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Abstract  

 
Due to the various types of waste disposal, treatment, utilization and technologies, decision support 

model for waste management is needed to assist planners and decision makers in finding most 

suitable way to manage municipal solid waste efficiently. Many planners and decision makers in the 

area of municipal solid waste have a lack of thorough understanding of the complex chains of waste 

management system. Therefore the impact for the environment quality and the public health can 

only be judged at the rudimentary level. 

 

However, most existing models are primarily focusing on cost or environmental analysis. Only few 

consider other crucial factors such as the demographic condition, the characteristics of urban form 

and urban infrastructure, land transformation aspects due to urban development. Consequently, 

such models often meet difficulties to cope with cultural requirement.  

 

Based on those reasons, a decision support model to set up alternatives of most appropriate 

technology for sustainable waste management towards a low carbon eco-city on a regional basis is 

developed in this PhD study. The Low Carbon- and Eco-Region, in particular the contribution of 

waste management sector, is a vision of living in low rate of carbon generation, using fewer natural 

resources, and encouraging energy recovery and/or waste reduction at source by improving the 

used material quality (up-cycling).  

 

This decision support model is constructed mainly based on the cultural requirement and local 

context of a region and synergize the geographic, environmental, social capital and economics 

aspects in order to fulfill the needs of the respective region and its society. The method employed in 

this model is not solely a new developed model, but also an advanced model in material flow 

analysis (STAN), and life cycle assessment on solid waste system (EASEWASTE) and Geographic 

Information System (GIS). At the same time the model also assists the stakeholders in improving the 

environmental quality and the public health by promoting waste separation at source and reducing 

the greenhouse gas emission potential from waste sector.  
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Abstrakt  

 
Aufgrund der vielfaltigen Techniken und Methoden der Abfall- Entsorgung, -Behandlung und -

Wiederverwendung ist ein Entscheidungshilfe-Modell benötigt, um die Entwerfer und 

Entscheidungsträger bei der Suche nach der effektivsten Managementmethode der 

Kommunalabfälle zu unterstützen. Viele Planer und ET im Bereich der Kommunalabfall haben 

mangels vollständiger Kenntnisse  über die komplizierten Abläufe des 

Kommunalabfallmanagementsystems, deswegen kann der Einfluss auf die Qualität der Umwelt und 

die allgemeine Gesundheit nur auf rudimentären Ebene gemessen werden.  

 

Allerdings konzentrieren sich die meisten existierten Modelle vor allem auf die Kosten oder die 

Umweltanalyse, nur wenige berücksichtigen andere entscheidende Faktoren, wie die 

demografischen Bedingungen, die Eigenschaften der Stadtform und städtischen Infrastruktur, Land-

Transformationsaspekte durch Stadtentwicklung. Deshalb haben solche Modelle oft Schwierigkeiten 

mit den kulturellen Bedürfnissen zurechtzukommen. 

 

Auf dieser Grundlage ist, ein Modell zur Entscheidungshilfe für das Einrichten von Alternativen für 

die meist geeigneten Technologien für nachhaltiges Kommunalabfallmanagement nach einem 

niedrige-Kohlstoff- und Öko-stadt auf regionale Ebene ist bei dieser Promotion entwickelt worden. 

Die niedrig Kohlenstoff und Ökoregion, insbesondere die Beteiligung des 

Kommunalabfallmanagementsektors ist eine Vision um in einer niedrigen Kohlenstoff-

Erzeugungsrate zu leben, weniger natürliche Ressourcen zu benutzen, und Zurückgewinnung von 

Energie zu fördern mit/ohne an der Quelle Abfallminimierung durch die Verbesserung der Qualität 

von angewendeten Materialien (up-cycling). 

 

Dieses Entscheidungshilfe-Modell ist hauptsächlich aufgebaut auf der Grundlage der kulturellen 

Bedürfnisse und dem lokalen Zusammenhang einer Region, es synergiert  alle geografische, 

ökologische, soziale und wirtschaftliche Aspekte, um die Bedürfnisse der entsprechenden Region 

und derer Gesellschaft. Die in diesem Modell verwendete Methode ist nicht nur ein neu entwickeltes 

Modell, sondern auch ein fortschrittliches Modell, das mit der Materialflussanalyse (STAN), der 

Ökobilanz von Kommunalabfallsystemen (EASEWASTE) und dem Geografischen Informationssystem 

(GIS) entwickelt worden ist. Gleichzeitig unterstützt das Modell die Interessenvertreterin bei der 

Verbesserung der Qualität der Umwelt, und die allgemeine Gesundheit, durch die Förderung der an 

der Quelle gesteuerte Abfalltrennung, und Reduzierung des Potenzials an Treibhausgasemissionen 

aus dem Abfallsektor. 
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DSM Decision Support Model 

DKI Jakarta Daerah Khusus Ibu Kota Jakarta (the Special Territory of Jakarta) 

Ec. Economic Impact 

EF Ecological Footprint 

EIU Environmental Impact Unit 

En. Environmental Impac 

Eq. Equation 

eq. Equivalent 

FGD Focus Group Discussion 

GDP Gross Domestic Product 

GEO Geography 

GIS Geographic Information System 

GHG Green House Gas 

GPS Global Positioning System 

HC Home Composting 

HCF Hydrochlorofluorocarbon 

I10%ER Incineration with 10% Energy Recovery 

InoER Incineration with no Energy Recovery 

ISO International Organization for Standardization 

ISTA Incineration State of the Art 

ITF Intermediate Treatment Facility 

LCA Life Cycle Analysis 

LCCI Low Carbon City Initiative 

LFG Landfill Gas 

MBT Mechanical-Biological Treatment 

MCDA Multi-criteria Decision Analysis 

MFA Material Flow Analysis 
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MSWMS Municipal Solid Waste Management 

N 

n 

Nitrogen 

Number of Bin based on Bin Type 

N2O Nitrous Oxide 

NH3 

NOx 

Ammonia 

Nitrogen Oxide 

n.a. not available 

O Owned 

OD Open Dump 

P Phosphorous 

PKK Pembinaan Kesejahteraan Keluarga (Empowerment Family Welfare) 

Posyandu Pos Pelayanan Terpadu (Community Integrated Service) 

PE Person Equivalent 

PIC Potential Impact Category 

Qls Qualitative Score 

Qns Quantitative Score 

R Rented 

RT Rukun Tetangga (Household Association) 

RW Rukun Warga (Neighborhood Association) 

