
 

 

Dini Trisyanti 

Master of Science Thesis
TRITA-KET-IM 2004:6 

 
 

STOCKHOLM 2004 

 
SOLID WASTE MANAGEMENT OF 

JAKARTA – INDONESIA 
 
 

AN ENVIRONMENTAL SYSTEMS PERSPECTIVE 
 

INDUSTRIAL ECOLOGY 
ROYAL INSTITUTE OF TECHNOLOGY 

 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Distribution: 
Industrial Ecology 
Department of Chemical Engineering and Technology 
Royal Institute of Technology 
SE-100 44 Stockholm, Sweden 
Phone: +46 8 790 8793 
Fax: +46 8 790 5034 
 
TRITA-KET-IM 2004:6 
ISSN 1402-7615 
 
KTH/Industrial Ecology, Stockholm 2004 



 

 

 
 
 
 
 
 
 
 
 
J A K A R T A 
 
 
At first glance, this hot, smoggy city feels like nothing more than a waiting 

lounge for the millions queuing up to make their fortune. Jakarta’s infamous 

macet (gridlock) chokes its freeways, town planning is anathema and all 

attempts to forge a central focal point for the city have stuttered and 

ultimately failed. 

 

Beneath the veneer of glass fascias, concrete slabs and shabby slums, 

however, this is a city of surprises. From the steamy, richly scented streets of 

Chinatown, to excellent shopping, to the city’s thumping, decadent nightlife, 

Jakarta is a Pandora ’s Box, filled with all the good and bad of Indonesian 

life. 
 
 
(Quoted from Lonely Planet’s website) 
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ABSTRACT 
 
 
Solid waste management has been one of the critical issues in Jakarta, Indonesia. 
With enormous amounts of generated waste per day and limited supporting 
infrastructure, the city has faced serious threat of environmental deterioration and 
health hazard. It relies on one sanitary landfill only, whose capacity is currently being 
exceeded, leading to excessive amounts of solid wastes left untreated in the city. 
 
An assessment with a system perspective was carried out, aiming to examine the 
complexity with regard to substance flows, environmental impacts, and energy 
turnover associated to solid waste management. Different scenarios were constructed 
and compared using the ORWARE model as the simulation tool. The model 
comprises a number of processes starting from the generation point, all the way 
through means of collection and transportation, treatments e.g. incineration and 
biological processes, before final disposal in the sanitary landfill. In this thesis work, 
an open dumping submodel for the untreated waste was developed to illustrate the 
great impact of this practice. Furthermore, the model comprises materials recycling of 
certain products, which in Jakarta normally are collected in an informal system, 
involving thousands of scavengers, collectors, and waste suppliers. Externally related 
systems, e.g. power generation and fertilizer production were also included in the 
analysis, to implement a life cycle analysis concept in the delivery of certain 
functional units.  
 
The study focused on four different solid waste management scenarios. The first one 
was the current situation, while the other three investigated the future state whereby 
increased amounts of generated solid waste were handled either (i) in a similar 
management system as today, (ii) by a mixture of landfilling, incineration and 
biological treatment, and (iii) phasing out all landfilling for biological treatment and 
incineration.  
 
The simulations showed that landfilling is the least preferable choice from an 
environmental point of view. Phasing it out by introducing incineration and biological 
treatment would be beneficial in reducing the environmental impacts and recovering 
nutrients as well as energy. Untreated waste also plays an important role for the total 
impact, and even dominates eutrophication impacts for all scenarios. Improvements 
can be achieved by an effective source separation, and an increased collection 
efficiency. 
 
A further analysis particularly on the economic aspects of the treatment systems 
studied, coupled with the attempt to minimize the data gap in the submodels is 
recommended, aiming to acquire an improved analysis for better decision making. 
Another study, related to valuation of environmental and resource losses caused by 
untreated waste would also be important, seeking to analyze the avoided impacts that 
could be obtained by improving future solid waste management.  
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GLOSSARY OF TERMS 
 
 
Compensatory process: process of conventional production of a function, which is 
added to a system as means to circumvent the problem of different functional output 
of systems in a comparative study 

Core system: part of analysed system that is directly related to the function of a 
system, includes those activities that may be directly affected by decisions based on 
the study. In this study, it mostly relates to the function of handling and treating of 
solid waste 

Down-stream process: part of analysed system that takes place as a successor of 
activities in the core system 

Environmental systems analysis: systems analysis for assessment of environmental 
impacts and/or natural resource use caused by the studied system (a product, service, 
economy, or project), often focused on quantification of material and energy flows in 
subsystems of nature and society and the evaluation of the future sustainability of 
different alternatives of action 

Functional unit: quantified measure of functional output from a system for use as a 
reference unit in a life cycle assessment 

Model: simplified representation of reality, in the context of this thesis generally 
meaning a computerized mathematical model 

Organic waste: solid waste mainly as food scrap, which is readily biodegradable in 
biological treatment such as composting or anaerobic digestion 

ORWARE: an acronym for ORganic WAste REsearch. It is a computer-based model 
for calculation of substance flows, environmental impacts, and costs of waste 
management.  

Scenario: description of a possible future situation, based on assumptions about the 
future, and are characterized by choice of system boundaries, allocation methods, 
technology, time, and space 

Solid waste: refers to municipal mixed type of solid waste generated by household, 
business, traditional market, industry (excluded non-hazardous materials), and street 

Submodel: smaller, detachable entities of an entire model, i.e. landfill and 
incineration may be submodels of a model of a solid waste management system 

System boundary: delimitation in time, space and function between a system and its 
surroundings 

System: a set of related entities that interact with each other in some way 

Untreated waste: refers to amount of mixed solid waste left unhandled, neither by 
municipality service nor informal collection system 

Upstream process: part of analysed system that provides necessary input to the core 
system, e.g. extracting and processing resources used by the core system 

 
 



Solid Waste Management of Jakarta – Indonesia; An Environmental Systems Perspective 

 viii 

Abbreviations 
 
 
HDPE: High Density Poly Ethylene 

LCA: Life Cycle Analysis  
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1 INTRODUCTION 
 
 
Solid waste management has been a continually pertinent issue in our urban society. 
A large number of municipalities in developed and developing countries are facing 
increased demand of improving their solid waste services, with various forms of 
driving forces and degree of problems. Stricter regulations and further focus on 
sustainability, e.g. on regional green house gases reduction programs often motivates 
developed countries to carry out improved solid waste management. This is usually 
implied through a number of widespread environmental regulations strongly 
embedded in the energy and material resources utilization policies. Whilst in 
developing countries, the issues are more about the need of strengthening local 
institutional capacity and the big gap between increased amounts of solid waste 
generated and limited infrastructures provided, which obviously leads to a number of 
immediate impacts on human health and sanitation. 
 
Several facts show that the solid waste problem in Jakarta has became rather critical 
and hopeless. Like other booming mega cities in Asia, it suffers from a poor 
collection system for solid waste. Non-collected waste that is not covered by 
municipal service has devastated the air quality through spontaneous burning, 
contaminated water ecosystem due to uncontrolled dumping areas, created odor and 
health problems in the poor neighborhoods, and to some extent blocked the river flow, 
thus increasing the risk of flooding during the rainy season. As today the system is 
highly dependent on sanitary landfill, land shortage is another critical issue that forces 
the municipality to seek for waste disposal alternatives. The only proper landfill has 
exceeded its design capacity and leaded to massive public reactions in 2001. 
 
Minimum available capital and investment to financially maintain public services is 
often said to be the main reason for lack of solid waste infrastructure in developing 
countries. Although this is an undeniable fact, it also seems to drive a hypothetical 
opinion that solid waste management inevitably consumes large amounts of 
government spending. This has undermined its function as an investment for the 
future. Besides the fact that its impact on human health, environment and to some 
extent social situation are the precursors of long term losses, lack of city cleanliness is 
likely to be considered unattractive for businesses and tourism too. Since this 
complementary function is difficult to quantitatively include in the planning phase 
assessment, it seems to be disregarded in the decision making process. 
 
The way of looking at solid waste as part of cycling chain in society has been 
increasingly recognized as an effective approach that enables municipalities to better 
decision making processes to improve their performance. It sees the solid waste from 
its point of origin, all the way through the collection system, transportation, and 
treatment, until finally disposed of in a landfill. This ‘cradle to grave’ concept, which 
is known as waste management in a system perspective, helps to analyze the high 
complexity involved, to indicate significant sources of problems and to compare 
different possibilities to treating the solid waste in appropriate manners. Sweden has 
been one of the countries that actively developed and quite widely applied this 
concept in its waste management planning and policy design. 
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This thesis work is trying to highlight some aspects of the solid waste crisis in Jakarta 
as partly illustrated earlier. It seeks to observe solid waste through a system 
perspective, by examining its flows and linkages to externally related systems within 
society and providing information beneficial for the decision makers. In doing so, the 
computer based analytical tool ORWARE (Organic Waste Research) was used, a 
model that has been implemented in Stockholm and some other municipalities in 
Sweden. More particularly, ORWARE was used to quantitatively illustrate the 
environmental consequences of ‘business as usual’ practices, while in the same time 
demonstrate the feasibility of utilizing the energy and nutrient content in solid waste. 
In a system perspective, questions such as: (i) what are the significant material flows 
that cause environmental problems, (ii) to what extent could the impacts be avoided 
by energy recovery and materials recycling, and (iii) how source separation affect the 
whole solid waste management system may have been addressed.  
 
 

1.1 Aim and objectives 
 
It is not the intention of this research to offer a single best formula – since there’s 
never been such – but instead to oversee the complex system of waste management in 
Jakarta with the aim to improve the understanding on how future improvements can 
be achieved.  
 
More in particular, this study is conducted to meet the following objectives: 

1. To provide a systematic analysis of material flows that constitute the 
municipal solid waste 

2. To evaluate the environmental interrelations between waste management and 
its surrounding system 

3. To investigate energy turnover in different parts of the system of waste 
management system 

4. To identify barriers and opportunities of improving the role of materials 
recycling 

 
The study was carried out as a comparison between different scenarios for solid waste 
management, using ORWARE simulations as the tool to analyze the material flows, 
energy turnover, and environmental impacts. 
 
 

1.2 Scope and limitation of the study 
 
One of the challenges of this thesis lies in the fact that ORWARE has extensive 
submodels, parameters and input data which must be understood and supplied before 
performing a simulation. Such advanced system thinking and extensive data 
availability is not found in Jakarta. Another challenge is that Jakarta has various site 
specific characteristics that are different from typical municipalities in Sweden. Thus 
assumptions are made with the attempt of performing the simulation, but as much as 
possible to keep its relevance with the actual conditions. The reasons for doing so – 
whenever possible – are also discussed in this report.  
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In this thesis, the term solid waste refers to typical municipal solid waste that is 
generated within Jakarta city, excluding waste from sewerage systems discharge. It 
includes solid waste from households, commercials, traditional markets, non-
hazardous industrial waste, and street waste. The municipality has provided 
established infrastructure for these sources and monitoring data for the service is quite 
accessible and available.  
 
The scope of the assessment, including its timeframe, is very much influenced by the 
system boundaries in ORWARE (will be elaborated later). However, it is worth to 
clarify that economic aspects are not included in the analysis, due to time limitations 
for conducting this work. 
 
 

1.3 Outline of this report 
 
To accommodate a systematic structure and facilitate easy understanding of this 
research, the report is divided into six chapters. Following is a brief description of the 
content of each chapter.  
 
Chapter 1. Introduction 
The background of the problems, aim and objectives of the research, scope and 
limitation and outline of the report are stated.  
 
Chapter 2. The study area 
This chapter gives a brief description of Jakarta city, the current state of solid waste 
management in the city, and its institutional schemes.  
 
Chapter 3. Research methodology  
The concepts of waste management in a system perspective and the ORWARE model 
are shortly described. The system boundaries, submodels, functional units and 
scenarios defined for this specific case study are explained. 
 
Chapter 4. Results 
Simulation results of environmental impacts, energy turnover, and material flows to 
support the analysis are displayed and interpreted.  
 
Chapter 5. Discussion 
Important findings are discussed and whenever possible linked to reasonable 
explanations. Important future research areas are identified. 
 
Chapter 6. Conclusions 
Conclusions from the study are presented and different options for improvement are 
suggested.  
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2 THE STUDY AREA 
 
 
To be successful with an analysis of a complex system (system analysis), it is 
important to have a good understanding of the study area. The following section will 
provide a brief profile of Jakarta as the capital city of Indonesia, including its socio-
economic and environmental features. After that, information of the current solid 
waste management in the city is given, with an emphasis on solid waste 
characteristics and treatment methods. The institutional arrangement and the 
municipality’s plan for future strategies with regard to solid waste management are 
described in the last part. 
 
 

2.1 General information of Jakarta 
 

Geographic and climate characteristics 
 
Jakarta, as oriented in Figure 2-1 is a city located in the western part of Java Island. 
Positioned at the southern shore of the intensely navigated Java Sea, the city has been 
greatly influenced by its strategic position since centuries ago.  
 

 
Source: Central Intelligence Agency, 2004 

Figure 2-1 Indonesia’s Archipelago 

 
The location on the coast means that Jakarta is close to the sea level – on an average 7 
meters above it. Its land area covers 661.64 km2, including more than 110 islands 
spread in the northern part named Seribu Archipelago. Within the geographical area 
of the city there are 13 rivers and canals that are used to supply drinking water, for 
fishing and other activities. 
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In the northern part there is a coastal line of 35 km extending from west to east, where 
9 rivers and 2 canals meet the sea. Its eastern and southern parts have frontiers with 
the West Java Province, while the western part is adjacent to the Banten Province. 
The climate is generally warm with a maximum temperature of 31.4°C during the day 
and a minimum of 25.4°C at night. The average of rainfall, humidity, and wind 
velocity are 1590 mm per year, 77.1 % and 2.8 m/s. 
 

Economic and socio-economic features 
 
Industrial activities take place mostly in the northern and eastern part, while business 
and trade is more concentrated in the western, central, and southern part. Most of the 
land is nevertheless dominated by residential areas, occupying about 66% of the total 
area. 
 
Being the central of the national government and commercials activities, Jakarta city 
is given a special autonomy, equivalent with a province. Administratively its large 
region consists of 5 municipalities, 44 districts, 267 villages, and 2657 sub-villages. 
The municipalities are named West Jakarta, East Jakarta, Centre Jakarta, North 
Jakarta, and South Jakarta. Seribu Islands, as mentioned earlier, form actually a 
municipality as well, but are often considered as part of North Jakarta municipality. 
Each municipality has its own mayor under the authority of the governor. 
 

