
Vol. 13 No. 1 
DOI: 10.20473/jkl.v13i1.2021.24-34 

ISSN: 1829 - 7285 
E-ISSN: 2040 - 881X

24

Corresponding Author:

ANALYSIS OF POTENTIAL WASTE-TO-ENERGY PLANT IN FINAL WASTE DISPOSAL SITES IN 
INDONESIA TOWARDS SDGs 2030 (A LITERATURE REVIEW)
Yuliana Sarasati1, R. Azizah2*, Zia Azuro 
Zuhairoh1, Lilis Sulistyorini2, Corie Indria 
Prasasti2, Mohd. Talib Latif3**
1Master Program of Environmental Health, Faculty 
of Public Health, Universitas Airlangga, Surabaya 
60115, Indonesia
2Department of Environmental Health, Faculty of 
Public Health, Universitas Airlangga, Surabaya 
60115, Indonesia
3Department of Earth Sciences and Environment, 
Faculty of Science and Technology, University 
Kebangsaan Malaysia,43600 Bangi, Selangor, 
Malaysia

*) azizah@fkm.unair.ac.id

Article Info
Submitted  : 14 November 2020
In reviewed : 08 December 2020
Accepted  : 21 January 2021
Available Online : 31 January 2021

Keywords : Indonesia, Feasibility, Waste-to-
Energy Plant, Sustainable Development Goals, 
Final Disposal Sites.

Published by Fakultas Kesehatan Masyarakat 
Universitas Airlangga

Abstract

Introduction: Waste processing in Final Disposal Sites (FDS) in Indonesia is still dominated by open 
dumping. This condition causes health and environmental problems and inhibits the achievement 
of Sustainable Development Goals (SDGs) 2030. Waste is biomass that can be converted into 
electrical energy through the Waste-to-Energy Plant (WtE Plant) installation. This article aimed 
to illustrate the potential of WtE Plant in the FDS in Indonesia in supporting the achievement of 
SDGs 2030. Discussion: Most waste in the FDS are dominated by organic waste with the high-
water content of 60-70% but have a calorific value almost equivalent to sub-bituminous coal. 
Most studies show the WtE Plant uses a thermal method (incinerator) than other technologies 
because it has a superior value in the technical aspects (easy operation and high generated 
energy around 9.86%), economy aspects (medium investment value, but high profit with moderate 
payback period around 6.5 years) environmental aspects (reduction of waste up to 70-80% and 
emissions), and lower public health impacts than those produced by open dumping and coal 
systems. For environmentally safe optimal results, it is necessary to reduce wastewater content, 
increase pollution control units, and implement an integrated monitoring system. Conclusion: 
The implementation of WtE Plant can accelerate to achieve the SDGs 2030, especially the 
7th, 8th, 12th, and 13th goals concerning clean and affordable energy, decent jobs and economic 
growth, responsible consumption and production, and addressing climate change, respectively.
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INTRODUCTION

Waste is a problem that often arises in 
developing countries, including Indonesia. The increase 
in the volume of waste, types and characteristics of 
waste is influenced by the population growth rate 
and the development of urban residential areas (1). 
Reported from the Indonesian Ministry of Environment 
and Forestry in 2020, the waste disposal per day was 
3,402.5 m3 per 1,360,987 residents. In 2019, the amount 
of waste transported per day only reached 68.38%, and 
the rest were burned, dumped in rivers/sewers, and 
buried (2). On the other hand, 247 Final Disposal Sites 
(FDS) in Indonesia have been currently dominated by 
open dumping (26%), controlled landfill (25%), sanitary 
landfill (23%), semi-controlled landfill (3%), waste-to-
energy (WTE) (1%) and unrecorded sites (22%). Based 
on the preliminary studies, the amount of waste in the 
Air Dingin FDS, Piyungan FDS, and Putri Cempo FDS 
has exceeded the maximum capacity limit, thereby 
potentially accelerating the lifetime of the landfill use and 
reduce the processing efficiency (3–5). This shows that 
waste management in the FDS currently cannot solve 
the waste problem and does not follow the Law No. 18 of 
2008 which prohibits the use of open dumping methods 
in the FDS. 

Waste management that does not comply with 
the standards will cause interference and impacts on 
the environment, including physical and chemical (water 
and air quality), biological, social, economic, cultural 
components, and environmental health (4). Waste 
decomposition in open landfills contributes to CO2 and 
CH4 emissions in forms of greenhouse gases that cause 
global warming. Methane gas has a hazard level of 23 
times greater than CO2, and thus pollution caused by 
the small amount of emissions, especially with long-term 
exposure, may have an impact on the environmental 
and public health (5). In 2019, the Final Processing 
Sites (FDS) contributed 10% of CH4 gas from the total 
CH4 gas in the atmosphere, and in the previous year, 
Indonesia was ranked the10th largest CH4 emitter out of 
34 countries with total emission up to 370 metric tons of 
carbon dioxide equivalent (MtCO2 eq) (6). This problem 
is certainly an obstacle for Indonesia to achieve the 
Sustainable Development Goals (SDGs) 2030 because 
it does not comply with the responsible consumption 
and production and climate action as stated in SDGs 
12 and 13. Thus, improvement and optimization of waste 
management methods are required to reduce the volume 
of waste that keeps increasing sharply and minimize its 
negative impacts (7).

Contradicting with the fact that waste is a 
problem, it is one of the biomass and renewable 

energy sources that can produce electricity through the 
conversion process (8-9). The utilization of waste to 
energy through the installation of WtE Plant in the FDS 
is one of the waste processing methods recommended 
by the Indonesian government (8). As renewable energy, 
waste has unlimited availability and thus can be an 
alternative to fossil fuels as the currently main fuels that 
decrease instead. The energy sources are produced 
from coal (50%), natural gas (29%), renewable energy 
(14%), and petroleum (7%) (9). Nationally, biomass, 
including municipal solid waste, has the potential to 
generate 49,810 Mega Watt (MW) of electricity. In 2015, 
power plants installed on-grid (interconnected to the 
State Electricity Company network) could generate an 
energy capacity of 91.1 MW while those installed off-
grid produced an energy capacity of 1.626 MW. This 
indicates that there is still 48,092.9 or 96.55% of the 
potential electrical energy from biomass that needs to 
be generated. Thus, this study aimed to 1) describe the 
potential of waste as a renewable and substitute energy 
from fossil fuels in Indonesia; 2) study the process of 
converting solid waste into electrical energy; 3) analyze 
the potential energy that WtE Plant can generate and 
its economic benefits; 4) analyze the environmental and 
public health impacts of the WtE Plant installation and its 
management; 5) identify SDGs 2030 that possibly can 
be achieved according to the WtE Plant installation.