RB  Recycle Bank 

RT Recycling Technology 

S Scenario 

SAPROF Special Assistance for Project Formulation  

SL Sanitary Landfill 

SME Small-Medium Enterprise 

So Social Impact 

SOCECO Socio-Economic 

STAN Software für Stoffflussanalysen 

T Technology 

TCP Number of Collection Point 

TOR Term of Reference 

TWA Total Waste Amount 

TWATCP Total Waste Amount per Collection Point 

UNEP United Nations Environment Programme 

UNFPA United Nation Population Funds 

WCED The World Commission on Environment and Development 

WF Waste Fraction 

WtE Waste to Energy 

WWF World Wild Fund 

VOC Volatile Organic Compound 
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Glossary 

 

Active Person a person who is regarded as being the most involved in many 

collective actions and community based-organization 

Buffer zone the surrounding area/area of influence of  the active person/Meeting 

points  

CACBO Collective Actions and Community Based Organization 

DSM Information system which developed to support the decision making 

activities 

Dasa Wisma a strategy from PKK to form a small group in the community (12-20 

houses) to increase the community involvement 

GEO Group Inventory 1 for Physical Map 

household a person or group of people who usually live together in a building or 

a house that the management of eating from the same kitchen, the 

management of daily needs are administered into one.  

(BPS Provinsi Jakarta 2012, p.68) 

IMPACT Group Inventory 2 

Kampung settlement Urban settlement which densely populated and in which the majority 

of its population is rural migrants and poor 

Local Leader a person (community members) who are trained and has the 

responsibility to transfer the knowledge to the other community 

members 

Person Equivalent (PE) the impact factor of one person in a reference year 

Physical Map a-map based inventory of the physical condition of one area 

RT/ Household 

Association 

a group in the community which contains several households 

RW/ Neighborhood 

Association 

a group in the community which contains several household 

associations 

Scavenger (Pemulung) a person who searches for the recyclables from anywhere such as 

streets, vacant lands, waste bins and landfill and then sell the 

recyclables to waste collectors (pengepul). 

SME Small-Medium Enterprises 

SOCECO Group Inventory for Social-Economic Aspects 

Waste Collector 

(Pengepul) 

a person who comes to houses to buy recyclables such as old 

newspapers, any metal contains like broken air 

conditioner/bicycle/refrigerator/fan, glass and plastic bottle and also 

sell them to the waste collectors 

“Waste” term in this 

study 

solid waste collected from houses and small enterprises and 

community facilities 

Waste Picker (tukang 

loak) 

most common to be called big boss, is a retailer who will then sell the 

recyclable to companies. 
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Chapter 1     Introduction 

Background 

Solid waste management is a very important issue, which is closely coupled with urban population 

growth and increased waste generation. The global population is growing but the amount of land on 

the earth is not. As a result, more than 50% of the world’s population lives in urban areas today. An 

increase in waste generation in urban areas is thus inevitable. Figure 1-1 shows the world urban 

population based on The United Nations Population Fund (UNFPA) data in 2007. The bubbles in red 

and orange show the countries that are predominantly urban. Inside the bubbles, the number gives 

the urban population and the percentage of the urban population living in the urban area per 

country. 

 

Figure 1-1 The urban world population 

Source: UNFPA, graphic Paul Scruton (2007) 

 

A not small portion of the world’s urban population lives in urban kampungs. A kampung is an urban 

settlement which is densely populated and in which the majority of the population is rural migrants 

and poor (Harjoko 2009, p.7). The main problem of waste management in kampung settlements is 

low access to waste management services causing environmental problems. An approach to dealing 

with such problems is dealing much more with empowering people.  

A Decision Support Model (DSM) is one way of doing this. A DSM is an information system that 

supports decision making activities. It compiles useful information from a combination of raw data, 

documents and personal knowledge. It helps to solve problems and make decisions. DSM facilitates 

communication among and between decision makers and other stakeholders (Sprague and Watson 

1993, p.6). It can be fully computerized, done by hand or a combination of both. In this context the 

DSM, which is purely instrumental or technical, should be enhanced by paying attention to the social 

aspects of management. 
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Various advanced waste treatment technologies and utilization options exist. There are not so many 

DSMs that are addressed to the waste management situation of developing countries (Jain et al. 

2005, p. 3732). Planners and decision makers in the area of municipal solid waste, particularly in 

developing countries, often lack a thorough understanding of waste management systems. Often, 

the impact can only be judged at a rudimentary level. 

Many DSMs for waste management are not widely marketed and lack practical ideas on 

implementation actions. They incorporate a wide range of variables in a mathematical model and 

include assumptions and constraints affecting the decision making process (Bani et al. 2009, p.161). 

Such models are sophisticated, but of little use for developing countries. 

Many of these sophisticated DSMs do not take into account the high organic waste content, low 

investment capacity, vast quantity of manpower, poor performance of the formal sector, and the size 

of the established informal sector that are characteristics of the waste management situation in 

developing countries (Jain et al. 2005, p.3732). They are not easy to apply in developing countries.  

Moreover, most existing DSMs primarily focus on cost and environmental analysis, and only a few 

consider other crucial factors happening on the ‘ground’, such as demographic conditions, the 

character of urban infrastructure, land transformation aspects due to urban development, and 

community involvement. Consequently, such models have difficulties coping with the socio-cultural 

context, and sometimes end up eliciting community protests. These factors further show the 

limitations of the DSM’s applicability for developing countries.  

Low Carbon- and Eco-Regions 

There is an emerging awareness of a need for change in relation to the contribution of the waste 

sector to greenhouse gas emissions and environmental degradation. This has given birth to the vision 

of living in a manner that generates only low rate of carbon and other greenhouse gases emissions, 

uses fewer natural resources and encourages energy recovery and waste reduction at the source by 

improving the used material quality (up-cycling). To address ways of achieving this in developing 

countries, here a DSM is developed, which contains appropriate technology alternatives for waste 

management. The goal is to move towards the development of low carbon- and eco-communities at 

a regional level. 

A special focus is placed on the urban kampung settlements in this study. These settlements, which 

are commonly found within cities in Indonesia, and are also similar to urban settlements found in 

other developing countries, are characterized by low- to middle-income people. They are typically 

densely populated urban areas and are more likely to be disconnected from the Municipal Solid 

Waste Management system (MSWMS). If any exists, the service is often insufficient. In many cases, 

waste management from kampung settlements is unorganized. The kampungs lack access to public 

services and this encourages irresponsible acts, such as illegal dumping inside and outside the area.  

Two case studies of kampung settlements in Jakarta, Indonesia: Srengseng Sawah – Cipedak and 

Cikini- Pasar Ampiun, were taken as the research sites for this study. 

Problem Statement 

Waste problems in the urban kampung areas in Jakarta and other megacities in Indonesia need to be 

addressed. Densely populated kampungs need particular attention and the introduction of effective 
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measures that are socially acceptable and environmentally sound. Unfortunately, available DSMs are 

not structured to cope with the typical waste management situations found in such settlements. 

