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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 

WtE 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.

Page 5 of 70 International Journal of Energy Sector Management

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



International Journal of Energy Sector M
anagem

ent

2

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, Aldás, López, 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 Gökçekuş, 2019). Emissions, such as carbon dioxide (CO2) and 

dioxin from open burning, and methane from open dumping, significantly impact on climate 

change (Gichamo and Gökçekuş, 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 et 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, Aldás, 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 WtE 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 CO2 daily (Tan et al., 2014). 

WtE projects can boost electricity revenue by 50% and reduce global warming potential 

by 18.7% (Kuznetsova et 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 CO2 emissions by 

6.5% annually (Abdallah et 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 (Ali et al., 2020). Waste to energy need high 

cost for developing the facilities and its maintenance (Zhang et 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 et 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 
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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.

c. 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 
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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 

success. 

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 

WtE 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 
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significant efforts to accelerate the establishment of WtE power plants. This section explores 

the key drivers behind WtE development in Indonesia offering a comprehensive understanding 

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

• Inefficient waste management strategies in Indonesia

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

between 33.4 and 49.9 million tonnes of solid waste annually, including 7.8 million tonnes 

of plastic waste, of which 4.9 million tonnes is mismanaged and left uncollected (World 

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

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

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

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

waste management during this period. 

Figure 1. Daily solid waste daily generation in major Indonesian cities (BPS, 2018, 2019, 

2020, 2021c, 2022)

In 2017, only 27.15% of Indonesia’s total waste was adequately collected, with 

metropolitan areas having higher collection rates than rural areas (BPS, 2022). Statistics 

Indonesia reports that 81% of uncollected plastic waste in rural areas is either dumped in 
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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. 

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 

CO2 and CH4 (UNEP, 2024). 
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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 CO2 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 et 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., 
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2022; Perpres No 35/ 2018). WtE is considered one of the best solutions for efficient waste 

management in Indonesia (Sitomurni et 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.
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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/21/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.

Figure 4. The government targets for WtE power plant capacity and its share in total energy 

mix (MEMR Decree No. 1567 K/21/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 

WtE 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 
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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
Commercial 

operation dateCity

Project 
area
(ha)

Handled 
waste 

volume 
(tonnes)

Energy 
capacity 
(MW)

Technology

Investment 
cost

(thousand) Company partner

Status of the 
purchase 

agreement 
with PLN Target Real 

time

References 

Palembang 
(Keramasan)

22 ±1,000 10-20 Incinerator ±US$131.6 PT Indo Green Power Agreement 2024 - (Tanjung, 2023), (Baiduri, 2023), 
(Pemkot Palembang, 2023), 
(Priambodo, Raharjo and 
Rokhmat, 2022)

Tangerang 
(Rawa 
Kucing)

35 ±2,200 13.5-20 Refused 
Derived Fuel 
(RDF), AD

US$ 131.6 PT Oligo Infra Swarna 
Nusantara

- - - (Siringoringo, 2022)
(Pemkot Tangerang, 2020)

Tangerang 
Selatan 
(Cipeucang)

6-7 ±1,000 10-20 - US$ 119 - - 2024 - (Iqbal, 2024), (Agung, 2022), 
(Priambodo, Raharjo and 
Rokhmat, 2022), (Adha, 2024)

Bekasi 
(Sumur Batu)

22 ±120 1.5 RDF US$ 276.8 - - -  (Kurniawati, 2024), (Bachtiar, 
2019)

DKI Jakarta 
(Bantar 
Gebang)

113.5 ±2,200 35 RDF and 
incinerator

US$ 303.45 PT. Jakarta Solusi 
Lestari and PT Jakpro- 
WIKA-Indoplast

Agreement - - (Agung, 2022),
(Indonesia.go.id, 2019), (PPID, 
2020), (Dewi, 2021)

Bandung 
(Legok 
Nangka)

82.5 ±1.853 
– 2.131  

18 Incinerator US$ 250.7 Sumitomo Hitachi 
Zosen (JICA)

- 2028 - (Bagaskara, 2024), (PLN, 2023a)

Semarang 
(Jatibarang)