DISCUSSION
The Potential of Waste as a Renewable Substitute 
Energy for Fossil Fuels in Indonesia

A study on the potential of waste as a renewable 
energy can be done by identifying the characteristics 
and availability of waste. Waste as fuels for power 
generation can affect the performance of power 
plants and the generation capacity of electricity. 
Characteristics of waste become a benchmark in 
choosing the appropriate method to convert waste 
into electrical energy (10). Meanwhile, information 
about the amount of waste is necessary to measure 
the electrical energy produced by the Waste-to-
Energy Plant and the continuity of electricity supply 
(8). In the thermal methods, the utilization of organic 
waste which is hardly decomposed by microbes 
and inorganic waste with low water content will 
increase combustion efficiency (11–14). While in the 
biochemical method, the utilization of organic waste 
will improve the optimization of the digestion process, 
and thus methane gas is produced in large quantities 
or reaches the maximum pressure (5). 

Characteristics of waste in the FDS based 
on the previous studies are available in Figure 1. 
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The figure shows the source of waste affects the 
characteristics and physical properties of the litter 
(14). In general, waste can be divided into two types, 
namely organic and inorganic materials. In the FDS, 
organic waste is the most dominant at around 64%. 
Some organic waste including food, dried leaves and 
woods. The high amount of organic materials in waste 
in the FDS  may be dominated by the waste from the 
households, traditional markets, offices, hospitals 
(nonmedical), industry, garden/parks, hotels, schools, 
and tourism (3,10,11,15). While the least waste in 
the FDS is inorganic waste at around 36%. Varieties 
of inorganic waste are textiles, rubber and leather, 
plastic, paper and cardboard, metal and broken 
glass, construction, and hazardous toxic materials. In 
addition to waste resources, as Indonesia is located in 
the tropical climate zone, it also affects the nature of 
waste which generally tends to get wet. On average, 
waste in the FDS has a water content of 60-70% (14). 
More dominant organic waste in the FDS affects the 
water content. The greater the amount of organic 
materials in waste, the higher the water content.

Information about the calorific value of waste 
can estimate the amount of energy produced. In the 
thermal methods, the range of calorific value needed 
to support the conversion process is >1,200 kcal/kg 
(16). The previous studies explain the average amount 
of calorific value of waste in the FDS is 2,783.22 kcal/
kg, meaning it has met the calorific value needed for 

the conversion process. Even in the Piyungan FDS, 
the waste has a calorific value of 4,730 kcal/kg which 
is almost equivalent to the calorific value of sub-
bituminous coal (17). Despite the amount and type of 
waste in Figure 2, the large calorific value is influenced 
by the water content in the waste. The lower the water 
content, the higher the calorific value to facilitate the 
combustion process in the thermal methods. Thus, 
reducing the water content is required to achieve the 
optimum results (13). Some alternatives for reducing 
the water content will be explained in the next part of 
the discussion.

Figure 2. Calorific Value per Type of Waste in Final Waste 
Disposal Sites in Indonesia
Source: (15)

Based on Table 1, the relationship between 
the areas of FDS and the amount of waste is not 
visible . Several FDS have small land areas, while the 
amount of waste is huge. Likewise, several large FDS 

Figure 1. Characteristics of Waste in Final Disposal Sites in Indonesia
Source: (5,11,12,17,20,26,28,29,33,34,37)
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have little waste. The differences in the conditions 
might occur due to several factors, such as coverage 
of FDS management services, the appropriateness 
of the collection and transportation processes, and 
compliance with reporting (18-19).

The Process of Converting Solid Waste into Electrical 
Energy

Waste-to-energy conversion methods  are 
divided into two: thermal methods (incineration, 
pyrolysis, gasification, and hydrothermal) and 
biochemical method (anaerobic digestion) (15,20). 
The accuracy of technology as a power plant will 
affect the effectiveness and efficiency waste-to-energy 
conversion and reduction. The results of the previous 
studies conclude there are five conversion methods 
studied to be implemented in the FDS in Indonesia.

The thermal methods may produce optimal 
waste-to-energy conversion by reducing the water 
content in waste as pre-treatment. This step may be in 
forms of anti-bacterial spraying to suppress bacterial 
development and anaerobic decomposition process, 
(8) draining and channeling leachate into landfills 
(11,21), and stirring (13). Incineration is the most 
widely applied technology in the FDS due to its easy 
application and high efficiency. Using the incinerator 
technology, the conversion of waste to electrical 
energy begins by reducing the water content until 20% 
remained. After that, the waste will be chopped, and the 
conveyor will put it in a boiler. In the boiler, the waste 
will be burned at a temperature of more than 1,000oC, 
and then it produces ash as residue. Water vapor from 
the hot boiler will be used to drive a generator turbine 
and generate electricity (22). Pyrolysis is a combustion 
process without involving oxygen. This stage starts 
at a temperature of around 300oC when the lignin 
components in biomass and volatile material in coal 
are thermally unstable, broken, and evaporating along 
with other components. Evaporated liquid products 
contain tar and PAH (Poly Aromatic Hydrocarbon). 
The pyrolysis results consist of light gas (H2, CO, 
CO2, H2O, and CH4), tar, and charcoal. Gasification 
is a complex process that involves some chemical 
reactions. The gasification process includes some 
processes. At first, the lignocellulosic fuels will oxidate 
partially with gasification agents (e.g., air, oxygen, 
water vapor, or CO2), and then volatile materials 
are released when the fuel is heated through partial 
oxidation which produces H2O and CO2 combustion 
products. Volatilization and separation of some 
materials depends on the combination and structure 

of the initial materials. Afterwards, water in the 
biomass will evaporate. Then, the pyrolysis process 
will continue if the materials continue to be heated. 
For the next reaction, the thermal decomposition 
and partial oxidation of pyrolysis gases occur at 
higher temperatures and produce CO, H2, CO2, 
CH4, H2O, other hydrocarbon gases, tar, charcoal, 
inorganic elements, and ash (23-24). The stages of 
the gasification process consist of drying, pyrolysis, 
oxidation, reduction, cleaning of the gasified gas 
(syngas), and delivery of clean syngas to the generator 
(17,24–26). With the conventional gasification 
technology, the conversion process produces syngas 
or synthetic gases that are not completely oxidized 
and have a calorific value. Gases in the syngas 
include carbon monoxide (CO), hydrogen (H2), and 
methane (CH4) which are organic fractions and act 
as fuels for power plants. In the plasma gasification, 
organic and inorganic fractions are produced, while 
the inorganic fractions cannot dissolve and are safe to 
dispose of or become  construction materials (11,27). 
In its implementation, the use of oxygen as a gasification 
agent also increases the production costs (26). In the 
hydrothermal technology, waste as raw materials that  
go into a reactor and saturated steam is injected at a 
temperature of 200oC and a pressure of 2 Megapascal 
Pressure Unit (MPa). Furthermore, stirring is carried 
out in the reactor for an hour at the same temperature 
and pressure. This process produces sludge that has 
a heating value equivalent to that of lignite coal. The 
sludge is then dried to be used as a heating fuel for 
the reactor which can produce thermal energy and 
convert it into electrical energy (28). 

