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ABSTRACT

The Waste-to-Energy (WtE) and co-firing technologies are used for waste management in Indonesia. The
Bantargebang Integrated Waste Management Site (IWMS) is a landfill that has already implemented WtE
and industrial co-firing facilities in the form of Refuse Derived Fuel (RDF). The potential of Bantargebang
IWMS for WtE and industrial co-firing materials is enabled due to the availability of raw materials in the
form of Municipal Solid Waste (MSW) and Landfill Mining (LM), and facilities, such as the Waste Power
Plant and RDF plant. Therefore, it is essential to study the chemical quality potential of raw waste
materials and RDF products. This study aims to analyze the possible use of RDF for WtE in the industrial
sector based on the chemical quality of RDF produced in Bantargebang IWMS. The results show that the
Bantargebang IWMS via the Waste Power Plant offers WtE with a capacity of approximately 100 tons per
day and an electricity output of around 750 kWh. The chemical quality analysis of MSW and LM raw
materials indicated calorific values of approximately 1,943 kcal/kg and 2,415.98 kcal/kg, respectively, with
59% and 29 % moisture content. This suggests that the raw waste materials processed in the Bantargebang
IWMS meet the SNI 8966:2021 Class III quality standards for power plants. The Bantargebang RDF Plant
has a processing capacity of 2,000 tons/day and produces approximately 700 tons/day of RDF. The
processed waste was sourced from 1,000 tons of MSW and 1,000 tons of LM waste. The chemical quality
analysis of RDF showed that it had calorific values of 2,962 and 4,289.6 kcal/kg. This indicates that the
produced RDF is suitable for co-firing in the cement industry. PT Indocement Tunggal Prakarsa and PT
Solusi Bangun Indonesia are the main off-takers of RDF produced from the Bantargebang IWMS.
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I.  INTRODUCTION

MSW from households, commercial establishments, and
institutions requires sustainable management to mitigate its
environmental impacts [1-3]. Conventional disposal methods,
like open dumping, contribute to pollution and greenhouse gas
emissions, rendering advanced waste management strategies
essential. Among these, sanitary landfills with engineered

systems for leachate control and gas recovery provide a
sustainable alternative [4, 5].

WLE technologies offer the dual benefit of reducing MSW
volume while generating electricity and heat. Biomass from
MSW, primarily composed of organic materials, such as food
waste and paper, plays a key role in renewable energy
production. The WtE capacity in Southeast Asia in 2020 was
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over 323 MW and was expected to double by 2022 [6].
Globally, WtE growth was projected to reach 24.5 million USD
in 2024, a 10 times increase compared to 2010. The Asia-
Pacific WtE market was anticipated to grow at an annual rate
exceeding 15%, reaching a market size of 13.66 billion USD
by 2023 [6]. The global MSW production is expected to have
grown from 2 billion metric tons in 2016 to 3.4 billion metric
tons by 2050 [7]. Consequently, the WtE industry in Asia has
the potential for technological transfer and investment
opportunities [8, 9].

MSW processing presents a valuable opportunity for energy
recovery, reducing the reliance on fossil fuels in industrial
sectors [10]. One key application is co-firing, where processed
MSW is converted into RDF for energy-intensive industries,
like cement manufacturing. In 2020, the European cement
industry replaced 45% of the thermal energy with RDF [11],
contributing to industrial decarbonization [12] and this
percentage can increase by more than 74% [13].

To ensure efficiency and safety, the RDF quality is
standardized based on its calorific value, moisture content, and
contaminant levels. Studies indicate that RDF with a calorific
value above 15 MIJ/kg and chlorine content below 0.7% is
optimal for cement kilns [14, 15]. MSW is a key feedstock for
RDF production, with 34% of the generated MSW being
suitable for conversion. In Europe, RDF has been widely
adopted, particularly in cement kilns, replacing up to 52% of
the thermal energy demand. WtE technologies further
contribute to reducing landfill dependency and fossil fuel
consumption [13, 16].

The Bantargebang IWMS, also known as the TPST, is the
largest MSW processing facility in Indonesia, operating with a
sanitary landfill system. The waste composition, comprising
49.87% biodegradable waste and 17.24% paper, has significant
potential for RDF and WtE applications. Given Indonesia’s
projected energy crisis by 2086, optimizing Bantargebang’s
resources through WtE technologies is crucial.

This study analyzed the chemical quality of MSW and RDF
produced at Bantargebang IWMS and evaluated their potential
as alternative energy sources for industrial applications. By
leveraging the international best practices, this study aims to
support Indonesia’s transition toward sustainable waste
management and energy diversification.