 
Source: Shofiani, 2003 

Figure 2-2 Administrative regions of Jakarta 

 
The official total population in Jakarta is at the moment more than 8,3 millions, 
meaning that it as one of the biggest cities in the world. The number of people in the 
city is actually bigger in the day and nearly exceeds 10 millions, since many of 



Solid Waste Management of Jakarta – Indonesia; An Environmental Systems Perspective 

 6 

Jakarta’s workers commute from neighborhood cities every morning. Because of this 
phenomenon, Jakarta Metropolitan Area is often considered as an agglomeration of 4 
cities, which are Jakarta, Bogor, Tangerang, and Bekasi (Jabotabek). Besides the 
severe congestion problems faced by citizens everyday, it obviously illustrates how 
land scarcity really reaches its critical degree. Low income inhabitants, very often the 
unskilled laborers coming thanks to the city’s economic attraction, reside in non-
permanent houses forming a slum area, which now reaches over 20% of the total 
number of sub-villages.  
 
As the central business centre in the country, Jakarta is economically superior to other 
Indonesian cities. Its economic stability is very much affected by the national 
economic situation, and vice versa. One of the illustrations is the inflation rate of 
Jakarta that nearly perfectly reflects the national inflation rate.  
 
During the period 1969 – 1983, trade was very important and comprised a big share of 
GDP, while agriculture decreased on the other hand. Manufacture developed slowly 
increasing from 9.8 to 17% during that period. Jakarta's contribution to the 1996 
National GDP was 7%, in which was included 17% of domestic industrial production 
and 61% of financial activities. Some features of Jakarta city can be seen in Table 2-1.  

Table 2-1 Socio economic data of Jakarta 

Description Value and unit 
Total population 8 379 069 people 
Area 661.64 km2 
Population density 12 664 people/km2 
Population growth 0.16 % per year 
Slum area 21% of total number of sub villages 
Households 2 322 373 
Economic growth 3.64 % per year 
Gini index 0.3 
Inflation rate 9.08 % per year 
National inflation rate 10.03 % per year 
Per capita income 3,083 USD/ year 
Unemployment 11.42 % 
Level of education (i) pass elementary school 23.01%,  

(ii) pass junior high school 20.83%,  
(iii) pass senior high school 33.92%, 
(iv) pass diploma/university 11.89%, 
(v) never enter school and not pass elementary 

school 10.28% 
 Source: Centre of Statistics of DKI Jakarta Province, 2002 
 
The gap between the poor and the rich has been a focal point of politics since the 
rapid economic development during the 1980s. The gap has broadened again during 
the national political and economic crash in 1997, when the national currency 
exchange rate was reaching its lowest level. Since then, unemployment rose sharply, 
the poor became more marginalized, economy was pressed down, and numbers of 
infrastructure projects were left unfinished or cancelled.  
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Environmental status 
 
The physical environment in Jakarta is largely affected by traffic congestion, and the 
uncontrolled development along major canals, railways, and roads. 
 
Jakarta’s atmospheric concentration of particulate matter frequently exceeds the 
health standard and the city therefore suffers from high levels of respiratory disease. 
Respiratory tract infections, for example, account for 12.6 percent of the mortality in 
Jakarta, more than twice the national average (World Research Institute, 1996). 
Vehicle emissions are the most important source of pollutants in the city as the result 
of the ‘success’ of cars as the main transportation mode. Waste burning is the next 
biggest air polluter, which contributes 41% of the total emissions (Megacities Project, 
2002). 
 
The main source of drinking water is the hilly regions outside Jakarta. Approximately 
80% of residents use groundwater. Only 20% of the population has access to safe 
water and sanitation. Low water quality is responsible for 20% of the deaths from 
diarrhea-related diseases (Megacities Project, 2002). 
 
 

2.2 Solid waste characteristics  
 

Solid waste generation rate 
 
Jakarta’s major generation source of solid waste is households. Single and 
multifamily dwellings generate about 58% of the total quantity of solid waste per day 
in the city. This waste consists mainly of food scraps, yard waste and wrapping 
materials. It is a mixture of among others organic and non-organic, recyclable and 
non-recyclable waste, and even hazardous and non-hazardous materials. The other 
sources are traditional markets, commercial areas, industries (non hazardous disposal) 
and street wastes. The total amount of produced solid waste from those sources in the 
area of Jakarta is 6,400 tons per day. Table 2-2 shows a more detailed information of 
the generated solid waste from different sources.  
 
There are a number of dominant variables influencing current waste management 
issues in Jakarta, which can be identified but not limited to the following: 
- Population 
- Density of population 
- Shifting of people’s behavior from time to time and place to place 
- Density of buildings and other types of infrastructure 
- Increased transportation complexity 
- Urban area growth rate 
- Economic and welfare growth rate 
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Table 2-2 Waste generation sources and rates in Jakarta  

Sources Typical waste 
generators 

Types of solid wastes Percentage 
of total 

waste (%) 

Weight 
(tons) 

Volume 
(m3) 

Households Single and 
multifamily 
dwellings 

Food scraps, paper, 
cardboard, plastics, textiles, 
yard wastes, wood, glass, 
metals, dusts, and household 
hazardous wastes 

58 3,712 14,848 

Markets Traditional 
markets 
(organized by 
Market Authority) 

Food scraps, plastics, paper, 
wood, leaves, leather, textiles, 
metal 

10 640 2,560 

Commercials Shops, hotels, 
restaurants, 
malls, schools, 
offices 

Paper, cardboard,  plastics, 
food wastes, hazardous 
wastes 

15 960 3,840 

Industries Warehouses, 
manufactures  

Housekeeping wastes, 
packaging, food wastes, ashes 

15 960 3,840 

Streets, parks, 
rivers 

Street cleaning, 
landscaping, river 
sediment cleaning 

Street sweepings, landscape 
and tree trimmings 

2 128 512 

Total  100 6,400 25,600 
Sources: Dinas Kebersihan DKI Jakarta, 2003 
 

Solid waste composition 
 
The amount of solid waste is dominated by the organic fraction (65.05%) that mainly 
comes from food scrap type of waste. This fraction contributes to about 40 – 60% of 
the water content of the Jakarta’s solid waste. The consumption pattern, materials 
utilization and climate have been identified as the key factors for the characteristics of 
this waste fraction.  

Table 2-3 Waste Composition 
Waste fraction Composition (%) 

Organic 65.05 
Paper 10.11 
Wood 3.12 
Textile 2.45 
Rubber, leather 0.55 
Plastic 11.09 
Metal 1.9 
Glass 1.63 
Battery 0.28 
Bone, egg skin 1.09 
Others 2.74 
Sources: Dinas Kebersihan DKI Jakarta, 2003 

 
Plastics and paper form the two next major fractions (11.09% and 10.11% 
respectively). They are mainly composed of packaging materials, wrapping materials, 
and food, beverage and chemical containers. Wood and textiles are the next two 
important fractions (3.12% and 2.45%), followed by metals (mostly cans) 1.9%, glass 
1.63%, bone and egg skin 1.09%, rubber and leather 0.55%, batteries 0.28%, and 
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others 2.74%. The latter means all waste that is not defined in the list, for example 
ceramics, cables, etc. The composition of generated solid waste can be seen in Table 
2-3. This composition has remained essentially the same since the year 1997.  
 
Previous research showed that plastic waste in Jakarta is composed mainly by High 
Density Polyetylene (HDPE), Poly Propylene (PP), and Low Density Polyethylene 
(LDPE) (47%, 31%, and 12%). The rest of it consists of Poly Vinyl Chloride (PVC), 
Polyethylene Terephthalate (PET), styroform, and others (10% in combination).  
 
Recently, a pilot plant experiment with composting of organic waste was performed 
in Jakarta. It was observed that yard waste (mostly dry leaves) was dominating (69%), 
followed by food scraps (13%), fresh vegetables (11%), and fruit skin (7%).  
As a part of the present thesis, solid waste samples were analyzed in the laboratory to 
give a more detailed characterization of the physical and chemical content of the 
Jakarta solid waste (see Table 2-4). The sampling process was conducted by the 
author the at Bantar Gebang landfill using a grab sample method. From three different 
active zones of the landfill, about 10 kg of solid waste in total was taken and mixed 
together to make one uniform sample.  

Table 2-4 The result of the laboratory analysis 

Parameter Result Unit Analysis Technique 

Carbohydrates 0.91 % w/w Spectrophotometry 
Non-mineral solids 0.27 % w/w Gravimetry 
Total solids 59.15 % w/w Gravimetry 
Fat 0.27 % w/w Soxhlet – Gravimetry 
Nitrogen, N 0.6 % w/w Kjeldahl 
Lead, Pb 41.22 ppm AAS 
Copper, Cu 19.28 ppm AAS 
Chromium, Cr 24.00 ppm AAS 
Cadmium, Cd 2.39 ppm AAS 
Phosphor, P 23.00 ppm Spectrophotometry  

  Source: Laboratorium Analisa Terpadu, IPB, 2003 
 
The quality of the data in Table 2-4 may be questioned, regarding number of samples 
tested, the condition of the samples when taken, and the methodology of examining 
them. 
 
 

2.3 Current state of municipal solid waste flow in Jakarta 
 
The main intention and priority of the solid waste management planning and strategy 
in Jakarta today is still on the sanitation aspect of waste disposal, i.e. to collect and 
dispose of as much amount as possible of solid waste generated in the city, thus 
minimizing health damage to the community. Although it is incorrect to say that no 
effort in solid waste minimization has been made, it is obvious that much could be 
improved with respect to planning, monitoring and evaluation of solid waste 
management in Jakarta aiming at a more integrated approach i.e. to reduce, reuse, and 
recycle solid waste generated in the society.  
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In the following section, the collection and treatment system for solid waste in Jakarta 
is presented and discussed. The system comprises collection, transportation, 
compaction station, landfill, incineration, and composting. It also comprises another 
important subsystem; the informal system for recycling of certain recyclable materials 
such as plastics, paper, glass, and cans. 
 

Collection system 
 
Solid waste collection is the first subsystem of the waste management system 
managed by the municipality as part of the urban environmental services. The work is 
coordinated by the Cleansing Agency, with the involvement of different parties such 
as the Market Agency, the Public Works Agency, and some enterprises as well, to 
share the area of operation. The tipping fees are set up to finance the operational costs 
for the system.  
 
Generated solid wastes are collected in two different ways; either (i) direct transfer to 
the landfill, or (ii) transfer to a temporary disposal site area before transport to the 
landfill afterwards. The first one is applied for the solid wastes coming from e.g. 
apartments (multifamily houses), government buildings, streets, and markets 
(organized by the Market Agency), which are located in relatively strategic places and 
close to main streets; therefore easy to be reached by waste trucks. Market wastes are 
collected by the Market Agency, while the Public Works Agency takes care of wastes 
from parks, canals, and streets. The rest is collected either by the Cleansing Agency or 
by private means.   
 
The second way of transport or the indirect type is typically used for residential areas 
(single family houses), and some commercial areas. Some households may afford a 
waste bin made by concrete or steel built in front of their houses that is big enough for 
storing their own solid waste before being collected by waste carts or cars. Others 
simply just store them in the plastic bags or in cardboard boxes in front of the house. 
These solid wastes are picked up by a collector car/truck, or an open wooden/steel 
cart, depending on the arrangement in the neighborhood. The carts dominate areas 
with poor car accessibility, relatively short distance to the temporary disposal site. 
Figure 2-3 shows the typical garbage cart.  
 
 

 

Figure 2-3 Garbage cart operated in the urban area 
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Temporary disposal sites are provided and managed by the municipality. There are 
1731 sites currently operated in the whole Jakarta region. Waste workers unload the 
solid wastes to available containers, and in some areas they also sort the non-organic 
wastes e.g. plastics, paper, bottles, cans, and glass to be recycled. This is part of 
government programs of recycling.  
 
The coverage area served by the system however has to be extended. More resources 
such as vehicles need to be provided to allow more frequent collection, thus 
preventing any spread of diseases to the neighborhood by having excess wastes 
waiting for collection. An improved waste collection would also reduce improper 
solid waste handling e.g. burning, river disposal or open dumping practices currently 
practiced by the inhabitants as some of their initiatives of getting rid of wastes.  
 

Transportation system 
 
From temporary disposal sites (or from solid waste generators for the direct system), 
collected solid waste is disposed of in the landfill located at Bantar Gebang, about 40 
km from the city to the east in the neighboring city Bekasi. The time needed for a 
truck to travel depends on the route, traffic density and traffic volume. In average 
conditions, one return trip i.e from the original point to the destination and back needs 
around 4 – 8 hours, including stops in different places. A recent investigation showed 
that only 86% of needed vehicles are effectively operated (Dinas Kebersihan DKI 
Jakarta, 2003).  
 
The different types of vehicle used are usually (i) regular truck with open container, 
(ii) truck with hydraulic loading system (tipper), (iii) truck with the container 
remaining in location (arm roll truck), and (iv) truck with compactor equipment.  
 

Compacting Station  
 
Some of the Jakarta solid wastes go to a special transfer station before being 
transported to landfill. In this transfer station – located in Cakung-Cilincing Sub 
District in North Jakarta – the solid waste is compacted using physical means, to ease 
the transport process to the landfill. This system has an average transport capacity of 
700 tons/day and a compacting ratio of 1:3. The management of this system is 
performed in cooperation between a private enterprise and the municipality. At the 
time of writing this report, the operation of this transfer station has not been able to 
meet specified goals (Dinas Kebersihan DKI Jakarta, 2003).  
 

Landfill  
 
There is only one landfill owned and operated by the municipality which receives 
almost all collected waste in Jakarta today. It is located in Bantar Gebang (in 
neighboring city Bekasi) which is about 40 km from the city to the east. 
 
The operation is based on principles for a sanitary landfill system, consisting of 5 
different steps: 

1. Weighing; to register the incoming waste; the amount of waste and its source 
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2. Unloading; to unload the incoming waste from the truck to the landfill area, 
using an excavator 

3. Spreading/compacting; to spread the wastes and fill in the prepared area by aid 
of a bulldozer and to compact the waste using a landfill compactor 

4. Daily covering; to cover the waste with soil, with an average thickness of 15 
cm 

5. Final closing; to cover with an extra layer of soil when the area has reached a 
predetermined height 

 
The site covers 108 ha in total, built on land owned by the municipality of Jakarta. 
This landfill is designed to handle 100% of the total solid waste generated in Jakarta, 
which was fulfilled in earlier years. The function of waste collected and disposed of at 
Bantar Gabang has, however, decreased in recent years due to several reasons among 
them a lack of financial resources. The landfill consists of 5 different zones for 
dumping the solid waste that has been developed gradually since 1988. Figure 2-4 
shows the view of Bantar Gebang landfill in Bekasi, West Java.  
 

 

Figure 2-4 A today view of Bantar Gebang landfill, Jakarta 

 
According to recent quarterly reports, only about 3,400 tons of solid waste is on an 
average treated in this landfill today, or 54% of the total portion of generated solid 
waste. It has exceeded its design capacity as well, and was therefore scheduled to be 
closed by the end of 2003. It was once closed down in 2001 due to odor, smoke and 
disease problems that were caused by poor control of its operation, thus provoking 
mass protests from the citizens. After some time, re-opening was approved with 
stricter demands on control of the environmental impacts.  
 
