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Waste Harvesting: Lessons Learned from The Development of Waste-to-Energy Power

Plant in Indonesia

Abstract

Purpose: The purpose of this research is to analyse the development and implementation of
waste-to-energy (WtE) power plants as a strategy to manage municipal solid waste (MSW) in
Indonesia. It aims to identify key determinants for the successful adoption of WtE technology
in developing countries, focusing on the Benowo WtE power plant, Indonesia's first large-scale

WHE project.

Design/methodology: This study reviews the development of the Benowo WtE power plant,
examining political, regulatory, and financial factors influencing its implementation. It
analyzes the roles of national and local government institutions, highlighting critical elements

for the successful deployment of WtE projects in a developing country context.

Findings: The review shows that the success of WtE projects in Indonesia is significantly
influenced by strong local government commitment, supported by political, financial, and
regulatory backing from the national government. The Benowo WtE power plant's
development demonstrates that with adequate support, WtE can be a viable solution for
managing MSW and generating energy in developing countries. The study also identifies

barriers to broader WtE adoption in similar contexts.

Originality: This research offers novel insights into WtE technology development in a
developing country, specifically focusing on Indonesia's first large-scale WtE power plant. By
analysing the Benowo WtE power plant, the study provides valuable lessons and strategies for
other developing nations aiming to adopt WtE solutions for MSW management, emphasizing

the critical role of government support.
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Research Limitations/Implications: The study is limited to 12 WtE project in Indonesia, with
in-depth analysis focused on a single case, potentially overlooking challenges and opportunities
in other regions. Furthermore, the study does not include an economic analysis, such as a
feasibility assessment. Future research could expand to multiple WtE projects and incorporate
primary data collection to provide more comprehensive findings, including feasibility studies

of each project.

Practical Implications: The findings provide practical guidance for policymakers and
stakeholders in developing countries, identifying critical areas for successful WtE deployment

and offering a blueprint based on the Benowo WtE power plant.

Social Implications: Implementing WtE projects can improve waste management, reduce
pollution, enhance public health, create jobs, and stimulate local economies. The study
underscores the importance of government and community collaboration in addressing

environmental challenges and fostering shared responsibility.

Keywords: Waste-to-energy; renewable energy; regulatory framework; political energy;

energy financial backing; Indonesia renewable energy policy

1. Introduction

The generation of 2.01 billion tonnes of municipal solid waste (MSW) annually
highlights a global challenge. Individuals contribute an average of 0.11 to 4.54 kg of waste per
day (Kaza et al., 2018). The rise in solid waste is attributed to population growth (Tan et al.,
2014) and consumption driven by economic development (Moya, Aldas, Lopez, et al., 2017).
As of 2021, the global population was 7.7 billion, growing at 0.9% annually, while the global
economy grew at 5.8% per year. Researchers argue that urbanisation plays a significant role in

waste generation (Xin-Gang et al., 2016; Hadidi and Omer, 2017).
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The World Bank report highlights that 33% of global waste is openly-dumped (Kaza et
al., 2018), and37% is disposed of in landfills (ESWET, 2016). These practices can release
greenhouse gases (GHGs), leachate, and toxins, presenting substantial risks to air, water and
land quality (Gichamo and Gokgekus, 2019). Emissions, such as carbon dioxide (CO,) and
dioxin from open burning, and methane from open dumping, significantly impact on climate
change (Gichamo and Gokg¢ekus, 2019; Blair and Mataraarachchi, 2021). Additionally, illegal
waste dumping into rivers and poor drainage systems contribute to frequent flooding and health
issues (Mishra, 2022; Ntajal ef al., 2022), especially effecting disadvantaged communities near
waste sites (IEG, 2020). Therefore, it is imperative for cities to implement better management

strategies to mitigate these environmental and health impacts.

Recently, there has been growing recognition of the need to replace fossil fuels with
renewable energy (RE) sources due to global warming (Kersey, Blechinger and Shirley, 2021;
Mutezo and Mulopo, 2021). The issue has significant global implications, affecting both the
environment and communities worldwide (Munir et al., 2021). Consequently, several scholars
view WtE as an optimal solution for tackling waste management challenges while
simultaneously providing a sustainable RE source (Dlamini, Simatele and Serge Kubanza,
2019). Adopting WtE also greatly enhances the goal of achieving environmental sustainability

(Rizwan et al., 2019).

Similar to many developing countries, Indonesia faces significant challenges in the
solid waste management (Kubota, Horita and Tasaki, 2020; Basri K et al., 2021). As of 2017,
urban areas had a wasre collection rate of about 46.22%, while rural areas exhibited an average
of only 4.65% (BPS, 2022). Most solid waste (approximately 70%) is disposed of through open
dumping (Khalil et al., 2019). Conventional waste management method has proven inadequate

in reducing waste effectively. In response to this challenge, the Indonesian government issued
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a Presidential Regulation No 35/2018 to expedite the development of WtE power plants in 12

cities in Indonesia.

Among the 12 WtE power plants developed so far in Indonesia, the Benowo WtE power
plant in Surabaya, East Jawa, stands out as a remarkable success. Launched in May 2021, it
was completed four years after the 2018 regulation and serves as a pioneering example of large-

scale WtE power plants in Indonesia.

This paper provides a comprehensive overview of the development of WtE power
plants in Indonesia. It begins with a brief overview of the national WtE landscape, followed by
in-depth analysis of the roles played by both central and local governments in these projects,
with a particular focus on the Benowo WtE project. The study further explores the challenges
in governing WtE power plants in Indonesia and proposes strategic solutions to overcome these

obstacles.

The primary research questions driving this study are: How has the development and
implementation of WtE power plants progressed as a strategy to manage MSW in Indonesia?
and what are the key determinants for the successful adoption of WtE technology in Indonesia,
as exemplified by the Benowo WtE power plant? The purpose of this research is to analyse the
development and implementation of WtE power plants in Indoneaia to identify factors critical

for their successful adoption, focusing on Indonesia’s first large-scale WtE project at Benowo.

The significance of this research lies in its contribution to advancing RE development
from waste, providing valuable insights into the evolution of WtE implementation in Indonesia
and offering strategic approach to address potential challenges. This study is particularly
relevant for the global advancement of sustainable WtE practices. By providing crucial

information, it not only enhances the understanding of WtE initiatives in Indonesia but also
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serves as a resource for other developing countries seeking to implement similar projects.

Ultimately, this research aims to foster the global expansion of sustainable WtE solutions.

2. Worldwide WTE projects: Challenges and benefits

2.1. Global WtE project

In 2015, global WtE plants produced a total of 12,912 MW of power (Breeze, 2018).
By the end of 2021, around 2,580 WtE plants were processing 456 million tonnes of waste
annually (ecoprog, 2021). The world WtE market reached US$ 40.1 billion in 2022 and is

projected to grow by 24.9% to US$ 50.1 billion by 2027 (Statista, 2020).

By 2019, Europe had 499 WTE plants processing 99 million tonnes of waste (CEWEP,
2019). In the United States of America (USA), 13% of MSW is effectively utilised for energy
recovery (C. Mukherjee et al., 2020). Ecuador has adopted WtE technology since 2017,
processing 5.4 million metric tonnes of MSW annually (Moya, Aldas, Jaramillo, et al., 2017).
Romania integrated WtE into its energy mix, contributing 2.7% of the total energy production
by 2014 (World Bank, 2018). Japan treats 75% of its MSW through WtE, successfully
established 21 WTE power plants, which generating 501.000 GJ of heat and 1.1 billion kWh
of electricity annually, enough to power 200,000 households (Sari, 2017). The Japanese
government finances the construction of WTE power plants as part of its support for these
initiatives, and private entities cover the maintenance costs. WTE has also been given national
priority in Qatar, where a WTE power plant is expected to produce 25 MW of energy by 2015
(Mariyam et al., 2022). With 66 incinerator facilities using WTE technology to generate
electricity from waste, China is the leader in this field (Albores, Petridis and Dey, 2016). Since
the 1980s, India has been pioneering bio methanation WTE projects, resulting in a total WtE
production of 192.63 MW by 2013 (Aswani, 2012). Furthermore, India had successfully

generated 138.3 MW of WTE capacity by 2018 (Lal et al., 2020). Thailand's efforts to convert
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waste into electricity have also advanced significantly. A landfill gas (LFG) power plant was
established in the Bangkok Metropolitan Area in 2008, while an incinerator was erected in
Phuket back in 1999. For every tonne of waste, these projects produce 31.3 kWh and 144 kWh
electricity, respectively (Menikpura, Sang-Arun and Bengtsson, 2016). Given its effective
waste reduction capabilities, the incinerator technology remains the preferred energy recovery

method in Thailand (Makarichi, Jutidamrongphan and Techato, 2018).

2.2. Benefits and challenges

A WLE power plant offers a multitude of benefits, notably its promises of substantial
emission reductions. WtE power plant significantly reduces emissions, lowering GHG by
44.11% compared to landfills (W. Purwanta et al., 2022). In Malaysia, waste incineration

generates profits of 287% and reduce of 2,250 tonnes of CO, daily (Tan et al., 2014).

WIE projects can boost electricity revenue by 50% and reduce global warming potential
by 18.7% (Kuznetsova ef al., 2019). In the Middle East and North Africa, they generate 1,170-
kWh of energy per tonne of waste, supplying 17% of energy needs cutting CO, emissions by
6.5% annually (Abdallah ef al., 2019). In Thailand, LFG and incinerator projects reduce GHG
emission by 13% and 55%, with resource savings of 51% and 190%, respectively (Menikpura,
Sang-Arun and Bengtsson, 2016). In Iran, a WTE facility processing 250 tonnes daily has a

4.17 year payback period with favourable tipping fee and electricity rates (Rezaei et al., 2018).

Despite their benefits, WtE power plants face challenges, including waste segregation
issues, economic constraints, legal regulations, environmental concerns, and social impacts,
particularly in developing countries (UNEP, 2022). Regulatory instrument related to
technology, institutional barriers to support green supply chain, and technology are also the
main reason of barrier in the development of WtE (Al et al., 2020). Waste to energy need high

cost for developing the facilities and its maintenance (Zhang ef al., 2015). Lower heating value
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of WtE is also one of the challenges in some countries such as in China (Zhang et al., 2015).
WtE in ASEAN countries ranged between 5.163 to 10.11 MJ per kg (Tun et al., 2020), while
in developed countries can reach 17 MJ/kg (Cheng and Hu, 2010). Inadequate waste collection
and inefficient recycling systems can also hinder WtE project success (Kalyani and Pandey,
2014). Apart from that, in Africa, low landfill tipping fee and tax, technical skill, low level of
separation waste that influence energy resulted from WtE plant, abundant coal, energy market

from WtE, in addition to high cost WtE investment (Adeleke et al., 2021).

Successful WtE infrastructure development requires adequate funding. While financial
investment is not a major issue in developed countries, where government like Japan cover up
to half of WTE project costs and the European Union (EU) offers subsidies (World Bank,
2018), developing nations face challenges due to high technology costs (Yan, Agamuthu and
Waluyo, 2020). India, for example, faced difficulties with WtE projects due to poor waste
segregation, logistics issues, and insufficient funds (Aswani, 2012). In India, lack of
coordination between central and state government can hinder the WtE project (Chand ef al.,
2020). In Nigeria, even though there is a potential for achieving economic viability (Owusu-
Manu et al., 2022), lack of funding for providing the capital and operational cost as well as
poor governmental and policy framework are the main challenges of the development of WtE
(Amo-asamoah, Asumadu and Edwards, 2020).

3. Methods

3.1 Research Design

This study employs a literature qualitative case study approach, drawing on literature,
regulations, and online news platforms to analyse the factors contributing to the successful
implementation of WtE power plants in developing countries, with a focus on Indonesia. The
case study method enables an in-depth understanding of the complexities within a real-context
context, facilitating the analysis of both local and national dynamics that affect WtE

7
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development in Indonesia. The exploration comprises 12 WtE pilot projects in Indonesia, with
the research specifically examines the Benowo WtE power plant as a primary case study to
provide detailed insights into the process and examine the contextual factors contributing to

the project’s success.

In this study, the Benowo WtE plant serves a s focal point for understanding how
various factors, including government policy, regulatory frameworks, financial incentives, and
stakeholder engagement, contribute to the effective implementation of WtE projects in
Indonesia. The case study approach also allows for comparative analysis with other WtE

projects in both developing and developed countries.

3.2 Data Collection Strategy

The research involves a comprehensive documentary review of literature, policy,
regulatory documents, and media reports. The data collection process was designed to capture
both theoretical and practical insights from a variety of sources, ensuring a holistic
understanding of WtE project development. The documents included in this study comprise all
literatures, media, and online sources, as well as regulatory and financial documents published

before 2024.

a. Scientific literature

The literature review of existing literature provides a foundation for understanding the
technological, financial, and policy aspects of WtE development in Indonesia. This review
covered 48 scientific journal articles. These articles were sourced from reputable databases
such as Scopus, Web of Science and Google Scholar. The paper focused on the WtE
technology, its environmental and economic impact, and case studies of WtE project in
Indonesia. Additionally, this study review 20 government reports. These reports were obtained

from official Indonesian government websites, focusing on national energy policy,
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environmental protection, and waste management strategies. Moreover, nine international and
national non-government reports were reviewed. These reports were essential in providing
third-party evaluations of WtE initiatives in developing countries and offering insights into

social, economic, and environmental considerations.

b. Media and online sources,

About 23 online news reports from official government institutions websites were
reviewed. These sources provided real-time information and official statements on WtE
policies, government support, and the status of WtE projects in Indonesia. Furthermore, 32
articles from reputable online news media platforms also reviewed in this study. These
platforms helped capture challenges faced by the projects, and the media’s portrayal of WtE

project in Indonesia.

¢. Regulatory and financial documents

It was about 34 regulatory documents. These documents include national and local
regulations governing WtE projects, energy policy, environmental standards, and municipal
solid waste management in Indonesia. Financial reports related to the Benowo WtE project are
also reviewed. These reports provided insights into the funding mechanisms, cost structures,

and financial viability of the WtE project in Benowo.

3.3 Data gathering

To gather relevant sources for analysis, the following search terms were employed,
across database, government websites, and news platforms. General terms “waste-to-energy in
Indonesia”, “renewable energy in Indonesia”, and “pembangkit listrik tenaga sampah”.
regulatory and policy-specific terms such as “peraturan energi baru terbarukan”, “peraturan

pembanguan pembangkit listrik tenaga sampah”. Project-specific terms such as “PLTSa

Benowo” and similar queries related to other key WtE project such as “listrik tenaga sampah

9
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Palembang Keramasan”, “Listrik tenaga sampah Bantar Gebang”, etc. This strategic use of
keywords ensured comprehensive coverage of the relevant literature, reports, and regulatory

documents, making the data collection process thorough and systematic.