II. RESEARCH METHOD

The research was conducted between December 2023 and
March 2024 at the Bantargebang IWMS. The research samples
included waste from various observation points, such as the
active disposal zone (for acquiring MSW), LM, RDF from
MSW, and RDF from LM. Sampling was carried out using the
grab method with an auger tool. The sampling points in the
active and landfill zones consisted of five points each, with
depths of 2.5 m and five m, respectively. Sampling was
conducted three times at two-day intervals. The locations and
sampling station points are shown in Figure 1. RDF was
sampled from the RDF hangar. The samples obtained were
analyzed in the laboratory using the methods listed in Table I
[17, 18].

. . 2.5 meters
=|| § meters
0
sampling point in the landfill zone
o
Fig. 1. Sampling points and depths.
TABLE L. OVERVIEW OF RDF ABSORPTION POTENTIAL
IN THE INDUSTRY SECTOR
Parameters Units Analysis method
Water content % SNI 03-1971-1990
Ash content % ASTM E (830)-87
Volatile % ASTME (897). -88
Total carbon % ASTM D 3172
Total organic % ASTM D 4427
Total sulfur % ASTM 4239
Chlorine % ASTM D 4929
Mercury mg/L ASTM 6350
Potassium % ASTM D 4628
Melting point of ash % ASTM D 1857
Caloric value kcal/kg | ASTM D240 (2009)

The SNI 8966:2021 is the reference quality standard for
using RDF and other solid waste fuels in Indonesia for
electricity generation. In this work, secondary data on the
average daily amount of waste transported to Bantargebang
IWMS from 2019-2023, the chemical analysis results of RDF
from Upst IWMS Bantargebang, and the users of RDF
products (off-takers) were collected.

A purposive sampling method was employed to ensure that
the collected waste samples accurately represented the
composition of MSW in the Bantargebang IWMS. Purposive
sampling was chosen because this research focused on
evaluating the chemical quality of RDF and its potential as an
alternative energy source in industrial applications. Given the
heterogeneous nature of MSW, selecting representative
samples based on specific criteria, such as biodegradable
content, moisture levels, and calorific value, is essential for
obtaining reliable results. The followed sampling process
established guidelines for RDF quality assessment, ensuring
consistency with international standards [19, 20]. Additionally,
this method allowed targeted sampling from different waste
processing zones at the Bantargebang IWMS, including fresh
waste deposits, pre-sorted waste, and partially decomposed
waste. This approach ensured a comprehensive analysis of
RDF feedstock potential across various waste stages [21]. The
rationale behind this selection was to identify the most viable
waste fractions for RDF production while minimizing
contaminants such as chlorine and heavy metals. The sampling
procedure is aligned with previous studies on RDF
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characterization in Indonesia, reinforcing the study’s scientific
validity and practical applicability in the local context [22].

The flow chart in this research represents the systematic
methodology used to analyze the potential of WtE and RDF at
the Bantargebang IWMS. It outlines the key steps involved,
ensuring a structured approach to data collection, analysis, and
interpretation. The main stages include:

1. Data Collection: This involves gathering information
on the composition and quantity of MSW and LM at
Bantargebang. It also includes sampling procedures for
chemical quality analysis.

2. Waste Characterization: The collected samples are
analyzed based on key parameters, such as moisture content,
calorific value, and chemical composition, to determine their
suitability for RDF production and WtE applications.

3. Processing and RDF Production: MSW and LM
undergo pre-processing techniques, such as sorting, drying, and
shredding to produce RDF with optimal energy content for
industrial use.

4.  Quality Analysis and Standard Comparison: The
produced RDF is tested according to national and international
standards (e.g., SNI 8966:2021) to evaluate its compliance with
industrial requirements.

5. Industrial Application Assessment: The potential use
of RDF in energy-intensive industries (e.g., cement production)
is assessed by comparing its properties with conventional fossil
fuels.

6. Findings and Recommendations: The final stage
includes the interpretation of the results, discussion on the
feasibility of RDF implementation, and suggestions for
optimizing waste-derived energy solutions at Bantargebang.

II. RESULTS AND DISCUSSION

A. Overview of the Bantargebang Integrated Waste
Management Site

The Bantargebang IWMS is a waste processing site that
includes a Waste Power Plant, Composting, Solid Waste Fuel
(RDF) Processing, and Landfill gas utilization facilities. These
facilities are integrated with the daily waste transportation
system that enters Bantargebang. The Bantargebang IWMS
area covers approximately 132.5 hectares, and comprises six
processing and landfill zones and 23.3 facilities and
infrastructure. The average amount of waste transported to the
Bantargebang IWMS between 2019 and 2023 is displayed in
Figure 2.