Some of Jakarta’s solid wastes are supposed to be disposed of on another landfill 
located in Ciangir (in neighboring city Tangerang), located 61 km to the west of 
Jakarta. But as the development of the facility has been postponed as well as the 
supporting infrastructure, this landfill is not ready yet to be opened.   
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Incineration  
 
Another method of treating solid waste in Jakarta is incineration. There are about 21 
small-scale incinerators in operation in different sub-districts, each with a capacity of 
about 150 kg/hour and operation 8 hours per day. Therefore this system is only able to 
handle about 0.4% of the total generated waste per day. Furthermore, they are not 
operated on a daily basis, and technical information is lacking, such as a detailed 
description of the operation of the system, the treatment process, and how these 
incinerators have performed so far. This process is planned to reduce 80% of the 
incoming solid waste quantity, using 800°C heat in the incineration. The remaining 
ash is either transported to landfill or transformed to a kind of bricks. The incinerators 
form part of a Zero Waste program promoted by the municipality. 
 

Composting 
 
Composting of organic solid waste has been introduced as part of a waste 
minimization program set up by the municipality. The idea is to reduce the waste 
quantity going to landfilling. In principle, the composting system comprises a 
centralized sorting system, and thereafter composting of the organic waste. Mixed 
solid waste is brought to a designated area, where it is sorted; organic solid waste is 
composted and certain recyclable products are recycled. Remaining waste is either 
burned in the incinerator or transferred to the landfill. Figure 2-5 shows the windrow 
composting piles in the Zero Waste project.  
  
 

 

Figure 2-5 Pilot project of windrow composting 

 
Among 11 designated areas, only 2 are in operation today. Therefore this system is 
only able to handle about 0.3% of the waste produced.  
 
This program is supported by another parallel program called 3R (Reduce, Reuse, and 
Recycle), that introduces a source separation – in the households – of organic and 
non-organic waste in different bags or containers. Non-organic solid waste is left to 
scavengers for further separation and recycling, e.g plastics, paper, metals, etc, while 
the rest is transported to the landfill.  
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Both programs have been implemented since the year 2000 in different sub-districts 
of Jakarta, but there is still much effort needed to improve their performance. Some 
problems have been encountered, such as a lack of community participation, lack of 
supporting vehicles for 3R and over capacity in Zero Waste part where the time 
needed to sort waste has been too limited in comparison to the high frequency of 
incoming mixed waste trucks.  
 

Recycling 
 
Recycling in Jakarta is carried out largely by an informal system, which involves 
thousands of scavengers, collectors, and waste suppliers. This system starts from the 
point where waste is being generated, e.g. households, commercial areas and offices 
and continues at the different temporary disposal sites and in the landfill area as well.  
 
There are people used to be called tukang loak who come door to door, to buy cheap 
things, such as metal equipment, bottles, newspaper, magazines, car batteries, etc. But 
very seldom they collect plastic product waste. Plastic products are mostly collected 
from the waste bin by scavengers. The scavenger activity is highly influenced by the  
waste management system in place. In Jakarta, waste picking starts from the waste 
bins of households that wait to be collected by the municipality. Diagrammatically, 
the present waste recycling activity can be seen in Figure 2-6. 
 

 

Figure 2-6 Informal collection system in the society 
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Most of the recycled materials are collected at the waste generation point, simply 
because a relatively higher amount of valuable materials can be found and less 
contaminated than in other points. The location of scavenging varies; (i) about 60% of 
the scavengers are working in residential areas, (ii) 10% in shopping areas, (iii) 10% 
at markets, and (iv) 20% at temporary disposal areas and at the landfill. 
 
Waste recycling business involves different elements which are interdependent to one 
another. It forms a network that comprises low capital people such as scavengers and 
tukang loak, middle capital people that pull together the wastes from scavengers (used 
to be called lapak), certain recyclable materials collectors (named bandar), and 
suppliers, who are trusted by manufactures to deliver the wastes as their secondary 
material (see Figure 2-7). 
 
An earlier research project found that this informal system, specifically for plastic 
waste recycling, was able to handle 60% of the total plastic waste generated per day in 
DKI Jakarta. With the assumption that the same recycling rate can be maintained for 
the other recyclable materials i.e. paper, glass, and metal, this system is capable of 
reducing about 15% of the total waste burden generated in Jakarta.  
 

 
 

Figure 2-7 Recycling schemes performed by informal system 

 
A slightly different scheme is in function for plastic waste. There are waste grinders, 
whose position is similar to bandars or suppliers. But unlike bandars or suppliers, 
waste grinders are small scale industries who transform waste plastics into plastic 
flakes for plastic factories utilizing secondary material. A lapak is capable of 
collecting about 1 ton of plastic waste from the scavengers per day, which has a value 
of 800 thousand rupiahs (or 800 SEK). A list of typical amounts and types of plastic 
that are collected can be seen in Table 2-5. 
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With the increasing demand for secondary materials in the recycling industry, and 
more and more scavengers coming to Jakarta, it is predicted that 75% of recyclable 
materials will be recycled in 2015. 

Table 2-5 Example showing types and amounts of collected plastic per day 
by a lapak 

Plastic waste type Quantity (kg) 
HDPE 97.5 
LDPE 237 
PE 30 
PP 177.5 
PS 23 
PVC 404 
Total 969 

Source: Badan Pengkajian dan Penerapan Teknology and Jurusan Teknik 
Lingkungan ITS, 1999. 

 
Based on a simple calculation using collected data, the flow of solid waste in Jakarta 
can be illustrated according to Figure 2-8. Landfill is responsible for 54%, 
incineration and composting accounts for less than 1%, and materials recycling covers 
15% of total waste. The figure indicates that 30.3% of the total solid waste has neither 
been collected nor recycled. That enormous amount has been thrown to water bodies, 
dumped in open areas, or been burnt by dwellers in their backyards. This flow is 
regarded as one important basis for constructing the studied scenarios which will be 
elaborated later. 
 
 

2.4 Different actors of solid waste management in Jakarta 
 
The Cleansing Agency (Dinas Kebersihan) of Jakarta is the local authority 
responsible for operating, maintaining, and monitoring the solid waste infrastructure 
in the city. This organization is administered by the Governor of Jakarta, and includes 
representative officers in each municipality, who are responsible for the day to day 
coordination and reporting system. In performing its operation, the Cleansing Agency 
works closely together with the Public Service and the Market Agency, e.g. in 
collecting solid waste from streets and traditional market areas. 
 
Another institution is the Local Development Planning Agency (Bappeda). Its main 
task is formulating and directing local policies in certain areas of development, 
including the waste planning. The policy must be in accordance with the national 
policy framework by the National Development Planning Agency (Bappenas).  
  
Different technology and research development efforts in the area of solid waste and 
other environment-related study areas are continuously assessed in a ministerial level 
organization namely the Research and Application of Technology Agency (BPPT). 
The Cleansing Agency coordinates closely its effort with this organization, through 
technical advice and cooperation in some of their projects. 
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Another organization namely the Local Environmental Impact Control Agency 
(Bapedalda) is also taking part in the waste management, particularly with regard to 
fulfillment of national and local environmental regulations.  
 
 

2.5 Planned future strategies for solid waste management 
 
It is somehow agreed among different stakeholders, that before the Bantar Gebang 
case in 2001 appeared in newspaper headlines, there was a lack of waste strategy for 
Jakarta city. Now that Bantar Gebang is about to close, the municipality is facing 
serious problems. A number of proposals have been intensely assessed, with an 
attempt to combine different methods for solid waste treatment and disposal and 
increasing joint management with private enterprises.  
 
The current proposal includes cooperation between the municipality and a private 
company to operate a sorting process for recyclable and non-recyclable materials. 
Non-recyclable solid waste will be pressed and then wrapped tightly using a kind of 
plastic cover, before disposed off in a landfill site. This technology – considered safer 
– is called “ball press technology”, and will be located in the Bojong village 
(neighboring city Bogor). It will be capable of handling about 1500 tons of solid 
waste per day. The appointed private company will finance all the investment 
necessary for this facility. The local government will have to pay a monthly tipping 
fee Rp. 53,500 (about 50 SEK) per ton of solid waste, for the next 5 years operation 
phase.  
 
At the same time, another cooperation project between the municipality and a private 
company is planned. This plan includes treating solid waste by composting 
technology. The solid waste that can be treated is about 1000 tons per day. The land 
for building this facility – which is located in Duri Kesambi Sub District – is owned 
by the local government, so no tipping fee has to be paid, and yet there will be sharing 
of sales revenues between both parties.  
 
Another project that is being reviewed by the government is a Waste to Energy Plant 
through incineration technology. As it is named, the incoming solid waste will be 
utilized as the source of energy production (in this case electric power). It can be a big 
step for Jakarta in the future, and very much influencing the scenario development in 
this research. The capacity for this facility that will be located in Marunda Sub 
District in North Jakarta is about 1000 tons of waste per day. It is planned to be in 
operation in the year 2008. At the moment, this project is still in feasibility study 
stage. 
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Figure 2-8 Current solid waste flow of Jakarta – Indonesia
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3 RESEARCH METHODOLOGY 
 
 
In this chapter, I will further elaborate the ORWARE concept for environmental 
systems analysis in solid waste management, and how this model was constructed for 
this particular case study. Some associated concepts are briefly described as a 
background, and references for more thorough descriptions are given. But firstly, the 
solid waste inventory process during the field visit is described, aiming to clarify how 
the collected information was gathered.  
 
 

3.1 Solid waste inventory and data collection 
 
During August – October 2003 (effectively 2 months), a field visit was conducted, 
with the aim to gather as much information as possible on the Jakarta solid waste 
management system. Interviews and discussions were carried out with a number of 
representatives for the existing municipal solid waste management, future waste 
planning, and relevant research institutions. The following institutions were visited:  

- The Cleansing Agency (Dinas Kebersihan) 
- The Public Works (Departemen Pekerjaan Umum) 
- The National Development Planning Agency (Bappenas) 
- The Research and Application of Technology Agency (BPPT) 
- The Environmental Impact Control Agency (Bapedalda) 

 
Data mining was carried out, including reviewing waste reports, reports from previous 
research and other relevant documents from different sources with focus on these 
following points:  
 

1. Solid waste characteristics 
a. Solid waste sources. Who are the generators and what types of solid waste 

are produced? 
b. Total solid waste generation rates. What is the total amount of solid waste 

generated per month in Jakarta? 
c. Solid waste composition. It is expressed as the ratio (in weight) of a 

specific solid waste fraction to the total amount of solid waste. The 
fractions include food, paper, textile, plastics, grass, wood, rubber, glass, 
metal, etc 

d. Specific solid waste generation rates. How much waste (in tons) does each 
source (e.g. households, commercial, and market activities) generate in 
each district/area per month?  

e. Analytical values, which is the chemical composition of the solid waste. 
This information is needed for running the ORWARE program. This part 
includes primary parameters such as Total Solid (TS), Volatile Solids 
(VS), nitrogen (N), and phosphorus (P), as well as secondary parameters 
such as carbohydrates, fat, protein, heavy metals (Cd, Cr, Cu, Pg, Hg), 
AOX, PAH, PCB, and dioxins. 

2. Solid waste transport system 
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a. Type of vehicle for waste transport. It can be truck, trailer, or even a 
mixture of them. 

b. Distance and time duration from the waste generation point to the 
facilities.  

3. Solid waste collection scheme 
a. Time consumed for collecting in ‘Y’ hours/stop unit 

4. Solid waste treatment system 
a. Types and specifications of treatment 
b. Processes and material flows  
c. Incoming and outgoing waste characteristics 
d. Energy consumption and by products e.g. sludge, leachate and gas. 

 
 

3.2 Systems analysis of solid waste management 
 
Solid waste management is a complex system. It involves many components, 
linkages, and to some extent its environment and external factors. One of the ways to 
describe the elements and the interactions among them is done through systems 
analysis. The system is usually simplified with a model, but still represents the basic 
sense where the quantity and relations can be observed. Another aim of modeling a 
system is to introduce an increased flexibility in the possibilities to investigate 
different cases.  
 
At its early years of development, solid waste management models mainly addressed 
cost minimization as the decision variable in urban planning, e.g. routing of vehicles 
and location of treatment and disposal facilities. Environmental considerations 
appeared later, e.g. in analyzing different recycling schemes, fulfilling the 
environmental constraints, or in optimization, scenario comparison or information 
management of environmental parameters. Bjorklund, 1998 gives a literature review 
of waste management models, specifying the differences among the models based on 
categories of decision areas, model type, objective, environmental aspect, waste type, 
and function. The growing access of computing devices has supported the wider 
application of modelling in this research field.  
 
The concepts of Substance Flow Analysis (SFA), Material Flow Analysis (MFA) and 
Life Cycle Analysis (LCA), have extensively influenced the construction of those 
models.  
 

Substance Flow Analysis (SFA) 
 
SFA is a method for mapping flows and describing exchanges of substances in the 
litosphere, biosphere, and technosphere. It is closely related to LCA, in that it is one 
of the means to provide input data to the LCA. It may also serve goals such as error 
checking of inventory data, identification of missing flows or hidden leaks in society, 
identification of potential future problems or form a basis for regulations in substance 
handling (Bjorklund, 1998).  
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Material Flow Analysis (MFA) 
 
MFA is used to describe the static situation of different material flows, and to handle 
a large number of physical flows and may therefore be characterized as a 
multidimensional material and substance flow analysis. Flows such as total solids and 
polycyclic aromatic hydrocarbons (PAH) as well as single elements such as chlorine 
and copper may be followed. In the current model of ORWARE, the flow of over 50 
parameters can be followed simultaneously (Eriksson et al., 2002).  
 

Life Cycle Analysis (LCA) 
 
LCA is a tool to evaluate environmental impacts associated with a product, process, 
or service through all stages of its entire life cycle. Its techniques have been widely 
applied to help in environmental management and to foster sustainable development. 
This includes identifying, quantifying and assessing the impact of energy and 
materials usage, from raw materials acquisition through production, use and disposal. 
A Life Cycle Analysis uses SFAs and MFAs as input data.  
 
 

3.3 General description of ORWARE 
 
ORWARE (Organic Waste Research) is a tool for environmental systems analysis of 
waste management. It is a computer-based model for calculation of substance flows, 
environmental impacts, and costs of waste management processes. Processes within 
the waste management system are e.g. waste collection, anaerobic digestion or landfill 
disposal. A number of research projects have been undertaken with emphasis on 
method and model developments, as well as to prove its usefulness in improving the 
understanding of the system-wide environmental impacts of waste management. It 
was first used for analyzing organic waste management in a Swedish community, 
hence the acronym ORWARE, but now covers inorganic fractions in municipal waste 
as well. How ORWARE looks today is well described in Eriksson et al. (2002). This 
most recent study on ORWARE also had focused on the relation between waste 
management and energy recovery, as well as pointed out a number of parameters 
which have a great influence on the waste management system.  
 