DSMs cannot simply be rationally planned and implemented in such settlements. Low-income people 

need an inclusive waste management scheme, which involves community participation, increase 

environmental and health awareness tied to waste issues, and expands participation in waste 

management.  

Research Questions 

The questions addressed in this study related to waste management associated DSMs are: what kind 

of adjustment can be made to existing DSMs to make them socially acceptable as well as applicable 

in solving waste management in kampung areas? What is the role of the local government vis-à-vis 

community involvement? These questions are broken down into three further specific questions:  

(1) Why can the many existing DSM models not be used in developing countries especially those 

with high shares of urban poor settlements?  

(2) What DSM is compatible with the socio-economic aspects of the urban poor living in 

kampungs and what aspects should be emphasized to increase the flexibility of the model in 

terms of enriching the treatment of socio-cultural values and the specific conditions of 

localities? 

(3) Which systems addressing these problems should be incorporated into a city’s waste 

management system as a whole and can the kampung settlements and other urban poor 

areas be integrated into Municipal Solid Waste Management? 

Hypothesis 

Urban solid waste management in the kampung settlement in Indonesia can become sustainable if, 

and only if, it incorporates societal aspects into the system as a whole. 

Aim of the research study and the research focus 

 

Figure 1-2 The research object in this study 
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The aim of the study is to improve current waste management approaches in densely urban 

populated areas and to address the needs of urban poor in kampung settlements. Doing this requires 

improvements in the municipal waste management systems and a shift towards low carbon- and 

eco-region thinking. As research objects, household associations in kampung settlements are taken 

(Figure 1-2). 

Objectives 

(1) To stimulate active involvement at the community level, developing a sense of belonging and 

community acceptance 

(2) To increase community awareness and understanding of environmental problems and open 

the avenues for making improvements 

(3) To increase community contributions to improve the existing kampung waste management 

systems and their possible integratetion into the municipal waste management system 

Approach 

Social sustainability is very important in developing countries with intermediate amounts of capital, 

vast quantities of manpower, and where the human resources are cheap compared to developed 

countries. This study uses a community participatory-based form of action research. 

The study follows an action research methodology. The community is seen as playing a central role in 

the model’s implementation. A DSM shall be developed with reference to the cultural requirements 

and the local context of the studied region and synergized with geographic, environmental, and 

economic aspects. For the inhabitants of the community, the relevant questions are:  “What do you 

want to do with your waste? What actions are you willing to take to improve waste management? 

What is your actual capacity for change?” These questions must be asked in the community in a 

tiered decision making process. 

The tools employed in this model are not only composed of newly developed models but also make 

use of well-established models: STAN, a material flow analysis model from Vienna University of 

Technology (TU Vienna) and EASEWASTE, a life cycle assessment model on solid waste system from 

Denmark University of Technology (DTU). Geographic Information System (GIS) is also employed in 

this model, mainly to analyze the location-based characteristics and social relationships. These 

existing models were used to widen the life cycle assessment benefit, particularly for urban kampung 

settlements, so that the information can be processed at a smaller scale as well as and through 

conventional ways. 

An economic assessment is minimally considered in this study due to time and resource limitations. 

Such an economic assessment could be a subject for consideration in the future development of the 

model. 
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Chapter 3    Theoretical Background 

3.1 The City of the Future  

 

In 2011, the percentage of the worlds’ total population living in urban areas reached 52%. In more 

developed regions this value is 78% and in less developed regions 46% (UNDESA, 2012). This means 

3.6 billion people are living in the world’s urban areas. The agglomeration of the new urban areas is 

contributing to the growth of the cities. The ways in which cities develop will greatly influence the 

planet’s future and the quality of life of the people.  

Lewis Mumford, a philosopher and sociologist who studied city and urban architecture, offers a 

definition of a city that is inviting and pleasing. He calls a city “a geographic network with economic 

organizations, institutional processes, and a theater of social actions” and further states that “it is an 

aesthetic symbol of collective unity” (Mumford 1937, p.183). William E. Rees, an ecologist, presents a 

dimmer vision, calling a city: “a node of pure consumption existing parasitically on an extensive 

external resource base” (Rees 1992, p. 128). Both definitions speak to the complexities, dynamics 

and mobility of a city and the interdependencies between those living there and the place they 

reside in.  

People rely both on natural resources and spaces for their urban infrastructures. Concerning the 

ability to sustain life on earth, the concepts of carrying capacity (CC) and ecological footprint (EF) are 

normally used as parameters to measure levels of consumption. They also emphasize the necessity 

of developing low carbon- and eco-cities as the cities of the future.  

 

Figure 3-1 Map of the Ecological Footprint per capita, by nation 
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Carrying Capacity (CC) means the size of a population of a given species that can be supported 

indefinitely in a given habitat without causing any permanent damage to the ecosystem on which it 

depends (Rees 1992, p.125). The EF measures how much of the globe’s resources a community uses 

to maintain its lifestyle (Rees 1992, p.121). Figure 3-1 shows the ecological footprint per capita in 

2005, by nation, based on the Global Footprint Network and CIA World Fact data in 2005. The 

reddish color indicates perilous ecological deficits in the respective countries. 

3.1.1 The Low Carbon – and Eco- City 

 

The Low Carbon-City and Eco-City concepts are goals for future city development, which consider 

the relationship between the EF and CC. Whereas the Eco-City focuses more on cities in general, the 

Low Carbon-City specifically focuses on industrial activities within a city. As one integrated concept, 

the Low Carbon- and Eco-City addresses the holistic, composite built environment, including the 

environmental infrastructure - water supply, sewerage, solid waste disposal, and transportation 

network. The low carbon- and eco-city concept is in line with the “green concept”. Some of the key 

features in this concept are emission reductions, energy and resource efficiency, the planting or 

preservation of forests (giant redwoods) and fruit trees, the maintenance of creeks, and less 

ownership of private automobiles (Roseland 1997, p.4). 

The concept of “ecocity/ Eco-City/Eco City” was first coined by Richard Register in 1975 (Roseland 

1997, p.2). The concept describes an ecologically healthy city, a city which does not yet exist in 

reality. The concept is a direction rather than a destination (Register 1987, p. 135). Register calls an 

eco-city an integrated, diverse “mixed-use” neighborhood, with integrated functions, of which are 

closely linked to each other, from home, jobs, and schools, to recreation and natural and agricultural 

features. Combined they have the resemblance of a village within the city (Register 1987, p.23). 

The phrase “Low Carbon City/low carbon-city” as a concept was first launched in 2008 as a Low 

Carbon City Initiative (LCCI) program of the World Wild Fund for Nature (WWF) for cities in China. 