The waste composition at the Bantargebang IWMS consists
of 49.87% organic waste, 17.24% paper, 3.18% wood, 1.48%
glass, 1.08% metal, 0.90% fabric, 0.78% masks, 0.70% leather,
and 0.42% hazardous household waste [23]. This diverse waste
composition poses challenges and opportunities for WtE
systems. Organic waste, which forms nearly half of the total
waste, presents substantial potential for biogas production
through anaerobic digestion [24]. Moreover, a significant
portion of paper and wood provide opportunities for WtE
technologies that convert these materials into heat and

electricity through combustion or gasification [25, 26]. With
proper sorting, the metals and plastics found in the waste can
be recycled, while non-recyclable plastics could be processed
into RDF, contributing to energy recovery and reducing landfill
dependency [27, 28].
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Average amount of waste transported to the Bantargebang IWMS.
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Fig. 2.

Furthermore, hazardous waste, such as masks and
household waste, presents a challenge in waste management.
Improper handling and disposal of such waste can lead to
environmental contamination and pose health risks [29]. As
waste management technologies evolve, it becomes imperative
to implement more effective sorting and treatment processes to
ensure that hazardous materials do not compromise the safety
of energy recovery systems [30]. Additionally, the
development of advanced WtE technologies, such as pyrolysis
and advanced thermal treatment, can help address the
challenges posed by mixed waste streams and improve the
overall efficiency of energy recovery [31].

Indonesia's increasing demand for renewable energy
underscores the importance of integrating WtE solutions into
the national energy mix. According to the Ministry of Energy
and Mineral Resources (2021), Indonesia will have faced an
energy crisis by 2086 due to the depletion of fossil fuels. Thus,
exploring WtE potential as a sustainable energy source is
essential for reducing reliance on fossil fuels and mitigating
greenhouse gas emissions.

Through further research and development of optimal waste
processing technologies, including RDF production, Indonesia
can move towards a more sustainable and circular waste
management system that contributes to energy security and
environmental sustainability.

B. Utilization of Waste to Energy (Waste Power Plant)

WIE utilization is widely practiced, particularly in power
generation. Waste power plants, or IWMS, are used for this
purpose. The technology deployed to produce electrical energy
from waste has been extensively developed. Waste is typically
converted into electrical energy through direct or indirect
combustion. Several waste-to-energy conversion methods exist,
including thermochemical, physicochemical, and biochemical
methods [32].
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The Bantargebang IWMS is a waste processing facility that
utilizes incineration technology in a thermal system. It has a
capacity of approximately 100 tons per day, and the raw
material waste has a calorific value of approximately 1,943-
2,415 kcal/kg. The combustion temperature in the furnace
exceeds 850 °C without additional fuel, resulting in an output
of approximately 750 kWh. The electricity generated is used
for the Bantargebang IWMS operations, with an output of
approximately 350 kWh. Raw material measurements were
conducted on MSW and LM waste, with the results being
depicted Table II.

TABLE II. THE RESULTS OF WASTE RAW MATERIALS AT
BANTARGEBANG IWMS
Parameters Units MSW Waste] LM Waste
‘Water content % 56 29
Ash content % 38 21
Volatile % 42.5 45
Total carbon % 28.4 24.5
Total organic % 69.2 82.1
Total sulfur % 0.39 0.11
Chlorine % 0.018 0.014
Mercury mg/L < 0.0005 < 0.0005
Potassium % 9.5 6.4
Melting point of ash % 1.22 1.04
Calorific value kcal/kg 1,943.96 2,415.98

The results indicate that the calorific values of MSW and
LM waste are influenced by the water content of the waste. The
relationship between these two parameters is inversely
proportional. Specifically, MSW with 56% moisture content
has a calorific value of 1943 kcal/kg, whereas LM waste with
29% moisture content has a calorific value of 2,415 kcal/kg.
This finding is consistent with the results of [33], where it was
demonstrated that the moisture content affects the calorific

value. The calorific value increases as the moisture content
decreases.

The production process flowchart for the Waste Power
Plant in Bantargebang is presented in Figure 3. The waste
requirement for start-up is approximately 7 tons after which the
daily waste input process can be initiated. According to the
flow chart, the residue produced consists of bottom ash and fly
ash. The bottom ash produced is approximately 86 tons and the
fly ash contained 49 bags. Off-takers of agricultural needs will
reuse the residue produced by this incineration process.