Using the biochemical methods, especially 
anaerobic digestion technology, the process 
undergoes the utilization of methane fermentation 
and landfill. Products used for energy are landfill gas 
or biogas which sides products are produced from 
the decomposition process by piles of waste in a 
sanitary landfill (29). The implementation begins by 
laying, flattening, and compressing waste into the 
hole and then covering it with flabby soil continuously 
until it forms layers (29). This technology includes 
the installation of pipe system to capture every gas 
formed. A biogas component composer contains 55-
75% Methane (CH4), 22-45% Carbon dioxide (CO2), 
0-0.3% Nitrogen (N2), 1-5% Hydrogen (H2), 0-3% 
Hydrogen sulfide (H2S), and 0.1-0.5% Oxygen (O2). 
The characteristics of flammable methane make it have 
a great contribution to produce energy. The greater 
the composition of methane in the biogas, the greater 
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Table 1. Recapitulation of the Potential Feasibility of WtE Plant (Reduction of Waste, Generated Energy, and Economy)*

FDS Technology

Land 

Area 

(Ha)

Total 

Waste 

(ton)

Calorific 

Value 

(kcal/

kg)

Efficiency

Waste 

Reduction 

(ton/day)

LFG 

Product 

(ton)

Generated 

Energy 

(MW)

Produced 

Energy (kWh)

Project 

Period 

(Year)

Investment Cost 

(Rp)

NPV (Rp)
IRR 

(%)

BCR
PP

(Year)
Feasibility Ref

Riau
Muara Fajar Gasification - - - 42.6% - - 39,06 39.000.621.6/

year
25 314.335.287.296,8 9.481.791.765.570 10,9 - 12,86 Feasible (11)

West 
Sumatera
Air Dingin Anaerobic 

digestion
18 0.24/year - - - 10.405,76/

year
0,0032 28.167.259,47 20 40.089.591.065 62.709.95,336 22,2 12,3 1,13 Feasible (29)

Muaro Kiawai Incineraion 10 1,462.7/
year

- - - - - 3.056.044,2/
year

20 5.756.705.539,02 41.441.798.111 - - 1,7 Feasible (20)

South 
Sumatera
Muara Fajar 
(a)

Incineration 9,8 407,33/
day

2.500 85% 
(boiler); 

25% 
(steam 

turbine); 
90% 

(generator)

- - 9 - - - - - - - Feasible (8)

Muara Fajar 
(b)

Incineration 6,6 714,05/ 
year

- 20% 12.85/
year

22,518,452.19/ 
year

25 131,004,566,935 80,061,249,724 - - 8 Feasible (46)

Central 
Kalimantan
Km 14 Incineration - 69,482-

371,258
- - - - - 179,507-

278,443,854
- - - - - - - (47)

Anaerobic 
digestion

- 69,482-
371,258

- - - - - 21,742,835-
352,695,548

- - - - - - -

East 
Kalimantan
Sambutan Anaerobic 

digestion
- 7,519.5/

year
- - - 29.9x109 - 2,822,107.61 15 25,092,450,601 17.539/868,600 19 1.67 3.4 Feasible (40) 

Banten
Cilowong Thermal - 120/day 2.543,67 - - - 2.19 - - - - - - - - (16) 

Anaerobic 
digestion

- 120/day 2.543,67 - - - 1.09 - - - - - - - -

West Java
Bantargebang 
(a)

 Incinerator 
Siemens 
SST-050

120,3 866,658 - 52.1% - - 4.16 - - - 19,123,917,412 23 - 7 Feasible (10)

Incinerator 
Siemens 
SST-040

120,3 808,92 - 52.1% - - - - - - 14,771,474,353 21 - 7 Unfeasible

Bantargebang 
(b)

Anaerobic 
digestion

120,8 2,251,987/
year

- 75% - 17.308/
year

15.6 - - - - - - - - (34)

Bantargebang 
(c)

Incineration - 50/day - - - - 0.4 - - - - - - - - (13)

Ciniru Thermal 5,8 1,300/day 1,359.23 25.88 - - 154 - - - - - - - - (35)
Anaerobic 
digestion

5,8 1,300/day 1,359.23 32.49 - 39.12/day 2.1 - - - - - - - -

Central Java
Muarareja Incineration - 348.9 - - - - 0.115 - - - - - - - - (15)
Mojorejo Pyrolysis/

Gasification
3,58 131,85 - Fast >50 - - - - - - - - - Unfeasible (28)

Incineration 3,58 131,85 - Moderate 21-30 - - - - - - - - - Unfeasible

Hydrothermal 3,58 131,85 - Very fast >50 - - - - - - - - - Feasible

Anaerobic 
digestion

3,58 131,85 - Very slow <10 - - - - - - - - - Unfeasible

Jatibarang (a) Incineration 46 - - - - - 0.46 - - - - - - - - (33)
Jatibarang (b) Anaerobic 

digestion
46 1,270/

day
- - - - 1.3 - - - - - - - - (36)

Piyungan (a) Incineration - 480/
day

4,730 - - - - 316/ton - - - - - - Unfeasible (17)

Conventional 
gasification

- 480/
day

4,730 - - - - 769/ton - - 263,494,038,842 26.8 - 7.57 Feasible

Plasma 
gasification

- 480/
day

4,730 - - - - 941/ton - - 279,501,194,961 24.2 - 7.79 Feasible

Piyungan (b) Incineration 16 536/
day

- Very fast >100 - 25 - - - - - - - Feasible (22)
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the energy formed (5). To improve the composition 
of methane in Landfill Gas (LFG) products, the high 
water content (7) and fat content (21) will give a great 
effect.