46 ±1,000 17-19 LFG & 
gasification

US$ 140 PT Bumi Pandanaran 
Sejahtera

- 2025 - (Ikhsan, 2022), (Wiyono, 2022)

Surakarta 
(Putri Cempo)

27 ±545 8 Plasma 
gasification

US$ 18.08 PT. Solo Citra Metro 
Plasma Power (PJBL)

Agreement 2021 2023 (Indonesia.go.id, 2019), 
(Primasasti, 2023), (KKBKI, 
2023),

Surabaya 
(Benowo)

37.4 ±1,400-
1,500 

11 LFG and 
Gasification

US$ 49.86 PT. Sumber Organik Agreement 2019 2021 (Kominfo Pemprov Jatim, 2023), 
(PLN, 2021)

Denpasar 
(Sarbagita 
Suwung)

5 ±1,200 15-20 - US$ 120 - - - (Agung, 2022)
(Indonesia.go.id, 2019)

Makassar 
(Tamangapa 
Antang)

5 ±1,100 15-20 RDF & 
incinerator

±US$125 - - 2024 - (Agung, 2022), (Priambodo, 
Raharjo and Rokhmat, 2022)

Manado 
(Mamitarang)

12 ±1,000 15-20 - ±US$120 - - - - (Agung, 2022), (Albarsyah, 2022), 
(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 WtE 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 CO2 equivalent GHG emissions (Sitomurni et 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 WtE facility in Surabaya began commercial operations in 2021, followed by the Putri 

Cempo WtE 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. 

WtE 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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• 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. 

WtE 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 WtE 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 
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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 US$ 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 

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

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

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 

propose a tipping fee to the MEF, which then forwards the proposal to the MoF, the Ministry 

of National Development Planning (MNDP), and MHA.

Figure 6. Investment scheme according to Presidential Regulation No 35/2018 

The Indonesian government authorizes two WtE technologies: thermal and non-thermal 

treatments. Thermal methods include combustion (grate and fluidized bed), melting, and 

pyrolysis (gasification and plasma gasification). Non-thermal methods encompass wet and dry 

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 et 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 km2 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/km2 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 m3 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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Figure 7. Waste composition in Surabaya (2019-2020) (Pemkot Surabaya, 2021)

The Surabaya Department of Environment manages the city’s waste. As of 2020, the 

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, 

reduce-reuse-recycling (3R) management, and WtE initiatives. Figure 8 shows the 

development of these waste management systems between 2016 and 2020. 

Figure 8. The waste processing system at waste transfer stations in Surabaya city. Data is 

collected from Pemkot Surabaya (2021)

Most of waste transfer stations in Surabaya are designed for composting, with a few 

dedicated to small-scale WtE plants. These systems have significantly reduced waste handling 

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. 

WtE 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 WtE facility.

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 WtE 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 (USD$ 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 WtE 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 

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

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

Country WtE technology Main challenge
Government support 

& Incentive policies

China Incineration 

technology (Themelis 

and Ma, 2021)

Environmental 

concerns regarding air 

pollution and proper 

emissions control 

remain ongoing issues 

despite advancements 

(Wienchol, Szle and 

Ditaranto, 2020; Yan, 

Waluyo and 

Agamuthu, 2020)

Offers FiT (Xin-gang 

et al., 2017), waste 

disposal subsidies, tax 

incentives and other 

financial supports 

(Xin-gang et al., 

2016).

India Incineration (Kalyani 

and Pandey, 2014), 

biomethanation (Gupta 

et al., 2018) RDF and 

gas-plasma (Kumar et 

al., 2017)

Waste characteristics 

where it has high 

moisture content and 

mixed nature of waste 

hinder incineration 

efficiency (Chand et 

Provides financial 

support for waste 

management under 

schemes like the 

Swachh Bharat 

Mission (Clean India 
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al., 2020); lack of 

qualified waste 

management 

professionals (Kumar 

et al., 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-

scale projects 

Financial constraints, 

decentralized 

governance, and 

inconsistent policy 

implementation 

impede progress.

Implements 

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 

WtE 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 Surabaya (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 

WtE 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 WtE 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. 
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