ORWARE is constructed from a number of separate submodels, which allow a 
quantitative assessment of materials and energy flows, and financial turnover of a 
particular waste management system. Materials flows refer to waste materials and 
process chemicals and the output of products, secondary wastes, and emissions to air, 
water, and soil. Energy flows consider the use of different energy carriers such as 
coal, oil, natural gas, hydrogen biogas, or electricity. Financial turnover means the 
costs and revenues of individual processes and the entire system (Eriksson et al., 
2002). Figure 3-1 shows the conceptual design of a process submodel in ORWARE.  
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Figure 3-1 Conceptual design of a process submodel in ORWARE 

 
The submodels are constructed using either generic data from literature or specific 
data from the waste management system studied, depending on the availability. As the 
submodels are modular, they may be combined into the waste management system of, 
in practice, any city or municipality (Eriksson et al., 2002). The combined submodels 
then will form a complete waste management system, which can be seen in Figure 3-
2. The solid line this figure encloses the waste management core system, where 
wastes are treated and different products are formed.  
 
 

 

Figure 3-2 The conceptual model of a complete waste management system in 
ORWARE 

 

Products 

Emissions 

Energy 

Revenues 

Additional materials 

Energy 

Costs 

Submodel 

for 

waste management

Waste 

Secondary Waste 

Waste 
source 1 

Waste 
source 2 

Waste 
source 3 

Waste 
source 4 

Transport Transport Transport Transport

Incineration
Thermal 

gasification 
Materials 
recovery 

Anaerobic 
digestion 

Landfilling 

Biogas 
usage 

Waste 
source n 

Transport 

Composting 
Sewage 

treatment 

Transport Transport Transport Transport Transport

Organic 
fertilizer usage

Material 

Energy 

Product

Energy

Emission

Cost 

Revenue

Transport 



Solid Waste Management of Jakarta – Indonesia; An Environmental Systems Perspective 

 23 

In the practical application of the ORWARE model, all submodels of the core system 
are implemented in the Matlab software with its graphical interface Simulink (The 
Mathworks, Inc.), which allows the connection between separated submodels to form 
a larger system. The simulation result is transferred to an Excel worksheet, in which 
the aggregation of impact categories is presented.   
 
 

3.4 System Boundaries  
 
The conceptual model as shown in Figure 3-2, however, needs to be more precisely 
specified in the implementation of the study objectives of a specific systems analysis. 
Here the system boundaries play a role. They delimit the system under study from its 
surroundings, hence they affect the results and conclusions very much. 
  
The system boundaries in ORWARE are chosen with an LCA perspective, and are of 
three different types; time, space, and function. In ORWARE, evaluation of pre-
defined scenarios is used, instead of optimizing for one best scenario. The 
consequences of each scenario are calculated, but not automatically prioritized 
(Bjorklund, 1998).  
 

Time 
 
The system boundary varies between different studies and also between different 
submodels. The impact calculations are mostly derived from annual averages of 
process data, and so are the emissions occurring. But in the landfill and the arable 
land model, long-term effects are also included.  
 

Space 
 
A geographical boundary is needed to delimit the solid waste management system 
under the study, whereas emissions and resource depletion are included regardless of 
where they occur.  
 

The functional unit 
 
The main function of solid waste management is to treat the solid waste generated 
within the studied area. Other functions, e.g. providing different kinds of products 
from waste recovery are also possible nowadays. Functional units form the basis for 
impact quantification, meaning that all scenarios must fulfill a number of functions to 
the same degree. In order to achieve a just comparison between the scenarios, 
functions not present in a certain system have to be compensated for. The 
compensation of functional units in ORWARE is achieved by expanding the system 
boundaries to include different so called compensatory processes (Eriksson, 2003).  
 
As the system boundary in ORWARE follows an LCA perspective, it should include 
in principle all processes that are connected to the entire life cycle. This is done by 
enlarging the core system (the waste management system) to take into account 
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relevant up-stream (e.g. energy generation) and down-stream (e.g. biogas usage) 
activities and processes. According to Eriksson (2003), up-stream material flows 
associated with the use of energy carriers in the core system are included in the 
ORWARE model. In a similar way, down-stream flows associated with the spreading 
of organic fertilizer from biological treatment may be included in the analysis.  
 
Compensatory processes also have up-stream and down-stream processes. Therefore, 
the conceptual model of the total system in ORWARE is now enlarged, comprises the 
core system, the compensatory system and their relevant up-stream and down-stream 
systems, as illustrated in Figure 3-3.  
 

 

Figure 3-3 Conceptual model of the total system in ORWARE 
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government. Unhandled solid waste is also addressed as part of the undeniable fact 
that a significant amount of the solid waste never enters the current waste 
management system.  
 

1. Landfill 2003 
The present situation for solid waste management in Jakarta which is 
described in the earlier chapter was modeled. The total amount of solid waste 
collected by the municipalities is disposed of to the landfill, which thus serves 
as a core of the waste management system. Composting and incineration that 
takes place in the actual system is neglected, due to its small percentage (less 
than 1% of the total generated waste). Generated solid waste is discarded 
without source separation by households, business, etc, i.e. the organic 
fraction is mixed with the rest fractions. However, sorting of recyclable 
materials of plastic, cardboard, glass and metal has been performed by the 
informal system in a number of points (see previous chapter). 40% of the 
unsorted solid waste is not collected and is thus considered as the untreated 
waste; assumed to be dumped in some uncontrolled open sites, spontaneously 
burned by the producers, or disposed of into the rivers or canals.  
 

2. Landfill 2015 
In this scenario, the solid waste flow and all of the processes were set up in a 
similar way to the Landfill 2003 reference case. It differs only in the annual 
amount of solid waste generated within the city, which is projected to be 15% 
higher than the one produced today. A so called ‘business as usual’ scenario is 
thus formed; enabling a comparison of its impacts to the first scenario. It is 
also utilized to illustrate some environmental impacts that can be avoided by 
changing to better options, i.e. the next other two scenarios. Therefore, this 
second scenario is considered as the future reference case with which the two 
last scenarios were compared.  
 

3. Landfill + Incineration + Composting in 2015 
The scenario treats a portion of annual organic solid waste generated in 2015 
with biological treatment, i.e. composting, and also alters part of the rest 
fraction to incineration. The waste portions allocated to composting and 
incineration was selected in accordance to the future plan of the city (see 
previous chapter). The rest of the collected solid waste will still go to landfill. 
As source separation is introduced, the collection system had to be changed 
too, providing transportation means to collect the organic solid waste 
separately. Yet, both the direct and indirect collection systems are still in use. 
Residue transport is used to dispose of the ash and slag from incineration and 
rejected materials from composting to the landfill. Since the collection system 
is assumed to be somewhat improved, the amount of untreated waste has been 
reduced to 25%. The collected recyclable fractions also have increased 
correspondingly.  
 

4. Incineration + Anaerobic Digestion in 2015 
This scenario no longer regards landfilling as the core waste treatment system. 
It is instead based on incineration and anaerobic digestion as the two most 
important treatment technologies. The landfill is used to dispose of ashes from 
incineration and other non-recyclable fractions. The sorting rate of recyclable 
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materials and the amount of organic fraction collected are considered the same 
as the third scenario, and so is the amount of unhandled waste. 

 
The common features of studied scenarios are summarized in Table 3-1.  

Table 3-1 Summary of common features of studied scenarios  

Name Type of treatment Common features 

Landfill 
2003  

Landfill + Materials 
Recycling 

Sorting out of 75% of recyclable materials from households, business, 
traditional market and street 

Landfillling of all collected solid waste and rejected materials from 
recycling of cardboard and plastic 

40% of rest unsorted waste goes to open dumping 
No energy recovery system 
Long distance transport of recyclable materials to facilities outside the 

city border 
Landfill 
2015 

Landfill + Materials 
Recycling 

The same as Landfill 2003 scenario but with 15% increased amount 
of waste generated 

Lf + Ic + Cp 
2015 

Landfill + Incineration + 
Composting + Materials 
Recycling 

Sorting out of 85% of recyclable materials from household, business, 
traditional market and street 

Composting of 20% of organic solid waste  
Incineration of 23% of the collected rest fraction waste and rejected 

materials from biological treatment and recycling of cardboard and 
plastic 

The rest of the solid waste is landfilled  
25% of rest unsorted waste goes to open dumping 
Heat and electricity are recovered from incineration 
Compost is spread in arable land 
Long distance transport of recyclable materials to facilities outside the 

city border 
Ic + Ad 2015 Incineration + Anaerobic 

Digestion + Materials 
Recycling 

Sorting out of 85% of recyclable materials from household, business, 
traditional market and street 

Anaerobic digestion of 20% of organic solid waste  
Incineration of all of the collected rest fraction waste and rejected 

materials from biological treatment and recycling of cardboard and 
plastic 

25% of rest unsorted waste goes to open dumping 
Heat and electricity are recovered from incineration 
100% of biogas from anaerobic digestion is used to fuelling busses, 

while the sludge is spread in arable land 
Long distance transport of recyclable materials to facilities outside the 

city border 
 
A number of functional units have been set up for the solid waste management system 
in this study, which is: 

1. Treatment of solid waste generated annually in the city  (1,993,270 tons in 
year 2003, and 2,292,260 tons in year 2015) 
This is the main function of solid waste management system, which includes 
the collection, transport, treatment, and disposal methods of certain amount of 
solid waste in the defined area. 

2. Production of district heating 
Heat generation is largely related to incineration process, hence included as 
one of the functional unit of waste management system, aiming to identify the 
potential energy that could be recovered by having this function.  

3. Production of electricity 
4. Production of vehicle fuel (for busses) 
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5. Production of mineral fertilizer (phosphorous and nitrogen) 
6. Production of cardboard 
7. Production of plastic 

 
The compensatory systems for the functional units can be seen in Table 3-2.  

Table 3-2 Functional unit and compensatory systems 

Funcional Unit Compensatory Systems 
Treatment of amount of generated solid waste - 
Electricity Indonesian power mix 
District heating Oil fuelled heat generation 
Cardboard Virgin, 87% replacement 
Plastics Virgin, 100% replacement 
Digestion residue, compost Mineral fertiliser N, P 
Transport by bus Diesel fuelled busses 
 
 

3.6 Submodels 
 
The graphical interface of ORWARE that appears in the Simulink window is 
illustrated in Figure 3-4. The blocks are the submodels constituting the solid waste 
management system in this study. 
 

 

Figure 3-4 Graphical interface of ORWARE model for Jakarta city 



Solid Waste Management of Jakarta – Indonesia; An Environmental Systems Perspective 

 28 

The flow of the solid waste was initiated by a number of parameters in the scenarios 
defined. It implied for instance, that in the first and second scenarios, the biological 
treatment and incineration submodels were not activated in the simulation, because all 
collected solid waste was heading to the landfill system.  
 

Solid waste sources and waste fractions 
 
There are five sources of solid waste that have been modeled: households, businesses, 
traditional markets, industries (non-hazardous), and streets. Each source of incoming 
solid waste is grouped into several fractions such as organic waste, non-combustible 
waste, cardboard, rubber, glass, metal, HDPE, and LDPE. Activities that generate 
waste are not included, but the model begins when solid waste is collected at the 
source. 
 
According to Eriksson (2003), each fraction is characterized by a set of parameters 
describing the chemical composition of the waste, including: 

• Parameters of environmental relevance: heavy metals, NOx, SO2, HCl, PCB, 
dioxins, PAH, AOX, CH4, CO, CHX, CO2, BOD, COD, NH3/NH4, P, NO2

-

/NO3
-, etc. 

• Parameters of relevance to process performance: C, H, O, N, P, H2O, VS, 
energy, etc. 

• Parameters of economic relevance: CH4, N, P, etc. (yet economic analysis is 
not performed) 

• Parameters that characterize the material recovery: paper, plastic, metals, etc. 
 
The amount of these vectors in kilograms per year in every fraction serves the basis 
for calculating the solid waste flow. As mentioned in the earlier chapter, there was a 
laboratory analysis performed during the field work, which included some of these 
parameters. However, the result is observed to be too general, and for some 
parameters (carbohydrate and nitrogen), the values are relatively unreliable, due to 
limited sampling numbers. Therefore, the input data for those parameter series, which 
forms the vectors in ORWARE simulation, are set up based on Stockholm’s model. 
 
A certain amount of recyclable fractions were assumed to be sorted out and channeled 
to the informal collection system. The amount of sorted out fractions was based on 
total sorting rate in different collection points, i.e. the waste sources, temporary 
disposal sites, and the landfill.  
 
In the biological treatment scenarios (Lf+Ic+Cp 2015 and Ic+Ad 2015), a portion of 
the organic fraction was assumed to be separated too. The unsorted organic waste, 
unsorted recyclable fractions and non-recyclable fractions form the rest fraction. A 
certain amount of this rest fraction was assumed to be uncollected by the municipality 
(untreated waste). 
 

Transport 
 
The transport submodel comprises different types of vehicle transports. For collection 
of waste, back-packer and front-loader models are used, while to transfer the primary 
and secondary waste there are ordinary truck and truck and trailer submodels. For 



Solid Waste Management of Jakarta – Indonesia; An Environmental Systems Perspective 

 29 

recyclable material, as the collection system is partly based on manual collection by 
waste pickers, the transport submodel was not fully implemented, but was used for 
long distance transport to the recycle plant. Data such as kilometer distance, average 
load and speed were used as an input in all transport submodels. Number of stops was 
also required for the collection model. The output is total energy consumption, which 
forms the basis for calculation of emissions from the vehicles.  
 

Landfill 
 
In the landfill submodel, mixed waste, sludge, ash and slag are modeled separately. 
Sludge in this particular study refers to resulting sludge from the recycling process, 
and not sewage sludge as in Sweden. The landfill submodel attempts to include all 
potential future emissions from the degradation process of primary and secondary 
wastes, the operation process, and the leachate treatment as well.  
 
The challenge in modelling landfill emissions lies in the fact that a long period of time 
of landfill emissions is difficult to compare with instant emissions from other 
processes in the system. In ORWARE this dilemma is addressed by separating the 
future impacts of landfilling into two time periods: surveyable and remaining time. 
 
Surveyable time corresponds to the time until the most active processes in the landfill 
have ended, and a pseudo steady state of methane phase is reached for mixed waste 
and sludge, which is assumed to be in the magnitude of 100 years. In the case of 
landfilled incineration ash and slag, the surveyable time means the time needed for 
highly soluble substances such as alkaline salts to leak out to a large extent.  
 
Remaining time is the time until all material has been spread out in the environment 
through gas emissions, leaking, and erosion. The remaining time includes the 
emissions in a kind of worst scenario.  
 