3.4 Data analysis: Content analysis

The collected data were analyzed using content analysis, a systematic qualitative
technique used to identify key themes and categorize recurring themes, patterns, and insights
from the data. This approach initiated with the coding process, where the key drivers, such as
political support, regulatory frameworks, and financial incentives, that contributed to the
development of WtE in Indonesia were identified. Each document was highlighted and coded
according to these themes. The next process is thematic analysis. In this process grouping
related codes into broader categories that represent the main factors influencing WtE project

SucCCess.

The outcome of this study was measured by identification of critical factors such as
political support, regulatory frameworks, and financial mechanisms, and stakeholder
involvement. The elements were found to be pivotal in the successful implementation of the

WHE project and other WtE project in Indonesia.

4. WTE development in Indonesia

4.1 Fundamental drivers of the WtE projects in Indonesia

Recognizing the critical role of WtE in combating environmental issues caused by
waste, careful implementation is essential to mitigate potential negative impacts. While WtE
can significantly aid environmental preservation (Dlamini, Simatele and Serge Kubanza,
2019), concerns exist about the release of GHGs and harmful substances such as dioxins and
heavy metals (Ayodele, Ogunjuyigbe and Alao, 2017; Lonati, Cambiaghi and Cernuschi, 2019;

Cole-Hunter et al., 2020). Despite these challenges, the government of Indonesia is taking

10
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1

2

i significant efforts to accelerate the establishment of WtE power plants. This section explores
6 the key drivers behind WtE development in Indonesia offering a comprehensive understanding
7

8 of the country’s steps towards sustainable waste management and RE integration.

9

10

11 e Inefficient waste management strategies in Indonesia

12

13

14 Indonesia faces significant waste management challenges (Mustafa et al., 2022), generating
15

1? between 33.4 and 49.9 million tonnes of solid waste annually, including 7.8 million tonnes
12 of plastic waste, of which 4.9 million tonnes is mismanaged and left uncollected (World
20

21 Bank, 2021). Data from Badan Pusat Statistik (BPS) (2018, 2019, 2020, 2021c, 2022)
22

23 shows consistent waste generation in major Indonesian cities have maintained a consistent
24

;2 from 2017 to 2021 (see Figure 1), with a slight reduction during the COVID-19 pandemic.
27

28 However, waste collection rates dropped to the lowest in 2021, indicating lapses in solid
29

30 waste management during this period.
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landfills or is openly burned (BPS, 2021a), 89.4% of rural waste transfer facilities (WTFs)
lack recycling capabilities (BPS, 2021b). In urban areas, uncollected waste is often openly
burned, informally buried, or disposed of in streets, canals, rivers, and parks (World Bank,

2019).

Figure 2 illustrated the percentage of waste collected in key Indonesian cities from 2018 to
2022, showing a concerning drop in collection rates. This decline highlights the urgent for
improved waste management practices. As post-pandemic consumption patterns normalize,
waste generation is expected to increase, necessitating a proactive approach to

environmental preservation.

100
95
90
85
80
75

70

65 e

60

55

50

Percentage of collected solid
waste (%)

2017 W2018 W2019 H2020 M 2021

Figure 2. Percentage of waste collected by six major cities: Jakarta, Bandung, Semarang,

Surabaya, Palembang, Manado and Makassar (BPS, 2018, 2019, 2020, 2021c, 2022)

By 2022, Indonesia had 268 WTFs (KPUPR, 2024). However, cities face challenges such
as a lack of resources, inadequate facilities, regulatory issues, and low public participation
(Wibisono, Firdausi and Kusuma, 2020). Nearly 99% of these facilities are open dumping
sites (Lestari and Trihadiningrum, 2019), which contribute to high GHGs emission like

CO, and CH,4 (UNEP, 2024).

12
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Increasing Renewable Energy Production

The government of Indonesia is committed to reducing GHG emissions from fossil fuel use
as part of its obligations under the Paris Agreement (Wijaya et al., 2017; ACCEPT, 2019;
Aleluia et al., 2022). This commitment is further supported by Indonesia’s endorsement of
the United Nations Framework Convention on Climate Change (UNFCCC) in 1992 and
the Kyoto Protocol in 1997, along with legislation such as Law No. 6/1994 and Law No.
17/2004 to align with these international agreement (Sambodo et al., 2022; Raihan, 2023).
Energy and waste are two of seventh major areas will be focused for reducing CO, emission
in Indonesia (Wahyuni and Ardiansyah, 2022). Indonesia’s Nationally Determined
Contribution (NDC) outlines an ambitious commitment to reducing emissions, including
energy conservation, the promotion of clean and renewable energy sources, and improved

waste management (NDC-RI, 2016).

To meet these goals, Indonesia is pursuing a dual strategy of reducing energy consumption
and promoting RE projects. According to Government Regulation No 79/2014, Indonesia
government aims for a 23% share of RE by 2025 and at least 31% by 2050. This target is
then fixed by the General Plan of National Energy (RUEN) through Presidential Regulation
(Perpres No 22/2017). However, progress has been slow, with RE accounting for only
10.9% of the total energy mix as of 2021 (Maulidia ef al., 2019; EBTKE-ESDM, 2021).
This has led the government to develop an acceleration plan for RE development,
prioritizing WtE projects as a key initiatives within this this strategy (EBTKE-ESDM,

2019).

Indonesia is one of the largest GHGs emitters, with sources including energy and waste

(Wijaya et al., 2017). Addressing these challenges requires implementing efficient waste

management system and environmentally friendly energy recovery methods (Mustafa et al.,

13
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2022; Perpres No 35/ 2018). WtE is considered one of the best solutions for efficient waste
management in Indonesia (Sitomurni ef al., 2021). By adopting these sustainable practices,
Indonesia can significantly reduce the environmental impact of waste and contribute to

sustainable development.

4.2 WtE Power Plant Roadmap in Indonesia

The Indonesian government Indonesia has empowered local governments to develop
RE projects (EBTKE-ESDM, 2022), including the WtE power plants. Indonesia can potentially
generate 33 GW of electricity, with 6% from municipal waste (KESDM-DEA, 2024). Between
2017 and 2019, 76 agreements for RE power plants were made, five of which were for WtE
(ESDM, 2021b). By 2020, energy from biogas, biomass, waste and hybrid plants reached

2.11% of total energy generation (ESDM, 2021a).

By 2013, Indonesia had at least 17 private WtE companies (Rawlins et al., 2014) and
small-scale WtE power plants such as in Surabaya (DLH Surabaya, 2018). Despite this, WtE
development faced financial, technical, political, institutional and social challenges (Rawlins
et al., 2014). To accelerate the progress, the government introduced regulations including
Regulation of Ministry of Energy and Mineral Resource (MEMR) (Permen ESDM No
44/2015) and Presidential Regulation (Perpres No 3/2016). The most significant, Presidential
Regulation (Perpres No 35/2018), aimed to expedite WtE development in 12, targeting the
processing of approximately £16,000 tonnes of waste per day and generating a total electricity
capacity of 234 MW. Figure 3 illustrates the key milestones in the progression of the WtE

power plants in Indonesia.

14
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Presidential Regulation
No 3/2016: The
acceleration of National
Strategic Project
Implementation, include
WTE

Presidential Regulation
No 35/2018: The
acceleration of WTE
facilities development
based on environmentally
friendly technology

v v
2015 2016

MEMR Regulation

v
2019
Six cities have reached

v
2018

v
2021

v
2023

Establishment
of Putri
Cempo WTE in
Surakarta

Establishment of
Benowo WTE in
Surabaya, the first
commercial WTE in
Indonesia

No 44/2015; Electricity @
purchasing mechanism
by PLN from WTE

agreements with
developers. One city is in
the auction process, two
are preparing for
auctions, and three are
conducting feasibility
studies.

Figure 3. The roadmap of WtE expansion in Indonesia (Summarised from Permen ESDM No
44/2015; Perpres No 3/2016; Perpres No 35/2018)

MEMR has outlined plans for electricity generation from WtE power plants in

regulations such as MEMR Decree No. 1567 K/2I/MEM/2018 and No.

188.K/HK.02/MEM.L/2021. Figure 4 shows the government’s targets for total installed
capacity and share of WtE in the energy mix, with modest goals for 2021 to 2024 and an
increase planned for 2025 to 2030. This roadmap, reviewed annually, reflects the government’s
commitment to WtE development. Figure 5 displays the on grid installed capacity and energy
production from WtE power plants (KESDM, 2022), highlighting the need for continued

efforts to meet these targets.

2000 0.5
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= 1500 0.4 &

>
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2 1000 =
2 0.2 B
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Figure 4. The government targets for WtE power plant capacity and its share in total energy

mix (MEMR Decree No. 1567 K/2I/MEM/2018; MEMR  Decree No.

188.K/HK.02/MEM.L/2021)
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Figure 5. Energy capacity and production data from waste power plant were gathered from

(KESDM, 2022)

Table 1 provides a summary of WtE development in 12 cities, compiled from various

data sources and, followed by discussion in the subsequent paragraph.

Palembang. The proposed WtE power plant in Palembang is planned at the 22-hectare
Keramasan landfill, (Priambodo, Raharjo and Rokhmat, 2022). Designed to process 1,000
tonnes of waste, it is expected to generate 20 MW of energy (Pemkot Palembang, 2023).
PT Indo Green Power won the bid to operate the facility, with a tipping fee of
approximately Rp 400,000 (US$ 25.99) per tonne of waste. However, the project has been
delayed due to the COVID-19 pandemic. In 2023, an agreement to purchase electricity
from this WtE facility was signed by Perusahaan Listrik Negara (PLN), a state electricity
company (PLN, 2023b). The government of Palembang is expected to begin operating this

WHE facility in 2024.

Tangerang. The WtE power plant in Tangerang, to be operated by PT Oligo Infrastructure
Indonesia, is planned for the 34-hectare Rawa Kucing landfill site (Priambodo, Raharjo and
Rokhmat, 2022). However, project delays, due to the absence of regulatory funding scheme

(Widyawati et al., 2021), have led to significant waste management challenges, resulting

16

Page 20 of 70



Page 21 of 70 International Journal of Energy Sector Management

the emergence of illegal dumpsites near the landfill. Fortunately, the project is still in the

feasibility study phase.
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Table 1. The progress of the WtE project in Indonesia until 2023

Project Handled Investment Status of the Commercial
. area waste Energy cost purchase operation date
City (ha) volume capacity Technology (thousand) Company partner agreement Real References
(tonnes) (MW) with PLN Target time

Palembang 22 +1,000 10-20 Incinerator +US$131.6 | PT Indo Green Power Agreement 2024 - (Tanjung, 2023), (Baiduri, 2023),

(Keramasan) (Pemkot  Palembang, 2023),
(Priambodo, Raharjo and
Rokhmat, 2022)

Tangerang 35 +2,200 13.5-20 Refused US$ 131.6 | PT Oligo Infra Swarna | - - - (Siringoringo, 2022)

(Rawa Derived Fuel Nusantara (Pemkot Tangerang, 2020)

Kucing) (RDF), AD

Tangerang 6-7 +1,000 10-20 - Us$ 119 - - 2024 - (Igbal, 2024), (Agung, 2022),

Selatan (Priambodo, Raharjo and

(Cipeucang) Rokhmat, 2022), (Adha, 2024)

Bekasi 22 +120 1.5 RDF US$ 276.8 - - - (Kurniawati, 2024), (Bachtiar,

(Sumur Batu) 2019)

DKI Jakarta | 113.5 +2,200 35 RDF and | US$303.45 | PT. Jakarta  Solusi | Agreement - - (Agung, 2022),

(Bantar incinerator Lestari and PT Jakpro- (Indonesia.go.id, 2019), (PPID,

Gebang) WIKA-Indoplast 2020), (Dewi, 2021)

Bandung 82.5 +1.853 18 Incinerator US$ 250.7 Sumitomo Hitachi | - 2028 - (Bagaskara, 2024), (PLN, 2023a)

(Legok -2.131 Zosen (JICA)

Nangka)

Semarang 46 +1,000 17-19 LFG & USS$ 140 PT Bumi Pandanaran | - 2025 - (Ikhsan, 2022), (Wiyono, 2022)

(Jatibarang) gasification Sejahtera

Surakarta 27 +545 8 Plasma US$ 18.08 | PT. Solo Citra Metro | Agreement 2021 2023 (Indonesia.go.id, 2019),

(Putri Cempo) gasification Plasma Power (PJBL) (Primasasti, 2023), (KKBKI,
2023),

Surabaya 37.4 +1,400- 11 LFG and | US$49.86 | PT. Sumber Organik Agreement 2019 2021 (Kominfo Pemprov Jatim, 2023),

(Benowo) 1,500 Gasification (PLN, 2021)

Denpasar 5 +1,200 15-20 - USS$ 120 - - - (Agung, 2022)

(Sarbagita (Indonesia.go.id, 2019)

Suwung)

Makassar 5 +1,100 15-20 RDF & | £US$125 - - 2024 - (Agung, 2022), (Priambodo,

(Tamangapa incinerator Raharjo and Rokhmat, 2022)

Antang)

Manado 12 +1,000 15-20 - +US$120 - - - - (Agung, 2022), (Albarsyah, 2022),

(Mamitarang) (Warta Ekonomi Sulawesi Utara,
2024)
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Tangerang Selatan. The proposed site for the Tangerang Selatan WtE power plant is the 5-
hectare Cipeucang landfill (Priambodo, Raharjo and Rokhmat, 2022). This facility is
designed to process 1,000 tonnes of waste daily (Adha, 2024) and generate approximately
20 MW of energy (Agung, 2022). However, its proximity to the Cisadene River makes the
location unsuitable for a waste dumping site or WtE power plant (Siregar and Movanita,
2022). Additionally, the high population density in Tangerang Selatan raises concerns

about the plant’s impact surrounding on surrounding communities.

Bekasi. The W1E site in Bekasi is located on a 22-hectare area in Sumur Batu (Kurniawati,
2024). Although the facility has been operational since 2016 (KLHK, 2019a), its electricity
production through WtE has been proved unsuccessful (Mantalean and Asril, 2019). The
plants has the capacity to generate 1.5 MW of energy from 3.3 tonnes of waste (Bachtiar,
2019) and has initiated power purchase agreements with PLN (MEF, 2019). Due to the
project failure, the Bekasi government is now seeking a new collaborator to operate the

facility and provide improved technology (Arfian, 2022; Muhammad, 2023).

