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Waste-to-Energy and Landfill Gas Utilization Potential in Indonesia
*Zulfikar Yurnaidi

Abstract : Indonesian Ministry of Environment estimates that each year 170 
cities and regencies in Indonesia produce  45,764,354.30 m3 or approximately 
11,441,091.08 ton of solid waste. Unfortunately, unsustainable management system 
has created a severe waste problem, hazardous to health and environment. This 
paper deals with the problem and offers some solutions. They are 3R (Reduce 
Reuse and Recycle), waste-to-energy concept and landfill gas (LFG) utilization. 
While 3R policy has been adopted by the government, the remaining two 
technologies are still dormant. Thus the paper provides a complete yet compact 
analysis of technology, economics, and environment aspect of waste-to-energy and 
LFG. Given the facts of waste production and management in Indonesia, the 
purpose is to encourage Government of Indonesia and other stake holders 
(including international community) to explore and exploit this potential. 
Potential of reducing waste negative externality while receiving extra revenue. 
Two bird with a stone.
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1. Introduction

These days, waste has become a severe problem 
in Indonesia, especially in big and metropolitan 
cities. It has shown up as one of environmental and 
social issues that need serious attention from every 
stake holders involved with its production and 
handling. Facing with big population of around 230 
million people and growing economy as well as 
standard of life, it is predictable that waste problem 
can get more sever in the future. This condition 
must be addressed properly and strategic 
countermeasures must be taken accordingly.

The waste problem in Indonesia, especially in 
big cities, can be rooted down to waste management 
system in those cities. Similar to other countries, 
local governments are in charge of the whole 
management process, from waste collection and 
transport to waste disposal and handling. The waste 
collection process starts from private or public 
temporary disposal sites, to where households and 
firms dispose their waste. The local authorities are 
responsible in the collection and transportation 
process to the municipal landfill (Final Disposal 
Site, Tempat Pembuangan Akhir, TPA). Most of 
Indonesian municipal landfill are been handled with 
open dumping system, which is unsustainable. In 
open dumping system, every kind of waste are just 
disposed and piled directly without more separation 

and additional handling process nor controlling 
system to landfill  externality effects. This system 
needs big space and potentially creates a lot of 
social and environmental problem to the vicinity 
area. Also with the growth of disposed quantity, 
more municipal landfills must be opened to contain 
the waste.

Government of Indonesia (GOI), in addressing 
waste problem, applies 3R concept, Reduce, Reuse 
and Recycle in its policy. In order to motivate local 
governments, a yearly Adipura Award is given to 
the city or regency with the highest performance in 
term of cleanliness and attention to environment. In 
addition to that, energy recovery option also has 
been considered by the waste stake holders. This 
option involves re-utilization of waste to produce 
energy. Some local authorities, usually assisted by 
private companies, have examined★ and proposed 
Waste-driven Power Plant (Pembangkit Listrik 
Tenaga Sampah, PLTSa) as a mean of energy 
recovery. Some studies by local scholars and 
international communities discussed the idea from 
technical, environmental and economic aspects. Lu 
Aye (2005) examined the options of traditional 
markets waste disposal by environmental and 
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No City Population Quantity  (m3/day)
2005 2006 2007 2005 2006 2007

1 Jakarta Selatan 1,708,269 1,718,042 1,738,248 5,223.0 na 5,663.0
2 Jakarta Pusat 897,789 893,195 888,419 4,651.0 na 5,280.0
3 Medan 2,068,400 2,068,400 2,068,400 na 4,382.0 4,985.0
4 Semarang 1,424,000 1,406,999 2,809,679 4,274.0 3,805.0 9,560.0
5 Surabaya 2,599,796 2,740,490 1,445,334 6,700.0 6,234.0 4,500.0
6 Palembang 1,500,872 1,520,199 1,369,239 4,698.0 na 5,100.0
7 Jakarta Utara 1,176,307 1,182,749 1,257,952 4,180.0 na 5,161.0
8 Jakarta Timur 2,385,121 2,434,163 2,413,875 5,442.0 5,272.8 6,592.7
9 Jakarta Barat 1,565,406 1,573,619 1,565,947 5,500.0 5,500.0 5,500.0
10 Makassar 1,160,011 1,179,024 1,223,540 3,580.2 na 3,661.8
11 Depok 1,335,734 1,369,461 1,420,480 na na 3,764.0
12 Bandung 2,141,837 2,453,302 2,520,812 6,473.7 na 7,500.0
13 Tangerang 1,700,000 1,914,316 1,537,558 4,225.0 500.0 3,367.0
14 Bekasi na 1,914,316 2,066,913 na na 2,790.0

Table 1  Components of Landfill Gas

economic analysis. The life cycle assessment and 
cost benefit analysis showed that composting at a 
centralized plant is the most economically feasible in 
present condition.