In the conversion, pre-treatment can improve 
the efficiency of the process (30). A pre-treatment form 
that can be applied in general is sorting waste based on 
the types and uniformity of material size. The selection 
of waste by types becomes an obstacle in the current 
condition of waste management since the waste 
disposal by types cannot be implemented optimally in 
the community. Although several waste collection points 
by types spread throughout the city centers, such as near 
parks, offices, and others, the separation of waste has 
not been made by types, and facilities for the temporary 
dumping site and available means of waste transfer are 
not differentiated by types (31-32). The selection of waste 
by types is mainly carried out in the FDS, in turn requiring 
extra efforts and time for its operation to make the waste 
management less efficient. Meanwhile, the uniformity 
of material size can be done through the destruction of 
materials to facilitate the process of burning materials in 

the thermal methods or the decomposition of materials in 
the biochemical method.

Based on the characteristics of waste in Figure 1, 
the WtE Plant using the biochemical method guarantees 
more sustainability because the availability of waste as a 
material for LFG production is quite large. Nonetheless, 
the use of WtE Plant with the thermal methods still has 
sustainability potentials as long as it applies the pre-
treatment. The use of organic waste as fuels requires 
a decrease in water content in advance not to reduce 
combustion efficiency. To support the availability of 
waste as raw materials, excavation of the  passive zone 
in dumpsite can be done (33). Several other factors to be 
considered in choosing a suitable conversion method are 
the amount of energy that can be generated, economic 
benefits, and its impacts on the environment and public 
health.

The Potential Energy Generated by WtE Plant and Its 
Economic Benefits

The studies on the potential for energy 
generation show the thermal methods can generate 

FDS Technology

Land 

Area 

(Ha)

Total 

Waste 

(ton)

Calorific 

Value 

(kcal/

kg)

Efficiency

Waste 

Reduction 

(ton/day)

LFG 

Product 

(ton)

Generated 

Energy 

(MW)

Produced 

Energy (kWh)

Project 

Period 

(Year)

Investment Cost 

(Rp)

NPV (Rp)
IRR 

(%)

BCR
PP

(Year)
Feasibility Ref

Pyrolysis 16 536/
day

- Moderate 21-30 - - - - - - - - - Unfeasible

Hydrothermal 16 536/
day

- Very fast 50-100 - - - - - - - - - Unfeasible

Anaerobic 
digestion

16 536/
day

- Very slow <10 - - - - - - - - - Unfeasible

Putri Cempo 
(a)

Plasma 
gasification

- 450/
day

- - - - 10-15 - - - 1,502,724,992,382 8.174 - 15 Feasible (3)

Putri Cempo 
(b)

Thermal 17 164,200/
year

- 80% 
(boiler); 

25% 
(steam 

turbine); 
90% 

(generator)

- - 8.57 30,843,039.76 19 - 1,149,211,633,140 - - - Feasible (48)

East Java
Benowo Incinerator - 1,500 - - 75-80% - 9 - - - - - - - Feasible (12)
Supit Urang Anaerobic 

digestion
405,7 405,727.5 - 40% - 30.64x108 1.04 - 17.3 - - - - - Feasible (21)

Bali
Suwung Anaerobic 

digestion
- - - - - - 6.66 - - - - - - - Feasible (7)

Bangkala Anaerobic 
digestion

- 165 - - - - 2 - - - - - - - Feasible (37)

West Papua
Makbon Anaerobic 

digestion
2,42 119,064 - - - 2.58x105 - 1,685x106 14 - - - - - Feasible (5)

*The evaluation of the method appropriateness in each FDS WTE PLANT is purely the assessment of the studies analyzed.

Notes:
FDS : Final Disposal Site kWh : Kilowatt-hours BCR: Benefit-Cost Ratio

Ha   : Hectare Rp   : Rupiah PP  : Payback Period

LFG: Landfill Gas NPV: Net Present Value %    : Percentage

MW: Megawatt IRR: Internal Rate of Return Ref  :   Reference
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more energy than the biochemical method. The use of 
gasification energy can generate the largest electrical 
energy compared to other technologies at 39.06 MW 
(conventional) and 10-15 MW (plasma). While the 
incineration technology can produce power at 9.86 MW. 
In comparison, the anaerobic digestive technology is 
capable of producing 5.45 MW of energy. Meanwhile, 
the hydrothermal and pyrolysis technologies do 
not state how much power can be generated. The 
anaerobic digestion technology generates a lot of 
energy in LFG products and accumulates a large 
amount of waste. On average, of the 62.66x104 tons 
of waste disposed, the LFG product is at 2.076x1011 
tons (3,7,20,34-35). Compared to the anaerobic 
digestive technology, the thermal technology can 
produce greater electrical energy. The downside of the 
anaerobic digestive technology is that LFG harvesting 
cannot be done directly, but it has to wait some time 
and requires bacterial growth control (17). As the waste 
remains fewer than 10 years, it is estimated that the 
accumulated waste can form a gas up to 6 m3/year/
ton (29). Gas production can last for 10 years from the 
beginning with 50% of methane gas produced by LFG 
in the fifth year. In several other studies, CH4 emissions 
are expected to increase from 6 months to 12 months 
and reach the maximum duration value after the year-
endclosure of FDS, and then they decrease in the 30-
50th year (5). Under certain conditions, there may be 
obstacles in the production of LFG. One of the causes 
for the obstacle is the inhibition of the extraction and 
transport of gas from the cells of FDS to the gas well. 
Obstruction of LFG flow is caused by crust and dirt 
in piping installations as well as the lack of depth of 
planting gas catchment pipes so that the gas formed 
in the bottom layer of waste cannot be caught (36). 

Some economic studies were conducted 
considering several parameters, including the 
investment value of the projects, Net Present Value 
(NPV), Internal Rate of Return (IRR), Benefit-Cost 
Ratio (BCR), and Payback Period (PP). NPV describes 
the total revenue received from the beginning of the 
projects. IRR is the level of profit to pay off capital 
loans. BCR is the ratio between the total revenue 
received during project operations and the cost of the 
initial investment. Meanwhile, PP is the length of time 
it takes to return the investment funds (29). Based 
on the results of some studies, hydrothermal and 
gasification technologies have shortcomings from the 
economic aspect because they require too high capital 
costs for operations and maintenance (10,15,20). In 
contrast, the incinerator technology as a power plant 
in the FDS has economic advantages due to lower 

installation and operation costs required (8,10,11,37-
38). Besides, to return the investment funds for WtE 
Plant development in the short term, the efficiency 
of boilers, turbines, and generators also needs to 
be improved. According to Table 1, the greater the 
efficiency of the machine, the faster the period that the 
WtE Plant needs to refund the investment funds. On 
average, with a mechanical efficiency of 36.5%, the 
PP value of time for incineration-based WtE Plant to 
payback is 6.5 years. Studies on the economic aspect 
of anaerobic digestive technology also show that 
WtE Plant projects are economically profitable. On 
average, with a mechanical efficiency of 40%, the time 
for the anaerobic digestive-based WtE Plant to return 
relatively shorter capital than thermal technology 
is 1.13 years. At the end of the project period, WtE 
Plant’s remaining equipment and buildings have a 
sale value of about 10% of their cost (3,26). Based on 
Table 1, the incineration technology provides greater 
economic benefits than other technologies. Although 
the PP value or required payback period is in the 
moderate category, the IRR value or benefits of the 
incineration technology are the greatest compared to 
other technologies.

