019).

3.2 Non-renewable energy in Indonesia

Indonesia possesses significant capabilities for electricity generation from diverse
sources. As one of the world's largest exporters of coal with substantial oil reserves, the
country heavily relies on these resources for electricity production and economic activities.
However, Indonesia's energy sector productivity has shown a declining trend since the
2010 baseline, potentially impacting its export share. This decline is attributed to domestic
barriers that hinder increased production without cost subsidies, as well as insufficient
investments to foster local and international collaborations (Dutu, 2016). Besides that, the
unbalanced emphasis on new and renewable energy sources is also one of the crucial
reasons for the decline in Indonesia's industrial output. This condition poses a major threat
to the stability of energy supply and industrial output so that it tends to hinder the growth
process (Saudi et al,, 2019).

Indonesia's primary energy sources predominantly consist of fossil fuels such as coal,
oil, and natural gas. Between 2011 and 2012, coal reserves saw a slight decrease from 120
billion tons to 119 billion tons. In terms of oil, total reserves in 2012 amounted to 7.41
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billion barrels, comprising 3.74 billion barrels of proven reserves and 3.67 billion barrels
of potential reserves. During this period, crude oil production also declined from 329
million barrels in 2011 to 315 million barrels in 2012. Considering the ratio of production
reserves for these fossil energy sources, coal has the highest potential utilization, estimated
to last for approximately 75 years. Natural gas reserves, on the other hand, can potentially
last for nearly 33 more years. Oil, however, has the least potential for long-term viability as
a fossil energy source, estimated to be utilizable for only about 12 years if no new
alternative energy sources are discovered (Kholiq, 2015).

3.3 Renewable energy in Indonesia

In response to declining fossil fuel production, especially in oil and gas sectors, and
global initiatives to reduce emissions, governments worldwide are increasingly turning to
new and renewable energy sources. This shift is aimed at enhancing energy security and
independence. Indonesia, guided by Government Regulation No. 79 of 2014 on the National
Energy Policy, aims to achieve a minimum of 23% new and renewable energy in its energy
mix by 2025, with a target of 31% by 2050. The country boasts abundant renewable energy
resources that can be leveraged to meet its primary energy needs (Suhartini et al., 2022).

Renewable energy resources in Indonesia hold vast potential for electricity
generation, essential for ensuring sustainable energy supply and reducing dependence on
fossil fuels. Research reveals that the country's geothermal reserves alone, constituting
about 40% of the global total, have the capacity to generate approximately 2.8 x 107
kilowatts (KW) of power. Additionally, hydro and biomass-based power plants can
contribute over 1 x 108 KW, while solar energy has the potential to add up to 1.2 x 109 KW
to Indonesia's energy grid. Despite these significant potentials, Indonesia currently taps
into only 5% of its renewable energy resources, hindered by technical challenges and
regulatory barriers. Hydropower presently represents the largest share of renewable
energy in Indonesia's energy mix. However, in 2015, on-grid hydropower production
amounted to just 5.2 x 106 KW, despite an estimated economic potential of 8 x 106 KW from
untapped hydropower sources, many of which are located in densely populated islands
such as Java, Sumatra, Sulawesi, and Nusa Tenggara (Khalil et al., 2019).

Indonesia boasts abundant new and renewable energy resources, yet these remain
underutilized due to several challenges including high investment costs, remote locations
of potential resources, and inadequate regulatory support. One promising area for
bioenergy production in Indonesia lies in the utilization of biomass waste, particularly
Municipal Solid Waste (MSW) and specifically food waste. Globally, it is estimated that 40-
70% of MSW comprises biodegradable organic matter, predominantly food waste. To gain
a better understanding of the renewable energy reserves in Indonesia, please refer to Table
1 below.

