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Abstract. The development of Waste Processing Facilities based on the 3R principles (TPS 3R)
with small-scale Refuse Derived Fuel (RDF) technology in Jakarta aims to support waste sorting,
composting, reuse, and recycling activities, with locations strategically placed as close as
possible to service areas. However, its implementation faces significant challenges, particularly
due to high initial investment and operational costs. This study evaluates the feasibility of four
TPS 3R facilities using a Cost-Benefit Analysis approach, considering economic, environmental,
and social dimensions. The results indicate that all units are economically viable, with TPS 3R
Joe demonstrating the highest economic feasibility, marked by a BCR of 1.870, an NPV of IDR
25.81 billion (USD 1.60 million), and an IRR of 15.76%. The study concludes that the successful
implementation of small-scale RDF technology is highly influenced by technical efficiency,
institutional support, community participation, and policies that are adaptive to local
characteristics.
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Introduction

Urban solid waste management has become an increasingly urgent global issue, in line with the growing
global population and improvements in living standards [1]. According to projections by the United
Nations Environment Programme, the volume of global solid waste is expected to rise from 2.1 billion
tons in 2023 to 3.8 billion tons by 2050 [2]. This increase is primarily driven by rapid urban population
growth, which is closely associated with economic advancement, urbanization, and changing
consumption patterns.

These socioeconomic transformations have significantly contributed to the escalation of solid waste
generation. As a developing market economy, Indonesia faces substantial challenges in managing solid
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waste, particularly due to accelerated urbanization and a sharp rise in population over the past decade
[3]. According to The Atlas of Sustainable Development Goals 2023 published by the World Bank,
Indonesia was ranked as the fifth-largest generator of solid waste globally in 2020, with total production
reaching 65.2 million tons. This issue not only poses a serious threat to environmental sustainability but
also potentially undermines economic resilience and societal well-being [4].

In many cities across Indonesia, solid waste management is generally implemented as a public
service that demands substantial financial allocations, including labor requirements, operational
equipment, and supporting infrastructure. The cost of solid waste collection alone is estimated to
consume between 80% and 90% of the total municipal solid waste management budget [5]. This
situation poses serious challenges for local governments in executing waste collection and disposal
efficiently, particularly amid limited financial and technical resources. A study revealed that developing
countries in Asia and Africa face similar structural constraints, especially in the areas of waste
collection, processing, and recycling [6]. These challenges are further exacerbated by rapid population
growth in those regions, which directly contributes to the increasing volume of waste and intensifies the
pressure on existing waste management systems.

This condition is very relevant to the situation faced by Jakarta, as the capital city of the central
government and economy of Indonesia. With a total land area of 661.5 square kilometres and a
population reaching 10,672,100 in 2023, Jakarta records an annual population growth rate of 0.38
percent and a population density of 17,152 people per square kilometre, according to data from the
Central Statistics Agency of DKI Jakarta Province (2024). The rapid population increase, compounded
by the high intensity of economic activities, has significantly accelerated the volume of solid waste
generated surpassing the capacity of the existing waste management infrastructure. Furthermore, the
limited capacity of landfills and the widespread occurrence of illegal dumping practices have further
exacerbated the situation. These conditions underscore the urgent need for the implementation of more
adaptive and sustainable solid waste management strategies in Jakarta [7].

As a strategic initiative to address the growing challenge of solid waste management, the Provincial
Government of DKI Jakarta has launched the development of Waste Processing Facilities based on the
3R principles (Reduce, Reuse, Recycle), known as TPS 3R. These facilities are equipped with small-
scale Refuse Derived Fuel (RDF) processing units, with a handling capacity ranging from 25 to 50 tons
per day. The TPS 3R model is designed to support on-site waste segregation, composting, reuse, and
recycling, with facilities strategically located near the service areas they support. Construction of these
facilities began in 2023, and by the end of 2024, a total of eight TPS 3R units have been successfully
established and are operational.

RDF technology has seen increasing adoption due to its capacity to process nearly all types of
household waste including plastics, paper, organic matter, and wood into alternative fuel [8]. RDF has
been proven effective for use in co-firing processes alongside coal, both in the cement industry and in
coal-fired power plants [9], [10]. The advantages of this technology include its ability to significantly
reduce the volume of waste, minimize the need for highly specialized personnel, and shorten the
construction time required for establishing waste processing facilities.