Jakarta. Jakarta, facing limited land for waste disposal, established the 113.15-hectare
Bantargebang landfill in Bekasi in 1989 (PPID, 2020). The Merah Putih WtE power plant
at Bantargebang landfill began its operations in 2019, featuring an incinerator developed
by Indonesian scientists (DLH Jakarta, 2022). In 2020, the plant generated 783.63 MWh of
electricity, averaging 110.59 kWh per ton of waste burned (Dewi, 2021). It produces 1,900
tonnes of fly ash and bottom ash (FABA) per month, used to manufacture 3,600 paving
blocks. Incinerating 30 tonnes of waste using with the Merah Putih incinerator reduced
approximately 25,000 tonnes of CO, equivalent GHG emissions (Sitomurni ef al., 2021).
This facility is struggling with the production of energy which is not optimal (Astungkoro,
2023). Although not yet commercially operational, the plant has a formal agreement with

PLN.
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Bandung. The WtE power plant in Bandung is located at the 82.5-hectare Legok Nangka
landfill site (Bagaskara, 2024) and will use incinerator technology (PLN, 2023a). Despite
slow progress over six years, including budget reassessment and investment negotiations,
the agreement with investors valued at approximately US$ 250.7 million has been finalized
(Gunawan, 2023; Lukihardianti, 2023). Additionally, a power purchase agreement with
PLN has been signed (Kenzu, 2023). The government believes that this project is expected

to be operational by 2028 (Bagaskara, 2024).

Semarang. The WtE power plant in Semarang, located at the Jatibarang Landfill, has been
in operational since 2012, initially utilising landfill gas (LFG) as its primary energy source.
In 2020, the development of an incineration system began, expanding the facility to a total
area of 15.32 ha, with 9.52 ha dedicated to landfill gas utilization and 5.8 ha to incineration
(Ikhsan, 2022). The combined energy generation capacity is approximately 17-19 MW
(Ikhsan, 2022). About 80% of the waste processed is converted to electricity, with the
remaining 20% used in road construction (Pemkot Semarang, 2021). An electricity
purchase agreement with PLN was signed in October 2019 (PDAM Semarang, 2019). The
plant is still under development, with negotiations ongoing, and is expected to be fully

operational by 2025 (Fauziyah and Khairina, 2023).

Surakarta. The Putri Cempo WtE in Surakarta, built on a 17 hectare site (Primasasti, 2023),
processes 545 tonnes of waste daily to generate 8 MW of electricity (CNN Indonesia, 2023;
KKBKI, 2023). It employs pyrolysis, gasification, syngas, and gas engine technologies
(EBTKE-KESDM, 2019), enabling the production of biochar and -electricity
(Setyaningrum, 2023). Remarkably, the project was developed without a tipping fee
(Ayuningtyas and Nurharjadmo, 2021). A power purchase agreement with PLN was
secured in 2018 (CNN Indonesia, 2023), and the plant began commercial operations by

October 2023 (Primasasti, 2023), making it the second commercial WtE in Indonesia.
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Surabaya. The Surabaya WtE facility, located at the 37.4-hectare Benowo landfill
(Kominfo Pemprov Jatim, 2023). This facility began development in 2011, with the
contract signed in 2012. By 2021, it became the first WtE facility in Indonesia to provide
electricity commercially. This facility generates 1.65 MW from sanitary landfill and 9 MW
from gasification technology (PLN, 2021), processing 1000 tonnes of waste daily. Since
becoming operational, it has supplied 122.04 GWh of electricity to East Java (Salman and

Arief, 2023).

Denpasar. Denpasar, Bali, has proposed a WtE power plant at the Sarbagita landfill
occupying about 5 hectare (Priambodo, Raharjo and Rokhmat, 2022). An agreement with
PLN was signed in 2018, but despite an initial operation target of 2021, substantial progress

remains pending.

Makassar. The WtE power plant in Makassar was initially planned near the Ampang
landfill site (Wardyah, 2022), which currently receives 1,139 tonnes of waste daily.
However, it will relocate to a different site (Utomo, 2023). The technology for the plant is
still under investigation, and the investor was selected in December 2023 (Berita Kota

Makassar, 2023; Kota Makassar, 2023).

Manado. The proposed WtE power plant in Manado is planned for Mamitarang landfill site
in Ilo Ilo Wori, covering 7.2 hectares (Albarsyah, 2022). Although designed to process
1000 tonnes of waste daily, the landfill currently receives only 500 tonnes per day (Warta
Ekonomi Sulawesi Utara, 2024). To meet its capacity, the plant will source additional waste
from nearby cities like Minahasa, Minut, and Bitung. The project aims to provide electricity

for 25,000 households, but significant progress has yet to be made.
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Among the 12 WtEs projects in Indonesia, only two - Benowo in Surabaya and Putri
Cempo in Surakarta — are commercially operational for electricity generation. Between 2016
and 2021, 569,800 tonnes of waste was processed by these WtE plants (KLHLK, 2021). The
Benowo WHE facility in Surabaya began commercial operations in 2021, followed by the Putri
Cempo WLE in Surakarta in 2023. Some plants, such as Bantar Gebang, has made significant
progress. This facility has secured electricity purchase agreements with PLN, signaling
readiness for commercial operations. However, this facility requires improvements in

electricity production for commercial viability.

Others, like Sumur Batu and Jatibarang Semarang, generating electricity but are still
finalizing preparations for commercial operations. WtE projects in Keramasan (Palembang),
Rawa Kucing (Tangerang), Legok Nangka (Bandung) have also advanced, showing better
progress than in 2023 when only four projects made notable progress (Fajriyah, Kuntjoro and
Millatie, 2023). Key obstacles to WtE include waste characteristics affecting technology
choice, lack of financial support from local governments, high costs of imported technology,

and limited operational land (Qodriyatun, 2021).

4.3 Government support for WtE development

Despite obstacles slowing WtE development in Indonesia, the government has provided
significant support through legislation, investment, financial funding, and market creation.
These issues will be discussed detail.

4.3.1 Legislative framework for WtE projects

Several key legislations underpin WtE projects in Indonesia, mandating compliance with
environmental protection, energy management, industry, and finance laws. Local governments
adapt these national regulations through specific local policies. The WtE sector is managed by

multiple institutions, Ministry of Energy and Mineral Resources (MEMR), Ministry of
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Environment and Forestry (MEF), Ministry of Finance (MoF), Ministry of State-Owned

Enterprise (MSOE), Ministry of Public Works (MPW), and provincial and local governments.

WIE projects are primarily governed by three core laws: Law No 30/2007 on energy, Law No

18/2008 on waste management, and Law No 30/2009 on electricity. Table 2 provide brief

summary of that laws related to WtE project.

Table 2. The key fundamental regulation that supports the WtE initiative in Indonesia

Regulation

Key articles that support WtE development

Law No 30/2007 on

energy

Supporting the government in providing sustainable energy to
ensure energy security

Renewable energy is under government control

Energy prices are determined by considering societal
affordability, and the government may provide subsidies to the
public.

Energy provision should take environmental impacts into
account

Energy diversification through renewable sources should be
supported by both national and local governments

The government may offer incentives to local governments or
their partners to reduce energy prices, making them affordable

for society.

Law No 30/2009 on

electricity

The electricity business falls under government authority

All electricity business serving the public must obtain a
business license from the government

The national or local government has the authority to approve

electricity sales prices and network rental fees.

Law No 18/2008 on

waste management

Regulate waste management and encourage national and local
governments to adopt innovative approaches, such as waste to

energy.
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e Introduce a new paradigm that views waste as a resources for
composting, fertilizer, energy, and raw material for

manufacturing.

a. Regulatory framework for energy production from waste

Law No 18/2008 establishes the framework for waste management in Indonesia, mandating
national and local governments to manage waste and allocate necessary funding. It encourages
innovative approaches like composting, recycling, and energy generation. Government
Regulation No 81/2012 and Presidential Regulation No. 97/2017 further define waste
management and national strategies, allowing the adoption of WtE technologies like
thermochemical processes, methane harvesting, and biorefinery for refuse-derived fuel (RDF)
production. These regulations also promote waste sorting, collection, and processing

technologies for RE production.

WIE projects are recognised as national strategic projects under Presidential Regulation No
3/2016 and No 56/2018. Meanwhile, Presidential Regulation No 35/2018 outlines guidelines
for city-regional collaborations in WtE development, including electricity pricing and project

funding, and allows the national government to incentivize local governments.

The ME supports WE initiatives through Ministry of Environment Regulation No 16/2011
guiding local waste governments and promoting WtE as sustainable solution. The regulation
to set infrastructure standards the regulation is established by MPW (Permen PU No.
03/PRT/M/2013) and the Ministry of Home Affairs (MHA) reinforces waste management at

provincial and local levels (Permendagri No 33/2010).

Local governments play critical role in waste management regulation. For example,
Surabaya has established local regulation such as Perda Kota Surabaya No 5/2014, Perda Kota

Surabaya No 1/2019, and Perwalkot Surabaya No 64/2018, which assigns specific
24
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responsibilities to the Department of Urban Planning and Green Space (DOUPGP) for waste

management.

b. Legislative support for energy and electricity generation

Law No 30/2007, grants the Indonesian government full authority over energy regulation
and management, with both the national and local governments mandated with developing RE
to combat climate change. Government Regulation No 79/2014 promotes WtE for electricity
and transportation. Presidential Regulation No 22/2017 elaborates on this through the General
Plan of National Energy (GPNE), which outlines energy development targets from 2015 and
2050. The GPNE aims for 5,500 MW of electricity from biomass, including WtE, by 2025 and
26,000 MW by 2050.

The Indonesian government’s commitment to promoting RE is reinforced by MEMR
Regulation No 12/2012, aimed at reducing fossil fuel use, and MEMR Regulation No. 39/2017,
which emphasizes RE for electricity generation. The electricity regulation (Kepmen ESDM
No. 188.K/HK.02/MEM.L/2021) underscores the integration of RE as a primary energy source
ans supports electricity production from RE. Presidential Regulation No 4/2016 promotes the
development of diverse electricity infrastructure, MEMR Regulation No 35/2013 govern all
electricity-related business and licences, including WtE plants.

Power purchase agreements between WtE power plants and PLN are regulated by the
MEMR Regulation No 49/2017, an MEMR Regulation No 53/2018 mandates PLN to purchase
electricity generated from waste. The development of the Surabaya WtE power plant was
facilitated by the GPNE into East Java’s Regional Energy Plan via East Java Governor
Regulation No 6/2020. This regulation encourages societal and businesses contributions to RE
implementation. Furthermore, Surabaya Medium-Term Development Plan 2016-2021 (Kota

Surabaya Regulation No 10/2016) supported this initiative.
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c. Legislative framework for WtE incentives and funding

To access government grants, cities mandated to develop WtE must comply with
technical guidelines outlined in Ministry of Environment and Forestry (MEF) Regulation No
P.24/MENLHK/SETJEN/KUM.1/5/2019. The Ministry of Finance detailed funding for 12
cities in Regulation No 26/PMK.07/2021. The MEMR sets electricity tariffs and oversees
power purchase agreements with PLN. Government Regulation No 14/2012 governs
electricity-related business activities, including RE, while MEMR Regulation No 4/2020

provides guidelines for purchasing electricity from RE industries.

Previously, MEMR Regulation No 19/2013 encourage PLN to purchase electricity
from WtE plants, specifying pricing mechanisms, but only covered sanitary landfill
technology. MEMR Regulation No 44/2015 expanded coverage to include other WtE
technologies like AD and thermochemical methods. The Indonesian government has also
implemented a feed-in-tariff (FiT) system through cost of generation for WtE, ensuring the
purchase of electricity at specified rates: 16.55 to 20.16 USS$ cents/kW for sanitary landfill and
AD, and 13.14 to 22.43 US$ cents/kWh for thermochemical processes. These prices are set
higher than those for fossil fuels to attract WtE investment (Azis, Kristanto and Purnomo,

2021).

4.3.2 Investment and financial mechanisms

In 2020 and 2021, investments in biomass, biogas, biodiesel, and WtE projects in
Indonesia reached US$ 108 million and US$ 0.205 million, respectively (EBTKE-ESDM,
2021). Meanwhile, total investment for developing the 12 WtE was projects was approximately
28.1 trillion IDR, with funding sourced from private investments, direct assignments to state-
own company, or through public-private partnerships (PPPs) (KPPIP, 2023). Moreover, under

Presidential Regulation No 35/2018, the central government funds 12 pilot WtE projects
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through tipping fees to reduce local governments’ investment burdens. MEF Regulation No

P.24/MENLHK/SETJEN/KUM.1/5/2019 outlines the legal framework and funding schemes

oNOYTULT D WN =

for these payments. According to MoF Regulation No 26/PMK.07/2021, tipping fees for WtE

10 projects are capped at IDR 500,000 (USD$32.4) per tonne of waste.

13 Figure 6 illustrates the tipping fee scheme. Each of the 12 WtE power plants submits its
operating costs to the local government, is responsible for funding. The local government can
18 propose a tipping fee to the MEF, which then forwards the proposal to the MoF, the Ministry

20 of National Development Planning (MNDP), and MHA.

23 Coordination and technical guidance
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Figure 6. Investment scheme according to Presidential Regulation No 35/2018

The Indonesian government authorizes two WtE technologies: thermal and non-thermal
53 treatments. Thermal methods include combustion (grate and fluidized bed), melting, and
55 pyrolysis (gasification and plasma gasification). Non-thermal methods encompass wet and dry
57 anaerobic digestion (AD), and LFG. WtE power plants adopting thermal treatments are eligible

for government funding.
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4.3.3 Market creation

The creation of a market for energy is essential to the sustainability of new energy
sources (Edenhofer er al., 2013). Presidential Regulation No 35/2018 accelerates WtE
development and creates a market for WtE in Indonesia. Waste from drop-off centres fuels
WtE power plants, which supply electricity to companies like PLN. The government, under
MEMR Regulation No 4/2020, commits to purchasing electricity from WtE plants and
mandates PLN to do the same, provide support and oversight during development. A major
challenge is the higher cost of electricity from WtE compared to other sources, placing a
financial burden on PLN. To mitigate this, the government subsidizes PLN to keep energy
prices affordable for society while enabling the purchase of WtE-generated electricity
(Sugiyono and Wijaya, 2019). Moreover, the Indonesia government implement 100% cost of
generation scheme for WtE (Purba, 2022), which means that the government provides highly

support the development of WtE in Indonesia.