In the mixed waste landfill, degradation is modeled as completely anaerobic during 
surveyable time. Proteins, fat, and easily degradable carbohydrates (sugars) are 
completely converted to CO2 and CH4, 70% of semi-stable carbohydrates, i.e. 
cellulose etc. is degraded, while lignin and plastic material are not degraded at all. 
90% of all nitrogen is emitted as ammonium in water, while only 2% of the 
phosphorus is emitted. 0.1 – 0.3% of all heavy metals are emitted in the leachate 
(Bjorklund, 1998). As there is no energy recovery from landfill gas combustion 
modeled in Jakarta, the air emissions from mixed waste and sludge was derived from 
the ORWARE soil oxidation submodel that is connected to the biological degradation 
process.  
 

Incineration 
 
The incineration submodel consists of three parts: pre-treatment, incinerator and air 
pollution control. The pre-treatment provides baling of all of the incoming solid 
waste; enabling the possibility to store waste and combust it later. In the incinerator, 
the solid waste is combusted, resulting in outputs of raw gas, slag, and fly ash. The 
raw gas is led to the air pollution control unit, which is modeled to transfer raw gas 
components to clean gas (released as air emissions) and moist or stabilized fly ash.  
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Emission factors are calculated from material balances over each process and 
considered to be: (i) product related, i.e. linearly dependent on the incinerated amount 
of the substance, or (ii) process related, i.e. depend on the amount of waste 
incinerated, or (iii) threshold related, i.e parameters under legislative limited value 
that has to be kept. The air pollution control submodel is able to remove about 95 – 
98% of dioxin, 99.99% of dust and 95% of mercury in the raw gas. The clean gas 
however still contains 100% of NOx, CO, and CO2-fossil origin in raw gas.  
 
The energy recovered in this submodel includes heat and electricity. The combined 
heat and power (CHP) plant was assumed to be operated at 88% of thermal energy 
efficiency, of which 22% is power and 78% heat.  
 

Composting 
 
In ORWARE, there are three types of composts: home, windrow, and reactor 
composting. This study applied the windrow composting submodel, considering that a 
quite similar system has been applied in the form of small pilot scale projects in 
Jakarta. It is based on empirical relations and measurements, but some plausible 
assumptions have also been made, e.g. the composts are well managed, i.e. no failures 
occur that will give rise to high emissions of methane and other products of anaerobic 
metabolism, and all the leachate water is returned to the compost (Eriksson, 2003). 
 
The incoming solid waste is screen sorted before the aerobic microbial degradation 
process takes place. The reject fraction is transported to either landfill or incineration. 
The degradation process is modeled to calculate composition of released gas and 
mature compost. According to Sonesson (1998), organic matter is decomposed and 
released as CO2, NH3, N2O, N2 and some CH4 and the remainder is humus and some 
cellulose. Different substances are assumed to decompose to different degrees and 
with different percentages be turned into humus and gaseous compounds. Proteins in 
the feedstock give rise to various nitrogen compounds as NH3 and N2O. The major 
part of nitrogen in mature compost is bound in humus, while the rest is mineralized as 
NO3

- or NH4
+. A considerable amount of nitrogen is lost as emissions to the air.  

 
The normal ORWARE energy turnover in windrow composting is modeled with the 
assumption that electricity and oil is used. In the model, a value of 15.10-3 MJ per kg 
incoming solid waste for oil consumption is normally used. In the present study, this 
figure was used, while electricity use was assumed to be zero.  
 

Anaerobic digestion and biogas utilization 
 
The submodel for anaerobic digestion is based on a real treatment plant comprising a 
continuous single stage mixed tank reactor (CSTR) in Uppsala, Sweden, and suitable 
for a thermophilic or a mesophilic process (Eriksson, 2003). The incoming material is 
cleared from plastic bags and metals, homogenized and hygienised at 70°C or 130°C 
prior to the digester. The separation will result in a loss of organic material. The 
model automatically calculates the energy needed for hygienisation and digestion as 
well as the need of water for adjustment of the TS. After the digestion step, the 
substrate passes through a heat exchanger and dewatering equipment. The amount of 
gas generated depends on the composition of different organic compounds e.g. fat, 



Solid Waste Management of Jakarta – Indonesia; An Environmental Systems Perspective 

 31 

proteins, cellulose, hemi-cellulose, lignin, rapidly degradable carbohydrates and the 
retention time. The sludge from the digester is separated into a solid and a liquid 
phase in the dewatering process. The digestion residue is stored in large covered 
lagoons in solid or liquid phase. Electricity is consumed for mixing, pumping, and 
drying.  
 
The submodel delivers sludge for spreading and biogas to be combusted. Wet sludge 
is dried completely in the biogas-fired drier before spreading. Produced biogas is used 
partly for powering this drier, which will result in a loss of biogas energy from the 
digestion process.  
 
The biogas utilization submodel comprises possibilities of generating power, engine 
fuel or hydrogen in a steam reforming process. In this study, the net amount of biogas 
was utilized for fuelling busses – as described earlier in the scenario – in an attempt to 
see its potential in delivering this function. It passes through a gas purification step 
before methane enriched gas is used to fuel busses. Electricity consumption is 
calculated for this process, as well as emissions from gas purification and gas 
consumption in busses. 
 

Recycling 
 
In ORWARE, there are submodels for recycling of plastics and cardboard, which are 
based on specific Swedish plants.  
 
The submodel for plastic recycling represents polyethylene recycling. A certain 
amount of incoming plastic to the recycling plant is sorted out as reject. The plastic 
that is recycled gives rise to electricity consumption. The output from the model is 
emissions to water, waste in the form of sludge and finally plastic granules, which are 
assumed to replace virgin polyethylene.  
 
In the cardboard recycling model, the recycled cardboard needs 15% extra weight to 
replace virgin cardboard. The cardboard recycling plant gives rise to emissions to 
water, energy related emissions to air, energy consumption and waste in form of bio-
sludge and plastic reject (Eriksson, 2003).  
 

Spreading of residues 
 
The spreading submodel uses mature compost from composting and dry sludge from 
anaerobic digestion as input. It is divided into three steps: calculation of spreading 
areas and transport distances, transport of residues from the treatment plant to the 
center of spreading areas and finally the spreading itself. The maximum spreading of 
residues per hectare is determined from the rest product content of phosphorus and 
nitrogen. The distance to and the area of each spreading area is used as input data and 
the model calculates the total distance and energy consumption. Two different 
spreaders are modeled, one for liquid products and one for solid products. The model 
determines what kind of spreader is needed depending on the dry matter content of the 
rest product. The spreader model calculates the emissions from the truck transport and 
the spreading procedure and also the energy consumption for the vehicles (Eriksson, 
2003).  
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As a spreading system is not in place today for Jakarta, an assumption was made for 
the spreading location. It was not based on the location of arable land available, due to 
inadequate geographical information for this, but instead by plausible assumption to 
simply set up a particular area and distance from the city centre.  
 

Arable land 
 
The chemical processes of nutrient utilization by plants in arable land after spreading 
of residues are modeled in this submodel. The model calculates the emissions of 
nitrogen compared to the use of mineral fertilizer. Thus, relative values are calculated 
rather than absolute as in the other submodels. Nitrogen is assumed to exist in three 
forms: ammonia, nitrate and organically bound. The model gives emissions from 
mineralization of organically bound nitrogen during the first year after spreading and 
the long-term effects of mineralization. The emissions of laughing gas (N2O), nitrate 
(NO3) and ammonia (NH3) depend on the soil condition, the spreading conditions and 
the climatic region which can be adjusted for the model. 
 

Untreated waste 
 
Actually, there are several ways for households to dispose of their remaining solid 
waste (i.e. the amount of waste uncollected by the municipalities), which are: 
dumping to an open area, burning in their backyards, and spilling to the rivers or 
canals. In this study, only an open dumping practice was modeled. It was developed 
based on a modification of the landfill for a mixed waste type submodel. The 
difference lies in the fact that no soil cover and leachate treatment are applied in such 
uncontrolled dumping site; therefore the emissions from surveyable time include all 
pollutant substances released to the air and water after the degradation processes takes 
place. Although it uses no cover, the incoming solid waste is assumed to be 
anaerobically degraded, as an absence of air is likely to happen. There is no energy 
consumed for this process.  
 

The up-stream and compensatory system 
 
In ORWARE, the energy produced and environmental impact from electricity and 
district heating generation plants are included as up-stream processes if needed in a 
waste treatment process, or as a compensatory process if necessary to fulfill a 
functional unit. The up-stream transport considers the extraction and refinery of 
vehicle fuels, while the core system of this compensatory process deals with direct 
effects of operating the vehicles. Compensatory production of mineral fertilizer 
covers production of nitrogen and phosphorus. Cardboard and plastic compensatory 
processes consider their production from virgin resources (Eriksson, 2003).  
 
In this study, the data for the up-stream and compensatory systems were based on 
Swedish values. In electricity generation, Indonesian power mix was used, which 
combine different sources: biomass, hydropower, coal, natural gas, oil and geothermal 
energy.  
 



Solid Waste Management of Jakarta – Indonesia; An Environmental Systems Perspective 

 33 

The following Table 3-3 tries to clarify some parameters that have been modified in 
the ORWARE model to be suitable for this particular case study. The main processes 
and variables in the submodels are also summarized. 

Table 3-3 Summary of primary processes, variables of interest, and data 
sources in submodels 

Submodel Primary process Variable of interest Data sources 
Waste 
sources 

Initiating waste vectors for these 
categories: 

Amount of source 
separated waste 

Jakarta household waste 
composition 

 Households (single houses and 
apartment) 

Amount of untreated 
waste 

Jakarta traditional waste 
composition 

 Business (trade, service, office, 
workshop) 

 Jakarta industrial waste 
composition 

 Traditional market  Assumed street waste 
composition 

 Industry  Jakarta waste sources data 
 Street   

Indirect collection system : Air emission Jakarta collection data Collection by 
municipality Co1: Organic SH+trade+service Water emission (except energy consumption) 
 Co4: Rest SH+trade+service Distance route  
 Direct collection system : Oil consumption  
 Co2: Organic flats+office+workshop   
 Co3: Organic trad. market   
 Co5: Rest flats+office+workshop   
 Co6: Rest trad. market   
 Co7: Industry   
 Co8: Street   
Transportation Transport by ordinary truck (OT) Air emission Assumed distance data 
 Reject to ic (OT1) Water emission  
 Collected cardboard to recycling plant 

(OT2) 
Distance route  

 Collected plastic to recycling plant (OT3) Oil consumption  
 Transport by truck and trailer (TT)   
 Slag and stabilized ash to landfill (TT1)   
 Moist ash to landfill  (TT2)   
 Reject cardboard to ic/lf (TT3)   
 Reject plastic to ic/lf (TT4)   
Informal 
collection 

Grouping of collected recyclable materials Amount of recyclable 
materials based on 
group 

Assumed data 

Landfill Degradation of organic, inorganic and 
metal in:  

Air emission on ST No combustion of landfill gas 

 Household waste landfill from waste 
sources 

Air emission on RT Swedish data 

 Sludge landfill from recycling plant Water emission on ST  
 Ash landfill from incineration Water emission on RT  
 Slag landfill from incineration Oil consumption  
 Water purification Air emission of trucks  
Incineration Wrapping and sorting Air emission Wrapping of all incoming 

solid waste 
 Slag and raw gas formation  Energy production Swedish data 
 Air pollution control Energy consumption  
Anaerobic 
digestion 

Pretreatment Amount of sludge to 
spreading 

All produced sludge is dried 

 Digestion Biogas production Swedish data 
 Biogas storage Energy consumption  
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Submodel Primary process Variable of interest Data sources 
 Sludge drying Amount of rejected 

materials 
 

Composting Air emission Swedish data 
 

VS biological degradation in windrow 
composting Energy consumption  

  Amount of compost to 
spreading 

 

  Amount of rejected 
materials 

 

Energy consumption Swedish data Cardboard 
recycling 

Production of new cardboard from 
cardboard waste Amount of rejected 

materials 
 

  Amount of virgin 
cardboard substituted 

 

  Air emission  
  Water emission  
  Amount of sludge 

produced 
 

Plastic 
recycling 

HDPE granules production Energy consumption Swedish data 

  Amount of rejected 
materials 

 

  Amount of HDPE 
granules 

 

  Air emission  
  Water emission  
  Amount of sludge 

produced 
 

Purification of biogas to vehicle gas Biogas production All biogas is used for fuelling 
busses 

Biogas 
utilization 

Gas consumption in busses Air emission (from gas 
purification and 
consumption in busses) 

Swedish data 

Transport and 
spreading 

Transporting and spreading  residues from 
composting and anaerobic digestion 

Air emission Available land and distance 
to spreading area 

 Calculation of area of spreading required  Oil consumption Assumed data 
  Area required for 

spreading 
 

Arable land Utilization of spread organic materials by 
plants 

Air emission Swedish data 

  Water emission  
  Soil emission  
Untreated 
waste 

Degradation of waste in uncontrolled 
dumping site 

Air emission on ST Assumed data 

  Air emission on RT  
  Water emission on ST  
  Water emission on RT  
Upstream and 
compensatory 
systems 

External process of electricity and district 
heating generation, nitrogen and 
phosphorus production, cardboard and 
plastic production, and biogas generation 

External energy 
consumption and 
environmental impact 

Indonesian mix power for 
electricity generation. 
Otherwise Swedish data 
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3.7 Simulations 
 
The simulations were carried out after (i) the submodels were connected to each other 
to form a larger system, (ii) the scenarios were defined, and (iii) all necessary 
parameters input had been specified in the MATLAB files as well as the graphical 
interface of SIMULINK. Some input data are specified in the Appendix. 
 
The emissions from the core system, e.g. collection and transport of waste, 
incineration, landfill, etc. are being summed up and each substance is weighted 
according to its impact to the air, water, and soil environment. Five categories of 
impact were set up, which included global warming potential, acidification, 
eutrophication, the effect of photo-oxidant agents of VOC and flows of NOx.  
 
A rather similar calculation was applied for the external system, i.e. the effects of 
upstream and compensatory systems for fulfilling the functional units. Given the same 
amount of functional unit outputs, the external contribution from the compensatory 
system can be calculated, which is defined as the difference between the maximum 
output of functional unit and its production in each scenario. Impacts on air and water 
were considered for cardboard and plastic production, while for the rest of 
compensatory systems, only air emissions were considered. The external emissions 
combined with the ones from the core system were thus forming the total 
environmental impacts.  
 
Energy turnover from the core system covered oil consumption from all collection 
and transport vehicles, heat and electricity consumed to support the waste treatment 
processes, produced heat and electricity e.g. from the incineration system, and fuel 
gas generation from anaerobic digestion.  
 
The total consumption of primary energy carriers was thus calculated by summing up 
all energy consumed by the core system and the external system i.e. the up-stream and 
compensatory systems. The primary energy carriers can also be categorized in term of 
renewable or non-renewable energy sources, e.g. hydro power, biomass, natural gas, 
etc.  
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4 RESULTS  
 
The simulation results of the ORWARE model are aggregated and transferred to 
Excel format in tables and graphics to be easily interpreted. This following section 
presents some of the results; through a recap of the solid waste flow in different 
scenarios of solid waste management that have been defined earlier, the resulting 
functional unit outputs, and followed by analysis with regard to associated 
environmental impact, energy turnover and materials recovery. 
 