In the implementation of WtE Plant, through 
community-based waste management, the community 
can be involved in the input stage and the activation 
process. The input stage includes waste sorting/
sorting activities. Meanwhile, at the processing stage, 
the community can be empowered as technicians in 
the waste shredding/cutting, waste burning, steam 
collection, turbines, and generation process. Of 
course, the community has been previously given 
training and education. In addition to improving the 
knowledge and skills of the community around the 
WtE Plant, the economic condition in the community 
may also increase (39).

The Environmental and Public Health Impacts Due to 
WtE Plant Implementation and Its Management

In general, all of the technologies used in 
the WtE Plant can reduce the waste pile. However, 
they have different capacity in reducing the waste, 
depending on how it is processed, the efficiency of 
the machine, and the characteristics of the waste. 
In the thermal methods, the reduction potential is 
higher due to the high temperature that burns all 
the materials (10,15,40). The percentage of waste 
reduction potentially achieved through gasification 
technology is 75%. The incineration technology can 
reduce up to 70-80% of the total volume without 
sorting (12). In the anaerobic digestive technology, 
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the reduction can reach up to <1.86% of the total 
pile (4,15) as the only waste that can be used is 
homogeneous organic (5). By reducing waste piles, 
the lifespan of FDS can last longer because the WtE 
Plant applications do not require large areas (17). In 
generating emissions, biomass burning is considered 
more environmentally friendly than coal, natural gas, 
and petroleum burning. Biomass combustion results 
in lower CO2 and shorter cycles so as not to affect 
the CO2 equilibrium in the atmosphere (9,41-42). In 
some previous environmental studies, gasification 
technology is the safest technology due to combustion 
carried out in seals, thereby forming no emission (11). 
However, other studies have shown that conventional 
gasification, plasma gasification, and incineration 
technologies are environmentally good enough 
because they produce more CO2 emissions that 
exceed the standards of the Environmental Protection 
Agency (EPA) (17). In the incineration technology, the 
combustion process may have the opportunity to emit 
CO2 gas and other toxic gases if the incinerator is not 
standardized. In standardized units, a study shows 
the emission reduction achieved with incineration 
technology is 300,000 tons of CO2 per year (12). While 
in other studies, it is mentioned that the incineration 
technology can reduce CO2 emissions by up to 0.18 
kg/s (33). While in the anaerobic digestive technology, 
the risk of environmental contamination can also arise 
because, in its operation, this technology uses soil as 
land cover. Lack of soil density can pose the risk of 
gas leaks including CH4 emissions and even explosion 
(3). Further impact is contamination of groundwater, 
river water, and food products (43). However, a study 
on the WtE Plant evaluation of Bantargebang FDS 
using the biochemical method, the WtE Plant could 
reduce greenhouse gas emissions, such as CH4 up 
to 284,130 tons and CO2 up to 17,640 tons in the 
first year, which will then continue to decrease in the 
following years (34).

Seen from the public health impacts, the 
exposure pathways identified include dermal contact, 
fish consumption, meat, milk, vegetables, water, and 
inhalation. In general, the WtE Plant implementation 
has a lower health impact than open dumping and fossil 
burning. Contamination of ammonia in leachate in food, 
such as vegetables and fish, is the most contributing 
factor to the occurrence of poisoning. Besides, there 
is also another carcinogenic risk of dermal contact 
with contaminated water due to the presence of BTEX 
(benzene, toluene, ethylbenzene, xylene). While the 

risk of exposure to dust particulates, NOx (nitrogen 
oxides), and dioxins is still below the threshold, and 
thus the danger level is low (43). In other studies, 
the normal operation of WtE Plant installation does 
not cause adverse health effects. This indicates that 
the public health impacts depend on the WtE Plant 
installation during the operation (44).

Good management of the WtE Plant installation 
control and maintenance significantly can prevent and 
minimize the environmental and public health impacts 
(45). Solving the emission or waste with the thermal 
technology, in particular, needs additional processing 
units as quencher to prevent the formation of dioxins 
and furans (13), scrubbing to absorb hazardous 
materials in exhaust gases (13), a bag filter to filter 
dust particles before exiting the chimney (10,13,40), 
and sewage treatment to treat leachate coming out 
of the bunker (13). Besides, the project is equipped 
with an instrumentation and control system by a 
Process Control System (PCS) or Distributed Control 
System (DCS) that is monitored automatically or 
manually. Therefore, the performance of WtE Plant is 
more efficient and secure (13), and the operation of 
the incinerator does not cause emissions and odors 
and sets the combustion temperature range of 800-
1,000oC (10). Conversion of waste to thermal, on the 
other hand, also provides advantages because the 
products in the form of sludge are considered safe 
and provide added values for its capacity of resembles 
lignite coal and producing fertilizer and reusable animal 
feed which does not harm the environment (28). The 
utilization of increnator has the potential to secure wide 
land areas and reduce emissions and environmental 
burdens (27). While in the LFG processing, emission 
reduction can be supported by a combustion engine, 
which can be based on HCCI (Homogeneous 
Charge Compression Ignition). This machine has 
the advantage to reduce the levels of hydrocarbons 
(HC) and nitrogen oxides (NOx) in exhaust emissions 
and the risk of environmental pollution. The use of an 
HCCI motor engine also provides positive values for 
fuel efficiency because it can save fuel usage between 
15-20% (21). Besides, the units that can be added to 
ensure the optimal operation of this conversion are the 
leachate collection system for pumping leachates out 
of the ground and cap system for reducing rainwater 
entering the landfills. Other units include gas ventilation 
system for controlling gas flow and concentration 
and preventing explosion, and monitoring system for 
detecting leaks (34,37).
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The WtE Plant Installation in the Pursuit of SDGs 
2030