The program allows Small- and Medium-Enterprises (SMEs) or any kind of industry to explore a low 

carbon development model in order to develop promising technologies in the fields of living, 

transportation and energy production (WWF China, 2012).  

In Asian countries, China, Singapore, Japan, and India are among the most active countries where the 

concepts of the Low Carbon-City and Eco-City have recently flourished. These countries are also 

developing models low carbon and eco-cities. In Europe, such cities have already begun to be 

developed in the years after the Kyoto Protocol (1997).  

3.1.2 The Growth of Cities and their Sectoral Division in Residential Areas 

 

Before looking to the future, it is helpful to consider what scholars of cities of the past can tell us. 

Burges’ (1925) sociological study of the growth of the city is concerned with the definition of the 

processes of expansion, metabolism and mobility (Burges 1925 p.71). The study showed the 

tendency of urban growth to expand radially from a Central Business District (CBD) to a zone of 

deterioration, a zone of working peoples’ homes, a residential area, a commuter zone, and finally the 

greater agglomerate, with each area based on land value (Figure 3-3). The study found that the city 

shows the normal manifestations of urban metabolism, in regards to the distribution of population, 

the division of labor, and the differentiation into social and cultural groups.   
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Extending Burges’ study, Hoyt (1939) did a specific analysis of the residential area and focused on the 

housing and rent situation. As the city is inhabited by people with different levels of economic status, 

there are varying degrees of ability to afford land in residential area. Those who have much capital 

can afford to live in the area with the most desirable land (high residential grade). This is the most 

powerful force behind urban growth patterns. Those who do not have sufficient money live 

immediately surrounding the high-grade areas. Those with the lowest capital typically reside on the 

least desirable land (Hoyt 1939 p.34). 

Figure 3-2 illustrates the growth of the city and the sectoral divisions into residential areas based on 

the study from Burges (1925) and Hoyt (1939). Their work mapped where most poor and rich people 

live and show that the poorest inhabit the least desirable land (the lowest rent) in the city. Burges 

(1971) added that the occurrence of diseases, crime, disorder and insanity are the negative or 

‘abnormal’ expression of a city.  

 

 

Source: adapted from Burges (1925) and Hoyt (1939) 

3.1.3 The Image of Urban Kampung Settlement s 

 

This section looks at the term “urban kampung settlement”, a term used in this study, based on 

Harjoko (2009) and Sihombing (2010) in their studies on urban kampung settlements in Jakarta, 

Indonesia.  

An urban kampung settlement is part of an urban settlement or city of “Kota” but is more specific, 

referring to a densely urban populated settlement, which is inhabited by the urban poor and rural 

migrants. Its physical appearance is characterized by a lack of uniformity of the housing units and 

minimum access to urban infrastructure, such as sanitation and drinking water networks (Harjoko 

Figure 3-2 Growth of the city and the sectoral division in residential areas 
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2009, p.7 and Budiarto 2005 p.5). Both urban settlements and kampung settlements are included in 

the administrative responsibilities of a city.  

An urban kampung is an unstructured, unorganized and informal settlement in relation to the 

broader socio-economic system (Sihombing 2004, p.1). While the common physical appearance of 

urban settlements is of rigid blocks, the division of lands and empty street-edges, the kampung 

follows a ‘chaotic’ housing pattern, with narrow and small alleys which are always busy with dwellers 

(Budiarto 2005, p.5). This study defines a kampung settlement as an area inhabited by middle- to 

low-income people who possess the legal right to stay. The kampung studied here is different from a 

squatter settlement or perkampungan liar, which are inhabited by the urban poor. A main difference 

is that in the former, residents having a legal right to be there; it is not the case in a squatter 

settlement. Therefore squatter settlements are not considered in this study. 

Table 3-1 describes the differences between Kota (a city), a kampung settlement and a squatter 

settlement based on Sihombing (2010). Concerning land ownership, normally each house in the 

kampung has no- or only a low-fence, meaning there is no clear barrier between one and another’s 

land. This thus strengthens socio-cultural relationships, such as is found in a system of kinship. 

Table 3-1 The Image of city (kota), kampung settlement and squatter settlement 

Urban 

Settlement: 

Image of “City”  

(Kota) 

Image of „Kampung 

Settlement„ 

Image of 

 „ Squatter settlement „ 

(Pemukiman Liar) 

Space and 

place 

High-rise settlement (up 

to the sky) 

Uniformity/monotony 

Dense (vertically) 

Hard space 

Private 

Low-rise settlement (on the 

ground) 

Heterogenic/diversity 

Dense (horizontally) 

Soft space 

Public 

Low-rise settlement (on the 

ground) 

Heterogenic/diversity 

Dense (horizontally) 

‘Chaotic’ space 

Public 

Legal Aspects Majority legal (certified) 

Protected 

Secure 

Planned and Regulated 

Formal and controlled 

Majority legal (certified) 

Un-protected 

Insecure 

Unplanned and unregulated 

Informal and uncontrolled 

Majority illegal (uncertified) 

Un-protected 

Insecure 

Unplanned and unregulated 

Informal and uncontrolled 

Structure Top-Down 

Bureaucracy 

Government 

Democratic 

Bureaucracy  

Community Leader 

Democratic 

No Bureaucracy 

Community Leader 

Social-Cultural 

Aspects 

Individualism 

Top-down management 

of crisis 

Inadaptable 

Multi-cultural 

Community Group 

Self-management of crisis(es) 

(mutual self-help) 

Adaptable 

tribal 

Community Group 

Self-management of crisis(es) 

(mutual self-help) 

Adaptable 

tribal 

Multiplicity Single use of buildings 

Single job 

Multiple use of buildings 

Multiple jobs 

Multiple use of buildings 

Multiple jobs 

Modernization Modern Traditional Traditional 

Source: adapted from Sihombing 2010, p.309 

Note: the differences between kampung settlement and squatter settlements are highlighted. 

In metropolitan cities, like in Jakarta, Indonesia, the typical urban poor community inhabits urban 

kampung settlements. According to Burges (1925) and Hoyt (1993), one could argue they are 
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inhabitants of some of the least desirable residential areas where growth is unplanned and 

uncontrolled (Sihombing, 2004, p.7). 

The kampung effectively supports dwellers’ everyday life and shapes their socio-economic behaviors 

(Budiarto 2005, p.6). It is common for people who live in a kampung to know who their neighbors are 

and to be aware if their neighbors do not appear for a while, which could mean the person is sick and 

a visit is thus necessary. Sihombing (2010) added in that in kampung settlements, the community 

leaders play an important role in maintaining social harmony and the relationships among 

community members. The orientation of the house is also an important factor which is influenced by 

the surroundings such as the access to the common access to mosques and common-wells. 