4.1 Waste treatment in each scenario 
 
As explained before, solid waste input data in ORWARE is categorized according to 
its different fractions (whereby each comprises a number of vectors), instead of the 
total amount of waste. Scenarios are defined in a rather detailed way too, specified by 
parameters that are easily understood by those who are familiar with ORWARE, but 
perhaps not for others. A summary of the proportion of total waste going to different 
solid waste handling and disposal methods in each scenario is therefore important, as 
the ground to interpret the simulation results from such combinations. This is 
illustrated in Figure 4-1. 
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Figure 4-1 Proportion of total waste going to different treatment and disposal 
methods in scenarios 

 
The bars represent the amounts of primary waste, i.e. excluding the residues from 
treatments, coming into the system. Obviously, the first scenario handles less waste 
than the other three, which corresponds to the waste generation rate of today. The 
combination and proportion of different treatments in the waste management system 
is however similar with the second scenario.  
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Biological treatment in scenario three refers to a composting process, while the fourth 
is associated to anaerobic digestion. Material recycling includes the recyclable waste 
e.g. paper, cardboard, plastic, and glass, that have been sorted out by the waste 
pickers. However, only the emissions and energy consumption of plastic and 
cardboard are modeled (see methodology). Table 4-1 gives the figure of the waste 
management system (in tons). 

Table 4-1 Proportion of total waste going to different treatment and disposal 
methods in scenarios 

Scenarios Landfill Incineration Biological 
treatment 

Materials 
recycling 

Untreated 
Waste 

Landfill 2003 1 156 611 0 0 278 625 558 033 
Landfill 2015 1 330 103 0 0 320 419 641 738 
Lf + Inc + Cp 2015 1 048 211 313 102 235 516 363 142 332 289 
Ic + Ad 2015 0 1 361 313 235 516 363 142 332 289 
 
Although one may say that untreated waste should not be observed as part of the 
waste treatment system, it has still been included with a separate submodel due to its 
significant contribution to the overall impacts from Jakarta waste.  
  
 

4.2 Functional unit output 
 
The outputs of different functional units in the year 2003 and the year 2015 differ in 
accordance to the different waste generation rates. In the year 2003, represented by 
the first scenario, the only functions fulfilled are waste treatment and production of 
cardboard and plastics, while other functional units e.g. energy production and 
nutrient recovery give no output since they do not take place. The amount of 
functional unit outputs in 2003 and 2015 are presented in Table 4-2, where the values 
have been derived by doing two simulations separately. 

Table 4-2 Functional unit outputs 2003 and 2015 

Functional Units Unit Output in 2003 Output in 2015 
Waste Treated tons 1 993 270 2 292 260 
Heat Production MJ 0 6 759 775 080 
Electricity Production MJ 0 2 227 345 637 
Bus Transport km 0 48 120 413 
Phosphorous Recovery kg 0 215 955 
Nitrogen Recovery  kg 0 847 136 
Cardboard Recycled kg 24 950 862 32 519 291 
Plastic Recycled kg 33 911 598 44 198 116 

 
This functional output differences should be considered when comparing the first 
scenario, i.e. ‘Landfill 2003’ scenario, with the other three. The first scenario is 
included to present a reference case, and to illustrate the effects of increased waste 
generation rate if no improvements are made. It is worth noting that a just comparison 
of impacts between the four scenarios can only be made for the core system. When 
the total systems including the upstream and compensatory systems, are taken into 
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account, the first scenario is no longer comparable to the other three. In this case, the 
second scenario, i.e. ‘Landfill 2015’, should be regarded as the reference case.   
 
 

4.3 Environmental impacts 
 

Global Warming Potential (GWP)1 
 
The Global Warming Potentials are illustrated in Figure 4-2. The first three scenarios, 
which illustrate landfill as the core waste management, have the greatest impact on 
the global warming potential. The highest impact (about 2 900 kilotons of CO2-
equivalent per year) was found for the Landfill 2015 scenario, or the ‘business as 
usual’ case, while the lowest was achieved for phasing out landfill totally (fourth 
scenario). Reductions of about 30% and 70% in GWP were associated with 
simulations for the last two scenarios.  
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Figure 4-2 Global Warming Potentials from Core System 

 
Untreated waste also contributes significantly – more than 30% of the total impact in 
the first two scenarios – since it was assumed to have the same waste degradation 
process as a landfill, except it doesn’t apply soil cover and leachate treatment. 
However, the fourth scenario illustrates that if the landfill is phased out, the untreated 
waste will be quite dominating; being responsible for 58% of the core system 
emissions, even more than global warming gases from the incinerator.  
 
The bars in Figure 4-2 represent mainly methane gas that is released during anaerobic 
degradation in the landfill and in open dump sites. Another important GWP gas is 

                                                 
1 Global Warming Potential (GWP) is a measure of how much a given mass of green house gas is 
estimated to contribute to global warming 
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CO2 of fossil origin (excluding CO2 of biological origin that is recycled during 
surveyable time), which is emitted from the landfill and is quite dominating in 
incineration.  
 
The addition of global warming potential from the external systems contribute to 
about 25% of the total system GWP for the second and third scenarios, but doesn’t 
change the relation between scenarios.  
 

Acidification2 
 
In contrast to the global warming potential, the third scenario is observed to give the 
highest acidification impact, followed by the fourth scenario (see Figure 4-3). In those 
two scenarios, the numbers are more than twice as high as for the other two scenarios, 
exceeding 1 800 tons of SO2-equivalents per year in the third scenario. Incineration is 
responsible for about 47% of the impact in the last scenario, while nearly 53% of the 
acidification impact in the third scenario is caused by the composting process. 
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Figure 4-3 Acidification from Core System 

 
The collection and transport systems become more complex due to separation of the 
organic fraction, thus giving a higher impact for the two last scenarios. It would thus 
be important to investigate how the acidification potential could be reduced by 
technical and other means. 
 
Residual spreading from anaerobic digestion has quite a significant acidification 
impact, but for the third scenario spreading of compost residue does not show the 
same high impact. This is since much of the acidification gas has been emitted in the 
composting process.  

                                                 
2 Acidification is the process whereby air pollution – mainly ammonia, sulphur dioxide and nitrogen 
oxides – is converted into acid substances 



Solid Waste Management of Jakarta – Indonesia; An Environmental Systems Perspective 

 40 

Acidification is much affected by ammonia, nitrogen oxides and sulphur dioxides that 
are emitted as air pollution from different treatment processes and transports and 
converted into acid substances in the atmosphere. Table 4-3 presents the values (in 
equivalent to ton of SO2) of those gases in every scenario. NOx seems to dominate the 
emitted gas from incineration and collection vehicles, while for landfill, composting 
and spreading, the most predominant gas is ammonia. SOx and chloride are emitted in 
rather similar proportions in the incineration process.  

Table 4-3 Acidification gases 

Emissions Scenarios 
 Landfill 2003 Landfill 2015 Lf+Ic+Cp 2015 Ic+Ad 2015 

Landfill     
NH4-N 114.35 137.20 114.39 0.25 
N-NOx 46.00 69.00 46.00 0.00 
SOx 8.74 10.00 8.00 1.60 
Collection     
N-NOx 276.00 322.00 391.00 391.00 
SOx 20.00 20.00 20.00 20.00 
Incineration     
NH4-N 0.00 0.00 0.00 22.83 
N-NOx 0.00 0.00 92.00 460.00 
SOx 0.00 0.00 40.00 140.00 
Cl 0.00 0.00 36.21 162.93 
Composting     
NH4-N 0.00 0.00 965.65 0.00 
N-NOx 0.00 0.00 6.90 0.00 
SOx 0.00 0.00 0.00 0.00 
Spreading     
NH4-N 0.00 0.00 22.28 312.89 
N-NOx 0.00 0.00 4.37 3.68 
SOx 0.00 0.00 0.60 0.60 
 
Acidification impacts from the external system significantly change the order of 
scenarios with respect to the total acidification impact. In the second scenario, it gives 
about three times higher emissions than the core system, while in the third scenario, it 
is responsible for almost 50% of the total impact. The increased figure is caused by 
acidification gas emitted from compensatory systems of electricity, heat, and petrol. It 
was observed that the last scenario demonstrates the least total impact, as the 
incineration generates energy, and the anaerobic digestion produces fuel for buses in 
the same time.  
 

Eutrophication3 
 
The highest eutrophication impact is about 85 000 tons of NO2-equivalent per year, 
given by the ‘Landfill 2015’ scenario. Scenario three and four give around 30% and 
50% reduction of that figure.  
 

                                                 
3 Eutrophication is the enrichment of an aquatic system by addition of nutrients, primarily phosphorus 
and nitrogen, which stimulate blooms of algae 
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The highlight finding from the simulation which can be seen in Figure 4-4 is the very 
high impact of untreated waste in all scenarios compared to the whole management 
system. As illustrated in scenario one, two, and four, untreated waste contributes more 
than 70% of the core system’s impact, even more dominating than landfilled waste. 
Most of this impact is related to the discharge of untreated leachate, containing high 
concentration of nitrogen. In the last scenario, the impact of untreated waste – even 
though the amount was assumed to be reduced – is still bigger than the sum of 
impacts from the other processes in the core system. This implies that, no matter how 
improved the waste treatment and disposal methods are, if the service level of waste 
collection system is not improved, the eutrophication impacts will still remain high.  
 
Landfilling also affects eutrophication quite much due to the impact of treated 
leachate that is discharged to the water environment. Another one is composting, 
where the impact in the third scenario is observed to be half of that from the landfill 
and even higher than that from the incineration process in the last scenario. Therefore, 
the impact of the third scenario is considered as the highest among others if they 
exclude the untreated waste (about 30% higher than Landfill 2015). 
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Figure 4-4 Eutrophication from Core System 

 
Emissions of nitrogen (mostly in the form of ammonia and NOx) from those activities 
have been identified as the major cause of this effect. A small amount of phosphorus 
is also involved, but relatively insignificant. 
 
The upstream and compensatory systems only account for less than 15% of the total 
eutrophication impact, thus not changing the order between the scenarios after the 
external system was included.  
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Photo-oxidant VOC4 
 
As for the global warming potential, landfilled waste also dominates the impact of 
photo-oxidants VOC (as shown in Figure 4-5), due to large emissions of CH4 and 
VOC from the process. The ‘Landfill 2015’ scenario gives the highest impact, about 1 
400 tons of ethane-equivalents per year. The impact is decreased by 30% in the third 
scenario, and 75% in the last scenario. Another important pollutant contributor is the 
untreated waste, which accounts for about 35% of the total impact in the first two 
scenarios. The fourth scenario illustrates that even if the landfill is phased out, the 
untreated waste will still be considerably dominating; causing about 80% of the total 
core system impact, or even bigger than the incinerator. 
 
The photo-oxidant formation is mainly caused by methane and volatile organic gases 
from landfill processes and untreated waste. Another gas is CO which is emitted in 
incineration.  

0

200

400

600

800

1000

1200

1400

1600

Landfill 2003 Landfill 2015 Lf + Ic + Cp 2015 Ic + Ad 2015

Scenarios

To
n 

of
 e

th
en

e-
 e

qu
iv

al
en

t

Untreated ST
Landfill ST
Residual Spreading
Biogas Utilization
Incineration
Composting
Plastic Recycling
Cardboard Recycling
Collection
Transport

 

Figure 4-5 Photo-oxidants VOC from Core System 

 
The addition of photo-oxidants VOC from the external system does not change the 
relation between scenarios. Upstream and compensatory systems account for about 
20% of the total system impacts in the second and third scenarios.    
 

Photo-oxidant NOx5 
 
The impact of photo-oxidants formation from NOx is illustrated in Figure 4-6. The 
highest impact (about 400 tons of ethane-equivalents per year) is caused by the last 

                                                 
4 Photo-oxidant VOC is the photo-oxidant formation which derives from volatile organic compounds 
reactions, causing destruction of tropospheric ozone 
5 Photo-oxidant NOx is the photo-oxidant formation which derives from NOx compounds reactions, 
causing destruction of tropospheric ozone 
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scenario, followed by the third scenario, and slightly decreased in the second and first 
scenarios.  
 
NOx substances are a group of highly reactive gases which are formed mainly in a 
high temperature combustion process. Therefore incineration contributes a large 
extent of photo-oxidant formation from NOx, which is clearly illustrated in the last 
scenario (more than 50% of the total core system). The next largest source of photo-
oxidant NOx is vehicle emissions from the collection system. It is dominating in the 
first three scenarios (giving at least 60% of the emissions), and stands for about 40% 
in the fourth scenario.  
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Figure 4-6 Photo-oxidants NOx from Core System 

 
When the external system is included in the total impact, the impact order between 
scenarios is drastically changed. Compensatory production of petrol, district heating 
and electricity in the second scenario results in high emissions, giving in total about 
750 tons of ethene-equivalents of photo-oxidant NOx (75% of total impact). A 
smaller difference is obtained in the third scenario. The last scenario demonstrates the 
least total impact, as the incineration generates energy, and the anaerobic digestion 
produces fuel for buses at the same time. 
 

Total environmental impacts 
 
All environmental impacts from the core system of all scenarios are summarized in 
Figure 4-7.  
 
Three out of five impact categories demonstrate that the ‘business as usual’ case, 
which is represented in ‘Landfill 2015’ scenario causes the highest impacts, therefore 
it may be considered as the least environmentally sound waste management system. 
Instead, alteration of landfill to biological treatment and incineration for the future 
waste management system is capable of decreasing the emissions. Scenario three 
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instead is capable of reducing about 15% of the global warming potential, 
eutrophication and photo-oxidant from VOC, whereas a more substantial decrease (30 
– 60 %) is obtained in the last scenario, ‘Lf + Ad 2015’ scenario. This scenario gives 
rather drastic reductions in three impact categories, and is thus observed as the ‘best 
available technology’ option.  
 
Questions may be raised concerning the results of acidification and photo-oxidants 
from NOx, because in these two impact categories, waste management improvement 
instead drastically increases the emissions. Environmental measurements will 
therefore be required, e.g. exhaust gas cleaning in the composting plant that may also 
recover some useful nitrogen.  
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Figure 4-7 Environmental Impact of Core System 

 
If the external system, compensating for the functional units not yet provided in the 
core system is taken into account, the conclusions become even clearer. Figure 4-8 
illustrates the results for the total system in year 2015. Only scenarios in year 2015 
were analyzed, as the outputs should be the same for all of the functional units. 
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Environmental Impact of Total System
Values normalized against highest value within each impact category
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Figure 4-8 Environmental Impact of Total System 

 
 

4.4 Energy Turnover 
 
As mentioned earlier, energy consumption in this study is calculated for oil (for 
collection and transport vehicles), electricity, and heat. In the first two scenarios, the 
consumption is dominated by oil utilization for collection and transportation activities 
plus cardboard recycling – in total about 57% of total energy consumption – followed 
by electricity used for cardboard and plastic recycling. Since energy consumed 
increases with the increased complexity of the system (e.g. more transport involved), 
scenario three and four use about 50% and 140% more energy than the first scenario 
(see Figure 4-9 lower part). 
 