The adoption of RDF technology in Indonesia represents a significant innovation in solid waste
management while simultaneously contributing to the achievement of national climate goals. RDF offers
a promising solution to reduce reliance on fossil fuels, minimize the volume of waste sent to landfills,
and generate broader positive impacts on environmental protection [10]. Moreover, RDF aligns closely
with the principles of the circular economy and the objectives of sustainable development, particularly
by avoiding the extraction of non-renewable natural resources [11]. Looking ahead, the utilization of
RDF in Indonesia is expected to continue expanding in line with technological advancements and
increasing policy pressures aimed at strengthening sustainable waste management practices.

Nevertheless, the implementation of RDF technology, particularly within TPS 3R facilities, still faces
several significant challenges. One of the primary obstacles is the high initial investment required to
establish supporting infrastructure, including RDF production facilities, waste sorting and processing
systems, as well as logistics networks for waste collection and RDF distribution [10]. Additionally, the
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relatively high estimated operational costs present further constraints to long-term implementation [12].
Therefore, strong investment commitments from both the government and the private sector are essential
to ensure the long-term operational sustainability of these facilities.

Building upon this context, the present study aims to analyze the feasibility of RDF processing
implementation at TPS 3R using a Cost-Benefit Analysis (CBA) approach from economic,
environmental, and social perspectives. CBA serves as a crucial tool for policymakers in selecting the
most appropriate and efficient waste management strategies [13]. It is an economic approach used to
estimate and compare the total costs and benefits associated with a given policy or alternative scenario.
Given that waste management systems often require substantial initial investments and ongoing
operational expenditures, it is essential to evaluate not only the economic viability but also the social
and environmental implications of such systems [14], [15].

Several studies have explored the economic feasibility of developing waste processing facilities for
RDF, highlighting its potential to reduce non-recyclable waste [16], [17], [18]. However, these studies
predominantly focus on large-scale facilities located near landfill sites, which may not fully capture the
complexities of waste management in densely populated urban areas. To provide a more original
scientific contribution, this study emphasizes the analysis of small-scale RDF processing facilities
situated in close proximity to service areas, while also underscoring the critical role of multi-stakeholder
engagement in the planning and implementation process. This approach distinguishes the present study
from prior research, as integrated assessments encompassing economic, environmental, social, and
institutional dimensions within a localized context remain limited in the existing literature.

2. Methods

This study aims to evaluate the feasibility of TPS 3R facilities through a Cost-Benefit Analysis CBA)
approach, which serves to measure and assess relevant economic costs and benefits, particularly in the
context of social and environmental development in urban areas [19]. The analysis incorporates
economic, environmental, and social dimensions to yield comprehensive results that can serve as an
objective foundation for decision-making in the planning of sustainable development within the solid
waste management sector.

2.1 Study Location and Research Object

This study was conducted in the Special Capital Region of Jakarta, Indonesia, which serves as the
national center for governance, economic activity, and urban development. The selection of Jakarta as
the research location is based on the complexity of the solid waste management issues faced by the city,
driven by rapid population growth and increasing economic intensity. In response to these challenges,
Jakarta has initiated a decentralized approach to waste management through the development and
operation of TPS 3R equipped with Refuse RDF technology, as part of a broader strategy for circular
economy-based waste processing.

The objects of this study are four TPS 3R units that have been operational since 2024, selected based
on their processing capacity and the availability of supporting RDF infrastructure. These units are
considered to represent early-stage implementation of RDF technology at the municipal level in
Indonesia and are regarded as potential models for replication in other regions. This study analyzes the
economic, environmental, and social feasibility of RDF implementation in these facilities using a Cost-
Benefit Analysis approach.

2.2 Data Collection
This study employed two types of data sources: primary and secondary data. Primary data were obtained
through in-depth interviews with TPS 3R facility managers and relevant stakeholders, as well as direct
observations of operational activities at the TPS 3R sites. These methods were employed to gain a
comprehensive understanding of the management practices and challenges associated with the
implementation of RDF technology.

Secondary data included information on the construction, operational, and maintenance costs of TPS
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3R facilities, comprising Capital Expenditure (CAPEX) and Operational Expenditure (OPEX), along
with the revenue generated from the operation of these facilities. In addition to financial aspects,
secondary data also covered the environmental and social benefits resulting from RDF implementation.
All secondary data were collected from official documents, government reports, academic publications,
and relevant and credible statistical databases.