Waste input in to Burn process in Sistem Turbine

Steam in Boiler

the hopper furance Generalor {STG)

w Operation
aste start up temperature

+7 ton furnace 750 °C

dan pressure -4

Bar Air Pollution
Control (APC)
Bottom ash:
Ash Handling +86 ton
Fly ash- 49 sak
Fig. 3. Flow diagram production of the waste power plant.

C. Refuse Derived Fuel

The Bantargebang RDF Plant is a waste processing facility
that produces RDF products. It has been operating since 2023
and processes two types of waste sources: new MSW and old
waste collected from LM. The plant uses mechanical treatment,
which includes a shredder, trommel screen, magnetic separator,
wind shifter, sun dry bay, kiln dryer, and drying conveyor. The
processes for treating new waste (MSW) and old waste (LM)

are portrayed in Figures 4 and 5, respectively.
Sampah baru 1.000 tpd
Organic Material
Primary Shredder _‘
Sun Dry Bay Kiln/Rotary Dryer
Unloading di
Bunker “
" i
1z i) |
Secondary Shredder
Manual Sorting
| Incombustible Drying G
Screen (Windshifter) rying Lonveyor
Magnetic Separator Inorganic Material ‘i Industri Semen

Logam | | Off-taker N Landiill |
Besi Potensial
Fig. 4. RDF processing of MSW.
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Fig. 5.

The processing capacity for new MSW and old waste LM
at the facility is 1000 tons daily, ensuring a steady supply of
waste materials for further processing. The daily production of
RDF yields at least 700 tons, with an RDF particle size of 50
mm, which is crucial for optimizing combustion processes in
energy recovery systems. This size allows for better handling
and combustion efficiency when used as an alternative fuel in
industries, such as cement manufacturing and power plants.
The RDF produced from MSW and LM undergoes rigorous
analysis to ensure that it meets the required standards for
energy production.

The analysis results of the RDF samples, sourced from
MSW and LM, provide valuable insights into the chemical and
physical properties of the fuel. These include the calorific
value, moisture content, ash content, and the proportion of non-
combustible materials, all of which play an essential role in
determining the energy output and efficiency of the RDF when
utilized in combustion or co-firing processes [34]. RDF quality
can vary depending on the waste composition, with higher
proportions of organic waste leading to better calorific values
and lower ash content [35]. For instance, the RDF produced
from MSW typically has a higher energy content owing to the
increased proportion of paper, plastics, and biodegradable
materials [36]. However, LM may contain more non-
combustible materials, affecting combustion efficiency [37].

Table III indicates that the RDF produced from MSW at the
Bantargebang IWMS meets the class 3 quality standards. In
contrast, the RDF produced from LM meets class 2 quality
standards for electricity generation. This classification is based
on the chemical and physical properties of the RDF, including
its calorific value, moisture content, ash content, and heavy

Secondary
Shredder

Kiln/Rotary
Dryer

Industri Semen

RDF processing of LM.

metal concentrations. The difference in quality between MSW
and LM RDF highlights variations in waste composition, with
MSW typically containing more biodegradable and
combustible materials. This improves its energy content
compared to LM, which may have a higher proportion of non-
combustible materials or older waste with lower energy
potential [37].

TABLE III. RESULTS OF RDF FROM MSW AND LANDFILL
WASTE
. RDF RDF
Parameters Unit |Class 1*| Class 2* | Class 3* MSW LM
‘Water content % 15 20 25 20 16
Ash content % 15 20 25 95 10.2
Volatile % 65 70 75 46.5 43.6
Total carbon % 15 10 5 12.2 28.8
Total organic % 95 87.5 80 89.4 89.5
Total sulfur % 1.5 2 1.5 1.2 0.55
Chlorine % 0.2 1 1.0 0.8 0.03
Mercury mg/L 0.02 0.03 0.08 0.0002 |<0.0005
Potassium % 5 10 15 2.6 5.3
Meling polntof| g, 1 1200 | 1180 | 1180 | 15 | 1.09
Calorific value | kcal/kg | 4,765.7 | 3,574.27 | 2,382.85 | 2,962 | 4,289.6

RDF utilization in the cement industry has been successful,
with the Bantargebang RDF plant currently supplying two off-
takers: PT Indocement Tunggal Prakarsa and PT Solusi
Bangun Indonesia. PT Indocement has an absorption capacity
of 625 tons/day, whereas PT Solusi Bangun Indonesia has an
absorption capacity of 75 tons/day. RDF employment in
cement plants helps replace conventional fuels, like coal,
contributing to a reduction in carbon emissions and improving
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sustainability in the cement production process [38]. The high-
temperature requirements in cement kilns make them ideal for
utilizing the energy content of RDF, as the combustion process
in these facilities can effectively use the calorific value of RDF
while reducing dependence on fossil fuels [38].