4.4 Cases study: Successful WtE development at Benowo, Surabaya

4.4.1 Waste management practices by the government of Surabaya

Surabaya, the capital city of East Jawa Province, spans 326.36 km? and includes 31 sub-
districts and 163 urban villages. As of 2021, the city had a population of 2,880,284, with a
density of 8612 people/km? and an annual growth rate of 0.28% (BPS Kota Surabaya, 2022).
Population growth has led to increased waste generation, with an estimated daily waste volume
of 2,206 m? in 2020, 54.3% of which was organic (Kuznetsova et al., 2019). Figure 7 shows

the changing waste composition in Surabaya between 2019 and 2020.
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18 Figure 7. Waste composition in Surabaya (2019-2020) (Pemkot Surabaya, 2021)
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21 The Surabaya Department of Environment manages the city’s waste. As of 2020, the
23 city employed 1,571 workers, operated 113 garbage trucks, 468 garbage cans, 176 pieces of
heavy equipment and 183 waste transfer stations. Of these, 39 are dedicated to composting,
28 reduce-reuse-recycling (3R) management, and WtE initiatives. Figure 8 shows the

30 development of these waste management systems between 2016 and 2020.
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46 Figure 8. The waste processing system at waste transfer stations in Surabaya city. Data is

48 collected from Pemkot Surabaya (2021)

Most of waste transfer stations in Surabaya are designed for composting, with a few
54 dedicated to small-scale WtE plants. These systems have significantly reduced waste handling
56 and transportation costs to the Benowo WtE power plant. However, the low-quality compost

produced at composting centre, coupled with a lack of a clear market, poses significant
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challenges for waste disposal (IGES, 2017). Central government support for WtE in Surabaya
offers promising solution to these waste management issues.

4.4.2 Overview of the Benowo WtE power plant in Surabaya

The Benowo WtE power plant is among of Surabaya’s top three RE priorities, alongside
solar energy and biodiesel production from oil waste (DLH Surabaya, 2018). On May 21, 2021,
it became Indonesia’s first large-scale WtE facility. The site, which was formerly a landfill,
covers an area of 37.48 hectare and manages waste from 31 sub-districts and 183 transfer
stations in Surabaya.

WLE development in Surabaya commenced in 2011, initiated by the Surabaya city
government. A contract was signed in 2012 with PT Sumber Organik a under build-own-
operate-transfer (BOOT) scheme for 20 years (Verico, Wibowo and Yudhistira, 2023). This
scheme reduces the local government’s expenses for waste management facilities while
eventually enabling the government to benefit from technological transfer from investors
(Kurniawan, 2016). The investment for this facility is approximately Rp 718 billion (KPPIP,
2023). The Benowo WtE power plant was established in 2013 and began operations in 2015.
Initially using LFG technology (W Purwanta et al., 2022), the plant now generates electricity
using both thermal (gasification) and non-thermal (LFG) technologies (Wicaksono, 2020).

Figure 9 shows the development timeline of the Benowo WHE facility.

Contract
agreement with Commence

PT Sumber commercial
Organik operation
v . A A v v v A v v
2001 2011 2012 2013 2015 2016 2018 2020 2021

Benowo WTE LFG plant LEG Power Gasification Electricity
landfill initative construction production  purchase power

site agreement installation

with PLN

Figure 9. Timeline of Benowo WtE power plant
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By 2012, Surabaya had established a cooperation with the City of Kitakyushu, Japan to
develop several sectors, including waste management and the development WtE facilities
(Roitma and Rukmana, 2023; Pandana and Firdaus, 2024). Since beginning operations in 2015,
the Benowo WE plant has used LFG technology to process approximately 53,258.89 tonnes
of waste annually, taking advantage of the area’s high organic waste content. The Benowo WtE
installed 63 verticals and 18 horizontal wells to capture methane, which is piped to a heat
exchanger and converted into electricity via a gas engine. The plant produces electricity from
LFG, with 1.65 MW sold to PLN and the rest used internally. In 2018, a gasification machine
was installed, generating an additional 8 MW of electricity.

As of 2020, Surabaya’s installed electrical capacity reached 5,108 MVA (BPS Kota
Surabaya, 2022), with a total investment of US$ 54.2 million. In 2021, an additional US$ 2
million was invested in Benowo project (Yan, Agamuthu and Waluyo, 2020). Surabaya
implemented a tipping fee system as part of the government’s WtE initiative in 12 cities. For
the Benowo WtE, the tipping fee was Rp 51,039,050,000 (USD$ 3.3 million) at rate of Rp
150,000 (USDS$ 9.72) per tonne (KLHLK, 2021), well below the government’s maximum of
Rp. 500,000 (USD$ 32.4) per tonne.

In addition to the Benowo WtE plant, Surabaya has established small-scale WtE
facilities at waste transfer stations in Bratang, Wonorejo, Jambangan, and Tambak
Osowilangun (Pemkot Surabaya, 2021). These facilities use gasification to process waste,
generating approximately 2 kWh each (Sucahyo and Fanida, 2021). These facilities also
contribute to reducing waste by 87,305 tonnes annually. Figure 10 shows the annual cost
savings from these WtE from reduced transportation costs to the Benowo landfill. Organic
waste that can’t be processed by these small-scale WtE s is sent to Benowo. Collectively, these

four stations process 63.25 tonnes of waste annually into energy (Pemkot Surabaya, 2021).
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Figure 10. Annual cost savings from small-scale WtE activities in Bratang, Wonorejo,

Jambangan, and Tambak Osowilangun (Pemkot Surabaya, 2021).

The Surabaya government has proposed two scenarios for WtE development (DLH
Surabaya, 2018). The first scenario aims to convert 50% of the waste into energy by 2050,
generating 15 MW of electricity. The second scenario targets 100% waste conversion by 2050,
yielding 28 MW of electricity. The government’s goal is to produce 9 MW by 2025 and 14
MW by 2050.

Currently, Benowo WtE generates 2 MW from LFG and 9 MW from incinerator. The
plant produces enough electricity to power 5,885 households, marking significant progress in
waste reduction and sustainable energy production. The plant have distributed 122.04 GWh in
total during eight years of its development (Salman and Arief, 2023). This facility is projected
having Internal Rate of Return (IRR) 25.32% and payback period (PoT) of 3.47 years (Azis,
Kristanto and Purnomo, 2021). This projection means that to recover the initial investment of
this facility is no more less than 4 years. Moreover, the Benowo WtE plant’s case demonstrates
significant cost savings, contributing to a 16% and 26% reduction in costs of waste

management in 2017 and 2018, respectively (Umilia and Santoso, 2019).
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4.5 Discussion

The main reason of implementing the WtE in Indonesia is the huge volume of waste
and the inefficiency of traditional waste management systems, which dominate the country’s
SWM. However, energy production from WtE has been inefficient, leading to failures in
development, as seen in Jakarta and Bekasi. While the Benowo WE plant generates electricity,
but its output is lower than other renewable energy sources like hydro energy and solar energy
(ESDM, 2021a). One of the challenges is lack of proper waste separation, which can hinder
energy production, since waste characteristic such as moisture and ash content determine the
calorific value of waste. Effective waste identification and separation can help determine the
most suitable technology for waste management, as different processing technologies vary in
their effectiveness in waste reduction, energy production, and environmental impact

(Demetrious and Crossin, 2019).

LFG recovery and gasification, which are implemented in several WtE projects in
Indonesia, are more cost-effective than incinerator (Klein and Themelis, 2003). Although
incineration is the most efficient technology for significantly reducing waste (Dolgen et al.,
2005) and produce more energy compared to gasification (Arafat and Jijakli, 2013). However,
it also has a higher environmental impact than LFG and gasification (C Mukherjee et al.,

2020).

The Surabaya WtE project has successfully generated 35.5 GWh of electricity annually
(Salman and Arief, 2023), reducing the burden on the Surabaya government in managing waste
while providing electricity to approximately 5,885 households (Puntia, 2022). This project is
one of only two WtE plants in Indonesia that have successfully produce electricity for
commercial purposes. Compared to other developing countries like China and India (Aswani,

2012; Lal et al., 2020), electricity production from WtE in Indonesia is lower. Fortunately,
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compared to traditional landfilling, WtE can significantly reduce GHGs emissions (Demetrious
and Crossin, 2019; Sitomurni et al., 2021). This case demonstrates how the government
benefits from improved waste management, reducing environmental impact from traditional

methods, with energy production and other by-products as additional advantages. Table 3

International Journal of Energy Sector Management

presents a comparison of WtE project in India, China, and Indonesia.

Table 3. A comparative review of WtE development in India, China, and Indonesia

Government support
Country WHE technology Main challenge
& Incentive policies

China Incineration Environmental Offers FiT (Xin-gang
technology (Themelis | concerns regarding air | et al., 2017), waste
and Ma, 2021) pollution and proper disposal subsidies, tax

emissions control incentives and other
remain ongoing issues | financial supports
despite advancements | (Xin-gang et al.,
(Wienchol, Szle and 2016).

Ditaranto, 2020; Yan,

Waluyo and

Agamuthu, 2020)

India Incineration (Kalyani | Waste characteristics | Provides financial
and Pandey, 2014), | where it has high support for waste
biomethanation (Gupta | moisture content and | management under
et al., 2018) RDF and | mixed nature of waste | schemes like the
gas-plasma (Kumar et | hinder incineration Swachh Bharat
al.,2017) efficiency (Chand et Mission (Clean India
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al.,2020); lack of

qualified waste

management

professionals (Kumar

etal.,2017)

Mission) that can

produce waste to

energy (Ghosh, 2016;
Datta and Kapoor,
2023), but

implementation is

inconsistent across

regions (Chand et al.,

2020).

Indonesia

LFG, RDF with pilot-

Financial constraints,

Implements

scale projects

decentralized

governance, and

inconsistent policy

implementation

impede progress.

regulations such as

Presidential

Regulation No.

35/2018 but lacks

cohesive national

strategies and

adequate financial

support from local

government.

This study reveals a strong commitment among local governments to contribute to
sustainable cities through WtE projects, as demonstrated by Surabaya’s policies promoting
efficient MSW management and clean energy. The Benowo WtE plant in Surabaya, developed
ahead of national regulations, aligns with environmental objectives and emerged from a series

of small-scale WtEs projects initiated by the local government. The central government later
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provided extensive support for large-scale WtE projects through regulations, funding, and
market creation. The government have high commitment to buy electricity from WtE through
PLN. This ensure that electricity market produced from WtE will be bought by the government
and its electricity will be distributed to public. It is contrast to in African countries where they
have challenge from energy market produced by WtE (Adeleke et al, 2021). This study
highlights the importance of regulations that mandate local government funding for WtE
projects, with additional support from the central government aiding in the operation of WtE

power plants.

Various actors and institutions play critical roles in WtE implementation in Indonesia
(Darmani et al., 2014), as demonstrated by the Benowo WtE power plant case. The
commitment and involvement of both national and local governments are essential, supported
by comprehensive regulations that facilitate the participation of all institutions involved in WtE

projects.

Despite regulatory efforts, substantial progress is still required in Indonesia’s WtE
industry. Six years after the establishment of Perpres 35/2018, only two WtE facilities have
successfully begun commercial operations. One facility is struggling to optimize the production
(Hermansyah et al., 2024; Putri et al., 2024). The inefficiency in WtE operations is largely due

to the poor quality of waste, which hampers energy generation.

The high cost of energy production from WtE is often not competitive, which leads to
it being less preferred by the market (Nassar et al., 2022). To address this, a tipping fee is
offered to reduce the cost of energy production, thereby lowering the price of electricity sold
to society. However, in some developing countries, tipping fee is one of the barrier of the WtE
development (Adeleke et al., 2021). Similar to Indonesia, many cities participating in national

WHE pilot projects face financial constraints, leading to difficulties in providing tipping fees.
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Some cities have even halted projects due to these limitations (Sudrajat et al, 2023). Funding,
investment, and business aspects remain significant obstacles to widespread WtE project
implementation (EBTKE, 2022). This study shows that the government is using public funding
to attract investors to RE development. However, this funding is insufficient to accelerate the
development of RE in Indonesia (Hendriwardani et al., 2022). Compared to other Asia

countries, the investment of Indonesia in WtE facilities are relative small (Mani, 2019).

5. Conclusion and Policy Implication

This study reveals modest progress in the development of WtE projects in Indonesia since

the government’s initiative in 2018. Of the 12 WtE pilot projects planned only one is fully

operational in Surabava (Benowo), and another commenced operations in 2023. while the

remaining projects are still under development.

WtE power plants offer significant benefits for both governments and society, including
cost savings in waste management and energy recovery from MSW. However, this research
highlights that the successful establishment of WtE plants depends on strong governmental
commitment, underpinned by well-defined regulations, sufficient financial resources, and
dedicated local institutions in driving WtE projects success, yet challenges such as financial
constraints and challenges stemming from a decentralized regulatory system, decision-making
is primarily in the hands of local authorities. This decentralized structure can lead to the
inconsistencies in policy execution and weaken the drive for uniform WtE adoption across

regions.

Furthermore, limited local government commitment to prioritise waste reduction through
WHLE technologies remain a significant obstacle. Without the motivation to embrace these
solutions, the potential for achieving both environmental sustainability and energy recovery is

severely limited. Financial hurdles, combined with the absence of cohesive national strategy,
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create significant barriers that hinder the widespread adoption of WtE solutions._ These

challenges are the primary barriers to the progress of WtE development in Indonesia, which in

turn affects the overall advancement of MSW management in the country.

Therefore, to overcome these challenges, it is imperative to establish robust, centralised
national regulations that ensure consistent local government participation in WtE initiatives.
Furthermore, fostering the development and use of diverse sustainable technologies beyond
traditional incineration would compel local authorities to prioritize WtE initiatives as a viable
solution, even with in regions with constrained financial resources. By prioritising regulatory
consistency, financial incentives, and technological diversification, Indonesia can achieve the
full potential of WtE projects, leading to more effective waste management, reduced

environmental impacts, and sustainable energy generation on a national scale.

The lessons drawn from Benowo WHE plant can serve as a valuable guide for future WtE
initiatives in Indonesia and other developing countries. By addressing the identified barriers
and fostering a unified approach to WtE development, these nations can unlock the full
potential of WtE, contributing to both environmental sustainability and energy security. These
insights offer a blueprint for scaling WtE infrastructure, ensuring while overcoming the

regulatory and financial challenges that have hindered progress. In addition,

Implementing WtE projects can improve waste management, reduce pollution, enhance
public health, create jobs, and stimulate local economies. The study underscores the importance
of government and community collaboration in addressing environmental challenges and
fostering shared responsibility. Furthermore, the research highlights key political implications,
emphasizing the need for supportive policies and regulatory frameworks that facilitate WtE

development. From a management perspective, the success of WtE projects requires effective
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coordination between public and private sectors, transparent governance, and strategic

planning to ensure long-term sustainability.