The WtE Plant installation is considered 
in line with the 7th SDGs which is to provide clean 
and affordable energy because it can produce 
electrical energy and have environmentally friendly 
operation. Strengthening WtE Plant in each region will 
strengthen the regional capacity to realize the spread 
of decentralized renewable energy technologies. 
The economic status of the community can also 
increase through job opportunities and community 
empowerment in terms of the WtE Plant operation 
as the 8th SDGsmentions to provide decent jobs and 
economic growth. The WtE Plant installation also aims 
to bring about the 12th SDGsregarding responsible 
consumption and production as waste produced by 
urban activities can be processed independently in the 
FDS of each region. Besides, the WtE Plant installation 
aims to achieve the 13th SDGsregarding handling 
climate change. In relation to that, waste becomes 
renewable energy and reduces CO2, CH4, and NOx 
emissions, which contribute to global warming.
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CONCLUSION

Based on the analysis of some studies, more 
than half of the waste that goes into the FDS is organic 
waste with high water content but has almost equivalent 
calorific value to that of sub-bituminous coal. Waste may 
be an alternative to coal if its water content is reduced to 
obtain higher calorific values. Principally, the conversion 
of waste to electrical energy can be done in two ways: 
thermal methods (combustion, pyrolysis, gasification, 
hydrothermal) and biochemical method (anaerobic 
digestion). Among these three technologies, gasification 
technology has the highest ratings in generating 
electrical energy through the WtE Plant, and then the 
second and the third are combustion technology and 
anaerobic digestion, respectively. Although the thermal 
technology requires a higher investment cost than 
biochemical technology, from the economic analysis, 
the thermal methods provide more positive feedback 

than the biochemical method based on the IRR scores 
or project benefits. Combustion technology is widely 
recommended for the process of converting waste into 
electrical energy because the efficiency of work and 
power produced is quite high and profitable. The use of 
thermal methods can reduce more waste more quickly 
than the biochemical method because high temperatures 
in the thermal methods can burn all incoming materials. 
Environmental and public health impacts may arise due 
to installation conditions that do not meet the standards. 
However, the impacts are lower than the waste handling 
method using open dumping and fossil burning. With 
pre-treatment in the form of drying to reduce wastewater 
content, adding a pollution control unit and an integrated 
monitoring system that ensures controlled generator 
performance to achieve the optimal waste reduction and 
conversion. The improvement of waste management 
can be done expanding the scope of services, increasing 
the role and participation of the community through 
the Community Based Waste Management (CBWM), 
sorting waste sources by types to reduce the operational 
burden in the FDS. Therefore, the WtE Plant installation 
can accelerate the pursuit of SDGs 2030 regarding 
affordable and clean energy, decent jobs and economic 
growth, responsible consumption and production, and 
climate change.

REFERENCES
1.  Setiadi A. Studi Pengelolaan Sampah Berbasis 

Komunitas pada Kawasan Kampung Perkotaan 
di Yogyakarta. Jurnal Wilayah dan Lingkungan. 
2015;3(1):27–38. https://doi.org/10.14710/
jwl.3.1.27-38

2.  Central Statistic Agency of Indonesia. Statistik 
Indonesia 2019. Jakarta: Central Statistic Agency 
of Indonesia; 2019. https://www.bps.go.id/

3.  Roswulandari A, Daerobi A, Suryanto, Gravitiani 
E. Waste to Energy (WTE) Putri Cempo As 
Urban Innovation:  A  Financial  Analysis. In: 
18th International Conference on Sustainable 
Environment and Architecture (SENVAR 2018). 
2019;2(1):171–174. https://doi.org/10.2991/senvar-
18.2019.25

4.  Keni, Agung. Model Rancangan Aplikasi 
Retribusi Sampah di Kota Bandung. In: 
Conference on Management and Behavioral 
Studies Universitas Tarumanegara Tahun 2018. 
2018;1(1):307–314. http://cmbs.untar.ac.id/images/
prosiding/2018/050_CMBS2018_Keni-Agung.pdf

5.  Allo SL, Widjasena H. Studi Potensi Pembangkit 
Listrik Tenaga Sampah (PLTSa) pada Tempat 
Pembuangan Akhir (TPA) Makbon Kota Sorong. 
Electro Luceat. 2019;5(2):14–24. https://doi.
org/10.32531/jelekn.v5i2.150

6.  Olivier JGJ, Peters JAHW. Trends in Global CO2 
and Total Greenhouse Gas Emissions: Report 



Jurnal Kesehatan Lingkungan/10.20473/jkl.v13i1.2021.24-34 Vol. 13 No.1 January 2021 (24-34)

33

2019. Netherlands: PBL Netherlands Environmental 
Assessment Agency; 2020. https://www.pbl.nl/sites

7.  Dewi PDP, Suarna IW, Budiarsa Suyasa IW. 
Potensi Energi Listrik yang Dihasilkan dari 
Emisi Gas Metana di TPA Suwung Provinsi Bali. 
ECOTROPHIC. 2017;11(2):132–139. https://doi.
org/10.24843/EJES.2017.v11.i02.p04

8.  Monice, Perinov. Analisis Potensi Sampah Sebagai 
Bahan Baku Pembangkit Listrik Tenaga Sampah 
(PLTSa) di Pekanbaru. SainETIn. 2016;1(1):9–16. 
https://doi.org/10.31849/sainetin.v1i1.166

9.  Adistia NA, Nurdiansyah RA, Fariko J, Vincent, 
Simatupang JW. Potensi Energi Panas Bumi, 
Angin, dan Biomassa Menjadi Energi Listrik di 
Indonesia. Tesla. 2020;22(2):105–116. https://
dx.doi.org/10.24912/tesla.v22i2.9107

10.  Thohiroh NA, Mardiati R. Desain Pembangkit Listrik 
Tenaga Sampah (PLTSa) Menggunakan Teknologi 
Pembakaran yang Fisibel Studi Kasus TPST 
Bantargebang. In: Senter 2017. 2018;1(1):212–
224. https://senter.ee.uinsgd.ac.id/repositori/index.
php/prosiding/article/view/senter2017p24

11.  Miefthawati NP, Afriani S, Saputra G. Perancangan 
Pembangkit Listrik Tenaga Sampah di Kota 
Pekanbaru Design of Municipal Solid Waste-
to-Energy Plant in Pekanbaru. In: Senter 2019. 
2020;1(1):452–461. https://senter.ee.uinsgd.
ac.id/repositori/index.php/prosiding/article/view/
senter2019p50