This paper analyzes the potency that can be 
derived from solid-waste management in Indonesia. 
The high quantity of waste disposal and the present 
system that is still not in favor of energy recovery 
open a big opportunity of change. This paper 
proceeds as follow. Second chapter depicts the 
condition of Indonesian waste management. Third 
chapter examines any kind of technology that could 
be applied in Indonesian system. It includes every 
waste-to-energy technology and LFG utilization. 
Fourth chapter provides methods and tools to 
analyze the options of waste management given in 
chapter three. Finally, chapter fifth discusses things 
from the previous chapters and derives conclusions.

 

2. Waste Management in Indonesia--Condition 
and Development

Indonesian Ministry of Environment reports the 
waste volume data produced by 170 cities and regencies 
in Indonesia. It estimates the waste disposal quantity 
from 170 cities and regencies in Indonesia to be 
45,764,364.30 m3 per year. With an assumption of 
relative mass, that is equal with 11,441,091.08 ton of 
waste per year.  Based on this number, we can roughly 
calculate the methane (CH4) emission released by those 
waste, which is around 517,366.14 ton per year. Table 1 
shows some of those data which comprises big and 
metropolitan cities in Indonesia. Also the potency of 
methane gas emission from big and metropolitan cities 

in Indonesia can be seen at Figure 1.

Fig. 1  Potency of Methane (CH4) Emission in Big and 
Metropolitan Cities in Indonesia

The complete data of total waste disposal volume 
for the whole Indonesia is still not available. But an 
estimation from population projection from Bureau of 
Statistics Center (Badan Pusat Statistik, BPS) and 
volume of waste production per capita per year from 
Intergovernmental Panel on Climate Change (IPCC) 
can show us that in 2007 alone Indonesia produced 
62.97 Giga gram of waste. By assumption, this value 
will keep increasing following the population growth.

The report also shows that though in some big cities 
almost all disposed waste can be transported to 
municipal landfill, some other cities and regencies in 
Indonesia are still not able to do that. From all waste 
produced by economic activity, 41.28% of it goes to 
municipal landfill, 35.59 % is burned, 7.97% is buried, 
1.15% is recycled or composted, while the rest of it 
(14.01%) is just thrown away to roads, rivers, unused 
land, etc. 

Most of the municipal landfill in Indonesia (around 
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Component China India Indonesia South Korea Philippines Turkey Japan
(% by weight) 1998 1995 1993 2001 1999 2000 2000

Organic matter 67.3 41.8 70.2 32.8 49 43 34
Paper and  cardboard 8.8 5.7 10.9 23.8 19 7.8 33

Plastics 13.5 3.9 8.7 – 17 14.2 13
Glass 5.2 2.1 1.7 2.8a – 6.2 5

Metals 0.7 1.9 1.8 – 6 5.8 3
Textile and  others 4.5 44.6 6.2 40.6b 9 23.1 12

Table 2  Waste Composition from various Asian countries

99.7%) is still being operated with open dumping 
system. Only less than 1% that already apply control 
landfill system. Even from all landfill managed as open 
dumping system, around 60% are categorized as 
unmanaged disposal sites. Also, there is no specific rule 
nor culture in Indonesia for which people will do waste 
separation. This will lead to sustainability problem. The 
increasing population definitely will lead to increasing 
waste production while the ability to handle those waste 
keeps running low. The municipal landfill will surely 
be full packed, the waste collection and transportation 
system will be worn out and processing the waste will 
be utterly difficult.

Another problem arising from the open dumping 
type of municipal landfill is environmental related. For 
example, in 1999 the Health Agency of Bekasi City 
reported the result of environmental and health research 
in final disposal site of Bantar Gebang. Some of it 
shows a bad quality of water (high acidity, E.coli 
bacteria found), high intensity of flies and health 
problems of skin, respiratory and digestion. Even in 
2005, a landslide happened in Leuwigajah landfill. 
These problem happen because of bad handling of 
municipal landfill.