3.2 Sustainable Waste Management 

 

In the following sections, waste management options will be discussed with regard to the 

implementation in kampung settlements. Some definitions are also added to build common 

understandings among the inhabitants about recent developments in waste treatment and 

treatment technologies. 

Waste management is a complex system; it consists of several sub-systems, ranging from generation 

to collection and transport, waste disposal and treatment, and finally utilization. Landfilling and 

incineration are among the most important waste technologies regarding waste quantities. Both 

have significant environmental impacts and are alone not enough for dealing adequately with all the 

waste generated by the city (Bagghi 2004 p.3). 

In 1987, the World Commission on Environment and Development (WECD), sponsored by the United 

Nations, introduced the term “Sustainable Development”. WECD (1987) defined sustainable 

development as “development that meets the needs of the present without compromising the ability 

of future generations to meet their own needs, where the concept refers to the essential needs of 

the world’s poor and established them as a priority. Constraints are imposed by the limitations of 

environmental ability to meet present and future needs”.  

The “Sustainable Development” idea has also fostered the area of waste management (Bagghi 2004, 

p.3). McDougall et al. (2001) define “Sustainable Waste Management” as treating waste in an 

economically affordable, socially acceptable, and environmentally effective manner. Moreover, it is 

generally integrated, market oriented, flexible and well-operated on a regional scale (McDougall et 

al. 2001, p.15). The practice of 3R (Reduce Reuse and Recycle), a well-known concept in the waste 

management world, fits very well into the concetp of “Sustainable Waste Management”.   

3.2.1 Waste Hierarchy 

Politicians, followed by engineers and waste managers have begun to embrace waste minimization, 

pollution prevention, and other systematic approaches into sustainability. The zero-waste approach 

is one of the advanced options to create an ecologically sustainable system (Vallero 2011 p.11). The 

European Commission Directive 2008/98/EC emphasizes that the basic waste management principle 

is to manage waste without any resulting threat to human health or causing any harm to the 

environment, particularly in relation to water, air, soil, plants or animals. It should not be a nuisance 

that affects the countryside or places of special interest. The directive introduced the “polluters pays 
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principle” and the concept of “extended producer responsibility”. These basic principles should apply 

universally, also in developing countries. 

 

Figure 3-3 Waste hierarchy – regarding EU Directive 

Source: European Commission Directive 2008/98/EC, Environment 

 

Figure 3-3 shows the waste hierarchy based on Directive 2008/98/EC. This hierarchy shall apply in all 

waste prevention and management legislation and policy as called for in article 4 (European 

Commission 2012). 

3.2.2 The 3R, Waste Prevention and Waste Minimization 

 

Waste prevention
1
 work is often done together with recycling, and the two approaches influence one 

another. Salhofer et al. (2011) described the differences between recycling alone compared to 

recycling integrated with waste prevention: recycling alone consumed more resources and generated 

more waste for disposal. Creativity, invention and innovation are necessary to design sustainable 

waste minimization programs (Franchetti 2009, p.209). 

The concept of sustainable production and consumption is also linked to waste management as 

means of waste prevention and waste minimization. The term “Sustainable Production and 

Consumption (SCP)” was introduced in 1995 by the United Nations Environment Programme (UNEP).  

The UNEP (2012) defines SCP as “the use of services and related products which respond to basic 

needs and bring a better quality of life while minimizing the use of natural resources and toxic 

materials, as well as the emissions of waste and pollutants over the life-cycle so as not to jeopardize 

the needs of future generation”. 

3.2.3 Waste as Resources 

 

In nature, there is no such thing as waste, since it can naturally ‘recycle’ the elements in the 

ecosystem (Pariatamby 2011, p.109). Research on waste has also lead to the development of 

modernization of waste management technologies. Research has created new and innovative ideas 

that have changed human perceptions of waste. One is the idea of treating waste-as-resource 

(Pariatamby et al. 2009, p.628). Organic waste is no longer considered a material destined for 

landfills, but is rather composted. Waste paper is used as a raw material for recycled paper and other 

                                                             
1
 The term “waste prevention” is preferred in European countries like Germany, United Kingdom, Denmark, 

and Austria while the US prefers “source reduction” to include both waste prevention and minimization (US 

EPA 2011).  
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types of waste can serve as substitutes for virgin materials. As a result of this research, the mass of 

waste for disposals has decreased. Greener designs replace traditional methods of manufacturing, 

and resource use (Vallero 2011, p.12).  

In line with the waste hierarchy of the EU Directive 2008/98/EC, the activities to Reduce, Reuse and 

Recycle increase. The main objective of the 3R is to minimize the waste which ends up in landfills and 

to allow the use of the waste materials for special secondary material production (Zhu 2008, p. 125). 

Waste prevention and minimization needs specialties in human involvement. They are the key 

elements of forming a sustainable society (Allaway 2012, p.3). Waste prevention is the most efficient 

way of saving resources and to gain environmental benefits (Salhofer et al. 2011, p.185). 

In the case of developed countries, recycling activities are mainly carried out by the private recycling 

companies while in developing countries they are mainly done by the informal sector. However in 

both developed and developing countries, advantages are seen for the management of the waste, 

the economy and the environment. Such examples are for instance the cost savings in collection and 

transport, job opportunities, and less fuel consumption which leads to less pollution (Zhu et al. 2008, 

p. 128). 

3.2.5 Waste to Energy (WtE) 

 

Due to the increasing demand and dependency of energy on fossil fuels, the use of alternative forms 

of energy is encouraged. Waste-to-Energy (WtE) or energy from waste is the process of creating 

energy in the form of electricity or heat. Many countries are currently developing their waste 

treatment into WtE direction. The most common technology for energy production is coming from 

waste combustion or waste incineration (Pinto et al. 2009, p.42). Due largely to the air pollution 

resulting from the plant, the construction of the WtE evoked public criticism and objections 

(Cheremisinoff 2003, p. 40). Further discussion on waste treatment technologies, including WtE 

technology will be discussed in section 3.3. 

3.2.4 Environmental Impact Assessment 

 

The various waste management options influence the environment in different ways. Life Cycle 

Assessment (LCA) is a decision support tool that assesses environmental impacts from products or 

services through their entire life cycle from cradle to grave. The term of products in LCA also refers to 

waste management (Finnvenden et al. 2007, p.264). It is restricted to environmental impact 

(Morrisey and Browne 2004, p.300). Some of the advantages in using LCA are that it assists decision 

makers in developing strategic planning and priority setting. 