However, this study primarily focuses on an in-depth analysis of a single WtE project,
namely the Benowo WtE plant. While this provides valuable insights, it may limit the
generalizability of the findings to other WtE projects in Indonesia. Future research could
address this limitation by conducting comprehensive economic viability analyses of the 11
other WtE projects under the national initiative. Such studies would offer a broader
understanding in the conomic and operational feasibility of WtE project across diverse regions
and conditions in Indonesia, contributing to more robust policy recommendation and strategic

development.

References

Abdallah, M. et al. (2019) ‘Waste to energy potential in middle income countries of MENA
region based on multi-scenario analysis for Kafr ElI-Sheikh Governorate, Egypt’, Journal of
Environmental Management, 232(September 2018), pp. 58—65. Available at:

https://doi.org/10.1016/j.jenvman.2018.11.029.

ACCEPT (2019) ASEAN reaching the 23% renewable energy target by 2025 — ACCEPT.
Available at: https://accept.aseanenergy.org/asean-resiliency-in-reaching-the-23-renewable-

energy-target-by-2025/. (Accessed: 2 March 2024).

Adeleke, O. et al. (2021) ‘Sustainable utilization of energy from waste : A review of
potentials and challenges of Waste-to- energy in South Africa’, International Journal of
Green Energy, 18(14), pp. 1550-1564. Available at:

https://doi.org/10.1080/15435075.2021.1914629.

Adha, S. (2024) ‘Proyek PLTSa di Tangsel Mampu Kelola Sampah 1.000 Ton per Hari’,

Radarbanten.co.id. Available at: https://www.radarbanten.co.1d/2024/05/13/proyek-pltsa-di-
39



oNOYTULT D WN =

International Journal of Energy Sector Management Page 44 of 70

tangsel-mampu-kelola-sampah-1-000-ton-per-hari/.

Agung, F. (2022) ‘Enam Pembangkit Listrik Tenaga Sampah (PLTSa) telah pastikan project
owner’, Kontan.co.id, 28 April. Available at: https://industri.kontan.co.id/news/enam-

pembangkit-listrik-tenaga-sampah-pltsa-telah-pastikan-project-owner.

Albarsyah (2022) ‘Layani Pengolahan Sampah Kawasan Wisata Manado-Bitung-Likupang,
TPA Regional Mamitarang Ditargetkan Selesai Tahun 2022°, 7 March. Available at:
https://www.topbusiness.id/60998/layani-pengolahan-sampah-kawasan-wisata-manado-

bitung-likupang-tpa-regional-mamitarang-ditargetkan-selesai-tahun-2022.html.

Albores, P., Petridis, K. and Dey, P.K. (2016) ‘Analysing Efficiency of Waste to Energy
Systems: Using Data Envelopment Analysis in Municipal Solid Waste Management’,
Procedia Environmental Sciences, 35, pp. 265-278. Available at:

https://doi.org/10.1016/j.proenv.2016.07.007.

Aleluia, J. et al. (2022) ‘Accelerating a clean energy transition in Southeast Asia: Role of
governments and public policy’, Renewable and Sustainable Energy Reviews, 159, p.

112226. Available at: https://doi.org/10.1016/j.rser.2022.112226.

Ali, J. et al. (2020) ‘Modalities for conversion of waste to energy — Challenges and
perspectives’, Science of the Total Environment, 727, p. 138610. Available at:

https://doi.org/10.1016/j.scitotenv.2020.138610.

Amo-asamoah, E., Asumadu, G. and Edwards, D.J. (2020) ‘Potential for waste to energy
generation of municipal solid waste (MSW) in the Kumasi metropolis of Ghana’,
International Journal of Energy Sector Management, 14(6), pp. 1750-6220. Available at:

https://doi.org/10.1108/IJESM-12-2019-0005.

Arafat, H.A. and Jijakli, K. (2013) ‘Modeling and comparative assessment of municipal solid

40



Page 45 of 70

oNOYTULT D WN =

International Journal of Energy Sector Management

waste gasification for energy production’, Waste Management, 33(8), pp. 1704—-1713.

Available at: https://doi.org/10.1016/j.wasman.2013.04.008.

Arfian, D. (2022) ‘Pembangkit Listrik Tenaga Sampah Jangan Gagal Dua Kali’,
Radarbekasi.id, 29 September. Available at: https://radarbekasi.id/2022/09/29/pembangkit-

listrik-tenaga-sampah-jangan-gagal-dua-kali/.

Astungkoro, R. (2023) ‘Peneliti BRIN: PLTSa Bantargebang Masih Belum Optimal’,
Republika.co.id, 23 February. Available at:
https://news.republika.co.id/berita/rghpo1330/peneliti-brin-pltsa-bantargebang-masih-belum-

optimal.

Aswani, S. (2012) ‘Waste to Energy in India’, Energetica India, (June), pp. 52—54. Available
at: http://www.energetica-
india.net/download.php?seccion=articles&archivo=J7XHCPbmIAVzfnrC6AylgVK4oeiLyZn

9UAFXPg0XgTMB84D253aMJS.pdf.

Ayodele, T.R., Ogunjuyigbe, A.S.O. and Alao, M.A. (2017) ‘Life cycle assessment of waste-
to-energy (WtE) technologies for electricity generation using municipal solid waste in
Nigeria’, Applied Energy, 201, pp. 200-218. Available at:

https://doi.org/10.1016/j.apenergy.2017.05.097.

Ayuningtyas, T.K. and Nurharjadmo, W. (2021) ‘Analysis of Formulation and
Implementation Preparation: Waste to Energy Plant Development Policy in Surakarta City’,
Jurnal Analisis Kebijakan dan Pelayanan Publik, 7(1), pp. 14-29. Available at:

https://journal.unhas.ac.id/index.php/jakpp/article/view/10668.

Azis, M.M., Kristanto, J. and Purnomo, C.W. (2021) ‘A techno-economic evaluation of

municipal solid waste (Msw) conversion to energy in indonesia’, Sustainability (Switzerland),

(13), p. 7232. Available at: https://doi.org/10.3390/su13137232.
41



oNOYTULT D WN =

International Journal of Energy Sector Management Page 46 of 70

Bachtiar, Y. (2019) ‘PLTSa Sumur Batu Disebut-sebut Mampu Berikan Suplai Listrik ke
4.500 Rumah’, 11 February, pp. 2018-2020. Available at:
https://jakarta.tribunnews.com/2019/02/11/pltsa-sumur-batu-disebut-sebut-mampu-berikan-

suplai-listrik-ke-4500-rumah.

Bagaskara, B. (2024) ‘Legok Nangka, Tempat Pengolahan Sampah Bernilai Rp 4 Triliun’,
Detik.com, 28 June. Available at: https://www.detik.com/jabar/berita/d-7413355/legok-

nangka-tempat-pengolahan-sampah-bernilai-rp-4-triliun.

Baiduri, A.R. (2023) ‘DLHK: PLTSa Palembang masuki tahapan perjanjian jual beli listrik’,
Antara, 19 June. Available at: https://www.antaranews.com/berita/3596139/dlhk-pltsa-

palembang-masuki-tahapan- perjanjian-jual-beli-listrik.

Basri K, S. ef al. (2021) ‘Microplastic Pollution in Waters and its Impact on Health and
Environment in Indonesia: A Review’, Journal of Public Health for Tropical and Coastal

Region, 4(2), pp. 63—77. Available at: https://doi.org/10.14710/jphtcr.v4i2.10809.

Berita Kota Makassar (2023) ‘Konsorsium Empat Menang Lelang Proyek PSEL’,

beritakotamakassar.com, 9 December.

Blair, J. and Mataraarachchi, S. (2021) ‘A review of landfills, waste and the nearly forgotten
nexus with climate change’, Environments - MDPI, 8, p. 73. Available at:

https://doi.org/10.3390/environments8080073.

BPS (2018) “Statistik Lingkungan Hidup Indonesia (SLHI) 2018°, Badan Pusat

Statistik/BPS-Statistics Indonesia, pp. 1-43. Available at: https://doi.org/3305001.

BPS (2019) Statistik Lingkungan Hidup Indonesia 2019 Hutan dan Perubahan Iklom, Badan
Pusat Statistik. Jakarta. Available at:

https://www.bps.go.id/publication/2018/12/07/d8cbb5465bd 1d3138c21fc80/statistik-

42



Page 47 of 70

oNOYTULT D WN =

International Journal of Energy Sector Management

lingkungan-hidup-indonesia-2018.html.

BPS (2020) Statistik Lingkungan Hidup Indonesia Air dan Lingkungan 2020. Jakarta: Badan

Pusat Statistik.

BPS (2021a) Indikator Tujuan Pembangunan Berkelanjutan 2021.

BPS (2021b) Statistik Indonesia 2010. Edited by S.D.I. Statistik. Jakarta: Badan Pusat

Statistik.

BPS (2021c¢) Statistik Lingkungan Hidup Indonesia 2021. Energi dan Lingkungan. Jakarta.

BPS (2022) Statistik Lingkungan Hidup Indonesia 2022. Jakarta: Badan Pusat Statistik.

BPS Kota Surabaya (2022) Kota Surabaya Dalam Angka 2022. Surabaya: Badan Pusat

Statistik Kota Surabaya.

Breeze, P. (2018) Energy from Waste. London: Elsevier. Available at:

https://doi.org/10.1016/B978-0-08-101042-6.00001-7.

CEWEP (2019) ‘Waste-to-Energy in Europe in 2019°. Bruxelles: Confederation of Europe
Waste to Energy Plants. Available at: https://www.cewep.eu/waste-to-energy-plants-in-

europe-in-2019/.

Chand, L. ef al. (2020) ‘A review on municipal solid waste as a renewable source for waste-
to-energy project in India: Current practices, challenges, and future opportunities’, Journal of
Cleaner Production, 277, p. 123227. Available at:

https://doi.org/10.1016/j.jclepro.2020.123227.

Cheng, H. and Hu, Y. (2010) ‘Bioresource Technology Municipal solid waste (MSW) as a
renewable source of energy: Current and future practices in China’, Bioresource Technology,

101(11), pp. 3816—3824. Available at: https://doi.org/10.1016/j.biortech.2010.01.040.

43



oNOYTULT D WN =

International Journal of Energy Sector Management Page 48 of 70

CNN Indonesia (2023) ‘PLTSa Putri Cempo Solo Resmi Beroperasi’, CNN Indonesia, 31

October.

Cole-Hunter, T. ef al. (2020) ‘The health impacts of waste-to-energy emissions: A systematic
review of the literature’, Environmental Research Letters, 15(12). Available at:

https://doi.org/10.1088/1748-9326/abae9f.

Darmani, A. et al. (2014) ‘What drives the development of renewable energy technologies?

Toward a typology for the systemic drivers’, Renewable and Sustainable Energy Reviews, 38,

pp. 834-847. Available at: https://doi.org/10.1016/j.rser.2014.07.023.

Datta, S. and Kapoor, R. (2023) ‘Clean India Mission: Building Nation through Sustainable
Waste Management Practices’, Vision, 27(1), pp. 135—141. Available at:

https://doi.org/10.1177/09722629221111841.

Demetrious, A. and Crossin, E. (2019) ‘Life cycle assessment of paper and plastic packaging
waste in landfill , incineration , and gasification-pyrolysis’, Journal of Material Cycles and

Waste Management, 0(0), p. 0. Available at: https://doi.org/10.1007/s10163-019-00842-4.

Dewi, C.M.T. (2021) ‘Pembangkit Listrik Tenaga Sampah Bantargebang Hasilkan Listrik
783,63 MWh’, Tempo.co, 10 March. Available at:
https://metro.tempo.co/read/1440761/pembangkit-listrik-tenaga-sampah-bantargebang-

hasilkan-listrik-78363-mwh.

Dlamini, S., Simatele, M.D. and Serge Kubanza, N. (2019) ‘Municipal solid waste
management in South Africa: from waste to energy recovery through waste-to-energy
technologies in Johannesburg’, Local Environment, 24(3), pp. 249-257. Available at:

https://doi.org/10.1080/13549839.2018.1561656.

DLH Jakarta (2022) Kunjungan ke Pembangkit Listrik Tenaga Sampah (PLTSa) Merah Putih

44



Page 49 of 70

oNOYTULT D WN =

International Journal of Energy Sector Management

dan proyek Refuse Derived Fuel (RDF) Plant di Tempat Pengolahan Sampah Terpadu
(TPST) Bantargebang. Available at: https://lingkunganhidup.jakarta.go.id/article/post-233

%0D%0A.

DLH Surabaya (2018) Laporan Road Map Energi Terbarukan di Kota Surabaya Tahun

2018. Surabaya.

Dolgen, D. et al. (2005) ‘Energy Potential of Municipal Solid Wastes’, Energy Sources, 27,

pp. 1483-1492. Available at: https://doi.org/10.1080/009083190523820.

EBTKE-ESDM (2019) Berikut Strategi Pemerintah Dalam Pengembangan EBT, Menuju
Kemandirian Energi Nasional. Available at:
https://ebtke.esdm.go.id/post/2019/10/17/2369/berikut.strategi.pemerintah.dalam.pengemban

gan.ebt.menuju.kemandirian.energi.nasional.

EBTKE-ESDM (2021) Laporan Kinerja Ditjen EBTKE 2021.

EBTKE-ESDM (2022) Menteri ESDM: Pemerintah Dukung Penyediaan Energi Melalui
People Energy Transition. Available at:
https://ebtke.esdm.go.id/post/2022/08/30/3239/menteri.esdm.pemerintah.dukung.penyediaan.

energi.melalui.people.energy.transition.

EBTKE-KESDM (2019) ‘PLTSa Putri Cempo Targetkan Produksi Listrik Hingga 10 MW”,
ebtke.esdm.go.id, 23 October. Available at:
https://ebtke.esdm.go.id/post/2019/10/28/2382/pltsa.putri.cempo.targetkan.produksi.listrik.hi

ngga.10.mw.

EBTKE (2022) EBTKE - USAID Gelar Pendampingan Teknis Percepatan Pembangunan

PSEL 12 Kota.

ecoprog (2021) ‘Boom year 2021 — the global WtE market has never been stronger’, pp.

45



oNOYTULT D WN =

International Journal of Energy Sector Management Page 50 of 70

2021-2023.

Edenhofer, O. et al. (2013) ‘On the economics of renewable energy sources’, Energy

Economics, 40, pp. S12-S23. Available at: https://doi.org/10.1016/j.eneco0.2013.09.015.