2.3 Data Analysis

The analysis in this study employs the Cost-Benefit Analysis (CBA) method, a project or investment
evaluation technique that compares the economic benefits of an activity with its associated economic
costs. This approach provides a comprehensive analytical framework for assessing the efficiency,
sustainability, and overall impact of a project [20]. In the context of this research, the feasibility of
developing a TPS 3R is evaluated using three key indicators: Economic Benefit-Cost Ratio (BCR),
Economic Net Present Value (NPV), and Economic Internal Rate of Return (IRR). These indicators
enable a holistic assessment of the economic effectiveness of implementing RDF technology within TPS
3R facilities.

BCR is calculated by dividing the present value of all benefits generated by the project by the present
value of all costs incurred. Here, Bt represents the benefits at time t, and Ct denotes the costs at time t.
As a general convention, the calculation begins from the present period, with t = 0. A project is
considered economically feasible if the BCR value exceeds 1. The formula used to calculate the BCR is
as follows:

T Bt
t=0(1 4+ r)t (1)
Cy

T
=01 +r)t

BCR =

NPV is an indicator that reflects the present value of a project's total net benefits over its
implementation period. NPV is calculated by summing the difference between benefits (B) and costs
(C) for each time period, which are then discounted to their present value using a specified discount rate
(r). If the resulting NPV is greater than zero, the project is considered economically viable, as it
generates a positive net benefit relative to the resources invested. Accordingly, this indicator provides
critical insight into the project's potential real profitability over time. The formula used to calculate NPV
is as follows:

T
N B —G)
NPV = tzom 2)

Meanwhile, IRR is the discount rate at which the present value of all project benefits equals the
present value of all costs incurred—essentially, the rate that makes the NPV equal to zero. This indicator
represents the maximum rate of return that can be achieved from the use of project resources while still
ensuring full recovery of the investment without incurring losses. IRR serves as a benchmark for the
financial efficiency of a project; if the IRR exceeds the applied discount rate, the project is considered
feasible, as it yields a return greater than its cost of capital.

PV (Benefits) — PV (Costs) =0 3)

2.4 Assumptions and Parameters

CAPEX data utilized in this study were primarily obtained from the Environmental Agency of DKI
Jakarta Province, except for TPS 3R Joe, which employed a combination of data from the Environmental
Agency and references from the Ministry of Home Affairs Regulation No. 7 of 2021 concerning the
Procedures for Calculating User Charges. This was due to the unavailability of certain CAPEX data for
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that specific TPS 3R unit. Meanwhile, the operational cost estimates were also based on the same
regulation, with necessary adjustments made according to the processing capacity and the technological
characteristics of each TPS 3R unit. The discount rate applied in the feasibility analysis refers to the
Ministry of Public Works Regulation No. 03/PRT/M/2013, calculated based on the average inflation
rate over the past two decades, which stands at 5.25%.

The economic benefits are calculated based on two main components: revenue from product sales
and income from sanitation service fees. The products sold include RDF, recyclable or reusable
materials, and compost. The economic value of these products, along with the solid waste service fees,
is determined in accordance with Regional Regulation No. 1 of 2024 on Regional Taxes and Levies.
Meanwhile, environmental benefits are estimated through two approaches: the reduction of greenhouse
gas (GHG) emissions resulting from the use of RDF as co-firing fuel in the cement industry, and the
reduction of organic waste volumes sent to landfills. The monetary value of GHG emission reduction is
calculated based on the carbon tax rate stipulated in Law No. 1 of 2021, amounting to IDR 30,000 (USD
1.86) per ton of CO: equivalent. Additionally, the reduction in waste management costs is calculated
based on the waste treatment service rate at the landfill, which is set at IDR 468,100 (USD 29.74) per
ton as stipulated in Regional Regulation No. 1 of 2024.

Social benefits are analyzed based on the increased employment opportunities generated by the
operation of TPS 3R facilities, particularly for communities residing in the vicinity of the development
sites. The monetary value of these social benefits is estimated by calculating the total income earned by
workers employed at each TPS 3R unit. For financial variables denominated in USD, currency
conversion is conducted using the exchange rate assumption stated in the 2025 State Budget (APBN),
which is set at IDR 16.100 per USD.

This study acknowledges certain limitations within the analytical model, particularly in the
determination of macroeconomic parameters that are dynamic and subject to change over time. Although
the discount rate and exchange rate have been established based on official and widely accepted
references, potential deviations remain that could influence the overall outcomes of the analysis.
Therefore, the findings of this study should be interpreted within the framework of the assumptions
applied.