Between June and November of 2023, the Bantargebang
RDF plant processed 40,705 tons of waste and produced
13,785 tons of RDF products, demonstrating its substantial
capacity and efficiency. This production ratio (approximately
339% RDF yield from waste) aligns with typical RDF
production efficiencies, where the final RDF product is
commonly around 30-40% of the input waste weight,
depending on the waste composition and the processing
methods [38].

This RDF production is particularly valuable given
Indonesia’s growing demand for renewable energy sources.
The use of waste as a resource for energy generation aligns
with global trends toward a circular economy, where waste is
viewed not as a burden, but as a potential source of energy and
raw materials. The successful implementation of RDF
technologies at Bantargebang can serve as a model for other
regions and countries looking to enhance their waste
management systems and transition towards more sustainable
energy sources.

Figure 6 illustrates the increase in waste input processed at
the Bantargebang RDF plant. In November, the waste input
peaked at 12,411 tons, resulting in a product yield of 4,344
tons. In contrast, the lowest waste input was in June, with only
1,460 tons processed and a product yield of 534 tons. This can
be attributed to the fact that June marked the first production
process after the initial commissioning of the Bantargebang
plant.

The chemical quality of RDF production from June to
September was tested for moisture content and heating value
by off-takers in PT Indocement Tunggal Prakarsa and PT
Solusi Bangun Indonesia. The test results for the RDF chemical
quality are listed in Table IV.

Production ot RDF in 2023

14.000

12.000

10.000
@ 8.000
2 6000

4.000

2.000 I

0 J
Juni Juli Agustus  September  Oktober November
Years
® Input Smpah Produk RDF

Fig. 6. Production of RDF in 2023.

Table IV shows that the moisture content of the RDF
produced in Bantargebang did not meet the quality standards
set by off-takers. However, the heating value parameter
satisfied the required specifications. The moisture content in

RDF is an important parameter affecting combustion
performance, because higher moisture content results in more
energy being lost during the evaporation of water in
combustion. Therefore, a higher moisture content can reduce
the energy efficiency generated from RDF combustion.

TABLE1V. THE QUALITY OF RDF PRODUCTS BASED ON
THE TAKER
Parameters
Month Water content (%) Calorific value (kcal/kg)
Maks 20% * Min. 3,400*
June 24.57 4,908.61
July 26.40 4,171.05
August 34.19 3,615.45
September 29.08 3,734 .95
October 31.60 3,822.96
November 34.93 4,156.83

While the moisture content does not meet the off-takers’
standards, the heating value still meets the energy requirements
for industrial applications, such as cement production. The
heating value is a key indicator of fuel efficiency in generating
energy. RDF with a high heating value can contribute to
replacing conventional fossil fuels, such as coal. This shows
that although RDF moisture content needs improvement to
meet quality standards, its ability to provide energy can still be
effectively utilized by industries requiring renewable and
environmentally friendly energy sources.

It is important to note that although moisture content is a
parameter that requires attention, some studies have shown that
drying technologies and further processing can reduce moisture
content in RDF without affecting the energy quality produced.
Processes, such as thermal drying, compaction, or further
sorting can improve RDF quality, making it more suitable for
use in sensitive combustion processes, such as biomass power
plants [19]. With sufficient heating value and proper processing
technology, RDF can be a sustainable solution that effectively
reduces reliance on fossil fuels and minimizes the
environmental impact of burning conventional fuels.

IV. CONCLUSIONS

The results indicate that the Waste-to-Energy (WtE) facility
at the Bantargebang Integrated Waste Management Site
(IWMS) has great potential for converting waste into energy.
The Waste Power Plant (PLTSa) at this site has a processing
capacity of 100 tons/day, generating 750 kWh of electricity.
The chemical quality analysis showed that the calorific values
of MSW and LM meet industrial specifications, although RDF
moisture content exceeds the standards set by off-takers.

Although RDF high moisture content needs to be reduced
to improve combustion efficiency, its calorific value is
sufficient for industrial applications, such as cement
production, as a substitute for fossil fuels. The Bantargebang
RDF Plant has a processing capacity of 2,000 tons/day,
producing approximately 700 tons/day of RDF, which has
already been utilized by the cement industry in Indonesia.
Optimizing the drying and compaction processes can further
enhance RDF quality, rendering it more efficient for
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combustion and contributing to

the transition toward

sustainable energy.