ESDM (2021a) Handbook Energy & Economic Statistics Indonesia 2021, Ministry of Energy
and Mineral Resources Republic of Indonesia. Jakarta, Indonesia. Available at:
https://www.esdm.go.id/en/publication/handbook-of-energy-economic-statistics-of-

indonesia-heesi.

ESDM (2021b) Rencana Strategis Direktorat Jenderal Energi Baru, Terbarukan dan
Kenservasi Energi 2020-2024. Jakarta: Direktorat Jenderal Energi Baru, Terbarukan dan

Konservasi Energi Kementerian Energi dan Sumber Daya Mineral.

ESWET (2016) Waste to Energy 2050 Clean Technologies for Sustainable Waste
Management, Https://Medium.Com/. Brussels: Eurpean Suppliers of Waste to Energy
Technology. Available at: https://medium.com/@arifwicaksanaa/pengertian-use-case-

a7e576e1b6bf.

Fajriyah, L., Kuntjoro, Y.D. and Millatie, P.A. (2023) ‘Pemanfaatan Sampah sebagai Sumber
Energi Terbarukan: Paper Review’, Jurnal Kewarganegaraan, 7(2), pp. 1856—1861.

Available at: https://doi.org/10.31316/jk.v7i2.5497.

Fauziyah, T.A. and Khairina (2023) ‘TPA Jatibarang Semarang Segera " Overload ", Pemkot
Siapkan Teknologi Pemrosesan Sampah Menjadi Energi Listrik’, Kompas.com. Available at:
https://regional.kompas.com/read/2023/10/09/141252978/tpa-jatibarang-semarang-segera-

overload-pemkot-siapkan-teknologi-pemrosesan. .

Ghosh, S.K. (2016) ‘Swachhaa Bharat Mission ( SBM ) — A Paradigm Shift in Waste

Management and Cleanliness in India’, Procedia Environmental Sciences, 35, pp. 15-27.

46



Page 51 of 70

oNOYTULT D WN =

International Journal of Energy Sector Management

Available at: https://doi.org/10.1016/j.proenv.2016.07.002.

Gichamo, T. and Gokg¢ekus, H. (2019) ‘Interrelation between Climate Change and Solid
Waste’, Journal of Environmental Pollution and Control, 2(1), p. 104. Available at:

www.annexpublishers.com.

Gubernur Jawa Timur (2020) Peraturan Gubernur Jawa Timur Nomor 6 Tahun 2020 tentang
Peraturan Pelaksanaan Peraturan Daerah Provinsi Jawa Timur Nomor 6 Tahun 2019
tentang Rencana Umum Energi Daerah Provinsi Jawa Timur Tahun 2019-2050. Surabaya,

Indonesia.

Gunawan, D. (2023) ‘Pengolahan Sampah Legok Nangka Dikelola Jepang , Usung Konsep
Waste to Energy’, Mediaindonesia.com, 9 August. Available at:
https://mediaindonesia.com/nusantara/603621/pengolahan-sampah-legok-nangka-dikelola-

jepang-usung-konsep-waste-to-energy.

Gupta, M. et al. (2018) ‘Waste to energy technologies in India: A review’, Journal of Energy

and Environmental Sustainability, 6, pp. 29-35.

Hadidi, L.A. and Omer, M.M. (2017) ‘A financial feasibility model of gasification and
anaerobic digestion waste-to-energy (WTE) plants in Saudi Arabia’, Waste Management, 59,

pp. 90—-101. Available at: https://doi.org/10.1016/j.wasman.2016.09.030.

Hendriwardani, M. et al. (2022) Using public funding to attract private investment in

renewable energy in Indonesia.

Hermansyah, A.M., Muhammad and Yunus, A. (2024) ‘Potensi Jangka Panjang
Pengembangan Program PLTSa Kota Surabaya dalam Perspektif Politik Lingkungan’, Jurnal

Noken: Ilmu-Ilmu Social, 10(1), pp. 173—182.

IEG (2020) An Evaluation of the World Bank Group’s Support to Municipal Solid Waste

47



oNOYTULT D WN =

International Journal of Energy Sector Management Page 52 of 70

Management, 2010-20, World Bank, Washington, DC. © World Bank. Available at:

https://openknowledge.worldbank.org/handle/10986/37331.

IGES (2017) Development of Work Plan for Reducing SLCPs from MSWM in Surabaya,

Indonesia January 2017.

Ikhsan, M.F.N. (2022) PLTSa Jatibarang Semarang Lahap 1.000 Ton Sampah Setiap Hari,
Bisnis. Available at: https://semarang.bisnis.com/read/20220930/535/1584149/pltsa-

jatibarang-semarang-lahap-1000-ton-sampah-setiap-hari (Accessed: 21 November 2023).

Indonesia.go.id (2019) Perlu Subsidi, Tapi Soal Sampah Ada Solusi.

Igbal, M. (2024) ‘Tangsel Klaim Proyek PLTSa Cipeucang Rp 2,1 Triliun Diminati Banyak
Investor’, Tempo.co, 3 January, pp. 2-3. Available at:
https://metro.tempo.co/read/1816432/tangsel-klaim-proyek-pltsa-cipeucang-rp-21-triliun-

diminati-banyak-investor.

Kalyani, K.A. and Pandey, K.K. (2014) ‘Waste to energy status in India: A short review’,
Renewable and Sustainable Energy Reviews, 31, pp. 113—120. Available at:

https://doi.org/10.1016/j.rser.2013.11.020.

Kaza, S. et al. (2018) What a Waste 2.0. A Global Snapshot of Solid Waste Management to
2050, Urban Development Series. World Bank Group. Available at:

https://openknowledge.worldbank.org/handle/10986/30317.

Kenzu, A.S. (2023) ‘Technology applied at Legok Nangka site largest nationwide:
Governor’, Antaranews.com, 28 July, pp. 17-18. Available at:
https://en.antaranews.com/news/289677/technology-applied-at-legok-nangka-site-largest-

nationwide-governor.

Kersey, J., Blechinger, P. and Shirley, R. (2021) ‘A panel data analysis of policy

48



Page 53 of 70 International Journal of Energy Sector Management

effectiveness for renewable energy expansion on Caribbean islands’, Energy Policy,

155(May), p. 112340. Available at: https://doi.org/10.1016/j.enpol.2021.112340.

oNOYTULT D WN =

9 KESDM-DEA (2024) Technology Data for the Indonesian Power Sector. Catalogue for

1 Generation and Storage of Electricity - March 2024.

14 KESDM (2013) Permen ESDM No 35 Tahun 2013 tentang Tata Cara Perizinan Usaha

16 Ketenagalistrikan. Jakarta, Indonesia.

19 KESDM (2015) Permen ESDM No 44 Tahun 2015 tentang Pembelian Tenaga Listrik oleh
PT Perusahaan Listrik Negara dari Pembangkit Listrik Berbasis Sampah Kota. Jakarta,

24 Indonesia.

27 KESDM (2017a) Permen ESDM No. 39 Tahun 2017 tentang Pelaksanaan Kegiatan Fisik
29 Pemanfaatan Energi Baru dan Energi Terbarukan Serta Konservasi Energi. Jakarta,
31 Indonesia. Available at: https://jdih.esdm.go.id/peraturan/Permen ESDM No. 39 Thn

2 2017.pdf.

KESDM (2017b) Permen ESDM No 49 Tahun 2017 tentang Perubahan atas Peraturan
39 Menteri Energi dan Sumber Daya Mineral Nomor 10 Tahun 2017 tentang Pokok-Pokok

41 Dalam Pernjanjian Jual Beli Tenaga Listrik. Jakarta, Indonesia.

44 KESDM (2018a) Kepmen ESDM No. 1567 K/21/MEM/2018 tentang Pengesahan Rencana
46 Usaha Penyediaan Tenaga Listrik PT Perusahaan Listrik Negara (PERSERO) tahun 2018

49 s.d 2027. Available at: https://www.ptonline.com/articles/how-to-get-better-mfi-results.

52 KESDM (2018b) Permen ESDM No 53 Tahun 2018 tentang Perubahan atas Peraturan
54 Menteri Energi dan Sumber Daya Mineral Nomor 50 Tahun 2017 tentang Pemanfaatan

Sumber Energi Terbarukan untuk Penyediaan Tenaga Listri. Jakarta, Indonesia.
59 KESDM (2020) Permen ESDM No 4 Tahun 2020 tentang Perubahan Kedua atas peraturan

49



oNOYTULT D WN =

International Journal of Energy Sector Management Page 54 of 70

Menteri Energi dan Sumber Daya Mineral Nomor 50 Tahun 2017 tentang Pemanfaatan

Sumber Energi Terbarukan untuk Penyediaan Tenaga Listrik. Jakarta, Indonesia.

KESDM (2021) Kepmen ESDM No. 188.K/HK.02/MEM.L/2021 tentang Pengesahan
Rencana Usaha Penyediaan Tenaga Listrik PT Perusahaan Listrik Negara (PERSERO)

Tahun 2021 sampai dengan Tahun 2030. Jakarta, Indonesia.

KESDM (2022) Handbook of Energy & Economic Statistics of Indonesia 2022. Jakarta.

Khalil, M. et al. (2019) ‘Waste to energy technology: The potential of sustainable biogas
production from animal waste in Indonesia’, Renewable and Sustainable Energy Reviews,

105(July 2018), pp. 323-331. Available at: https://doi.org/10.1016/j.rser.2019.02.011.

KKBKI (2023) Tujuh Tahun Penantian Pembangkit Listrik Tenaga Sampah di Solo Akhirnya
Beroperasi. Available at: https://maritim.go.id/detail/tujuh-tahun-penantian-pembangkit-

listrik-tenaga-sampah-di-solo-akhirnya-beroperasi.

Klein, A. and Themelis, N.J. (2003) ‘Energy Recovery From Municipal Solid Wastes by
Gasification’, in North American Waste to Energy Conference (NAWTEC 11)11 Proceedings,
ASME International, Tampa FL (April 2003), pp. 241-252. Available at:

https://doi.org/10.1115/NAWTEC11-1692.

KLHK (2019a) Bertarung Mengurangi Sampah. Available at:
http://perpustakaan.menlhk.go.id/pustaka/home/index.php?page=detail news&newsid=814

(Accessed: 11 August 2024).

KLHK (2019b) Permen LHK No P.24/MENLHK/SETJEN/KUM.1/5/2019 tentang Bantuan
Biaya Layanan Pengolahan Sampah dalam Rangka Percepatan pembangunan Instalasi
pengolah Sampah menjadi Energi Listrik berbasis Teknologi Ramah Lingkungan. Jakarta,

Indonesia.

50



Page 55 of 70

oNOYTULT D WN =

International Journal of Energy Sector Management

KLHLK (2021) Laporan Kinerja Direktorat Pengelolaan Sampah Tahun 2021. Jakarta:
Direktorat Jenderal Pengelolaan Sampah, Limbah dan Bahan Berbahaya Beracun

Kementerian Lingkungan Hidup dan Kehutanan.

Kominfo Pemprov Jatim (2023) PLTSa Benowo Sumbang 122,04 GWh Energi Bersih di
Jatim. Available at: https://kominfo.jatimprov.go.id/berita/pltsa-benowo-sumbang-122-04-

gwh-energi-bersih-di-jatim.

Kota Makassar (2023) ‘Pengumuman pemenang tender PSEL Kota Makassar’. Makassar:
Pemerintah Kota Makassar. Available at: https://makassarkota.go.id/download/pengumuman-

pemenang-tender-psel-kota-makassar/.

KPPIP (2023) Laporan KPPIP Semester Il Tahun 2023. Jakarta: Komite Percepatan

Penyediaan Infrastruktur Prioritas.

KPUPR (2024) Tempat Pemrosesan Akhir (TPA). Available at:

https://data.pu.go.id/dataset/tempat-pemrosesan-akhir-tpa (Accessed: 6 August 2024).

Kubota, R., Horita, M. and Tasaki, T. (2020) ‘Integration of community-based waste bank
programs with the municipal solid-waste-management policy in Makassar, Indonesia’,
Journal of Material Cycles and Waste Management, 22(3), pp. 928-937. Available at:

https://doi.org/10.1007/s10163-020-00969-9.

Kumar, S. et al. (2017) ‘Challenges and opportunities associated with waste management in
India Author for correspondence ’:, Royal Society Open Science, 4, p. 160764. Available at:

https://doi.org/10.1098/rs0s.160764.

Kurniawan, H.K. (2016) ‘Studi Deskriptif Strategi Public Private Partnership Pengelolaan
Sampah di TPA Benowo Kota Surabaya’, Jurnal Kebijakan dan Manajemen Publik, 4(2), pp.

210-219.

51



oNOYTULT D WN =

International Journal of Energy Sector Management Page 56 of 70

Kurniawati, L. (2024) ‘Daya Tampung TPA Sumurbatu Bekasi Tersisa Lima Persen’,
rri.co.id, 18 March. Available at: https://www.rri.co.id/daerah/596257/daya-tampung-tpa-

sumurbatu-bekasi-tersisa-lima-persen.

Kuznetsova, E. et al. (2019) ‘Integrated decision-support methodology for combined
centralized-decentralized waste-to-energy management systems design’, Renewable and
Sustainable Energy Reviews, 103(December 2018), pp. 477-500. Available at:

https://doi.org/10.1016/j.rser.2018.12.020.

Lal, C.M. et al. (2020) ‘A review on municipal solid waste as a renewable source for waste-
to-energy project in India: Current practices, challenges, and future opportunities’, Journal of
Cleaner Production, 277, p. 123227. Available at:

https://doi.org/10.1016/j.jclepro.2020.123227.

Lestari, P. and Trihadiningrum, Y. (2019) ‘The impact of improper solid waste management
to plastic pollution in Indonesian coast and marine environment’, Marine Pollution Bulletin,

149, p. 110505. Available at: https://doi.org/10.1016/j.marpolbul.2019.110505.

Lonati, G., Cambiaghi, A. and Cernuschi, S. (2019) ‘The actual impact of waste-to-energy
plant emissions on air quality: A case study from northern Italy’, Detritus, 6(June), pp. 77—

84. Available at: https://doi.org/10.31025/2611-4135/2019.13817.

Lukihardianti, A. (2023) ‘TPPAS Legok Nangka Nagreg akan Dibangun Berkonsep Waste to
Energy’, Republika.co.id, 9 August. Available at:
https://news.republika.co.id/berita/rz42ze463/tppas-legok-nangka-nagreg-akan-dibangun-

berkonsep-waste-to-energy.