3. Results and Discussion

To conduct a comprehensive evaluation of urban solid waste management options through TPS 3R
facilities, accurate estimation and collection of data on the costs and benefits of each alternative are
essential. This evaluation must consider a range of key determinants that influence the effectiveness of
solid waste management implementation.

3.1 Municipal Solid Waste Generation
The characteristics, volume of waste generation, and composition of solid waste have a significant
influence on waste-to-energy (WtE) management strategies [21]. Therefore, a comprehensive analysis
of the composition and characteristics of municipal solid waste is essential as an initial step to determine
the most appropriate and efficient treatment technology. Based on the waste sampling activities
conducted in Jakarta in 2022, the following findings were obtained:

Table 1. Characteristics of Solid Waste in DKI Jakarta Province

No. Categories Value RDF Standards for the
Cement Industry
1 Actual Moisture Content 44,93 % 22 %
2 Ash Content 15,67 % <20 %
3 Chlorine Content 0,17 % <0,5
4  Higher Heating Value (HHV) 2.145,06 kcal/kg Min. 3000 kcal/kg
5  Lower Heating Value (LHV) 1.368,79 kcal/kg -

Source: Environmental Agency of DKI Jakarta Province (2023);
National Standardization Agency of Indonesia (2024).

02503016-05



Based on Table 1, the average Higher Heating Value (HHV) of municipal solid waste in Jakarta is
recorded at 2,145.06 kcal/kg, with an average Lower Heating Value (LHV) of 1,368.79 kcal/kg and an
average moisture content of 44.93%. These figures indicate that the energy content of the waste remains
below the minimum threshold required for RDF production. RDF technology typically requires high-
calorific components such as plastics, paper, cardboard, wood, textiles, leather, and rubber. According
to the Indonesian National Standard (SNI), in order for a waste fraction to be utilized as an alternative
fuel in the cement industry, a minimum calorific value of 3,000 kcal/kg is required, with a maximum
actual moisture content of 22%. Consequently, the current characteristics of solid waste in Jakarta
suggest the need for additional preprocessing steps [22] to ensure that the waste meets the technical
specifications necessary for RDF feedstock.

As shown in Figure 1, the largest fraction of municipal solid waste in Jakarta is composed of readily
biodegradable organic waste, accounting for 49.87%, followed by plastic waste at 22.95%, and paper
waste at 17.24%. This composition reflects the typical waste profile of urban areas in developing
countries, where the organic fraction tends to be predominant. These findings are consistent with
previous studies which indicate that in high-income countries and cities, the dominant waste fraction is
primarily composed of paper and cardboard, while food waste and green waste represent a smaller
proportion. As a result, the production of RDF in developed countries generally requires less intensive
preprocessing. In contrast, in developing countries such as Indonesia, the high proportion of organic
waste characterized by elevated moisture content presents a significant challenge in RDF processing.
This is due to the need for additional treatment steps aimed at reducing moisture levels and enhancing
the calorific value of the waste [11].

1.08% 1.48% . 0.42% _2.18%

0.70% : ——— H Organic Waste

M Paper
M Wood / similar

H Fabric / Textile

i Plastic
0.90% i Leather / Rubber
3.18% H Metal

H Glass

M Domestic B3

Figure 1. Composition of Solid Waste in DKI Jakarta Province
Source: Environmental Agency of DKI Jakarta Province (2023)

Based on current conditions, municipal solid waste does not yet fully meet the technical criteria
required for use as feedstock in RDF production, primarily due to its high moisture content and the
predominance of readily biodegradable organic fraction. Although the waste stream contains high
calorific components such as plastics and paper, their proportion remains insufficient to meet industry
standards without further preprocessing. These findings highlight the need for initial treatment
strategies, such as source segregation and drying, to enhance RDF production efficiency and ensure
conformity with industrial specifications particularly for use as an alternative fuel in the cement sector.
In this context, technological advancement plays a critical role, both in pre-treatment stages and in
automated waste sorting systems, to support the transition towards a more sustainable and integrated
waste management system [23], [24].
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3.2 Profile of TPS 3R

All TPS 3R examined in this study implement a similar core treatment technology, namely the
processing of waste into RDF. However, there are notable differences in terms of processing capacity,
availability of supporting facilities, and the overall effectiveness of operations at each site. These
variations are detailed in Table 2, while an overview of the waste processing systems applied at each
TPS 3R is illustrated in Figure 2.