However, a certain amount of energy is produced by the system in the last two 
scenarios. With a high heat value (HHV) of incoming waste about 14 093 MJ/kg 
waste, electricity and heat from incineration in the third scenario generate more than 2 
000 TJ energy. The figure in scenario four is even higher (300% higher than for 
scenario three) as the proportion of waste going to incineration is larger and anaerobic 
digestion produces biogas. The used and produced energy amounts are summarized in 
Figure 4-9. 
 
There is actually a possibility to recover energy from landfilled waste. The gas 
released from the degradation process could be collected and combusted in a gas 
engine facility. In Jakarta, there has been an attempt to introduce this, as gas 
collection system was installed as a part of the landfill design. However, this system 
has never been effectively put into operation. 
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Figure 4-9 Energy Waste Management System 

 
Biogas produced in the last scenario, as a result of anaerobic digestion, was assumed 
to be utilized for fuelling busses. The amount of energy turn-over according to the 
simulations was 126 TJ per year, contributing to more than 43 millions km travel 
distance. Supposing that a single bus in Jakarta travels about 300 km per day, more 
than 390 biogas busses could therefore be operated in the city (equivalent to 17% of 
number of busses today). Although this is only a simple estimate, and the 
implementation of such a system may require sophisticated infrastructure, it provides 
an illustration of waste as a potential resource rather than merely an urban burden. 
 
 

4.5 Materials recovery 
 
For this particular study, the role of materials recovery is addressed by looking at the 
environmental and energy aspects associated with the function of: (i) the recycling of 
cardboard and plastic, and (ii) the recovery of nutrient (nitrogen and phosphorus) 
fertilizer in the composting process.  
 
It was found that the cardboard and plastic recycling changes the environmental 
impacts to a rather small extent, while its energy consumption is around 30% for 
cardboard and less than 15% for plastic (of the total internal system). The simulated 
model calculated the amount of recycled cardboard – in the form of virgin cardboard 
substituted – and a certain quantity of HDPE granules (to represent recycled plastic) 
that would be delivered by the designated system. About 24 000 tons of cardboard 
and 33 000 tons of plastic were recycled in year 2003. The figure was assumed to rise 
in 2015 in accordance with increased sorting efficiency (see Table 4-4).  
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Table 4-4 Cardboard and plastic recycling 

Materials Range value 
Cardboard 
Energy consumption  
(% of total energy from core system) 

23 - 36 

Environmental impacts (% of total impact from core system) < 4 
Recycled materials (78.3% of incoming waste) 24 000 – 33 000 tons/year 
Plastics 
Energy consumption  
(% of total energy from core system) 

10 - 17 

Environmental impacts (% of total impact from core system) < 4 
Recycled materials (72.2% of incoming waste) 33 000 – 45 000 tons/year 

 
Despite the fact that the composting process causes a considerably high acidification 
impact, this system is regarded beneficial in recovering the nutrients in the organic 
wastes. Scenario three showed that about 215 tons of phosphorus and 929 tons of 
nitrogen can be recovered to arable land (13.6% and 8.7% of the contents in the 
generated waste). Scenario four would give less phosphorus recovered but a higher 
amount of nitrogen. The estimated recovered values are presented in Table 4.5. 

Table 4-5 Nutrient recovery to arable land 

Nutrient Scenarios 
 Landfill 2003 Landfill 2015 Lf+Ic+Cp 2015 Ic+Ad 2015 

Nitrogen (kg)     
Waste 9 290 818 10 684 440 10 684 440 10 684 440 
Arable land 0 0 929 574 1 300 948 
Phosphorus (kg)     
Waste 1 377 936 1 584 626 1 584 626 1 584 626 
Arable land 0 0 215 955 206 502 
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5 DISCUSSION 
 
 
Scenarios studied have resulted in a wide range of technical and environmental 
information on solid waste management in Jakarta. The substance flow analysis has 
provided the possibility of a quantitative examination of different environmental 
impacts, energy potentials, and how some materials can be recovered or recycled. The 
results presented are however influenced by the system boundaries and specified 
parameters in the analysis tool used: the ORWARE model. The reliability of the 
results necessarily depends on how the model is constructed, and how valid the 
assumptions made are for the situation in Jakarta. The study area is considerably 
different regarding geographic and climatic conditions from the area that ORWARE 
has been developed for. A discussion on this matter might provide valuable insight 
both for developing the system thinking in ORWARE and also for performing this 
type of study to other typical cities in developing countries.  
 
 

5.1 Environmental impacts 
 
The simulation results have pointed out that landfilling is the least preferable option if 
focusing on environmental issues. Global warming potential, eutrophication and 
photo-oxidant formation from VOC are very much affected by the landfill operation 
procedures. Impacts from heavy metals and persistent organics, which were not 
assessed in this study, could risk the living environment in the surrounding area. 
Those relatively ‘unseen’ consequences are inevitably coupled to some other impacts 
such as odor, and diseases related to air borne and pathogenic vectors. Very often 
problems are caused by inadequate operation and maintenance of the landfill. The 
simulations did not show these types of impacts, but it has been an obvious 
observation that surrounding dwellers suffer from lack of health and sanitation. 
Landfilling may serve as the most practical waste management option for Jakarta and 
many other cities in Asia, but it is actually just a means of postponing the problems, 
not really solving them. 
 
Alternatives to landfilling have been assessed such as incineration and biological 
treatment. Incineration was found to have a potential to considerably reduce most 
environmental impacts, yet at the consequence of increasing NOx emissions, due to 
the combustion process. Composting was observed to be less competitive due to its 
high acidification impact, but has the advantage of a high rate of phosphorus 
recovery. Anaerobic digestion was proven to be the best available technology in 
dealing with organic type of solid waste. An interesting challenge lies in chosing a 
suitable combination of solid waste management systems, pointing out the importance 
of including the external systems involved for delivering certain functional units. The 
ORWARE simulations for the entire system (core system and surrounding systems) 
resulted for example in photo-oxidant formation from NOx in incineration is lower 
than if a certain amount of heat and electricity is delivered by conventional production 
systems. A special note should be taken however concerning the fact that firstly, 
incineration was assumed to perform as the Swedish treatment plant, and that 
secondly, upstream and compensatory systems are likely to be different in Jakarta and 
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Stockholm. Air pollution control is strictly regulated and well-operated in Sweden, 
requiring a high cost of technology which may not be possible in a relatively low per 
capita income city like Jakarta. The actual figures may therefore be higher in a 
number of released gases. Rather similar considerations are also valid for biological 
treatment. Results for composting and anaerobic digestion, together with the 
following spreading on arable land rely to a great extent on the model construction in 
ORWARE. It is not easy to predict how the actual impact may differ though, unless 
more reliable data on the organic fraction degradation rate in a relatively warm 
climate city are collected.  
 
Another serious concern is the significance of untreated waste. In some scenarios, the 
impacts from untreated waste even dominate, indicating that firstly, technology 
improvement of and waste management might be unattractive unless the collection 
efficiency is improved, and secondly, further research on this issue would be very 
beneficial. The environmental impacts presented earlier are based on the assumption 
that all untreated waste is dumped in an open site. Additional impacts from toxic 
gases and oxygen depletion in water bodies are likely to occur if waste burning and 
waste spilling to rivers or canals were included in the model. This would accordingly 
give more representative results on how much impact could be avoided by improved 
waste management. The next challenge might be to show the economic value of these 
environmental and resource losses, taking into consideration the health hazards, 
threats to natural ecosystems, catastrophy risks, and furthermore: investment 
drawbacks. The output may provide an improved decision making process in setting 
up the priorities for a better urban environment in Jakarta. It would also be of 
considerable interest for ORWARE development, which so far has addressed the 
different options of waste management systems, rather than the mishandling or lack of 
the systems.  
 
The problem of untreated waste is often considered as a necessary consequence of 
high urbanization rate and other socio-technical changes. An effort to increase the 
service coverage and collection efficiency by simply raising the service fee will, 
however, probably not solve the problem, although in many ways the waste 
infrastructure could be improved by doing so. Instead, the municipality should 
address the issues of slum and other informal settlements – whose inhabitants often 
are considered as the marginal group in the city – and invite representatives from 
these areas to be part of the key actions in waste management planning and 
implementation. This is since the main part of uncollected waste comes from these 
areas, and it is also observed that quite many people living in these areas take part in 
informal waste scavenging activities. The environmental impacts of their activities in 
this studied simulation may be neglected, but yet crime, health, and sanitation 
problems are always inevitably associated with performing such work.  
 
 

5.2 Energy and materials recovery 
 
The potential energy recovery from waste means nothing without looking at the 
possibility of distributing it for the benefit of the community. District heating has been 
the favorable option to distribute the heat produced for Sweden’s case. For Jakarta, or 
other typical warm climate cities, the energy potential for a district cooling plant 



Solid Waste Management of Jakarta – Indonesia; An Environmental Systems Perspective 

 50 

could be considered. However, since privately installed cooling systems have 
dominated in Jakarta, there might be a problem in finding support for developing a 
suitable infrastructure. Therefore, another option might be more interesting in the near 
future to utilize the heat for industrial process purposes. Such issues might be a major 
challenge for the municipality in the future, as well as raising the interest among local 
entrepreneurs and policy designers to integrate and support such efforts in promoting 
renewable energy sources in Jakarta.  
 
Materials recovery has became an interesting topic in the waste management research 
field since the last decade. Attempts have been made with different materials mainly 
aiming to enhance wise and efficient use of materials, energy conservation, and 
environmental protection. Another emerging issue is to focus more on the 
contribution of resource recovery and recycling to the improvement of the trade 
balance through reduction of the nation’s dependence on imported natural resources. 
Research has revealed that the amount of consumer packaging waste increases with 
the population’s degree of wealth and urbanization. The presence of paper, plastic, 
glass, and metal becomes more prevalent in the waste stream of middle and high 
income countries in Asia.  
 
It is no doubt that material recovery should be emphasized in integrated waste 
planning and management. Many municipalities in the world have started to address 
this issue, by considering measures such as full cost accounting, package deposits, 
manufacturer responsibility, and extended product care, which seek to reduce the 
externalities of waste. For a city like Jakarta, which is so far still struggling with 
improving the sanitary aspects of solid waste management, this seems to be far away. 
However, some findings have pointed out that: (i) the informal system of recycling 
has played a considerable role in reducing the burden of waste as well as improve the 
income of thousands waste pickers, and (ii) a certain amount of nutrients is possible to 
recover while essentially avoiding environmental impacts. A special concern for these 
aspects is thus essential if an effective policy is aimed at. The following are some 
suggestions for further study that might be beneficial in supporting a recycling 
program: 

- Promoting certain packaging materials, e.g. positioning the environmentally 
degradable plastic (EDP) policy; more recognition of petrol-based plastic 
reduction and a new packaging materials policy 

- Initiating producer’s responsibility framework and program 
- Analysis of possibilities to replace the imported recycled materials by 

domestic production  
 
Many materials recovery policies have failed due to a minimum participation of the 
community. Perhaps a more socially oriented study would be more appropriate to 
investigate how this could be achieved. However, the simulation model used in this 
study obviously shows that if the infrastructure is provided, minimizing the littering 
habit and increasing the willingness to perform source separation could influence the 
waste management system in a positive way and substantially reduce environmental 
impact.  
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5.3 Future suggested studies 
 
As described earlier, this study was supported by a waste inventory sub-part, aiming 
to gather as much data as possible concerning how waste management in Jakarta is 
performed today and what is likely to happen in the future. The collected information 
has provided a general picture of waste streams in the community, of the main 
treatment processes, and on waste generation rate and composition. However, when it 
comes to ORWARE application, there was a lack of such data; therefore certain 
assumptions had to be made to fulfill requirements to simulate the model. In the 
research methodology section, I’ve presented a summary of used parameters included 
in the ORWARE, which shows that e.g. the performance efficiency of incineration, 
the anaerobic digestion, and the compensatory system are assumed to follow the 
Swedish figures. This includes climate-related parameters such as: (i) degradation of 
carbon, transformation of inorganic compounds and metals in the landfill, (ii) the 
arable land model: N-org utilization by plants, part of N-org emitted, (iii) the 
degradation of organic fraction in the windrow composting process. The emission 
factors for different impact categories should also take into account Jakarta’s 
environmental condition, which probably has less ecological carrying capacity6 than 
Stockholm. 
 
Minimizing assumptions and data gaps is therefore considered as an option if system 
analysis improvement in the future is strived for. This relates to a more detailed-
oriented waste characterization, e.g. the use of more specific unit for business waste 
and a district-basis waste mapping. Such information could eventually improve waste 
monitoring in the city as well.  
 
Another alternative could be to widen the system boundary of analysis; to assess the 
economical aspects associated with the system (e.g. how nutrients for fertilizing soil is 
valued) in relation to market opportunities of recycled waste, to include small scale 
(single house) or communal scale composting in the scenarios, to include sewage 
sludge from septic tanks, to model the other recyclable materials (e.g. newsprint and 
metals), or take into account the spontaneous burning and river littering in untreated 
waste submodel. A calculation of required land for landfilling in proportion to 
increased amount of generated waste could also be interesting to look at, as the land 
price is observed as a critical issue in Jakarta. These options for a more detailed 
analysis could provide information for a better decision making process and illustrate 
different trade-offs. 

                                                 
6 Carrying capacity: thresholds at which the levels of stress will lead to the disruption of the system. 
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6 CONCLUSION 
 
Solid waste management is certainly not a stand-alone system. One way of looking at 
its complexity and linkages to the surrounding system is using systems analysis. In 
this study, such an approach has been tried by using ORWARE model simulation. 
This resulted in a broad analysis that firstly, identified the inter-links between the 
solid waste streams and their surroundings, and secondly, illustrated the magnitude of 
environmental consequences associated with the whole system. 
 
The domination of landfilling in handling municipal solid waste in Jakarta proved to 
cause serious problems to the environment; it contributes severely to global warming, 
eutrophication, and photo-oxidant VOC formation. Such adverse environmental 
problems will continuously increase in the future, in proportion to increased amount 
of generated waste within the society if nothing changes. Decreasing the dominance 
of landfilling by allocating some fractions of generated waste to other waste treatment 
methods was shown to be essential if an environmentally sound solid waste 
management is strived for. Scenario three in this study has demonstrated that about 
15% reduction of global warming potential, eutrophication, and photo-oxidant VOC 
formation can be achieved by phasing out about 12% of landfilled waste and treat it 
by a combination of incineration and biological treatment. The reduction of impact is 
likely to increase in proportion to a higher degree of incineration and biological 
treatment.  
 