The novelty of this research lies in its comprehensive

analysis of the potential of WtE and RDF in the Bantargebang
IWMS, specifically focusing on its chemical quality and
suitability for industrial applications. Unlike previous studies,
this research provides:

1.

Site-Specific analysis: A  detailed assessment of
Bantargebang's waste composition, energy potential, and
RDF quality, offering localized insights that have not been
extensively explored.

Industrial application focus: An evaluation of RDF's
feasibility as an alternative fuel in Indonesia’s cement
industry, highlighting its heating value and limitations due
to moisture content.

Comparative benchmarking: A comparison between RDF
from Bantargebang and international standards, including
European RDF specifications, to assess its competitiveness
and improvement potential.

Sustainability implications: An exploration of the RDF and
WIE role in reducing Indonesia’s reliance on fossil fuels,
supporting the transition toward a circular economy and
sustainable energy solutions.

This study contributes to the ongoing discourse on waste

management and renewable energy by offering practical
recommendations for enhancing RDF quality and integrating
waste-based energy into industrial sectors.

(1]

(2]

[4]

(51

(6]

(71

REFERENCES

S. Mor and K. Ravindra, "Municipal solid waste landfills in lower- and
middle-income countries: Environmental impacts, challenges and
sustainable management practices," Process Safety and Environmental
Protection, vol. 174, pp- 510-530, Jun. 2023,
https://doi.org/10.1016/j.psep.2023.04.014.

A. S. Bello, M. A. Al-Ghouti, and M. H. Abu-Dieyeh, "Sustainable and
long-term management of municipal solid waste: A review,"
Bioresource Technology Reports, vol. 18, Jun. 2022, Art. no. 101067,
https://doi.org/10.1016/j.biteb.2022.101067.

I. R. Abubakar et al., "Environmental Sustainability Impacts of Solid
Waste Management Practices in the Global South," International
Journal of Environmental Research and Public Health, vol. 19, no. 19,
Jan. 2022, Art. no. 12717, https://doi.org/10.3390/ijerph191912717.

D. Chavan, S. Arya, and S. Kumar, "Open dumping of organic waste:
Associated fire, environmental pollution and health hazards," in
Advanced Organic Waste Management, vol. 2, C. Hussain and S. Hait,
Eds. Elsevier, 2022, pp. 15-31.

A. Siddiqua, J. N. Hahladakis, and W. A. K. A. Al-Attiya, "An overview
of the environmental pollution and health effects associated with waste
landfilling and open dumping," Environmental Science and Pollution
Research, vol. 29, no. 39, pp. 58514-58536, Aug. 2022,
https://doi.org/10.1007/s11356-022-21578-z.

M. M. Tun, P. Palacky, D. Juchelkova, and V. Sitaf, "Renewable Waste-
to-Energy in Southeast Asia: Status, Challenges, Opportunities, and
Selection of Waste-to-Energy Technologies," Applied Sciences, vol. 10,
no. 20, Jan. 2020, Art. no. 7312, https://doi.org/10.3390/app10207312.

S. Varjani et al., "Sustainable management of municipal solid waste
through waste-to-energy technologies," Bioresource Technology, vol.
355, Jul. 2022, Art. no. 127247,
https://doi.org/10.1016/j.biortech.2022.127247.

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

A. H. Khan et al., "Municipal solid waste generation and the current
state of waste-to-energy potential: State of art review," Energy
Conversion and Management, vol. 267, Sep. 2022, Art. no. 115905,
https://doi.org/10.1016/j.enconman.2022.115905.

A. Salim, M. Tumpu, A. Y. Yunus, A. R. Yusuf, and S. Gusty,
"Accelerating Plastic Pollution Mitigation through Sustainable Urban
Infrastructure Development," Engineering, Technology & Applied
Science Research, vol. 14, no. 6, pp. 17665-17671, Dec. 2024,
https://doi.org/10.48084/etasr.8489.

N. Radwan and S. A. Mangi, "Municipal Solid Waste Management
Practices and Opportunities in Saudi Arabia," Engineering, Technology
& Applied Science Research, vol. 9, no. 4, pp. 4516-4519, Aug. 2019,
https://doi.org/10.48084/etasr.2870.

Cembureau Key Facts & Figures. Cembureau, The European Cement
Association, 2023.