Table 2. Capacity of TPS 3R and Estimated MSW Generation Based on Population in 2025

No. TPS 3R Capacity Location Area  Population Waste Generation
(tons/day) (Km?) (tons/day)
1.  Asrama Ciracas 25 Ciracas 3,93 82.187 62,462
2. Joe 37 Lenteng Agung 2,28 67.778 51,511
3. Moa 25 Pejagalan 3,23 87.534 66,526
4. Siaga 50 Pejaten Barat 2,90 44.685 33,961

Source: Author’s compilation based on various data sources (2025)
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Figure 2. Operational Workflow of TPS 3R
Source: Compiled by the author based on field observation (2025)

The TPS 3R facility at Asrama Ciracas has a processing capacity of 25 tons per day and is equipped
with facilities for organic waste composting, along with an integrated waste bank located within the
same compound. The presence of this integrated waste bank has contributed positively to the
management of inorganic waste by the surrounding community, thereby supporting the implementation
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of source-based waste reduction programs [25]. In contrast, although the TPS 3R facility at Moa
possesses the same processing capacity, it lacks essential treatment facilities and supporting systems.
This condition has led to low operational effectiveness and limited the unit’s capacity to manage waste
optimally.

The TPS 3R facility at Joe has a relatively large processing capacity, reaching up to 37 tons per day,
and is equipped with two conveyor lines and three waste processing units. This equipment configuration
enables a more efficient waste sorting process, resulting in a higher volume of recyclable materials
recovered compared to other TPS 3R facilities. At this site, the collected organic waste fraction is further
processed into organic RDF as a means of utilizing waste with energy potential. Additionally, a portion
of the organic waste is sent for treatment using a maggot cultivation system, offering a biological
alternative for waste processing. The processing effectiveness at TPS 3R Joe demonstrates that
equipment configuration plays a critical role in enhancing output and improving the overall efficiency
of the waste management system [26]. This facility is the result of a collaborative initiative between the
government, the private sector, and non-governmental organizations (NGOs) aimed at realizing a
sustainable waste management system.

Meanwhile, the TPS 3R facility at Siaga is the unit with the highest processing capacity among all
study locations, reaching up to 50 tons per day. Despite this, the facility is equipped with only a single
processing line, resulting in suboptimal sorting of recyclable materials and lower operational efficiency
compared to other TPS 3R units. Furthermore, although a waste bank is available, TPS 3R Siaga does
not yet have a dedicated system for organic waste treatment. Consequently, biodegradable waste is
categorized as residual and is not further utilized. This condition contributes to an increase in final
disposal volumes, which may pose negative environmental impacts [27], and ultimately reduces the
sustainability performance of the waste processing system at this site.

3.3 Cost Analysis

Cost analysis is a critical component in evaluating the economic feasibility and operational sustainability
of solid waste processing facilities [28]. In the context of developing and managing TPS 3R, cost
structures are generally classified into two main components: CAPEX and OPEX. CAPEX includes all
initial investments required, such as the procurement of mechanical equipment, civil works, utility
installations, supporting infrastructure development, and pre-operational expenses. Notably, all TPS 3R
units examined in this study required no budget allocation for land acquisition, as the facilities were
constructed on land owned by the Provincial Government of DKI Jakarta. This initiative was part of a
broader program to enhance existing waste management infrastructure. As a result, no land acquisition,
resettlement, or compensation for new environmental impacts was necessary. The use of public assets
not only generated significant efficiencies in terms of planning and financing, but also reflected the local
government's strategic approach to optimizing existing infrastructure in support of more efficient and
sustainable waste management systems.