Another highlight issue is the large impact of untreated waste on the environment. In 
some cases, this impact is even dominating the total picture of an improved waste 
management system. The reduction of untreated waste through better arrangements 
and an improved waste collection system was identified to be the key if significant 
change is attempted to. Further studies in this area are also recommended, 
emphasizing a valuation of the losses of human and environmental assets in the 
analysis of business as usual scenario, and an illustration of how the avoided impacts 
could contribute to a better urban environment.  
 
Being the dominant fraction of waste, organic waste should be regarded as of key 
importance for an effective management of municipal solid waste in Jakarta. This 
implies that options for biological treatment methods should be extensively assessed, 
if significant change is targeted. Ideally, the municipal waste managers should opt for 
the least technically complex and most cost-effective solution. This study has shown 
that both anaerobic digestion and composting may bring about environmental impact 
reduction to a certain degree. However, an effective organic waste source separation 
is a key point, on which any improvement programs will depend.  
 
Finally, the way of looking at solid waste management with a broader perspective, is a 
prospective approach to achieve more just analysis and introduce an effective, 
rational, and integrated policies and programs; attempting to maximally avoid impacts 
from related-systems, and taking into account the potentials of energy and materials 
from waste rather than merely see it as a local burden.  
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INPUT DATA 
 
 
Table A-1. Data on waste sources 
 
Total household 1,802,819 
Total business 12,000 
Traditional market 151 
Industries 2,285 
Street (km) 6,528.5 
Small houses 92% of total households 
Apartment 8% of total households 
Trade (1,2,3) 25% of total business 
Service (1,2) 25% of total business 
Office 39% of total business 
Workshop 11% of total business 
Waste generation rate 15% 
 
 
Table A-2. Data on sorting rate 
 

 Scenario 1 and 2 (% of fraction) Scenario 3  and 4 (% of fraction) 
 Household Business Traditional Market Industries Street Household Business Traditional Market Industries Street 
Organic 0 0 0 0 0 20 20 20 0 0 
Dry Paper 75 75 75 0 75 85 85 85 0 85 
Cardboard 75 75 75 0 0 85 85 85 0 0 
LDPE 0 75 75 0 75 0 85 85 0 85 
HDPE 75 75 75 0 0 85 85 85 0 0 
Glass 75 75 75 0 0 85 85 85 0 0 
Metal 75 75 75 0 75 85 85 85 0 85 
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Table A-3. Waste fractions 
 

 Fractions (ton/year in 2003) Fractions (ton/year2015) 
 Total 

Household 
Business Traditional 

Market 
Industries Street Total 

Household 
Business Traditional 

Market 
Industries Street 

Proportion of total (%) 58 15 10 15 2 58 15 10 15 2 
Organic 753,370 82,425 188,180 225,000  866,376 94,789 216,407 258,750  
Non Burn Rest 34,976 15,090 1,729   40,223 17,354 1,989   
Burn Rest 77,133 51,437 1,765 75,000 13,411 88,702 59,153 2,030 86,250 15,423 
Rubber 6,370 0 0   7,325 0 0   
Dry Paper 90,335 91,126 3,792  6,749 103,885 104,795 4,361  7,762 
Cardboard 26,637 15,872 0   30,633 18,253 0   
LDPE 96,358 8,539 3,658  12,660 110,811 9,820 4,207  14,559 
HDPE 32,080 5,693 0   36,892 6,547 0   
Glass 18,878 3,686 0   21,710 4,238 0   
Metal 22,004 22,144 531  7,117 25,305 25,466 611  8,184 
 
 
Table A-4. Data on collection 
 

 Household Business Industries Street 
 Single Houses Apartment Trade and Service 

(indirect) 
Office and 

Workshop (direct) 

Traditional 
Market   

Number of sources per stop 1041 40 5 2 1 1 1 
Distance between truck stop (km) 0.5 0.05 0.5 0.2 4 0.25 0.2 
Pick up times per year 104 104 104 104 104 104 104 
Distance to treatment plant (km) 40 40 40 40 40 40 40 
Average load (ton) 3 3 3 3 3 3 3 
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Table A-5. Data on collection vehicles 
 
Energy consumption per stop (MJ) 2.25 
Energy consumption per km (MJ) 8.7 
Tyre wear (kg tyre/MJ used fuel) 0.000027 
 
 
Table A-6. Data on transportation 
 

 Max 
load 
(ton) 

Oil consumption 
(l/km) 

Distance 
(km) 

Load 
factor 

Normal 
load (ton) 

  Full Empty    
Slag and stabilized ash to 
landfill (TT1) 

35 18 10.7 40 0.5 35 

Moist ash to landfill  (TT2) 35 18 10.7 40 0.5 35 
Reject cardboard to ic/lf 
(TT3) 

35 18 10.7 200 0.5 25 

Reject plastic to ic/lf (TT4) 35 18 10.7 200 0.5 10 
Reject to ic (OT1) 12 12.6 7.1 40 0.5 8 
Collected cardboard to 
recycling plant (OT2) 

12 12.6 7.1 200 0.5 25 

Collected plastic to 
recycling plant (OT3) 

12 12.6 7.1 200 0.5 10 
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Table A-7. Changed values of processes parameters 
 
Anaerobic digester  
Part of sludge to dryer 100 % 
Landfill  
Part of gas to combustion 0 % 
Spreading  
Distance to spreading area 50 km 
Area available 100,000 Ha 
Biogas utilization  
Part of biogas to engine 0 % 
Part of biogas to vehicle 100 % of produced biogas 
Part of biogas to fuelling 
busses 

100 % of purified biogas for vehicle 

 
 
Table A-8. Indonesian Power Mix  
 
Crude oil 38.22 % 
Coal 8.26 % 
Natural Gas 27.44 % 
Hydro 2.58 % 
Geothermal 0.94 % 
Biomass 22.56 % 
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ORWARE SUBMODELS 
 
 
 

 
 
 

Figure A-1. Household waste fraction submodel 
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Figure A-2. Untreated waste submodel 

 
 
 

 
 

Figure A-3. Informal collection submodel 
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Figure A-4. Traditional market submodel 
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Table A-9. Emissions from waste management systems 
 

Scenarios
Landfill 2003 Landfill 2015 Lf+Ic+Cp 2015 Ic+Ad 2015

Landfill
CO2-f 3.47 3.99 3.30 0.65
CH4 1629.96 1874.48 1467.59 0.74
Untreated waste
CH4 872.13 1002.96 512.82 512.82
Incineration
CO2-f 0.00 0.00 66.29 288.21
N-N2O 0.00 0.00 4.87 29.23

Landfill
NH4-N 114.35 137.20 114.39 0.25
N-NOx 46.00 69.00 46.00 0.00
SOx 8.74 10.00 8.00 1.60
Collection
N-NOx 276.00 322.00 391.00 391.00
SOx 20.00 20.00 20.00 20.00
Incineration
NH4-N 0.00 0.00 0.00 22.83
N-NOx 0.00 0.00 92.00 460.00
SOx 0.00 0.00 40.00 140.00
Cl 0.00 0.00 36.21 162.93
Composting
NH4-N 0.00 0.00 965.65 0.00
N-NOx 0.00 0.00 6.90 0.00
SOx 0.00 0.00 0.00 0.00
Spreading
NH4-N 0.00 0.00 22.28 312.89
N-NOx 0.00 0.00 4.37 3.68
SOx 0.00 0.00 0.60 0.60

Landfill
N-tot 10018 12020 10022 22
NH4-N 1002 1202 1002 2
N-NOx 400 600 400 0
P-tot 14 14 14 14
COD 4102 4702 3703 3
Untreated waste
N-tot 52000 60000 30000 30000
NH4-N 600 600 400 400
COD 1800 2100 1100 1100
Composting
N-tot 0 0 0 0
NH4-N 0 0 8460 0
N-NOx 0 0 60 0

Landfill
CH4
VOC 324.59 374.53 291.35 0.15
Untreated waste
CH4 249.18 286.56 146.52 146.52
VOC 174.72 199.68 104.00 104.00
Incineration
CO 0.00 0.00 8.70 37.50

Landfill
N-NOx 20.00 30.00 20.00 0.00
Collection
N-NOx 120.00 140.00 170.00 170.00
Incineration
N-NOx 0.00 0.00 40.00 200.00

EUTROPHICATION (ton of NO2 equivalent)

VOC (ton of ethene equivalent)

NOX (ton of ethene equivalent)

Emissions

GWP (kton of CO2 equivalent)

ACIDIFICATION (ton of SO2 equivalent)
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Table A-10. Different substances flows 
 

Lead flows [kg] Landfill 2003Landfill 2015 Lf + Ic + Cp 2015 Ic + Ad 2015
Source 50536 58117 58117 58117
Collected paper,glass,metal 8640 9936 11261 11261
Landfill 22642 26039 28906 29403
Untreated Waste 11651 13398 7654 7654
Air 0 0 1 4
Soil 0 0 527 504
Water 2 2 2 1

Cadmium flows [kg] Landfill 2003Landfill 2015 Lf + Ic + Cp 2015 Ic + Ad 2015
Source 237 272 272 272
Collected paper,glass,metal 23 26 30 30
Landfill 141 162 177 179
Untreated Waste 57 66 38 38
Air 0 0 0 0
Soil 0 0 7 7
Water 0 0 0 1

Mercury flows [kg] Landfill 2003Landfill 2015 Lf + Ic + Cp 2015 Ic + Ad 2015
Source 30 35 35 35
Collected paper,glass,metal 3 3 3 3
Landfill 17 19 21 20
Untreated Waste 8 9 5 5
Air 0 0 0 1
Soil 0 0 2 1
Water 0 0 0 0

Copper flows [kg] Landfill 2003Landfill 2015 Lf + Ic + Cp 2015 Ic + Ad 2015
Source 295201 339481 339481 339481
Collected paper,glass,metal 187776 215943 244735 244735
Landfill 67792 77961 67789 67100
Untreated Waste 33911 38997 17464 17464
Air 0 0 0 2
Soil 0 0 1 809 1 730
Water 7 8 333 1431

Zink flows [kg] Landfill 2003Landfill 2015 Lf + Ic + Cp 2015 Ic + Ad 2015
Source 171522 197250 197250 197250
Collected paper,glass,metal 14866 17096 19375 19375
Landfill 101926 117214 129246 130171
Untreated Waste 42320 48668 28313 28313
Air 0 0 3 14
Soil 0 0 4 364 4 173
Water 29 33 27 12

Nitrogen flows [kg] Landfill 2003Landfill 2015 Lf + Ic + Cp 2015 Ic + Ad 2015
Waste 9290818 10684440 10684440 10684440
Collected paper,glass,metal 354820 408043 462449 462449
Landfill 589563 677997 560047 111999
Untreated Waste 288527 331806 170806 170806
Air 79 028 90 882 123 248 293 378
Arable land 0 0 929 574 1 300 948
Water 7823778 8997345 6287197 1534370

Phosphorus flows [kg] Landfill 2003Landfill 2015 Lf + Ic + Cp 2015 Ic + Ad 2015
Waste 1377936 1584626 1584626 1584626
Collected paper,glass,metal 25344 29146 33032 33032
Landfill 877862 1009541 1022492 1037156
Untreated Waste 409762 471226 238613 238613
Air 0 0 0 0
Arable land 0 0 215 955 206 502  
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Table A-11. Energy flows 
 
Primary Energy Carriers Total System [TJ] Landfill 2003 Landfill 2015 Lf + Inc + Cp 2015 Ic + Ad 2015
Core System 1 139 1 309 1 711 2 703
Compensatory Heating 0 7 880 6 074 0
Compensatory Petrol 0 749 749 0
Compensatory Fertilizer 0 48 27 0
Compensatory Plastic 0 425 0 0
Compensatory Cardboard 0 134 0 0
Upstream Electricity 0 4 762 3 671 0
Primary Energy Carriers Total System [GWh] Landfill 2003 Landfill 2015 Lf + Inc + Cp 2015 Ic + Ad 2015
Core System 316 364 475 751
Compensatory Heating 0 2189 1687 0
Compensatory Petrol 0 208 208 0
Compensatory Fertilizer 0 13 8 0
Compensatory Plastic 0 118 0 0
Compensatory Cardboard 0 37 0 0
Upstream Electricity 0 1323 1020 0

Energy WMS [TJ](Internal) Landfill 2003 Landfill 2015 Lf + Inc + Cp 2015 Ic + Ad 2015
Oil Consumption -435 -501 -583 -550
Electricity consumption -319 -367 -500 -896
Heat Consumption 0 0 0 -68
Fuel gas production 0 0 0 126
Electricity production 0 0 511 2227
Heat Production 0 0 1549 6760
Energy WMS [GWh] Landfill 2003 Landfill 2015 Lf + Inc + Cp 2015 Ic + Ad 2015
Oil Consumption -121 -139 -162 -153
Electricity consumption -89 -102 -139 -249
Heat Consumption 0 0 0 -19
Fuel gas production 0 0 0 35
Electricity production 0 0 142 619
Waste heat 0 0 430 1878

Primary Energy Carriers Total System [TJ] Landfill 2003 Landfill 2015 Lf + Inc + Cp 2015 Ic + Ad 2015
Hydropower 9 86 71 25
Biomass 66 600 459 185
Nuclear Energy 1 10 2 1
Natural Gas 229 2173 1650 638
Oil 772 11916 9620 1682
Coal 61 522 430 172
Sum of Non-renewable 1063 14621 11702 2492
Totalt 1 139 15 307 12 231 2 703
Primary Energy Carriers Total System [GWh] Landfill 2003 Landfill 2015 Lf + Inc + Cp 2015 Ic + Ad 2015
Hydropower 3 24 20 7
Biomass 18 167 127 52
Nuclear Energy 0 3 1 0
Natural Gas 64 604 458 177
Oil 214 3310 2672 467
Coal 17 145 119 48
Sum of Non-renewable 295 4061 3250 692
Totalt 316 4 252 3 398 751  
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FIELD VISIT PHOTOS 
 
 
 

 
 

Figure A-5 Manual separating process in Zero Waste project 
 
 
 
 
 

 
 

Figure A-6 Various collected solid waste materials for recycling 



Appendix 

 A -12 

 
 

 
 

Figure A-7 Temporary houses of scavengers in landfill area 
 
 
 
 
 

 
 

Figure A-8 Closer look on dumping area 
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Figure A-9 Landfill zone (where grab samples was taken) with a non-operated 
separator machine  

 
 
 
 
 

 
 
Figure A-10 Unloading process of the incoming solid waste  
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Figure A-11 View of scavengers temporary houses along the landfill area 
 
 
 
 
 

 
 

Figure A-12 Soil covering process 
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Figure A-13 Windrow composting (early age) 
 
 
 
 
 

 
 

Figure A-14 Mature compost – ready to pack 
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Figure A-15 Bricks and compost samples 
 
 
 
 
 

 
 

Figure A-16 Incineration slag 
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Figure A-17 Small scale incinerator 
 

 