Table 1. Renewable Energy Reserves

Types of Energy Potential (GW) Realization (GW) Utilization
Geothermal 23.8 21 9.0%
Solar 207.8 0.2 0.1%
Wind 60.7 0.2 0.3%
Water 94.6 6.1 6.5%
Bioenergy 32.7 1.9 5.8%
Tidal 17.9 - -

(Suharyati et al., 2021)

In recent years, there has been increasing recognition of the untapped potential of
organic waste as a valuable resource for energy generation. Harnessing energy from organic
waste has emerged as an attractive alternative, especially for enhancing energy security.
This heightened awareness has spurred significant research into technologies focused on
extracting valuable fuels from food waste. The primary aim is to address environmental
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concerns associated with waste disposal, alleviate pressure on natural resources, minimize
risks to human health, and maintain ecological balance (Pham et al., 2015).

3.4 Energy consumption in Indonesia

Over the past decade, Indonesia has seen a notable increase in electricity
consumption, rising from 159.9 TWh in 2011 to 242.6 TWh in 2020. This surge marks
electricity as having the highest growth rate among all energy sources. However, there was
a slight decrease in electricity consumption in 2020 compared to the previous year, largely
due to reduced industrial and commercial activities during the pandemic. Among consumer
segments, households emerged as the largest consumers of electricity in 2020, accounting
for 112.7 TWh or 46.4% of the total national electricity demand, driven by Indonesia's
substantial household population, which reached 69 million in 2020. The industrial sector
followed with 71.5 TWh (29.5%) of electricity demand, and the commercial sector
accounted for 58.2 TWh (24%). The transportation sector contributed a minimal 0.3 TWh
(0.1%) to overall electricity demand (Suharyati et al., 2021). The rapid growth of the
economy and population in Indonesia has led to a significant increase in energy demand. It
is projected that by 2026, energy demand will continue to rise, potentially reaching up to
450 x 109 KWh (Khalil et al., 2019).

It is widely recognized that Indonesia is currently facing major challenges related to
energy and waste due to its rapidly growing economy and urban population. The largest
energy consumption is in Java, which is equal to 56%, followed by Sumatra (25%),
Kalimantan (9%), Sulawesi (6%), Bali and Nusa Tenggara (3%), and Maluku and Papua
(1%). The following is a table of energy consumption in Indonesia by sector and type (Table
2).

Table 2. Indonesia's final energy consumption in 2015

Consumption by Sector Share (%) Consumption by Type Share (%)
Industrial 314 Coal 10.3
Household 15.1 Natural Gas 18.1
Commercial 5 Fuel 42.7
Transportation 35.6 Biofuel 2.7
Non-energy utilization 2.3 LPG 8

Other 10.6 Electricity 18.2
Total 100 Total 100

(Khalil et al., 2019)

3.5 Waste to energy

The concept of Waste to Energy (WtE) remains highly significant and garners
significant interest due to its multifaceted implications for most of the Sustainable
Development Goals (SDGs). With approximately one in ten people worldwide still lacking
access to electricity, WtE presents a promising solution that can benefit individuals globally
(Vlachokostas et al,, 2021). By harnessing waste as a valuable energy source, this approach
becomes not only logical but also pivotal for fostering sustainable development and
establishing a circular economy. The concept of the circular economy aims to maximize the
value of products, materials, and resources by prolonging their lifecycle as much as possible.
This approach minimizes waste generation and reduces resource consumption overall
(Wienchol et al., 2020).

Utilizing waste materials offers significant advantages by aligning with the principles
of a circular economy, where waste recycling contributes to energy production. Efficient
implementation of Waste to Energy (WtE) technologies facilitates the conversion of waste
into usable energy. WtE represents a modern and sustainable approach to waste
management, addressing waste disposal, energy generation, and greenhouse gas emissions
simultaneously. This transformation of waste into energy forms a cornerstone for
establishing a circular economy system, fostering a balanced relationship between
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economic activities and environmental sustainability. Such an approach is crucial for
addressing resource scarcity and mitigating environmental risks effectively (Sharma et al,,
2020).