In order to cope with waste problem, Indonesian 
government applies 3R concept, which is reduce, reuse 
and recycle. At April 9 2008, the Waste Management 
Act No.18 2008 was signed which control households, 
local authorities and firms on managing their disposed 
waste. A waste separation facility must be prepared in 
commercial, housing, industry, social and public area. 
The use of more environmentally safe products and 
materials is encouraged for producer. The Act also 
regulate the compensation given to those who get 
negative effect from waste management process in 
municipal area.

Other than the enactment of this Act, an award 
called Adipura is given to the city or region with the 
best cleanliness and environment friendliness. The 
purpose of this award is to encourage local government 
and people to create a clean and green city. Also, it has 
become a way to gauge the development environmental 
point of view.

Up to now, the only economic activities that 
involves waste are composting and recycling (including 
scavanging activity). Even for these basic activity, there 
are still rooms to expand. A research from Institut 
Teknologi Bandung (ITB) shows that the composting 
capacity in one region of West Java is still quite low 

and it needs proactive participation from the residents.
Based on statistic in 2001, the biggest portion of 

waste in Indonesia are organic waste (around 65%), 
paper (13%) and plastic (11%). Last measurement in 
Bandung and Surabaya showed that the bio waste 
portion may me reduced to 50% and plastic portion 
increases to around 15%. It means that the portion of 
non organic waste in Indonesia is getting bigger. 
Although utilizing different data, table 2 shows the 
comparison between Indonesia and other Asian 
countries in term of waste component.

The table shows that Indonesia has a quite big 
portion of organic waste. The portion of bio waste is 
even bigger in traditional market landfill. From several 
researches, we can calculate the bio waste takes part of 
more than 80% of total waste produced in traditional 
markets. This high portion of bio waste provides 
opportunity to Indonesia to develop waste-to-energy 
projects, since the organic part of waste is the most 
useful one to those systems.

In the last decade, some local governments with 
private firms are trying to promote the construction of 
Waste driven Power Plant (Pembangkit Listrik Tenaga 
Sampah, PLTSa), which is a practice of incineration to 
produce electricity from waste. The core of those 
projects is to provide more control and handling 
process to conventional municipal landfill system. 
From this tighten control, they try to squeeze and 
optimize the usefulness of so-called waste while reduce 
its negative effect to environment. The detail of this 
technology and some examples taken from Indonesian 
experience is provided in the next chapter.

3. Waste-to-Energy Concept and Landfill Gas 
Utilization

The previous chapter explains the general condition 
and development of waste management in Indonesia. It 
shows us that there are still opportunities in developing 
waste management in Indonesia into different level. A 
concept that can be utilized to increase the usefulness of 
waste is waste-to-energy. By this concept, the energy 
stored in waste (chemical energy) is going to be 
converted into another form of energy. It can be  heat, 
electricity or another (purer and cleaner) chemical 
energy. It is also a form of energy recovery. Another 
potency other than the waste itself is the gas produced 
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Fig. 2  Waste to Energy Plant Schematic

anaerobically from the waste, which is called landfill 
gas (LFG). The LFG utilization is ranged from direct 
use for heating (boiler) to electricity production or even 
as vehicle fuel.

3.1 Waste-to-Energy: A Mean of Energy 
Recovery

Waste-to-energy is a concept of waste utilization into 
energy source. The origin is dated back to 1960s and 
developed around 1980s. But the development of WTE 
was hampered in early 1990 mostly because of its 
dioxin emission, which is resulted from incineration. As 
result, the technology has been evolved into complex 
system with additional emission cleaner and removal 
parts. Developed countries such as Europe, USA and 
Japan have utilized their waste as power plant. As for 
South East Asia, Singapore is known to build some 
power plants, eg. Ulu Pandan (16 MW, 1600 ton/day) 
and Utas (19MW, 2000 ton/day). Several technologies 
are utilized in this waste-to-energy concept. The main 
and first technology is simple incineration. The others 
are divided into thermal and non-thermal technologies.

3.1.1 Incineration
Incineration is a waste treatment technology that 

involves the combustion of organic materials and/or 
substances, using an 'incinerator'. Incinerators can reduce 
the mass of the original waste by 80-85% and the volume 
by 95-96%, depending upon composition and degree of 
recovery of materials.