S. Nanda and F. Berruti, "A technical review of bioenergy and resource
recovery from municipal solid waste," Journal of Hazardous Materials,
vol. 403, Feb. 2021, Art. no. 123970, https://doi.org/10.1016/
j-jhazmat.2020.123970.

Managing refuse-derived and solid recovered fuels - Best practice
options for EU countries. European Investment Bank, 2024.

S. Hemidat, M. Saidan, S. Al-Zu’bi, M. Irshidat, A. Nassour, and M.
Nelles, "Potential Utilization of RDF as an Alternative Fuel to be Used
in Cement Industry in Jordan," Sustainability, vol. 11, no. 20, Jan. 2019,
Art. no. 5819, https://doi.org/10.3390/su11205819.

K. Sarquah et al., "Characterization of Municipal Solid Waste and
Assessment of Its Potential for Refuse-Derived Fuel (RDF)
Valorization," Energies, vol. 16, no. 1, Jan. 2023, Art. no. 200,
https://doi.org/10.3390/en16010200.

M. Bhatt et al., "Conversion of refuse derived fuel from municipal solid
waste into valuable chemicals using advanced thermo-chemical
process," Journal of Cleaner Production, vol. 329, Dec. 2021, Art. no.
129653, https://doi.org/10.1016/j.jclepro.2021.129653.

J. Tahir, R. Ahmad, and P. Martinez, "A critical review of sustianable
refuse-derived fuel production in waste processing facility," Energy
Conversion and Management: X, vol. 24, Oct. 2024, Art. no. 100687,
https://doi.org/10.1016/j.ecmx.2024.100687.

U. Lee, H. Cai, L. Ou, P. T. Benavides, Y. Wang, and M. Wang, "Life
cycle analysis of gasification and Fischer-Tropsch conversion of
municipal solid waste for transportation fuel production," Journal of
Cleaner Production, vol. 382, Jan. 2023, Art. no. 135114,
https://doi.org/10.1016/j.jclepro.2022.135114.

P. Vounatsos, K. Atsonios, G. Itskos, M. Agraniotis, P. Grammelis, and
E. Kakaras, "Classification of Refuse Derived Fuel (RDF) and Model
Development of a Novel Thermal Utilization Concept Through Air-
Gasification," Waste and Biomass Valorization, vol. 7, no. 5, pp. 1297-
1308, Oct. 2016, https://doi.org/10.1007/512649-016-9520-6.

C. A. Velis, Longhurst ,P. J., Drew ,G. H., Smith ,R., and S. J. T. and
Pollard, "Production and Quality Assurance of Solid Recovered Fuels
Using Mechanical—Biological Treatment (MBT) of Waste: A
Comprehensive Assessment,” Critical Reviews in Environmental
Science and Technology, vol. 40, no. 12, pp. 979-1105, Nov. 2010,
https://doi.org/10.1080/10643380802586980.

A. Borgogna, A. Salladini, L. Spadacini, A. Pitrelli, M. C. Annesini, and
G. laquaniello, "Methanol production from Refuse Derived Fuel:
Influence of feedstock composition on process yield through gasification
analysis," Journal of Cleaner Production, vol. 235, pp. 1080-1089, Oct.
2019, https://doi.org/10.1016/j.jclepro.2019.06.185.

P. H. Sari and N. F. Zahra, "Cost and benefit analysis of waste
management at Rawa Kucing landfill with the refuse-derived fuel (RDF)
method," Journal of Entrepreneurial Economic, vol. 2, no. 1, pp. 30-48,
Feb. 2025, https://doi.org/10.61511/jane.v2i1.2025.1780.

A. Tehupeiory, I. Y. Septiariva, I. W. K. Suryawan, A. Tehupeiory, I. Y.
Septiariva, and I. W. K. Suryawan, "Evaluating Community Preferences
for Waste-to-Energy Development in Jakarta: An Analysis Using the
Choice Experiment Method," AIMS Environmental Science, vol. 10, no.
6, pp. 809-831, 2023, https://doi.org/10.3934/environsci.2023044.

www.etasr.com

Zaherunaja et al.: Potential Renewable Energy from Landfill Waste and Refuse-Derived Fuel at ...



Engineering, Technology & Applied Science Research Vol. 15, No. 4, 2025, 24277-24284 24284

[24] 1. W. K. Suryawan et al., "Enhancing energy recovery from Wastewater
Treatment Plant sludge through carbonization," Energy Nexus, vol. 14,
Jul. 2024, Art. no. 100290, https://doi.org/10.1016/j.nexus.2024.100290.