The concept of Waste to Energy (WtE) revolves around achieving energy
sustainability through the utilization of sustainable energy sources and systems. WtE
technology aims to reduce greenhouse gas emissions through three interconnected
approaches: generating CO2-free power, mitigating CH4 emissions from landfills, and
recovering metals from solid waste as an energy-efficient alternative to extracting them
from raw materials. WtE principles underscore the importance of utilizing sustainable,
renewable, and abundant material sources, particularly integrating biomass into the energy
mix. Improving the quality and cost-effectiveness of biomass as a renewable energy source
involves meeting legal requirements and maximizing its calorific value. At its core, WtE
promotes sustainable energy through sustainable sources, processes, and aims to achieve
zero waste (Gil, 2022).

The WtE technology typically comprises various elements, such as sewage treatment
facilities, combustion chambers, turbines, water cooling systems, gas emission chimneys,
and other related components. On-site operational areas may include designated spaces for
waste storage and supply, disposal sites for residues, tanks for sludge, and drainage systems
for releasing cooling water into nearby bodies of water. Additionally, the transportation of
fly ash from the factory site to the disposal site and the movement of waste from the landfill
to the factory site are essential components of WtE technology. It is crucial to consider the
detailed process of energy generation when examining WtE technology, as it enables the
identification of points where pollutants are generated, as highlighted in the Environmental
Impact Assessment (EIA) (Kabir & Khan, 2020).

3.6 Waste to energy technology

Waste to Energy (WtE) represents a viable approach to managing waste by
transforming it into valuable resources for energy production. It involves converting waste
into electricity and/or heat through various waste processing techniques or by converting
waste into a fuel source (Chen et al., 2022). Developed nations such as Italy, Germany,
Finland, France, and Japan have extensively adopted this method (Khan et al., 2022).

Waste to Energy (WtE) plays a significant role in mitigating greenhouse gas emissions
and offering an efficient waste management system that promotes sustainable
development. Unprocessed waste constitutes a substantial source of greenhouse gas
emissions. These emissions, stemming from various sectors, including power generation,
pose a significant challenge to achieving sustainable development. Even renewable energy
sources like hydroelectric power cannot completely eliminate emissions. Fossil fuel-based
power generation significantly contributes to global greenhouse gas emissions, surpassing
emissions from renewable sources. It is important to note that WtE technology is not
emission free, as the emissions can vary across different technologies. Research indicates
that anaerobic digestion is a more environmentally friendly option compared to
incineration, gasification, and pyrolysis (Khan et al., 2022).

Waste to Energy (WtE) encompasses a variety of technologies tailored to different
types of waste, involving the conversion of waste into energy through various methods.
These methods include thermochemical technologies such as incineration, pyrolysis,
gasification, and hydrothermal liquefaction, as well as biochemical pathways like
fermentation, anaerobic digestion, composting, and landfilling, as illustrated in Fig. 2. In
recent decades, there has been an increasing focus on thermochemical conversion
processes due to their numerous advantages. These include higher efficiency in converting
waste to energy, adherence to the zero waste principle, shorter processing times, improved
economic viability, and compatibility with diverse types of feedstocks, whether wet or dry
(Varjani et al., 2022).
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CATEGORIZATION OF WTE TECHNOLOGIES

(=1

Anaerobic Digestion Incineration
Pyrolysis Landfill - To - Gas Other methods

Fig. 2. Categorization of waste to energy technologies
(Vlachokostas et al., 2021)

3.6.1 Anaerobic digestion

Anaerobic digestion, a type of biochemical conversion, breaks down biodegradable
materials using microorganisms in an oxygen-free environment. The process of anaerobic
digestion advances through several stages: hydrolysis, acidogenesis, acetogenesis, and
methanogenesis. Each stage involves specific types of bacteria and microorganisms,
including hydrogenotrophic, acidogenic, acetogenic, and methanogenic organisms. The
efficiency and effectiveness of these metabolic stages are influenced by various factors,
including pH levels, temperature fluctuations, substrate concentrations, organic load rates,
and other relevant parameters (Kalaiselvan et al., 2022).