Concerns regarding the operation of incinerators 
include particulate, fly ash, bottom ash, heavy metals, 
trace dioxin and acid gas emissions (though relatively 
low). Also, odor pollution can be a problem with 
old-style incinerators. In newer incineration plants, the 
odors and dust are extremely well controlled. To solve 
the problem, a flue gas cleaning system must be installed 
to the plant. Also, a material separations must be 
included into system before combustion to remove 
hazardous, bulky or recyclable materials. Without it, the 
could risk the health and environment.

The heat produced by incinerator can be used to 
generate steam for heating or it can be used to drive a 
turbine in order to produce electricity. The typical 
amount of net energy that can be produced per ton 
municipal waste is about 2/3 MWh of electricity and 2 
MWh of district heating. Figure 2 shows the schematic of 

waste to energy plant provided by London Waste.
Waste combustion is particularly popular in countries 

such as Japan where land is a scarce resource. The same 
case is for metropolitan cities in Indonesia. Since the last 
5 years, the local government of Bandung City has been 
conducting a waste-to-energy project with incineration 
technology. The project is jointly done with PT. Bandung 
Raya Indah Lestari (PT. BRIL) as executor and Institut 
Teknologi Bandung (ITB) as technical advisor. The 
appointed site for the Waste driven Power Plant 
(Pembangkit Listrik Tenaga Sampah, PLTSa) is 
Rancanumpang, Gedebage District, Bandung.

The main reason of this project is to reduce the waste 
volume that is produced by Bandung citizen and piled in 
municipal landfill sites. The waste problem in Bandung 
has become quite worse, especially after the landslide 
tragedy in landfill Leuwigajah. The high quantity of 
waste disposal and the lack of nearby landfill sites makes 
the waste-to-energy an appropriate solution. Therefore, 
although the project is not that economically profitable, 
the local government decided to run it for good. 
Nevertheless, this project also raised quite a resistance. 
The local people supported by some environmentalists 
criticize the pollution that could be emitted by the plant, 
especially dioxin. They also said that the government 
didn't consult them first before starting the project. 
Another thing is that they are afraid that the placement of 
that 'waste' driven power plant will drive down the 
economic activity nearby. Thus, the government with 
some help from ITB then conducts a feasibility study and 
Environmental Impact Analysis to answer people's fear. 
Also, a Corporate Social Responsibility (CSR) project is 
programmed by building a sport center and road facility. 
Figure 3 shows the scale model of power plant that is 
going to be constructed in Gedebage.

Fig. 3  Scale Model of Waste-to-Energy Plant in 
Gedebage, Bandung, Indonesia

3.1.2 Other thermal technology
The other thermal technology includes gasification, 

pyrolysis and plasma arc gasification. The basic form of 
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Compound Concentration
Methane(CH4) 30–60%(volume) 
CarbonDioxide(CO2) 20–50%(volume) 
Oxygen(O2) <2%(volume) 
Nitrogen(N2) <10%(volume) 
Moisture(H2O) Saturated 
Trace Compounds e.g. 
Hydrogen Sulphide, 
Mercaptans, Vinyl  Chloride, 
Hexane, Toluene, etc.

<4000 ppm

energy output is syngas, a mixture of CO and H2.
Gasification is a process that converts carbonaceous 

materials, such as coal, petroleum, biofuel, or biomass, 
into carbon monoxide and hydrogen by reacting raw 
material at high temperatures with a controlled amount of 
oxygen and/or stream. The resulting gas mixture is called 
synthesis gas or syngas. This syngas itself is a form of 
energy. But it can be utilized further into electricity, heat, 
or hydrogen. An example of gasification process can bee 
seen in Figure 4.

Fig. 4 Texaco Gasification Process

Pyrolysis is the chemical decomposition of condensed 
organic substances by heating. It is a special case of 
thermolysis related to the chemical process of charring. 
In general it produces gas and liquid products and leaves 
a solid residue richer in carbon content. One of its use is 
convert biomass (including waste) into syngas or biofuel. 
Both are a form of energy.

Plasma arc gasification is a waste treatment 
technology that uses electrical energy and the high 
temperatures created by an electrical arc gasifier. This 
arch breaks down waste primarily into elemental gas and 
solid waste (slag), in a device called a plasma converter. 
Depending on the input waste, gas from the plasma 
containment can be removed as syngas.