Error! Reference source not found. shows the description of the impact categories evaluated within 

LCA. The International Organization for Standardization (ISO) has developed an ISO for LCA, providing 

a framework, terminology and some methodological choices. In waste management, LCA starts with 

the definition of the service to be provided, from the raw material, extraction and acquisition, 

through energy and material production and manufacturing, to product use and end of treatment 

and final disposal (ISO 14040 2006). LCA is an iterative process and thus brings credible, useful and 

realistic results. The holistic approach is the strength of LCA to support the decision making process 

for deciding upon a waste management system (Hauschild and Barlaz 2011).  







26 

 

3.3 Waste Treatment and Disposal  

 

Table 3-1 shows an overview of waste treatment and disposal options. The worldwide most 

frequently used method is landfilling. Other technologies include thermal treatment, biological 

treatment and utilization on site. There has also been a strong increase in the development of waste 

treatment technologies, which are able to treat a variety of waste streams. One example is 

Mechanical-Biological Treatment (MBT). 

Table 3-1 General processes and potential output of waste disposal and treatment technologies 

Disposal 

and 

Treatment  

Acronym General Process Description Output 

Potential 

Product 

Emission 

Open Dump OD In principle, the landfilling process forms two outputs: 

leachate and gas. Leachate is formed by the percolation of 

precipitation, uncontrolled runoff, and irrigation water 

into the landfill. Landfill gas is formed after an anaerobic 

decomposition of the biodegradable organic fraction of 

the solid waste occurs in the landfill. In open dumps, both 

generated leachate and gas are uncontrolled as no 

treatment exists but dumping. The landfill process 

includes the monitoring of the incoming waste streams, 

the placement and compaction of the waste and an 

installation of landfill environmental monitoring and 

control facilities for the deposited solid waste. The landfill 

is suited with a final cover in sanitary landfills, which is 

used to cover the entire landfill surface once all 

operations are complete. Liners are used in controlled 

landfills and on the bottom surface of the landfill to 

prevent the migration of landfill leachate and gas (1). 

- 

 

 

 

Leachate 

and gases, 

primarily 

CH4 and CO2  

Sanitary 

Landfill  

SL - Leachate 

and Gases, 

primarily 

CH4 and CO2 

Controlled 

Landfill  

CL Energy 

from 

methane 

conversion 

from gas 

to 

electricity 

and heat 

Leachate 

and gases, 

primarily 

CH4 and CO2 

Incineration 

without 

Energy 

Recovery  

InoER The process of incineration starts with a moving grate 

furnace and horizontal steam boiler generating energy in 

the form of power and heat. In the furnace, the overall 

result of the incineration process is that the combustible 

components react with the oxygen of the combustion air, 

releasing a significant amount of hot combustion gas. 

Thereafter, the moisture content is evaporated while the 

incombustible parts form a residue. The lower heating 

values of the waste shows the energy content from 

complete combustion when assuming no energy losses. It 

is therefore important to determine whether the waste 

can sustain the combustion process without additional 

fuel (2). 

Air 

Pollution 

Control 

(APC) 

residue , 

bottom 

ash or slag,  

Lower 

Heating 

Value 

Flue gas 

(contains 

ash, heavy 

metals and 

organic 

compounds) 

Incineration 

with Energy 

Recovery 

IwER 

Composting C Composting goes from a mesophilic to a thermophilic and 

on to a maturation phase. In the first phase, the rapid 

decay of organic waste occurs and releases energy in the 

form of heat, which increases the material temperature. 

In the thermophilic the temperature achieves the highest 

self-limiting temperature. This is the phase where 

pathogen agents are reduced as well and hygienization is 

occurs. The next is the maturization phase, which includes 

the mineralization of the slowly degradable molecules 

and humifications. The composting requires an O2 

biological process, which leads to the generation of CO2, 

water, minerals and biologically stabilized organic matter 

(3,4). 

Compost Leachate, 

exhaust gas 

(It is 

primarily 

related to 

CH4, NH3, 

N2O and 

odors) 

Home 

Composting 

HC 
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Disposal 

and 

Treatment  

Acronym General Process Description Output 

Potential 

Product 

Emission 

Anaerobic 

Digestion 

AD Anaerobic Digestion goest from hydrolysis to acifogenesis, 

to acetogenesis phase and a methanogenesis phase. In 

the first phase the carbohydrates, proteins and lipids are 

hydrolyzed, which means the molecule is decomposed in 

reaction with water. The products formed in this step are 

sugars, amino acids and fatty acids and thereafter the 

amino acids and sugar are converted into volatile fatty 

acids, alcohols, hydrogen and CO2 in the fermentation 

phase. During this phase, highly oxidized products such as 

acetate are generated and this time provides the most 

considerable energy yield. In the next phase, the products 

from the fermentation process are oxidized to acetate in 

order to produce H2.  Acetate and H2 are the end products 

and the concentration of H2 is very critical. The last phase 

is methanogenesis, where methane is generated (5). 

Digestate, 

energy rich 

biogas (it 

mainly CH4 

and CO2) 

Exhaust gas 

(odor, 

various 

organic 

compounds: 

N2O and CO) 

Paper 

Recycling 

RT The recycling of the paper fraction is divided into 8 steps: 

sorting àbaling àpulping à screening à de-inking à 

pouring à rolling à packing. The first two steps are 

made before the waste arrives at the paper recycling 

facility. Once it is there, the waste paper is mixed with 

water. It breaks the paper into small strands of cellulose 

fibers or so-called pulp. After filtration and screening to 

remove contaminants such as glue and plastics, pulp 

should be de-inked to remove printing colors and 

thereafter poured onto a huge wire mesh. This is the 

phase where the pulp and the recycled fiber are bound 

together to form sheets after dewatering and a drying 

process, and then it is ready for rolling and packing (6). 

 

New paper 

product 

Wastewater 

Glass 

Recycling 

The recycling of glass fractions is divided into 6 steps: 

sorting à crushing à contaminant removal àmelting 

àmolding. Before arriving in the recycling facility the 

glass is separated during the collection: container glass 

(green, brown and white), float glass, cookware and 

automotive glass. Each type has different melting 

temperatures. Once the types of glass are sorted, they are 

crushed and this product is called a cullet. Then the cullet 

undergoes several contaminant removal processes, to 

remove metals, paper and dust. Thereafter it is melted to 

form a liquid glass called molten glass and is then ready to 

be shaped. The use of recycled glass consumes 30% less 

energy than making glass from virgin materials (6). 

 

New glass 

product 

Removed 

residues 

Metal 

Recycling 

(Aluminum) 

The recycling of the metal fractions and particularly 

aluminum is divided into 3 steps: sorting à baling à 

compressing. The sorting step is carried out to remove 

any magnetic metal. This step is done before the metal 

fraction goes to the recycling facility. Metals are shredded 

into small pieces, de-coated from any coating or 

decorations and later melted to form liquid aluminum. 