12.  Nurdiansah T, Purnomo EP, Kasiwi A. Implementasi 
Pembangkit Listrik Tenaga Sampah (PLTSa) 
sebagai Solusi Permasalahan Sampah Perkotaan; 
Studi Kasus di Kota Surabaya. Environtek. 
2020;12(1):87–92. https://doi.org/10.33005/
envirotek.v12i1.47

13.  Winanti WS. Teknologi Pembangkit Listrik Tenaga 
Sampah (PLTSa). In: Prosiding Seminar Nasional 
dan Konsultasi Teknologi Lingkungan Tahun 2018. 
2018;1(1):65–72. https://enviro.bppt.go.id/

14.  Widyawidura W, Pongoh JI. Potensi Waste to 
Energy Sampah Perkotaan untuk Kapasitas 
Pembangkit 1 MW di Propinsi DIY. Jurnal Mekanika 
dan Sistem Termal. 2016;1(1):21–25. http://e-
journal.janabadra.ac.id/index.php/JMST/article/
view/WIRA

15.  Samsinar R, Anwar K. Studi Perencanaan 
Pembangkit Listrik Tenaga Sampah Kapasitas 115 
KW (Studi Kasus Kota Tegal). Jurnal Elektrum. 
2018;15(2):33–40. https://doi.org/10.24853/
elektum.15.2.%25p

16.  Faridha, Pirngadie B, Supriatna NK. Potensi 
Pemanfaatan Sampah Menjadi Listrik di 
TPA Cilowong Kota Serang Provinsi Banten. 
Ketenagalistrikan dan Energi Terbarukan. 
2015;14(2):103–116. http://ketjurnal.p3tkebt.esdm.
go.id/index.php/ket/article/view/46

17.  Sudibyo H, Majid AI, Pradana YS, Budhijanto W, 
Deendarlianto, Budiman A. Technological Evaluation 
of Municipal Solid Waste Management System in 
Indonesia. Energy Procedia. 2017;105(1):263–269. 
https://doi.org/10.1016/j.egypro.2017.03.312

18.  Mahyudin RP. Kajian Permasalahan Pengelolaan 

Sampah dan Dampak Lingkungan di TPA 
(Tempat Pemrosesan Akhir). Jukung Jurnal 
Teknik Lingkungan. 2017;3(1):66–74. https://
ppjp.ulm.ac.id/journal/index.php/jukung/article/
viewFile/3201/2745

19.  Susanti EY. Analisis Faktor Penghambat Penerapan 
Kebijakan Sanitary Landfill di TPA Jatibarang 
Semarang Sesuai dengan Undang-undang No. 18 
Tahun 2008 tentang Pengelolaan Sampah. Journal 
of Politic and Goverment Studies. 2016;5(3):1–10. 
https://ejournal3.undip.ac.id/index.php/jpgs/article/
view/12444

20.  Saputra A.  Analisis Teknis dan Ekonomi 
Pembangkit Listrik Tenaga Sampah (PLTSA) 
Teknologi Incinerator (Studi Kasus TPA Muaro 
Kiawai Kabupaten Pasaman Barat). Thesis. 
Pekanbaru: Universitas Islam Negeri Sultan Syarif 
Kasim Riau Pekanbaru; 2020. http://repository.uin-
suska.ac.id/29951/

21.  Wijaya WH. Pemodelan Pembangkit Listrik Tenaga 
Sampah (PLTSa) Berbasis Landfill Pretreatment 
dengan Menggunakan Generator HCCI (Studi 
Kasus : TPA Supit Urang Kota Malang. Thesis. 
Surabaya: Institut Teknologi Sepuluh Nopember; 
2016. 

22.  Musyafiq AA, Zarory H, Prasteia V. Pemilihan 
Teknologi PLTSa di Kota Yogyakarta (Studi Kasus: 
TPA Piyungan Yogyakarta). Jurnal POLEKTRO. 
2019;8(2):1–4. http://dx.doi.org/10.30591/polektro.
v8i2.1475

23.  Putera PB, Hermawati W, Poerbosisworo IR. 
Kecenderungan Perkembangan Teknologi 
Gasifikasi Biomassa: Studi Perbandingan di 
Beberapa Negara. JSTI. 2015;17(3):113–126. 
https://doi.org/10.29122/jsti.v17i3.3434

24.  Majidi SS, Kamalan H. Economic and Environmental 
Evaluation of Waste to Energy through Gasification; 
Case study : Tehran. Environmental Energy 
Economic Research. 2017;1(1):113–124. https://
doi.org/10.22097/eeer.2017.46461

25.  Etutu TG, Laohalidanond K, Kerdsuwan S. 
Gasification of Municipal Solid Waste in a 
Downdraft Gasifier: Analysis of Tar Formation. 
Songklanakarin Journal of Science and Technology. 
2016;38(2):221–228. https://doi.org/10.14456/sjst-
psu.2016.30

26.  Mustafa A, Calay RK, Mustafa MY. A Techno-
Economic Study of a Biomass Gasification Plant 
for the Production of Transport Biofuel for Small 
Communities. Energy Procedia. 2017;112(1):529–
536. https://doi.org/10.1016/j.egypro.2017.03.1111

27.  Moya D, Aldás C, López G, Kaparaju P. Municipal 
Solid Waste as a Valuable Renewable Energy 
Resource: A Worldwide Opportunity of Energy 
Recovery by Using Waste to Energy Technologies. 
Energy Procedia. 2017;134(1):286–295. https://doi.
org/10.1016/j.egypro.2017.09.618 

28.  Musyafiq AA, Cahyo BN. Pemilihan Teknologi Waste 
to Energy untuk Pembangkit Listrik Tenaga Sampah 
(Studi Kasus : TPA Mojorejo Kabupaten Sukoharjo 
Jawa Tengah). In: Prosiding SNST. 2018(1):13–18. 
https://publikasiilmiah.unwahas.ac.id/index.php/
PROSIDING_SNST_FT/article/view/2353



Jurnal Kesehatan Lingkungan/10.20473/jkl.v13i1.2021.24-34 Vol. 13 No.1 January 2021 (24-34)

34

29.  Dodi N, Syafii, Raharjo S. Studi Kajian Kelayakan 
Pembangunan Pembangkit Listrik Tenaga Sampah 
(PLTSA) Kota Padang (Studi Kajian di TPA Air 
Dingin Kota Padang). Jurnal Teknik Elektro ITP. 
2015;4(2):24–33. https://ejournal.itp.ac.id/index.
php/telektro/article/view/292/286