Meanwhile, OPEX represents the recurring operational costs, which include labour wages, energy
consumption, equipment maintenance, residual waste management, and co-processing expenses. The
analysis reveals that both CAPEX and OPEX vary significantly across TPS 3R units, as illustrated in
Figure 3. These variations are primarily influenced by the processing capacity and the technological
complexity implemented at each facility. The largest component of CAPEX is attributed to the
procurement of core equipment, which also serves as the main differentiating factor among the sites.
TPS 3R Siaga recorded the highest CAPEX, amounting to IDR 21.93 billion (USD 1.36 million), along
with the highest OPEX over a 20-year operational period, reaching IDR 69.98 billion (USD 4.35 million)
both figures aligning with its status as the facility with the largest waste processing capacity among all
units analysed.
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Figure 3. Comparison of Total Costs
Source: Author’s data processing (2025)

3.4 Benefit Analysis

Waste-to-energy initiatives, such as the utilization of RDF at TPS 3R facilities, make significant
contributions to the economic, environmental, and social dimensions of urban waste management
systems. Economically, benefits are generated through revenue from sanitation service fees, RDF sales,
recycling outputs, and other by-products [17], [29]. From an environmental perspective, the use of RDF
as an alternative fuel particularly in the cement industry helps reduce dependence on fossil fuels and
contributes to lower greenhouse gas emissions [16]. Socially, these initiatives foster the creation of new
employment opportunities and promote local economic empowerment by engaging communities in the
waste management value chain [30].

An analysis of the four TPS 3R units, as illustrated in Figure 4, reveals that economies of scale and
the availability of supporting facilities are the primary determinants of the overall benefits generated.
TPS 3R Siaga recorded the highest total benefits, amounting to IDR 132.30 billion (USD 8.22 million),
primarily driven by its largest processing capacity and the substantial contribution from sanitation
service fees. TPS 3R Joe ranked second, with total benefits reaching IDR 125.42 billion (USD 7.79
million), supported by a relatively balanced contribution from product sales, service fees, and
environmental benefits. Meanwhile, TPS 3R Asrama Ciracas demonstrated the highest benefit
efficiency per ton of waste, achieving a total of IDR 87.10 billion (USD 5.41 million). This was largely
attributed to the presence of complementary facilities such as a waste bank and a composting unit. In
contrast, TPS 3R Moa generated only IDR 64.96 billion (USD 4.03 million) in benefits, despite having
the same processing capacity as TPS 3R Asrama Ciracas, due to the absence of supporting facilities.
These findings underscore the critical role of complementary infrastructure in enhancing environmental
impact and increasing the added value of RDF-based waste processing systems.

Overall, economic benefits constitute the primary contributor to the total benefits generated by the
TPS 3R facilities, followed by social and environmental impacts. These findings affirm that the
performance success of TPS 3R facilities is not solely determined by technical capacity, but also
critically depends on the integration of supporting infrastructure and the effectiveness of operational
management [31], [32]. Accordingly, future policies for the development and replication of TPS 3R
facilities should adopt an integrative approach, oriented toward the sustainable achievement of
multidimensional benefits.

02503016-09



IDR 140,000,000,000

IDR 120,000,000,000

IDR 100,000,000,000

IDR 80,000,000,000

IDR 60,000,000,000

IDR 40,000,000,000

IDR 20,000,000,000

B Economic Benefits

IDR -
TPS 3R Asrama
Ciracas

TPS 3R Joe TPS 3R Moa  TPS 3R Siaga

B Environmental Benefits Social Benefits

Figure 4. Comparison of Total Benefits
Source: Author’s data processing (2025)

3.5 Feasibility Assessment
Table 3. Summary of Total Costs and Benefits
Type Component TPS 3R TPS 3R Joe TPS 3R Moa TPS 3R Siaga
Asrama Ciracas
Present Value % Present Value % Present Value % Present Value %
(IDR) (IDR) (IDR) (IDR)
Cost CAPEX 12.410.502.637 24 16.995.000.000 25  10.945.855.015 24 21.934.630.833 24
OPEX 38.553.100.913 76 50.080.818.170 75  34.294.831.182 76 69.975.685.455 76
Total Cost 50.963.603.550 100 67.075.818.170 100  45.240.686.197 100 91.910.316.288 100
Benefit Economic
Product Sales 17.029.820.845 20 37.059.660.000 18  13.405.760.739 21 28.211.858.302 21
Service Fee for 20.908.786.297 24 50.738.676.213 25 21.612.744.776 33 42.321.496.398 32
SWM
Sub Total 37.938.607.141 44 53.566.742.029 43  35.018.505.515 54 70.533.354.700 53
Environmental
GHG Emission 2.704.454.854 3 2.108.115.764 2 1.236.710.511 2 2.663.684.178 2
Reduction
Reduction of 32.232.028.178 37 49.196.253.535 39  15.267.802.821 23 32.232.028.178 24
Landfill
Operational Costs
Sub Total 34.936.483.032 40 51.304.369.298 41 16.504.513.332 25 34.895.712.356 26
Social
Job Creation 14.224.135.449 16 20.545.973.426 16  13.433.905.702 21 26.867.811.404 20
Total Benefits 87.099.225.622 100 125.417.084.754 100 64.956.924.549 100 132.296.878.459 100
Net Value 36.135.622.072 58.341.266.584 19.716.238.352 40.386.562.171
BCR 1,709 1,870 1,436 1,439
NPV 14.775.241.966 25.806.710.758 5.382.887.307 10.907.675.838
IRR 13,60% 15,76% 8,83% 8,77%