Makarichi, L., Jutidamrongphan, W. and Techato, K. anan (2018) ‘The evolution of waste-to-
energy incineration: A review’, Renewable and Sustainable Energy Reviews, 91(November

2017), pp. 812—821. Available at: https://doi.org/10.1016/j.rser.2018.04.088.
52



Page 57 of 70

oNOYTULT D WN =

International Journal of Energy Sector Management

Mani, S.K. (2019) WtE Best Practices and Perspectives in Asia, Municipal Solid Waste
Energy Conversion in Developing Countries: Technologies, Best Practices, Challenges and

Policy. Elsevier Inc. Available at: https://doi.org/10.1016/B978-0-12-813419-1.00005-X.

Mantalean, V. and Asril, S. (2019) ‘PLTSa Sumur Batu Gagal Hasilkan Listrik’,
Kompas.com, 21 August. Available at:
https://megapolitan.kompas.com/read/2019/08/21/14305521/pltsa-sumur-batu-gagal-

hasilkan-listrik. .

Mariyam, S. ef al. (2022) ‘Waste Management in Qatar: A Systematic Literature Review and
Recommendations for System Strengthening’, Sustainability (Switzerland), 14, p. 8991.

Available at: https://doi.org/10.3390/sul4158991.

Maulidia, M. et al. (2019) ‘Rethinking renewable energy targets and electricity sector reform
in Indonesia: A private sector perspective’, Renewable and Sustainable Energy Reviews,

101(November 2018), pp. 231-247. Available at: https://doi.org/10.1016/j.rser.2018.11.005.

MDN (2010) Permendagri No 33 Tahun 2010 tentang Pedoman Pengelolaan Sampah.
Jakarta, Indonesia. Available at:

https://peraturan.bpk.go.id/Home/Details/175297/permendagri-no-33-tahun-2010.

MEF (2019) Bertarung Mengurangi Sampah. Available at:
http://perpustakaan.menlhk.go.id/pustaka/home/index.php?page=detail news&newsid=814

(Accessed: 8 December 2022).

MEMR (2012) Permen ESDM No 12 Tahun 2012 tentang Pengenalian Penggunaan Bahan

Bakar Minyak. Jakarta, Indonesia.

Menikpura, S.N.M., Sang-Arun, J. and Bengtsson, M. (2016) ‘Assessment of environmental

and economic performance of Waste-to-Energy facilities in Thai cities’, Renewable Energy,

53



oNOYTULT D WN =

International Journal of Energy Sector Management Page 58 of 70

86, pp. 576-584. Available at: https://doi.org/10.1016/j.renene.2015.08.054.

Menteri Keuangan (2021) Permenkeu No 26/PMK.07/2021 tentang Dukungan pendanaan
Anggaran Pendapatan dan Belanja Negara Bagi Pengelolaan Sampah di Daerah. Jakarta,

Indonesia.

MESDM (2013) Permen ESDM No 19 Tahun 2013 tentang Pembelian Tenaga Listrik oleh
PT Perusahaan Listrik Negara (PERSERQO) dari Pembangkit Listrik Berbasis Sampah Kota.

Jakarta, Indonesia.

Mishra, A. (2022) Impact of Solid Waste and the Health Effects During Extreme Floods . A

Case Study from Kerala ( India ). University of Twente.

MLH (2011) Permen LH No 16 Tahun 2011 tentang Pedoman Materi Muatan Rancangan
Peraturan Daerah tentang Pengelolaan Sampah Rumah Tangga dan Sampah Sejenis Sampah

Rumah Tangga. Jakarta, Indonesia.

Moya, D., Aldas, C., Lopez, G., et al. (2017) ‘Municipal solid waste as a valuable renewable
energy resource: A worldwide opportunity of energy recovery by using Waste-To-Energy
Technologies’, Energy Procedia, 134, pp. 286—295. Available at:

https://doi.org/10.1016/j.egypro.2017.09.618.

Moya, D., Aldas, C., Jaramillo, D., et al. (2017) ‘Waste-To-Energy Technologies: An
opportunity of energy recovery from Municipal Solid Waste, using Quito - Ecuador as case
study’, Energy Procedia, 134, pp. 327-336. Available at:

https://doi.org/10.1016/j.egypro.2017.09.537.

MPU (2013) Permen PU No. 03/PRT/M/2013 tentang Penyelenggaraan Prasarana dan
Sarana Persampahan dalam Penanganan Sampah Rumah Tangga dan Sampah Sejenis

Sampah Rumah Tangga. Jakarta, Indonesia.

54



Page 59 of 70

oNOYTULT D WN =

International Journal of Energy Sector Management

Muhammad (2023) ‘Pemkot Bekasi Diminta Tak Buru-buru Melelang Pengolahan Sampah
Menjadi Listrik’, Gatra.com, 28 August. Available at: https://www.gatra.com/news-579039-
lingkungan-pemkot-bekasi-diminta-tak-buru-buru-melelang-pengolahan-sampah-menjadi-

listrik.html .

Mukherjee, C. et al. (2020) ‘A review on municipal solid waste-to-energy trends in the USA”’,
Renewable and Sustainable Energy Reviews, 119(October 2019), p. 109512. Available at:

https://doi.org/10.1016/j.rser.2019.109512.

Mukherjee, C et al. (2020) ‘A review on municipal solid waste-to-energy trends in the USA’,
Renewable and Sustainable Energy Reviews, 119, p. 109512. Available at:

https://doi.org/10.1016/j.rser.2019.109512.

Munir, M.T. et al. (2021) ‘Municipal solid waste-to-energy processing for a circular economy
in New Zealand’, Renewable and Sustainable Energy Reviews, 145(August 2020), p. 111080.

Available at: https://doi.org/10.1016/j.rser.2021.111080.

Mustafa, A.B. et al. (2022) ‘Life cycle environmental benefit and waste-to-energy potential
of municipal solid waste management scenarios in Indonesia’, Journal of Material Cycles
and Waste Management, 24(5), pp. 1859-1877. Available at: https://doi.org/10.1007/s10163-

022-01441-6.

Mutezo, G. and Mulopo, J. (2021) ‘A review of Africa’s transition from fossil fuels to

renewable energy using circular economy principles’, Renewable and Sustainable Energy

Reviews, 137, p. 110609. Available at: https://doi.org/10.1016/j.rser.2020.110609.

Nassar, H., Biltagy, M. and Safwat, A.M. (2022) ‘The role of waste-to-energy in waste
management in Egypt: a techno-economic analysis’, Review of Economics and Political

Science, p. (ahead-of-print). Available at: https://doi.org/10.1108/REPS-09-2022-0062.

55



oNOYTULT D WN =

International Journal of Energy Sector Management Page 60 of 70

NDC-RI (2016) ‘First Nationally Determined Contribution Republic of Indonesia’.

Ntajal, J. et al. (2022) ‘Water and Health Nexus—Land Use Dynamics, Flooding, and Water-
Borne Diseases in the Odaw River Basin, Ghana’, Water (Switzerland), 14, p. 461. Available

at: https://doi.org/10.3390/w14030461.

Owusu-Manu, D.-G. et al. (2022) ‘An analysis of the economic viability of waste-to-energy
generation in the Kumasi metropolis of Ghana’, Journal of Financial Management of
Property and Construction, 27(1), pp. 1-15. Available at: https://doi.org/10.1108/JFMPC-12-

2019-0089.

Pandana, Z.A. and Firdaus, P. (2024) ‘Kerjasama Sister City Antara Pemerintah Kota
Surabaya dan Kota Kitakyushu Sebagai Upaya Pengelolaan Sampah Tahun 2012-2023”,

Global Focus, 04(01), pp. 22—43. Available at: https://doi.org/ub.jgf.2024.004.01.2 Vol.

PDAM Semarang (2019) Kota Semarang Suplai Listrik dari Sampah Untuk PLN. Available
at:
https://www.pdamkotasmg.co.id/post/79/kota_semarang_suplai listrik dari_sampah untuk

pln (Accessed: 9 December 2022).

Pemkot Palembang (2023) Komitmen Atasi Limbah Perkotaan, Pemkot Palembang Akan

Bangun Insenerator Kapasitas 1000 Ton.

Pemkot Semarang (2021) Puluhan Investor Berminat Bangun Proyek PLTSa Jatibarang.
Available at:
https://semarangkota.go.id/p/2195/puluhan_investor berminat bangun proyek pltsa jatibara

ng (Accessed: 11 December 2022).

Pemkot Surabaya (2021) ‘Dokumen Informasi Kinerja Pengelolaan Lingkungan Hidup

Daerah Kota Surabaya: Buku II’. Pemerintah Kota Surabaya Provinsi Jawa Timur.

56



Page 61 of 70

oNOYTULT D WN =

International Journal of Energy Sector Management

Pemkot Tangerang (2020) Ini Dia Pemenang Proyek PLTSA Kota Tangerang,
Tangerangkota.go.id. Available at: https://tangerangkota.go.id/berita/detail/21592/ini-dia-

pemenang-proyek-pltsa-kota-tangerang (Accessed: 10 August 2024).

PLN (2021) Tingkatkan Penggunaan Energi Ramah Lingkungan , PLN Gunakan Listrik Dari
PLTSa Benowo Surabaya. Available at: https://web.pln.co.id/cms/media/siaran-
pers/2021/05/tingkatkan-penggunaan-energi-ramah-lingkungan-pln-gunakan-listrik-dari-

pltsa-benowo-surabaya/.

PLN (2023a) Kolaborasi Global, PLN Gandeng Sumitomo Kembangkan PLTSa Kapasitas 50
MW di Jawa Barat. Available at: https://web.pln.co.id/cms/media/siaran-
pers/2023/12/kolaborasi-global-pln-gandeng-sumitomo-kembangkan-pltsa-kapasitas-50-mw-

di-jawa-barat/ (Accessed: 10 August 2024).

PLN (2023b) PLN Kembangkan Pembangkit Listrik dari Sampah dengan Kapasitas 17,7 MW
di Palembang. Available at: https://web.pln.co.id/media/siaran-pers/2023/07/pln-
kembangkan-pembangkit-listrik-dari-sampah-dengan-kapasitas-177-mw-di-palembang

(Accessed: 10 August 2024).

PPID (2020) Awali Tahun 2020, Wamen LHK Kunjungi TPST Bantargebang. Available at:

http://ppid.menlhk.go.id/siaran_pers/browse/2270 %0D%0A (Accessed: 8 December 2022).

Presiden Republik Indonesia (2007) UU No 30 Tahun 2007 tentang Energi. Jakarta,

Indonesia. Available at: http://prokum.esdm.go.id/uu/2007/uu-30-2007.pdf.

Presiden Republik Indonesia (2008) UU No 18 tentang Pengelolaan Sampah. Jakarta,

Indonesia.

Presiden Republik Indonesia (2009) UU No 30 Tahun 2009 tentang Ketenagalistrikan.

Jakarta, Indonesia.

57



oNOYTULT D WN =

International Journal of Energy Sector Management Page 62 of 70

Presiden Republik Indonesia (2012a) PP No 14 Tahun 2012 tentang Kegiatan Usaha

Penyediaan tenaga Listrik.

Presiden Republik Indonesia (2012b) PP No 81 Tahun 2012 tentang Pengelolaan Sampah

Rumah Tangga dan Sampah Rumah Tangga. Jakarta, Indonesia.

Presiden Republik Indonesia (2014) PP No 79 Tahun 2014 tentang Kebijakan Energi

Nasional. Surabaya, Indonesia.

Presiden Republik Indonesia (2016a) Perpres No 3 Tahun 2016 tentang Percepatan

Pelaksanaan Proyek Strategis Nasional. Jakarta, Indonesia.

Presiden Republik Indonesia (2016b) Perpres No 4 Tahun 2016 tentang Percepatan

Pembangunan Infrastruktur Ketenagalistrikan. Jakarta, Indonesia.

Presiden Republik Indonesia (2017a) Perpres No. 97 tahun 2017 tentang Kebijakan dan
Strategi Nasional Pengelolaan Sampah Rumah Tangga dan Sampah Sejenis Sampah Rumah
Tangga. Jakarta, Indonesia. Available at:

https://peraturan.bpk.go.id/Home/Details/73225/perpres-no-97-tahun-2017.

Presiden Republik Indonesia (2017b) Perpres No 22 Tahun 2017 tentang Rencana Umum

Energi Nasional. Jakarta.

Presiden Republik Indonesia (2018a) Perpres No 35 Tahun 2018 tentang Percepatan
Pembangunan Instalasi Pengolahan Sampah Menjadi Energi Listrik Berbasis Teknologi
Ramah Lingkungan. Jakarta, Indonesia. Available at: https://setkab.go.id/wp-

content/uploads/2018/04/Perpres-No.-35-Tahun-2018.pdf.

Presiden Republik Indonesia (2018b) Perpres No 56 Tahun 2018 tentang Perubahan Kedua
atas Peraturan Presiden Nomor 3 tahun 2016 tentang Percepatan Pelaksanaan Proyek

Strategis Nasional. Jakarta, Indonesia.

58



Page 63 of 70

oNOYTULT D WN =

International Journal of Energy Sector Management

Priambodo, N.W., Raharjo, J. and Rokhmat, M. (2022) ‘Land use for renewable energy
power plant and the impact of CO2 emission: an Indonesian case study’, International
Journal of Energy Economics and Policy, 12(5), pp. 457-465. Available at:

https://doi.org/10.32479/ijeep.13298.This.

Primasasti, A. (2023) Pembangkit Listrik Tenaga Sampah (PLTSa) Putri Cempo: Inovasi
Hijau Menuju Kota Ramah Lingkungan, Pemkot Surakarta. Available at:

https://surakarta.go.id/?p=29979.

Puntia, G.T. (2022) ‘Pathways for Sustainable Waste Management for Renewables: Lessons
from Hawaii and Indonesia’, Corporate and Trade Law Review (CTLR), 2(1), pp. 1-19.

Available at: http://journal.prasetiyamulya.ac.id/.

Purba, D.M. (2022) Investment Barriers in Indonesian New & Renewable Energy Power
Generation Projects Investment Barriers in Indonesian New & Renewable Energy Power
Generation Projects MSc Thesis Environmental Economics and Natural Resources.

Wageningen University & Research.

Purwanta, W. et al. (2022) ‘Study of circular economy potential in the Bantargebang waste-
to-energy plant’, IOP Conference Series: Earth and Environmental Science, 1017(1).

Available at: https://doi.org/10.1088/1755-1315/1017/1/012031.

Purwanta, W et al. (2022) ‘Study of circular economy potential in the Bantargebang waste-
to-energy plant’, in IOP Conf. Series: Earth and Environmental Science: GREENVC 2021.
IOP Conf. Series: Earth and Environmental Science, p. 01203. Available at:

https://doi.org/10.1088/1755-1315/1017/1/012031.