30.  Sihite ASF. Studi Pengolahan Sampah untuk 
Bahan Bakar Pembangkit Listrik Tenaga Sampah 
Mini di Kawasan Medan Sunggal. Thesis. Medan: 
Universitas Sumatera Utara; 2018. https://repositori.
usu.ac.id/handle/123456789/9629

31.  Sahil J, Muhdar MHI, Rohman F, Syamsuri I. Sistem 
Pengelolaan dan Upaya Penanggulangan Sampah 
di Kelurahan Dufa-Dufa Kota Ternate. Jurnal 
BIOeduKASI. 2016;4(2):478–487. https://ejournal.
unkhair.ac.id/index.php/bioedu/article/view/160

32.  Andina E. Analisis Perilaku Pemilahan Sampah di 
Kota Surabaya. Jurnal Masalah-Masalah Sosial. 
2019;10(2):119–138. http://jurnal.dpr.go.id/index.
php/aspirasi/article/view/1424

33.  Lokahita B, Samudro G, Huboyo HS, Aziz M, 
Takahashi F. Energy Recovery Potential from 
Excavating Municipal Solid Waste Dumpsite in 
Indonesia. Energy Procedia. 2019;158(1):243–248. 
https://doi.org/10.1016/j.egypro.2019.01.083

34.  Prasetiyo AT, Notosoedjono D, Waryani. Studi 
Evaluasi Pembangkit Listrik Tenaga Sampah 
di Tempat Pengolahan Sampah Terpadu 
Bantargebang. Jurnal Online Mahasiswa Bidang 
Teknik Elektro. 2017;1(1):1–11. https://jom.unpak.
ac.id/index.php/teknikelektro/article/view/1009

35.  Surma U, Natio A, Harahap S, Firman LOM. 
Analisa Pemanfaatan Sampah Perkotaan untuk 
Pembangkit Listrik di TPA Ciniru Kabupaten 
Kuningan. Teknobiz. 2020;10(1):7–12. https://doi.
org/10.35814/teknobiz.v10i1.1355

36.  Nurhadi, Windarta J, Ginting D. Evaluasi 
Pemanfaatan Gas TPA Menjadi Listrik, Studi Kasus 
TPA Jatibarang Kota Semarang. Jurnal Energi 
Baru dan Terbarukan. 2020;1(1):19–25. https://doi.
org/10.14710/jebt.2020.8134

37.  Yulianasari AAS, Permanasuri NPD. Sampah 
Sebagai Pembangkit Listrik Alternatif dalam 
Upaya Pengembangan Infrastruktur Pusat Kota 
Lama Singaraja. Jurnal Anala. 2020;8(2):33–42. 
https://ejournal.undwi.ac.id/index.php/anala/article/
download/980/860/

38.  Chabhadiya K, Ranjan SR, Pathak P. Growth 
Projections Against Set-target of Renewable 
Energy and Resultant Impact on Emissions 
Reduction in India. Environmental Engineering 
Research. 2020;26(2):1-11. https://doi.org/10.4491/
eer.2020.083

39.  Nugraha CS, Darda  AA, Hermawan WF. 
Pengelolaan Sampah Melalui Empowerment 

Masyarakat dengan Perencanaan Pembangkit 
Listrik Tenaga Sampah Teknik Thermal Converter 
di TPST Piyungan. Jurnal Ilmiah Penalaran dan 
Penelitian Mahasiswa. 2020;4(2):20–28. http://
jurnal.ukmpenelitianuny.org/index.php/jippm/
article/view/189

40.  Huda T, Amor AP, Priyanto YTK. Studi Perencanaan 
Pembangkit Listrik Tenaga Sampah Pada TPA 
Sambutan Kota Samarinda. SPECTA Journal 
of Technology. 2019;3(2):18–26. https://doi.
org/10.35718/specta.v3i2.109

41.  Alimuddin, Tambunan AH, Machfud, Novianto 
A. Analisis Emisi CO2 Pembangkit Listrik Panas 
Bumi Ulubelu Lampung dan Kontribusinya 
Terhadap Pengembangan Pembangkit Listrik di 
Provinsi Lampung/Analysis of CO2 Emissions 
from Geothermal Power Plant Ulubelu and 
Its Contribution to Development of Electricity. 
Journal of Natural Resources and Environmental 
Management. 2019;9(2):287–304. https://doi.
org/10.29244/jpsl.9.2.288-303

42.  Parinduri L, Parinduri T. Konversi Biomassa Sebagai 
Sumber Energi Terbarukan. Journal of Electrical 
Technology. 2020;5(2):88–92. https://jurnal.uisu.
ac.id/index.php/jet/article/view/2885/1918

43.  Paladino O, Massabò M. Health Risk Assessment 
as an Approach to Manage an Old Landfill and to 
Propose Integrated Solid Waste Treatment: A Case 
Study in Italy. Waste Management. 2017;68(1):344–
354. https://doi.org/10.1016/j.wasman.2017.07.021

44.  Li H, Nitivattananon V, Li P. Municipal Solid Waste 
Management Health Risk Assessment from Air 
Emissions for China by Applying Life Cycle Analysis. 
Waste Management Resources. 2015;33(5):401–
409. https://doi.org/10.1177/0734242X15580191

45.  Tait  PW, Brew J, Che A, Costanzo A, Danyluk 
A, Davis M, et al. The Health Impacts of Waste 
Incineration: A Systematic Review. Australian 
and New Zealand Journal of Public Health. 
2020;44(1):40–48. https://doi.org/10.1111/1753-
6405.12939

46.  Sepriona T, Nurhalim. Analisis Pembangunan 
Pembangkit Listrik Tenaga Sampah (PLTSa) 
Kota Pekanbaru Ditinjau dari Aspek Ekonomi 
Teknik. Jurnal Online Mahasiswa Fakultas Teknik. 
2019;6(1):1–6. https://jom.unri.ac.id/index.php/
JOMFTEKNIK/article/view/22719

47.  Asiaka FK. Estimasi Harga Jual Listrik dari 
Sampah Penduduk Kota Palangka Raya. J-SEA. 
2019;14(2):1–11. https://e-journal.upr.ac.id/index.
php/j-sea/article/view/475/426

48.  Supriyadik. Analisis Potensi Daya Listrik Pembangkit 
Listrik Tenaga Sampah Kawasan TPA Putri 
Sempo Surakarta. Thesis. Surakarta: Universitas 
Muhammadiyah Surakarta, 2020.