Source: Author’s data processing (2025)

Based on the total cost-benefit calculations presented in Table 6, all TPS 3R facilities are deemed
economically feasible. However, performance disparities exist across the different sites. TPS 3R Joe
demonstrated the highest level of feasibility, reflecting optimal economic efficiency and effectiveness.
TPS 3R Asrama Ciracas, despite its smaller processing capacity, also exhibited strong economic
viability due to the presence of complementary facilities. In contrast, TPS 3R Siaga and Moa showed
lower feasibility levels, indicating the need to improve operational effectiveness and strengthen
supporting infrastructure to approach the performance of higher-performing units.
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TPS 3R Joe demonstrated the highest level of economic feasibility among all units, with a BCR of
1.870, a NPV of IDR 25.81 billion (USD 1.60 million), and an IRR of 15.76%. These three indicators
confirm that the project is highly economically viable and generates a substantial net benefit surplus.
This superior performance is supported by the presence of two sorting lines and three RDF processing
machines, which enhance technical efficiency, as well as a multi-stakeholder operational strategy
involving collaboration between the government, private sector, and non-governmental organizations
(NGOs) in integrated waste management particularly in the treatment of organic waste.

TPS 3R Asrama Ciracas ranks second in terms of economic feasibility, with a BCR of 1.709, a NPV
of IDR 14.78 billion (USD 0.92 million), and an IRR of 13.60%. Despite its limited processing capacity,
the presence of supporting facilities such as a composting unit and a waste bank effectively offsets the
limitations of scale. These facilities not only enhance both economic and environmental benefits but
also strengthen community participation in the waste management system. The consistency of all three
CBA indicators confirms that the project is highly viable, particularly as a model for community-based
solid waste management in medium-scale urban areas.

In contrast, TPS 3R Siaga and TPS 3R Moa exhibit relatively lower levels of economic feasibility
compared to the other two units. TPS 3R Siaga recorded a BCR of 1.439, a NPV of IDR 10.91 billion
(USD 0.68 million), and an IRR of 8.77%, while TPS 3R Moa reported a BCR of 1.436, an NPV of IDR
5.38 billion (USD 0.33 million), and an IRR of 8.83%. Although TPS 3R Moa has a processing capacity
equivalent to that of TPS 3R Asrama Ciracas, its limited infrastructure for organic waste treatment serves
as a major constraint on the realization of optimal economic benefits. While these values are
theoretically still within the feasible range, the IRR falling below the commonly accepted threshold of
10-12% indicates that the rate of return does not yet fully correspond to the expected long-term benefits.
This shortfall is primarily attributed to the high proportion of unprocessed organic waste that is directly
sent to the landfill, which in turn reduces the potential for generating added economic and environmental
value.

Overall, TPS 3R Joe and Asrama Ciracas demonstrate strong economic feasibility, as indicated by
BCR values exceeding 1.5, significant NPV, and IRR levels that surpass the standard discount rate
threshold (10-12%). These three indicators reflect high technical and operational efficiency, as well as
promising long-term socio-economic returns. In contrast, TPS 3R Moa and Siaga fall into the category
of marginal feasibility, characterized by lower IRR and BCR values approaching the minimum
acceptable limit. These findings underscore the need for strategic interventions, including improvements
in technical capacity, the integration of organic waste treatment systems, and the strengthening of cross-
stakeholder coordination, in order to enhance the overall effectiveness and efficiency of waste
management operations at these facilities.