3.1.3 Non-thermal technology
The non-thermal technology includes anaerobic 

digestion (biogas rich in methane), fermentation and 
mechanical biological treatment.

Anaerobic digestion is a series of processes in which 
microorganisms break down biodegradable material in 
the absence of oxygen. The process can produces a 
methane (CH4) and carbon dioxide (CO2) rich biogas 
which is suitable for energy production that can help to 
replace fossil fuels. Figure 5 shows the key process 
stages of anaerobic digestion.

Fig. 5  Key Process Stages of Anaerobic Digestion

Fermentation is the process of deriving energy from 

the oxidation of organic compounds, such as 
carbohydrates, using an endogenous electron acceptor, 
which is usually an organic compound. By fermentation 
process, waste can be utilized to produce ethanol or 
hydrogen. 

Mechanical biological treatment (MBT) system is a 
form of waste processing facility that combines a 
sorting facility with a form of biological treatment such 
as composting or anaerobic digestion.

3.2 Landfill Gas (LFG) as An Energy 
Source

Landfill gas (LFG) is  a gas produced by the 
anaerobic decomposition of degradable organic wastes 
in a landfill. It consists of several gases mostly methane 
(CH4) and carbon dioxide (CO2). Both of them are 
categorized as green house gas (GHG), the most 
important ones, that could cause global warming. 
Methane has a higher global warming potential (around 
21 times of carbon dioxide) and makes up 16% of 
global green house gas emission from human activities. 
For that reason, it is better to burn methane and produce 
carbon dioxide than let the methane enter the 
atmosphere. This is the basis for LFG flaring facility 
that is usually equipped by a  municipal landfill. Table 
3 shows the components of LFG.

Table 3  Components of Landfill Gas

LFG has an environmental impact such as nuisance 
odor, greenhouse gas emission, health issues and toxic 
effects, explosions and vegetation stress. Therefore we 
must control the LFG emission from municipal landfill 
and do not let it enter the atmosphere. In the other side, 
it also has potential benefit since it can be used as fuel, 
generate electricity, be supplement for pipeline gas, 
replace fossil fuel and synthesize methanol. From these 
benefits, it is clear that a municipal waste landfill can 
also become a source of revenue. Thus, LFG utilization 
gives chance to reduce waste landfill negative impact 
while getting some revenues. Two birds with a stone.

The first thing that must be done is construct an LFG 
extraction system. Unfortunately, most municipal 
landfill in Indonesia still has no equipment for this 
purpose. The popular way of reducing the methane 
emission, mostly to reduce the odor and save space for 
waste, is by directly burning it without any specific 
system for energy recovery.

In order to analyze the feasibility of LFG utilization 
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in a specific landfill we need to assess its LFG 
production potential for specific time ahead. Then the 
LFG collection can begin after a portion of the landfill 
(known as "cell") is closed to additional waste 
placement and the extraction tools (wells, pipelines) are 
installed to the "cell".

There are two steps for assessing LFG generation 
potential. First is LFG modeling. By this we use an 
exponential decay model which then can be used to 
determine size of LFG collection systems, estimate 
gaseous emissions to the environment and evaluate the 
benefits of LFG utilization. The most widely used LFG 
model is United States Environmental Protection Agency 
(US EPA)'s Landfill Gas Emissions Model (LandGEM).

LandGEM is a first order decay model, which assume 
that landfill methane generation is a t its peak shortly 
after initial waste placement and then decreases 
exponentially as the organic material in the waste 
decreases as it is degraded by bacteria in the landfill. The 
outputs of this program is annual wast inputs, 
waste-in-place and generation of total LFG, mehtane, 
carbon dioxide and NMOCs. The inputs that are needed 
by this model is annual waste disposal rates (Mi), 
potential methane generation capacity (Lo) and methane 
generation rate constant (k). To project the landfill 
methane generation those inputs are installed in a first 
order exponential equation shown by equation (1).

  
 




 



 
           (1)

Another inputs that can be used in this modelling 
process are year landfill opened and closed, waste design 
capacity, waste acceptance rate and methane content. The 
example of LFG generation graph can be seen at figure 6.

Fig. 6  LFG Generation Variance by k Value

The second step is LFG extraction testing. It involves 
one or more extraction wells and monitoring probes. The 
test is used to measure gas pressure, gas composition 
distribution, zone of influence and extent of air intrusion. 
Figure 7 shows the typical LFG extraction test set-up.