Putri, F.N., Bintarjo, B. and Istijanto, S. (2024) ‘Pengembangan Sistem Kapasitas PLTSa di
TPA Benowo Surabaya Dengan Pengembangan Sistem Kapasitas PLTSa di TPA Benowo

Surabaya Dengan Pendekatan Wisata Edukasi’, Jurnal Teknik Mesin dan Manufaktur
59



oNOYTULT D WN =

International Journal of Energy Sector Management Page 64 of 70

(JTMM), 6(2), pp. 47-56.

Qodriyatun, S.N. (2021) ‘Pembangkit Listrik Tenaga Sampah: Antara Permasalahan
Lingkungan dan Percepatan Pembangunan Energi Terbarukan’, Aspirasi: Jurnal Masalah-

Masalah Sosial, 12(1), pp. 63—84. Available at: https://doi.org/10.46807/aspirasi.v12i1.2093.

Raihan, A. (2023) ‘An overview of the energy segment of Indonesia : present situation ,
prospects , and forthcoming advancements in renewable energy technology’, Journal of
Technology Innovations and Energy, 2(3), pp. 37-63. Available at:

https://doi.org/10.56556/jtie.v213.599.

Rawlins, J. et al. (2014) Waste to energy in Indonesia: Assessing opportunities and barriers

using insights from the UK and beyond.

Rezaei, M. et al. (2018) ‘Electric power generation from municipal solid waste: A techno-
economical assessment under different scenarios in Iran’, Energy, 152, pp. 46—56. Available

at: https://doi.org/10.1016/j.energy.2017.10.109.

Rizwan, M. et al. (2019) ‘Environmental performance of municipal solid waste processing
pathways’, Energy Procedia, 158, pp. 3363-3368. Available at:

https://doi.org/10.1016/j.egypro.2019.01.957.

Roitma, S. and Rukmana, D. (2023) Routledge Handbook of Urban Indonesia. London and

New York: Routledge Taylor & Francis Group.

Salman, G. and Arief, T.M.V. (2023) ‘8 Tahun Beroperasi, Pembangkit Listrik Tenaga
Sampah di Surabaya Sumbang 122,04 GWh’, Kompas.com, 18 May. Available at:
https://surabaya.kompas.com/read/2023/05/18/104631078/8-tahun-beroperasi-pembangkit-

listrik-tenaga-sampah-di-surabaya-sumbang?page=all.

Sambodo, M.T. et al. (2022) ‘Breaking barriers to low-carbon development in Indonesia:

60



Page 65 of 70

oNOYTULT D WN =

International Journal of Energy Sector Management

deployment of renewable energy’, Heliyon, 8, p. €09304. Available at:

https://doi.org/10.1016/j.heliyon.2022.e09304.

Sari, M.R.N. (2017) Implementation Strategy of Waste to Energy in Indonesia Lesson

Learned from Japan and Its Possible Implementation. Jakarta.

Setyaningrum, P. (2023) ‘PLTSa Putri Cempo, Menanti Teknologi Baru Pengelolaan Sampah
Kota Solo’, Kompas.com, 20 July. Available at:
https://regional. kompas.com/read/2023/07/30/180251978/pltsa-putri-cempo-menanti-

teknologi-baru-pengelolaan-sampah-kota-solo?page=all.

Siregar, A.R. and Movanita, A.N.K. (2022) ‘Kajian Rencana PLTSa Terkendala Garis
Sempadan Sungai, Pemkot Tangsel Perluas Pembebasan Lahan’, Kompas.com, 23 March.
Available at: https://megapolitan.kompas.com/read/2022/03/23/18585761/kajian-rencana-
pltsa-terkendala-garis-sempadan-sungai-pemkot-tangsel ?page=all (Accessed: 10 August

2024).

Siringoringo, L. (2022) ‘Investasi Rp 2,5 Triliun Diteken, Tangerang Punya Pengelolaan
Sampah Energi Listrik’, Kontan.co.id, 11 March. Available at:
https://industri.kontan.co.id/news/investasi-rp-25-triliun-diteken-tangerang-punya-

pengelolaan-sampah-energi-listrik.

Sitomurni, A. et al. (2021) ‘Peluang Dan Peran Pembangkit Listrik Tenaga Sampah (PLTSa)
Dalam Penurunan Emisi Gas Rumah Kaca (GRK)’, Jurnal Rekayasa Lingkungan, 14(2), pp.

135-145. Available at: https://ejurnal.bppt.go.id/index.php/JRL/article/view/5216.

Statista (2020) Forecast waste-to-energy market value worldwide from 2019 to 2027.
Available at: https://www.statista.com/statistics/480452/market-value-of-waste-to-energy-

globally-projection/.

61



oNOYTULT D WN =

International Journal of Energy Sector Management Page 66 of 70

Sucahyo, F.M. and Fanida, E.H. (2021) ‘Inovasi Pengelolaan Sampah Menjadi Pembangkit
Listrik Tenaga Sampah (PLTSa) oleh Dinas Kebersihan dan Ruang Terbuka Hijau (DKRTH)
Surabaya (Studi Kasus di Tempat Pembuangan Akhir (TPA) Benowo Surabaya)’, Publika,

9(2), pp. 39-52. Available at: https://doi.org/10.26740/publika.vOn2.p39-52.

Sudrajat, A., Syafrudin and Kusdiyantini, E. (2023) ‘Efekt ifitas P erpres N No 35/208 untuk
k Meper rcepat Pemban gun PLT a di Ind S onesia’, JEBT: Jurnal Energi Baru &

Terbarukan, 4(1), pp. 53 — 65. Available at: https://doi.org/10.14710/jebt.2023.16971.

Sugiyono, A. and Wijaya, P.T. (2019) ‘Dampak Kebijakan untuk Indonesia Maju’, in
Seminar Nasional Asosiasi Analis Kebijakan Indonesia LAN Veteran Jakarta, 12 Desember

2019.

Tan, S. et al. (2014) ‘Economical and environmental impact of waste-T o-energy (WTE)
alternatives for waste incineration, landfill and anaerobic digestion’, Energy Procedia, 61, pp.

704-708. Available at: https://doi.org/10.1016/j.egypro.2014.11.947.

Tanjung, W.J. (2023) Pemkot Palembang Segera Bangun PLTSa, Sulap Sampah Jadi Energi
Listrik, DetikSumbagsel. Available at: https://www.detik.com/sumbagsel/sumbagseljaya/d-
6811524/pemkot-palembang-segera-bangun-pltsa-sulap-sampah-jadi-energi-listrik

(Accessed: 21 November 2023).

Themelis, N.J. and Ma, W. (2021) ‘Waste to energy (WTE) in China: from latecomer to front
runner’, Waste Disposal & Sustainable Energy, 3(4), pp. 267-274. Available at:

https://doi.org/10.1007/s42768-021-00086-9.

Tun, M.M. et al. (2020) ‘applied sciences Renewable Waste-to-Energy in Southeast Asia :
Status , Challenges , Opportunities , and Selection of’, Applied Sciences, 10, p. 7312.

Available at: https://doi.org/10.3390/app10207312.

62



Page 67 of 70

oNOYTULT D WN =

International Journal of Energy Sector Management

Umilia, E. and Santoso, E.B. (2019) ‘Economical valuation for measuring renewable energy
efficiency as the implementation of smart city concept at Surabaya City’, IOP Conference
Series: Earth and Environmental Science, 340(1). Available at: https://doi.org/10.1088/1755-

1315/340/1/012019.

UNEP (2022) What is Waste-to-Energy, Confederation of European Waste-to-Energy Plants.
Osaka: International Environmental Technology Centre. Available at:

https://www.cewep.eu/what-is-waste-to-energy/.

UNEP (2024) Beyond an age. Turning rubbish into a resource. United Nations Environment

Programme. Available at: https://wedocs.unep.org/handle/20.500.11822/44939.

Utomo, A.P. (2023) ‘Pemerintah Kota Makassar Segera Bangun PLTS yang Aman dan
Ramah Lingkungan’, Kompas.com, 14 March. Available at:
https://makassar.kompas.com/read/2023/03/14/214634778/pemerintah-kota-makassar-segera-

bangun-plts-yang-aman-dan-ramah-lingkungan.

Verico, K., Wibowo, H. and Yudhistira, M.H. (2023) Infrastructure for Inclusive Economic
Development Volume 2: Case Studies of Accelerated Projects. Jakarta: Economic Research
Institute for ASEAN and East Asia - Ministry of Finance. Available at:

https://www.eria.org/publications/infrastructure-for-inclusive-economic-development-vol2-

case-studies-of-accelerated-projects.

Wahyuni, E. and Ardiansyah, H. (2022) ‘Indonesia’s National Strategy and Commitment
toward Transition to Renewable Energy’, in H. Ardiansyah and P.E. Dewi (eds) Indonesia
Post-Pandemic Outlook: Strategy Toward Net-Zero Emissions by 2060 from the Renewables

and Carbon-Neutral Energy Perspectives. Jakarta: BRIN Publishing, pp. 9-22.

Walikota Surabaya (2014) Perda Kota Surabaya No 5 Tahun 2014 tentang Pengelolaan

Sampah dan Kebersihan di Kota Surabaya. Surabaya, Indonesia. Available at:

63



oNOYTULT D WN =

International Journal of Energy Sector Management Page 68 of 70

https://jdih.surabaya.go.id/pdfdoc/perda_730.pdf.

Walikota Surabaya (2016) Perda Kota Surabaya No 10 Tahun 2016 tentang Rencana
Pembangunan Jangka Menengah DAerah Kota Surabaya Tahun 2016-2021. Surabaya,

Indonesia. Available at: https://jdih.surabaya.go.id/pdfdoc/perda 757.pdf.

Walikota Surabaya (2018) Perwalkot Surabaya No 64 Tahun 2018 tentang Kebijakan dan
Strategi Pengelolaan Sampah Rumah Tangga dan Sampah Sejenis Sampah Rumah Tangga.

Surabaya, Indonesia.

Walikota Surabaya (2019) Perda Kota Surabaya No 1 Tahun 2019 tentang Perubahan Atas
Peraturan Kota Surabaya Nomor 5 Tahun 2014 tentang Pengelolaan Sampah dan

Kebersihan di Kota Surabaya. Surabaya, Indonesia.

Wardyah, N.S. (2022) ‘Pemkot Makassar bangun Pembangkit Listrik Tenaga Sampah’,
Antaranews.com, 22 February. Available at:
https://sulteng.antaranews.com/berita/239745/pemkot-makassar-bangun-pembangkit-listrik-

tenaga-sampah.

Warta Ekonomi Sulawesi Utara (2024) ‘Pembangunan TPA Regional dan PLTSa/PSEL’,

Warta Ekonomi Sulawesi Utara, p. 40.

Wibisono, H., Firdausi, F. and Kusuma, M.E. (2020) ‘Municipal solid waste management in
small and metropolitan cities in Indonesia: A review of Surabaya and Mojokerto’, IOP Conf.
Series: Earth and Environmental Science, 447, p. 012050. Available at:

https://doi.org/10.1088/1755-1315/447/1/012050.

Wicaksono, C.A. (2020) ‘Reducing environmental risk through urban waste utilization (Case
study Benowo waste power plant — Surabaya) [1°, in International Energy Conference

ASTECHNOVA 2019 AIP Conf. Proc. 2223, pp. 040008—1-040008—6. Available at:

64



Page 69 of 70

oNOYTULT D WN =

International Journal of Energy Sector Management

https://doi.org/10.1063/5.0001397.

Widyawati, T.1. ef al. (2021) ‘Inovasi Pengelolaan Sampah Terpadu Di Tpa Rawa Kucing
Kota Tangerang’, in Konferensi Nasional Ilmu Administrasi: Inovasi Pelayanan dan
Kepemimpinan Publik Menghadapi Era Society 5.0, pp. 82—86. Available at:

http://180.250.247.102/conference/index.php/knia/article/view/598.

Wienchol, P., Szle, A. and Ditaranto, M. (2020) ‘Waste-to-energy technology integrated with
carbon capture - Challenges and opportunities’, Energy, 198, p. 117352, Available at:

https://doi.org/10.1016/j.energy.2020.117352.

Wijaya, A. et al. (2017) Can Indonesia Achieve its Climate Change Mitigation Goal? An

Analysis of Potential Emissions Reductions from Energy and Land-USe Policies.

Wiyono, P. (2022) ‘Waduh , Sudah Setahun PLTSa Jatibarang Semarang’, 1 November.
Available at: https://jateng.solopos.com/waduh-sudah-setahun-pltsa-jatibarang-semarang-

mangkrak-ini-pemicunya-1461338.

World Bank (2018) Municipal Soild Waste Management: A Roadmap for Reform for Policy

Mabkers, World Bank Group. Washington: World Bank Group.

World Bank (2019) International Bank for Restruction and Development.

World Bank (2021) Plastic Waste Discharges from Rivers and Coastlines in Indonesia, East
Asia and Pacific Region: MARINE PLASTICS SERIES Plastic. Washington DC: International

Bank for Reconstruction and Development. Available at: https://doi.org/10.1596/35607.

Xin-gang, Z. et al. (2016) ‘Technology, cost, a performance of waste-to-energy incineration
industry in China’, Renewable and Sustainable Energy Reviews, 55, pp. 115-130. Available

at: https://doi.org/10.1016/j.rser.2015.10.137.

Xin-gang, Z. et al. (2017) ‘The policy effects of feed-in tariff and renewable portfolio

65



oNOYTULT D WN =

International Journal of Energy Sector Management Page 70 of 70

standard: A case study of China’s waste incineration power industry’, Waste Management,

68, pp. 711-723. Available at: https://doi.org/10.1016/j.wasman.2017.06.009.

Xin-Gang, Z. et al. (2016) ‘Technology, cost, a performance of waste-to-energy incineration
industry in China’, Renewable and Sustainable Energy Reviews, 55, pp. 115-130. Available

at: https://doi.org/10.1016/j.rser.2015.10.137.

Yan, M., Agamuthu, P. and Waluyo, J. (2020) ‘Challenges for Sustainable Development of
Waste to Energy in Developing Countries’, Waste Management and Research, 38(3), pp.

229-231. Available at: https://doi.org/10.1177/0734242X20903564.

Yan, M., Waluyo, J. and Agamuthu, P. (2020) ‘Challenges for Sustainable Development of
Waste to Energy in Developing Countries’, Waste Management & Research, 38(3), pp. 229—

231. Available at: https://doi.org/10.1177/0734242X20903564.

Zhang, D. et al. (2015) ‘Waste-to-energy in China: Key challenges and opportunities’,

Energies, 8(12), pp. 14182-14196. Available at: https://doi.org/10.3390/en81212422.

66