Anaerobic digestion has remained a popular choice in rural areas due to the relatively
low cleaning requirements of the biogas produced, primarily attributed to its high methane
content. This process, also known as biomethanation, involves the production of biogas
without the presence of oxygen, utilizing waste materials as feedstock. The biogas
generated primarily comprises carbon dioxide (CO;) and methane, with methane
constituting approximately 60% of the composition. Biomethane finds various applications,
including heating, power generation,cooking, steam generation, and as a fuel for vehicles. It
is estimated that around 2,14 kW of electricity can be generated from 1 m3 of biogas
obtained through biomethanation, achieving an efficiency of 35%. Moreover, anaerobic
digestion holds promise as a potential solution for addressing issues related to crop
residues, particularly those left in open fields. The hydrolysis stage is crucial in the
anaerobic digestion process and often acts as the rate-limiting step, influenced significantly
by the type of feedstock employed. Pre-treating biomass is essential to improve the yield of
product gas and shorten digestion times. Integration with pyrolysis can further enhance the
anaerobic digestion process, as the anaerobic digestion-pyrolysis system has demonstrated
the potential to increase power production by 42%, translating to an increase in electricity
production from 9896 to 14066 kWh/d (Varjani et al., 2022).

3.6.2 Microbial Fuel Cell (MFC) and Microbial Electrochemical Cell (MEC)
Bio-electrochemical processes encompass the utilization of Microbial Fuel Cells (MFC)

and Microbial Electrochemical Cells (MEC). MFC serves as a biochemical apparatus that
harnesses the decomposition capabilities of aerobic and anaerobic bacteria to generate
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electricity from organic matter. Apart from electricity generation, MFCs find application in
wastewater treatment, removal of toxic metals, and bioremediation of sulfide contaminants.
Plant MFCs represent modified versions of microbial fuel cells that demonstrate enhanced
efficiency by utilizing plant-based sources, such as lignocellulosic materials, and compost
derived from organic waste. The bioelectricity produced through these systems holds
potential as a power source and can be utilized for environmental monitoring sensors. The
organic waste by-products that undergo decomposition in bio-electricity production
systems can also be repurposed as soil conditioners or fertilizers, thereby contributing to
enhanced crop fertility when applied to agricultural land (Ashokkumar et al., 2022).

The MFC system exhibits the ability to generate energy from organic waste by utilizing
electrochemically active microorganisms as catalysts for energy production. In traditional
Microbial Fuel Cells (MFCs), a cationic membrane separates the anodic and cathodic
compartments. Within the anodic chamber, microorganisms metabolize organic substances
like glucose, serving as electron donors. Through this metabolic process, these compounds
release electrons and protons. The electrons are transported through an electric circuit to
the surface of the anode, where they generate electricity. Simultaneously, the protons
traverse the electrolyte and subsequently pass through the cationic membrane. MEC, like
MEFC, shares a comparable structure, but with one distinction—the cathode in MEC is not
exposed to air. Moreover, Microbial Electrolysis Cells (MEC) demonstrate higher rates of
hydrogen (H2) recovery and a broader range of substrate utilization compared to other
processes such as photo-biological processes, dark fermentation, or Microbial Fuel Cells
(MFC). However, MEC does not occur spontaneously due to the endothermic nature of
microbial electrolysis, unless the partial pressure of hydrogen is exceptionally low. This
technique facilitates H2 production, which helps overcome the endothermic barrier
associated with microbial fermentation product generation, and it requires a relatively low
voltage compared to the theoretical voltage of 1.23 V applied in water electrolysis. By
converting non-toxic and biodegradable waste into energy sources and valuable products,
MEC systems contribute to energy-positive and carbon-neutral systems, presenting
numerous opportunities for future waste biorefineries (Varjani et al.,, 2022).