[25] E. Kakaras, E. Karlopoulos, and F. Pavloudakis, "The Use of Waste
Wood for Energy Production: Technical Aspects and Management
Issues," in New and Renewable Technologies for Sustainable
Development, N. H. Afgan and M. da Graga Carvalho, Eds. Boston, MA:
Springer US, 2002, pp. 615-625.

[26] E. Cesprini, G. Resente, V. Causin, T. Urso, R. Cavalli, and M. Zanetti,
"Energy recovery of glued wood waste — A review," Fuel, vol. 262, Feb.
2020, Art. no. 116520, https://doi.org/10.1016/j.fuel.2019.116520.

[27] N. Shehata et al., "Role of refuse-derived fuel in circular economy and
sustainable development goals," Process Safety and Environmental
Protection, vol. 163, pp. 558-573, Jul. 2022, https://doi.org/10.1016/
j-psep.2022.05.052.

[28] A. Srivastava, S. Pandey, R. Shahwal, and A. Sur, "Recycling of Waste
into Useful Materials and Their Energy Applications," in Microbial
Niche Nexus Sustaining Environmental Biological Wastewater and
Water-Energy-Environment Nexus, S. Kandasamy, M. P. Shah, K.
Subbiah, and N. Manickam, Eds. Cham: Springer Nature Switzerland,
2025, pp. 251-296.

[29] M. M. Sari et al., "Advancing towards greener healthcare: Innovative
solutions through single-use mask waste to refuse-derived fuel
utilization," Cleaner and Responsible Consumption, vol. 13, Jun. 2024,
Art. no. 100194, https://doi.org/10.1016/j.clrc.2024.100194.

R. Alshaikh and A. Abdelfatah, "Optimization Techniques in Municipal
Solid Waste Management: A Systematic Review," Sustainability, vol.
16, no. 15, Jan. 2024, Art. no. 6585, https://doi.org/10.3390/sul6156585.

[31] U. Arena, F. Parrillo, and F. Ardolino, "An LCA answer to the mixed
plastics waste dilemma: Energy recovery or chemical recycling?," Waste
Management, vol. 171, pp. 662—675, Nov. 2023, https://doi.org/10.1016/
j-wasman.2023.10.011.

S. C. Patil, C. Schulze-Netzer, and M. Korpis, "Current and emerging
waste-to-energy technologies: A comparative study with multi-criteria
decision analysis," Smart Energy, vol. 16, Nov. 2024, Art. no. 100157,
https://doi.org/10.1016/j.segy.2024.100157.

E. Kurniawan, W. B. Sediawan, and M. Hidayat, "Karakterisasi dan Laju
Pembakaran Biobriket Campuran Sampah Organik dan Bungkil Jarak
(Jatropha curcas L.)," Jurnal Rekayasa Proses, vol. 6, no. 2, pp. 59-65,
Jun. 2014.

[34] A.S. Nizami et al., "Waste biorefineries: Enabling circular economies in
developing countries,” Bioresource Technology, vol. 241, pp. 1101-
1117, Oct. 2017, https://doi.org/10.1016/j.biortech.2017.05.097.

[35] J.-S. Trivifio-Pineda, A. Sanchez-Rodriguez, and N. P. Peldez, "Biogas
production from organic solid waste through anaerobic digestion: A
meta-analysis," Case Studies in Chemical and Environmental
Engineering, vol. 9, Jun. 2024, Art. no. 100618,
https://doi.org/10.1016/j.cscee.2024.100618.

H. Rezaei, F. Yazdan Panah, C. J. Lim, and S. Sokhansanj, "Pelletization
of Refuse-Derived Fuel with Varying Compositions of Plastic, Paper,
Organic and Wood," Sustainability, vol. 12, no. 11, Jan. 2020, Art. no.
4645, https://doi.org/10.3390/sul2114645.

[37] L. Zhao et al., "Characterization of Singapore RDF resources and
analysis of their heating value," Sustainable Environment Research, vol.
26, no. 1, pp. 51-54, Jan. 2016, https://doi.org/10.1016/
j-serj.2015.09.003.

[38] H. Widyatmoko, "Refuse derived fuel potential in DKI Jakarta," IOP
Conference Series: Earth and Environmental Science, vol. 106, no. 1,
Jan. 2018, Art. no. 012099, https://doi.org/10.1088/1755-
1315/106/1/012099.

[30

[}

[32

—

[33

—_

—
(98]
N

=

www.etasr.com Zaherunaja et al.: Potential Renewable Energy from Landfill Waste and Refuse-Derived Fuel at ...