This liquid is then poured into cooled rectangular, shaped 

molds which allow liquid to solidify (6). 

New 

aluminum 

product 

Removed 

residues 

Disposal 

and 

Treatment  

Acronym General Process Description Output 

Potential 

Product 

Emission 
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Plastic 

Recycling 

 The recycling of plastic is divided into 6 steps: sorting à 

shredding àcleaning  à melting à extrusion à 

pelletizing. Plastics are the world’s most used raw 

material. Before plastics reach the recycling facility, they 

are sorted based on their polymer type, which indicates 

certain properties and characteristics, such as the melting 

temperature and suitability for recycling. Once plastics 

arrived, they are shredded and cleaned to remove any 

metal and dust. To produce new shapes, some types of 

plastics like mineral water and food containers are then 

melted, filtered and formed as strands. These strands are 

then cut into pellets, cooled in water and ready to be 

molded as new plastic products (6). 

New 

Plastic 

product 

Removed 

residues 

Recycle 

Bank 

RB The recycle bank is a voluntary and community based 

activity. The form varies from place to place, based on the 

interest of the stakeholders. But in general, once the RB 

has been established, the management process is divided 

into 5 steps: costumers (the community members) sorting 

the waste at source à storing to the bank (in this case the 

bank can be anyone or any organizations) à weighing 

àthe process of utilization by the community, such as 

crafts à selling àgiving money back to the costumer (A). 

Design 

Products 

from 

recycle 

products 

- 

Source: (1) Tchobanoglous 1993, p.364; (2) Hulgaard and Vehlow 2011, p.374; 

(3) Stentiford and de Bertoldi 2011 p.516; (4) Angelidaki and Batstone 2011, p.586; 

(5) Boldrin et al. 2011, p.573, (6) Franchetti 2009, p.56-58; (A) Author 

 

Methods described in Table 3-1 represent the general process of waste disposal and treatment 

options. In the following sections, options which are considered as potential options in this study will 

be evaluated based on their social, environmental, and economic advantages and disadvantages.  

3.3.1 Dumping and Landfilling Options 

 

Landfilling is the process of disposing the residual solid, industrial, and hazardous waste, as well as 

sludge at various designated waste disposal sites. Even with the implementation of waste reduction, 

recycling and transformation technologies, the landfill still remains important for integrated waste 

management for long time. In this study, only the most common types of landfills are included. These 

are the sanitary and the controlled landfill. The definition of landfills is mainly derived from on the 

work of Christensen et al. (2011a). 

Open dumping (OD) is not considered as a method, but this practice is the most commonly used 

waste management system in developing countries. Open dumping is simply used as a control in the 

assessment and a point of comparison of its impact with the impacts of other treatments. An open 

dump (OD) is a waste disposal site of unsorted waste, which also includes industrial and hazardous 

waste (Christensen et al. 2011a, p.686). Many researchers are reluctant to call open dumps a landfill. 

It is easy to recognize an open dump by its mixed waste and end-of-pipe characteristica. Open dumps 

can have a negative impact on the environment, such as rodents, smells and open fires. These are 

typically more local scale problems.  Normally an open dump starts from when people thrown their 

own waste on vacant land, which may also be owned by community members. In open dumps, 

neither the leachate nor landfill gas is collected which also strongly contributes to environmental 

pollution (Pariatamby et al. 2009, p.631). 
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Table 3-2 summarizes the evaluation of the social, environmental and economic impacts from open 

dumps and landfill approaches.  

Table 3-2 Evaluation of social, environmental and economic impacts: open dumps and landfill options 

Waste 

Disposal 

Site 

Advantages Disadvantages Note 

Open Dump 

(OD) 

 

 

 

The cheapest options of 

waste treatment (Ec.) 

 

Creates jobs to collect 

recyclables (Ec.) 

Space consuming and 

landslide risk (So., En.) 

The leachate contaminants 

can reach the ground water 

(En.) 

Intolerable local problems 

such as odors and smells, flies 

and rats (rodent), blowing 

litter, local fires (So.) 

Often include industrial and 

hazardous waste (En.) 

Potential for gaseous 

emissions (En.) 

It is the most widespread method 

of disposing MSW in developing 

countries. 

In some developed countries it is 

already banned, not only because 

it is land consuming, but also for 

its negative environmental 

impacts (European Commission, 

1999) 

Among the 3 types, it is to be the 

most dangerous type for the 

community as it normally appears 

in many places in the settlement. 

Sanitary 

Landfill  

(SL) 

Boundaries are clear 

(fences) and limits the 

access to the site (S) 

Protects human health 

by reducing direct and 

indirect contact with 

waste (En.) 

Fewer rodents and 

smells (So, En.) 

Creates jobs (collecting 

of recyclables) (Ec.) 

Can consume a large amount 

of native soil (any material 

which is used as the 

intermediate or layer or final 

cover) but is limited in size 

(En., Ec.) 

Needs heavy machinery for 

digging, such as tractors and is 

often difficult to use during 

the rainy season (Ec.) 

Potential for gaseous 

emission and leachate 

contamination (En.) 

 

There is not much attention paid 

to the issue of gas and leachate. 

Therefore it may cause damage to 

vegetation in the vicinity, in 

addition to posing a risk for 

uncontrollable fires. 

 

 

Controlled 

landfill  

(CL) 

Offers controlled landfill 

gas production, thus 

generating an economic 

product (Ec., En.) 

Not damaging the 

ground water and 

surface water (En.) 

The liners may not stay 

impermeable and are 

expensive (Ec., En.) 

Leachate collection may clog 

(En.) 

Landfill covers are needed to 

ensure efficient gas utilization 

(Ec.) 

Introduces the liner system and 

collection and treatment system 

for leachate and gas. Also called a 

containment landfill.  

Note: So.: Social impact; En.: Environmental Impact; Ec.: Economic Impact 

Adapted from Tchobanoglous et al. 1993, Christensen et al. 2011a, Sang-Arun et al. 2011 

A sanitary landfill (SL) is a waste disposal site with sanitary improvements designed to provide less 

contact with waste for the local people, and a more organized approach to dealing with rodents 

(Christensen et al. 2011a, p.686). It has clear boundaries like fences and is often covered by soil. Such 

landfills are easily recognized intermediate soil layer system, which acts as a waste cover. In the long 

term, the sanitary landfill may cause environmental problems, like damage to vegetation, and pollute 

the groundwater and atmosphere.  