3.6.3 Incineration

Incineration, an increasingly prevalent Waste to Energy conversion technology, is
widely acknowledged as a favorable option for managing waste, particularly non-recyclable
waste. It offers numerous benefits such as a significant reduction in waste quantity and
volume, conservation of land resources, mitigation of greenhouse gas emissions, and the
generation of electricity and/or heat. In recent years, combustion has gained substantial
traction globally as governments seek effective measures to alleviate the burden of waste
disposal and provide a renewable and sustainable alternative energy source. Incinerators
are viewed as a financially advantageous substitute for sanitary landfills, particularly in
larger and medium-sized cities where landfill space may be limited. While incineration
allows for the recovery of energy from organic waste, it does not facilitate the retrieval of
essential nutrients such as phosphorus and nitrogen present in the waste (Chen etal., 2022).

Incineration typically involves burning waste at high temperatures (800-1200°C) in
the presence of excess oxygen or air. This combustion process includes several sequential
stages: heating or drying, devolatilization or decomposition, and the combustion of volatiles
and char. Initially, the biomass's free water (around 80-85%) evaporates, underscoring the
importance of moisture content. During devolatilization or decomposition, carbon particles
in the biomass thermally degrade, releasing major gases such as water vapor, carbon
dioxide, carbon monoxide, hydrogen, and methane. Volatiles are subsequently generated,
while char undergoes oxidation, releasing heat. Carbon and hydrogen in the biomass
oxidize, forming carbon dioxide and water. Incineration serves as a waste treatment method
that can reduce waste volume by 70% to 90%, making it suitable for high-calorific-value
waste. This process converts released energy into electricity and involves three main stages:
combustion with air at temperatures ranging from 700°C to 1000°C, utilizing hot gases from
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combustion for heat and electricity generation, and implementing measures to control
emissions (Varjani et al., 2022).

3.7 Waste power plants in Indonesia

Waste is the main fuel that can generate electricity by using the potential volume of
organic waste and inorganic waste. The process of generating electric power utilizing gas
produced by waste can use two energy conversion process systems, namely the thermal
conversion process and the biological conversion process. Pyrolysis technology and
gasification technology are thermal conversion systems, while biological conversion
processes are anaerobic digestion and landfill gasification. Combined Heat and Power (CHP)
is an energy conversion system for generating several forms of energy production
simultaneously in an integrated system. The CHP system is composed of several
components including prime movers, generators, heat recovery, and integrated electrical
networks. On-grid system, a Waste Power Plants on-grid system is a system in which a
power plant is connected to the State Electricity Company network, aiming to help or
optimize the State Electricity Company system. The series of Waste Power Plants systems
will remain in touch with the State Electricity Company network by optimizing the use of
energy from the Waste Power Plants electricity production which utilizes the potential of
waste as fuel to optimize and help the electricity system. Based on the feasibility level of
Waste Power Plants with other renewable energy generators, it is found that Waste Power
Plants are more feasible to realize than other renewable energy generators. The main
advantage of Waste-to-Energy (WtE) plants lies in the fact that their primary energy
source—waste—is not influenced by weather conditions and typically increases annually
alongside population growth. This differs from Hydroelectric and Solar Power plants, where
energy production heavily depends on weather patterns. Additionally, WtE plants generally
offer a more stable income from energy sales compared to renewable sources like solar,
which can fluctuate (Muljono et al.,, 2022).

The Indonesian government, as documented by the Ministry of Energy and Mineral
Resources, has embarked on 12 projects aimed at accelerating the implementation of
Waste-to-Energy (WtE) facilities. These projects include operational Waste Power Plants as
well as those currently under construction. The management of urban waste involves
reducing its moisture content, followed by a gasification process to produce syngas. This
syngas can then serve as an alternative fuel to coal in power plants. The establishment of
Waste Power Plants is expected to address waste management challenges effectively while
supporting the government's target of achieving a 23% renewable energy mix by 2025.
Waste Power Plants is counted as a waste management program that has just been
implemented in Indonesia, so that many studies and analyzes are needed regarding the
most appropriate and efficient techniques for utilizing waste in Indonesia. Generally, Waste
Power Plants use the gasification method, namely by utilizing the gas that comes out of the
combustion of waste with limited oxygen or can be called incomplete combustion
(Nurfadhilah et al.,, 2022).