3.6 Discussion

Feasibility evaluation results indicate that the successful implementation of small-scale RDF technology
at TPS 3R facilities is strongly influenced by a combination of technical efficiency, availability of
supporting infrastructure, and adaptive governance mechanisms. All units were found to be
economically viable based on Cost-Benefit Analysis indicators (BCR > 1, NPV > 0, and IRR exceeding
the discount rate), although performance across units exhibited significant disparities. The conversion
of conventional waste transfer stations into TPS 3R facilities not only represents a potential for fiscal
efficiency through reduced CAPEX, but also contributes to limiting built-up land expansion and
reducing vegetation degradation. These outcomes indirectly generate positive impacts on urban
environmental quality, which is a key indicator of sustainable development [33].

Given the potential of small-scale RDF technology implementation, there is an urgent need for the
Provincial Government of DKI Jakarta to revise the existing Governor Regulation concerning the
Roadmap for Waste Management. This policy review is critical, as the development of large-scale waste
treatment facilities requires a more comprehensive consideration of technical, environmental, and socio-
economic aspects [34]. On the other hand, strengthening collaboration between government and the
private sector in the development and management of TPS 3R facilities may serve as a more adaptive
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alternative strategy [35]. Such a collaborative model also aligns with efforts to accelerate the
implementation of Extended Producer Responsibility (EPR) policies, which demand active stakeholder
participation [36], as mandated by Law No. 18 of 2008 on Waste Management and Regulation of the
Minister of Environment and Forestry No. P.75/MENLHK/SETJEN/KUM.1/10/2019. To date, the
implementation of EPR remains suboptimal; therefore, integrating private sector roles in community-
level waste management is considered a viable approach to enhancing the effectiveness of producer
responsibility realization.

Although this model demonstrates significant potential, large-scale replication still requires sustained
regulatory support. The establishment of a stable user fee scheme, the provision of fiscal incentives for
the adoption of organic waste processing technologies, and the facilitation of cross-sector partnerships
are essential components in ensuring the operational sustainability of such facilities. The findings of this
study also reinforce previous research [26], [32], which emphasizes that the effectiveness of waste
management systems is not solely determined by input volume or technical capacity, but is strongly
influenced by the quality of governance and the presence of an integrated support ecosystem, such as
waste banks. The existence of waste banks in close proximity to TPS 3R facilities has been shown to
significantly enhance the overall effectiveness and efficiency of solid waste management [37].

Therefore, the future development strategy for TPS 3R facilities should adopt an integrative approach
that encompasses the optimization of technological efficiency, the implementation of community-based
operational strategies, and the formulation of adaptive policies tailored to the local characteristics of
urban waste generation. This approach is particularly crucial in areas with high volumes of solid waste
to ensure more effective and sustainable waste management [38]. Community-based strategies have
been proven to enhance the efficiency of waste collection processes and contribute to the achievement
of sustainability goals [39]. Furthermore, the high proportion of organic waste necessitates more
efficient utilization alternatives, one of which is biogas production. Biogas generated through the
anaerobic fermentation of organic materials offers a clean and environmentally friendly energy solution,
while simultaneously supporting the transition toward a more sustainable waste management system
[40].

4, Conclusion

This study concludes that the feasibility and performance of 3R TPS 3R utilizing small scale RDF
technology in Jakarta are determined not only by technical capacity, but also crucially by institutional
integration, policy support, and the local characteristics of waste generation. The results of the Cost-
Benefit Analysis indicate that although all units were deemed economically viable (BCR > 1, NPV > 0,
and IRR > discount rate), there are significant variations in performance across the different sites.

These findings underscore that future development of TPS 3R facilities must prioritize an integrated
approach, encompassing technological efficiency through equipment and process optimization,
community based operational strategies to enhance participation, adaptive policy frameworks aligned
with local waste composition, and cross sector institutional synergy to ensure the long term sustainability
of RDF based systems.

Given the high moisture content and the dominance of organic waste in Jakarta’s urban areas,
investment in pre-treatment infrastructure such as source separation, drying, and organic waste
processing is crucial to improve the calorific value and meet industrial RDF standards. Future policies
should focus on generating multidimensional benefits economic, social, and environmental as the
foundation for strengthening a resilient and sustainable waste management system.

The small-scale RDF processing model implemented through TPS 3R facilities in Jakarta
demonstrates strong potential for replication in other cities across Indonesia, particularly in areas facing
land constraints and increasing waste generation pressures. However, the success of such replication
efforts largely depends on adjustments tailored to the socio-economic conditions and waste
characteristics specific to each region. Therefore, the development of small-scale RDF systems should
be positioned as an integral component of the national strategy to strengthen waste management system
resilience, while also supporting the transition toward a sustainable circular economy.
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