Fig. 7  Typical LFG Extraction Test Set-Up
It is after those assessment processes we can really 

start the feasibility study of an energy project utilizing 
LFG. Given the available LFG generation, a project 
manager should know whether a proposed project is 

feasible or not. The goal of an LFG energy project is to 
convert LFG into a useful energy form, such as 
electricity, steam, heat, vehicle fuel, or pipeline quality 
gas. Figure 8 shows the broad possibility of LFG 
utilization. Started from LFG production and collection, 
the LFG can be used as low grade (default grade before 
any additional process), medium grade, or high grade 
fuel. Each grade has specific use. For example, since 
fuel cell can only use a high grade fuel the LFG 
collected from landfill must be reprocessed first.

Fig. 8  Process Flow of Various LFG Utilization

4. Environmental and Economic Analysis

The previous chapters show us the possibility of 
utilizing waste to produce energy. This process can 
throw the waste problem away as well as give revenue 
opportunity. After examining the field condition 
(Indonesia) and considering the available technologies, 
the paper moves forward to environmental and 
economic analysis. These analyses become important 
as the purpose of this research is to solve environment 
problem economically. Thus, these analyses are 
important to verify whether the project is worth enough 
to achieve the target. They can also be used to choose a 
project between several options available.

4.1 Environmental Analysis
To assess some potential options of waste handling 

project employing an environmentally responsible 
approach, life cycle assessment (LCA) can be used. 
Also known as 'life cycle analysis', 'ecobalance', and 
'cradle-to-grave analysis', LCA is the investigation and 
evaluation of the environmental impacts of a given 
product or service caused or necessitated by its 
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existence. The analysis quantifies the environmental 
aspects of all operations within the boundary. Thus, the 
result can be more comprehensively communicated to 
the public. Another reason is that LCA can be used 
even with limited amount of data. Secondary data from 
literature is still applicable. However, it should be noted 
that LCA does not assess the actual environment effects 
of the system at a specific location. The actual 
environmental effects of emissions and waste will 
depend on the secific condition, time and place where 
they are released into the environment.

A simulation model ORWARE was developed by 
Dalemo et al. ORWARE applies LCA to organic waste 
management. A practical use of it is analysis of 
biodgradable waste management scenarios. Another 
scientists, McDougal et al. created IWM2 (Integrated 
Waste Management), which provides an inventory 
database of waste management systems and an impact 
assessment of global warming optential.

Life Cycle Assessment (LCA) is a well established 
technique of environmental assessment guided by the 
International Standard Organization (ISO) 14044 series 
of standards, which revises the previous 14040, 14041, 
14042 and 14043 standards. These standards establish a 
flexible framework in which LCAs can be conducted in 
a reliable and practical manner. According to this 
standard, LCA consists of the following phases: Goal 
and specific Definition: defines the purpose of study, 
functional unit for comparison and system boundaries; 
Inventory: identifies inputs and outputs for each 
process or material, calculates the flows of materials, 
energy and emissions; and Impact Assessment and 
Interpretation: results of  inventory are analysed by the 
relevance impact categories; Interpretation: analysis of 
the major contributions, sensitivity analysis and 
uncertainty analysis. Figure 9 illustrates LCA phases. 
These are often interdependent in that the results of one 
phase will inform how other phases are completed.

Fig. 8  Process Flow of Various LFG Utilization

4.2 Economic Analysis
A cost and benefit analysis can be used as feasibility 

study of a project. Evaluating the economic feasibility 

of  options, selecting the most viable one and 
determining available financing for the project are 
integral steps in the project development process. In 
overall process, the economic assessment process 
typically includes five steps, as shown in figure 9.

Fig. 9  The Economic Evaluation Process

4.2.1 Step 1: Quantify Capital and 
Operation&Maintenance Costs

Generally speaking, any kind of project will involve 
the purchase and installation of equipment (capital costs) 
and the expense of operating and maintaining the project 
(O&M costs).Costs elements common to various energy 
projects are listed as follow.