3.8 Challenges of waste to energy in Indonesia

The development of WtE or waste to electrical energy development in Indonesia since
2018 has encountered various challenges and obstacles ranging from completeness and
consistency of regulations, high tipping fees to WtE, cooperation mechanisms and complex
business models to problems with the characteristics and nature of Indonesian waste which
need special handling. Until 2021, out of the 12 planned cities, only one WtE is already
operating, namely WtE Benowo Surabaya. If these problems continue, the construction and
operation of WtE in 11 other cities will be further delayed. This has an impact on the
increasing amount of waste that goes to the landfill so that the solid waste conditions in the
11 cities are increasingly emergency (Yuliani et al., 2022).
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For investors, in this case the private sector, quality (calorific value & humidity) and
quantity (amount of waste that can be supplied constantly) in a location can affect
investment, type selection, and operational patterns from waste to energy. Low waste
quality with high humidity and low calorific value, as well as unstable or insufficient supply
in several areas are the main challenges affecting the development of WtE. Another
challenge faced in implementing WtE in Indonesia is the rejection of local residents. As a
land use facility that local residents typically oppose, Waste-to-Energy (WtE) plants are
often heavily influenced by the Not in My Backyard (NIMBY) syndrome worldwide. Usually
the benefits (efficient and effective waste management) are widely publicized, while
potential hazards such as bad smells and dioxins tend to go unreported. Protests against
waste to energy or anti waste to energy incinerators campaigns have been documented in
many countries including Europe, Asia, the United States, and Canada. Rejection also
occurred in Indonesia, one of which is in the city of Bandung. A group of Bandung city
residents refused on the grounds that they would become a continuous burden of air
pollution in the city of Bandung and were afraid that it would produce a toxic substance in
the form of dioxins which endangers the nervous system and causes cancer in local
residents (Setyono & Sinaga, 2021).

3.9 Waste to energy development strategy in Indonesia

The use of waste for energy in Presidential Regulation Number 97 of 2017 is carried
out through the following strategies: (1) construction of waste-based power plants through
thermal technology; (2) capture and use of methane gas as a source of electrical energy at
landfills; (3) utilization of waste as a substitute fuel for the cement industry or RDF; (4)
application of environmentally friendly sorting, collection, processing and final processing
technology into renewable energy. The first strategy forms the basis of the accelerated
Waste Power Plants development program. The second, third, and fourth strategies form
the basis for the development of the regular Waste Power Plants program (Qodriyatun,
2021).

The development of Waste to Energy (WtE) in Indonesia can be carried out through
various strategies involving various stakeholders, including government, industry, society,
and the private sector. The following are several WtE development strategies in Indonesia:
(1) Formulation of Policies and Regulations; (2) Increased Public Awareness; (3)
Collaboration with Private; (4) Selection of the Right Technology; (5) Infrastructure
Development; (6) Improved Waste Collection Efficiency; and (7) International Partnerships.
The development of WtE in Indonesia is an important step in overcoming the problem of
waste and the increasing demand for energy. By implementing these strategies, it is hoped
that a more sustainable waste management system will be created so that it can increase
energy security in Indonesia.

4. Conclusions

The amount of waste production in Indonesia which increases every year is a potential
that can be exploited, one of which is by utilizing the excess availability of organic waste to
be used as an alternative source of electrical energy in Indonesia. The declining reserves of
fossil energy underscore the urgency of seeking alternative sources of electrical energy,
with organic waste playing a pivotal role in the Waste-to-Energy (WtE) concept. WtE
technologies enable the conversion of waste into electrical energy, such as in Waste Power
Plants, although this approach is not without challenges in practice. Developing WtE in
Indonesia necessitates strategic involvement from diverse stakeholders, including
government, industry, society, and the private sector. The following are several WtE
development strategies in Indonesia including policy and regulation formulation, increasing
public awareness, collaboration with the private sector, choosing the right technology,
developing infrastructure, increasing the efficiency of waste collection, and international
partnerships.
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