Capital (ie, equipment) costs include:
Design and engineering and administration
Permits and fees
Site preparation and installation of utilities
Equipment, equipment housing and installation
Startup costs and working capital

O&M cost elements include:
Parts and materials
Labor
Utilities
Financing costs
Taxes
Administration

4.2.2 Step 2: Estimate Energy Sales 
Revenues and Other Revenue Incentives

The primary revenue component of the typical 
electricity project is the sale of electricity to the local 
utility. In Indonesia, this role is taken by State Electricity 
Company (Perusahaan Listrik Negara, PLN). This 
revenue stream is affected by the electricity buy-back 
rates (ie, the rate at which local utility, PLN, purchases 
electricity generated by the project). When assessing the 
economics of an electricity project, it is also important to 
consider the avoided cost of the electricity used on site. 
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Electricity generated by the project that is used in other 
operations at the landfill is, in effect, electricity that the 
landfill does not have to purchase from PLN. This 
electricity is not valued at the buy-back rate, but at the 
rate the landfill is charged to purchase electricity (ie, 
retail rate). Notice that for Indonesian case, the retail rate 
is somehow lower than buy-back rate since the 
government applies a subsidy for electricity.

As for projects other than electricity generation, the 
revenue estimation is similar but with a change in main 
revenue from the sales of electricity to the sales of 
respective output of each projects. For example, it can be 
the sales of hydrogen, heat, LFG and syngas (direct use), 
or bio fuel.

Taking advantage the fact that waste to energy is 
considered as renewable or "green" energy, the projects 
can potentially use a variety of additional environmental 
revenue streams. These additional revenues can come 
from premium pricing, tax credits, greenhouse gas credit 
trading, or incentive payments. In Indonesia, the Energy 
and Mineral Resources Minister Regulation No.5/2009 
about Buy-Back Rate by PLN forced the PLN (power 
monopolist in Indonesia) to buy electricity generated 
from renewable resources.

4.2.3 Step 3: Assess Economic 
Feasibility

Once the costs and revenues for a project have been 
determined and if the project is still considered viable, an 
economic feasibility analysis should be performed. A pro 
forma analysis will present the results of calculating 
measures of economic performance that are used to 
determine financial feasibility, such as:

Internal rate of return (IRR): Return on investment 
based on the total revenue from the project and 
construction grants, minus down payment. This is the 
project cash flow, and express a percent "yield" on 
investment in the project.

Net present value (NPV) at year of construction: The 
value of the project at the first year that is equivalent to 
all the cash flows, based on the discount rate. This is 
how much money the project will cost over its lifetime, 
considering that the money could have been invested 
elsewhere and accrued interest.

NPV payback period: This is the length of time (in 
years) required for the project to pay for itself. The 
shorter the time, the better.

Annual cash flow: Total revenue form the project 
minus expenses, including O&M and capital 
amortization costs. Essentially the income the project 
generates in a year.

4.2.4 Step 4: Compare All Economically 
Feasible Options and Select Winner(s)

After multiple project options are compared, some 
options may emerge as clearly uncompetitive and not 
worth further consideration; alternatively, there may be 
one option that is clearly superior choice and warrants a 
more detailed investigation. A head-to-head economic 
comparison can be used to rank the financial 

performance of each option to select a winner. This 
comparison should incorporate several economic 
measures in the ranking, since no single measure can 
guarantee a project's economic success. For examples, 
projects could be ranked based on the NPV after taxes, 
making sure that the IRR requirements are satisfied. 
Also, important non-price factors that may impact the 
project but may not be quantifiable by the economic 
analysis should be considered.

4.2.5 Step 5: Assess Project Financing 
Options

Many financing options are available to landfills and 
project developers, including finding equity investors, 
using project finance, and issuing municipal bonds. 
Typically project investors look at the expected financial 
performance of the project to decide whether or not to 
lend or invest in the project. The debt coverage ration an 
important measure that the lender/investor will also want 
to see. The debt coverage ration is the ration of a project's 
annual operating income (project revenue minus )&< 
costs) to the project's annual debt repayment 
requirement. Lenders usually expect the value to be at 
least 1.3 to 1.5 to show that the project will be able to pay 
the debt in time.

5. Conclusion
With fast population and economic growth, Indonesia 

is expected to have more severe waste problem than the 
present condition, especially in big and metropolitan 
cities. Being hazardous to health and environment, the 
waste problem must be solved effectively and efficiently. 
Therefore the current solid-waste management system 
must be significantly improved. The waste-to-energy and 
LFG utilization could address the environment problem 
economically. A compact technological, environmental 
and economic analyses that have been presented here 
should encourage the stake holders to make the change.
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