A controlled landfill (CL) collects both gas and leachate and thus is an improvement over the other 

systems described above. It has treatment facilities for gas and leachate. The CL is a waste disposal  
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system, which gives priority to protect against groundwater contamination, the most common form 

of pollution from landfills (Christensen et al. 2011a, p.686). Controlled landfills are easily recognized 

by their liner systems. However, even when the liner system keeps modern standards, it can have 

leakage problems and the leachate may clog the liner.  

Incineration Options 

Incineration encompasses the burning of waste (open fires) and thermal treatment and utilization. In 

thermal waste treatment or utilization technologies, waste is destroyed under controlled condition 

by burning at high temperatures with an excess of air (Sang-Arun et al. 2011, p.20 and Hulgaard and 

Vehlow 2011, p.365). Whereas treatment addresses waste removal as the first task, thermal 

utilization considers energy recovery from the burning process.  

Table 3-3 summarizes the evaluation of the social, environmental and economic impacts of 

incinerations. 

Table 3-3 Evaluation of social, environmental and economic impacts: incineration options 

Incineration Advantages Disadvantages Note 

Incineration – 

Open Fire 

(InoER) 

Reduction of waste volume and 

weight, especially bulky waste 

with high combustible content 

(Ec.) 

Destruction and detoxification 

of certain material for final 

disposal, e.g. combustible 

carcinogens, pathologically 

contaminated materials, toxic 

organic compounds, or 

biologically active materials 

(En.) 

The ashes can be used for 

street construction – when they 

are not contaminated (Ec.) 

The emission of heavy metals and 

dioxin during combustion, poses a 

risk for public health (En., So.) 

Burns everything, including valuable 

materials from recyclables (Ec.) 

Still need final disposal for the end 

residue (So., Ec., and En.) 

 

 

Although dioxin 

and heavy metal 

(mercury) which 

may lead to 

cancer can be 

avoided, many 

environmental 

activists hold the 

issue of dioxin 

emission against 

incineration. 

 

Incineration – 

Thermal 

Treatment 

(IwithER) 

Destruction of the organic 

compounds, which potentially 

generate greenhouse gas 

emissions when landfilled (En.) 

Recovery of energy from waste 

with sufficient organic content, 

especially dry matter content 

(Ec.) 

Replacement of fossil fuels for 

energy generation with the 

beneficial consequence of 

greenhouse gas reduction (Ec., 

En.) 

The ashes can be used for 

street and construction – when 

it is not contaminated (Ec.) 

Needs high capital investment, 

especially for controlling emissions. 

Has a longer payback investment 

period (En.) 

In countries where the organic 

compounds are mostly wet, the 

destruction of this material through 

incineration is inefficient and costly 

(Ec.).   

Needs high capital investment, 

especially for controlling emissions. It 

has a longer payback investment 

period (En.) 

Still needs a final disposal option for 

end residue (So., Ec., and En.) 

It is considered as 

expensive 

destruction of 

valuable 

materials. 

 

Note: So.: Social impact; En.: Environmental Impact; Ec.: Economic Impact  

InoER=Incineration with no Energy Recovery; IwER=Incineration with Energy Recovery 

Adapted from Hulgaard and Vehlows 2011 and US-EPA 2012b 
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Since the beginning of its implementation, incineration has always faced conflicts, especially due to 

the eventual generation of pollutants (Tangri 2003, p.1). Incineration can generate dangerous 

secondary waste streams, in addition to emitting dioxin and mercury to the air when not used in 

conjuction with a circulation facility that controls the emissions. Such facilities, however can have a 

high investment price. 

Modern incineration includes combined facilities for heat and power plants (CHP). Nowadays there 

are many specifications within various types of incineration. This study, unless it is specifically 

described, the focus is on incineration with open fires and thermal utilization (with energy recovery). 

Incineration with energy recovery is still criticized as an expensive method for destruction valuable 

materials which are contained in the waste. 

In various European countries, such as Germany, Austria and Denmark, incineration is mainly under 

the authority of municipalities which have contributed to a widespread use and the public 

acceptance. Not every culture accepts incineration, but in general when the odors are gone, the 

community tends to accept it. 

3.3.2 Biological Treatment Options 

 

Organic waste treatment by landfilling and incineration is a critical issue for climate change. Its 

biodegradable compounds can generate anthropogenic greenhouse gas emissions, such as methane 

(CH4), nitrous oxide (N2O), and ammonia (NH3) (Amlinger et al. 2008, p.47). Methane emissions are 

among the most potent greenhouse emissions from the waste sector; since methane has a 21-25 

times higher global warming potential than carbon dioxide (CO2) (UNFCCC 2007a).  

Technology options using biodegradation are composting (C) and anaerobic digestion (AD), since the 

products are desirable. Combined anaerobic digestion and composting (CAD) will not be specifically 

discussed in this chapter, as it is acombination of technologies. 

Composting (C) 

In principle, waste with a high content of natural organic matter is compostable (Krogmann et al. 

2011, p.534). Composting is a technique to enhance the degradation of solid organic matter under 

controlled aerobic conditions (Stenford and de Bertoldi 2011, p. 516). Composting reduces the 

amount of waste going for disposal and also increases the output of agricultural products (Körner et 

al. 2008, p.64). In this way, composting could increase crops yields thus increase the lands’s carrying 

capacity (CC). 

The composting process is influenced by biodegradability, moisture, oxygen (O2), temperature, 

nutrients, pH and their supervision (Krogmann and Körner 2000, p.132). During the composting 

process, the organic matter degradation generates carbon dioxide (CO2), water and humus products 

or compost (Sang-Arun et al. 2012, p.17).  

In composting, the maturity and hygienic purity of the compost product are important. Mature 

compost will not cause odor problems when spread and stored (Boldrin et al. 2011, p.577). The 

maturity of the compost product is indicated by a low C/N ratio (McDougall et al. 2001, p.243). 

Hygiene is important to make sure the compost can be safely used and included in the consumption 

chain. Temperatures around around 65 
o
C will inactivate microorganisms, thereby reducing biological 
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activity significantly (Tchobanoglous 1993, p.687). The moisture content is also important; very wet 

waste use is not suggested for composting, unless dry materials are added. 

Table 3-4 summarizes the evaluation of the social, environmental and economic impacts of biological 

treatment options. 

Table 3-4 Evaluation of social, environmental and economic Impacts: biological treatment options 

Biological 

Treatment 

Advantages Disadvantages Note 

Composting (C) Reduces the volume and weight 

of waste by 30-50% (Ec.) 

The product (compost) is 

pathogen free and good for 

improving the soil structure, for 

adding nutrients to soil and for 

improving the water-holding 

capacity of the soil (En.) 

Saving money by replacing the 

use of chemical fertilizers (Ec., 

En.) 

Cheaper than incineration (Ec.) 

Suitable for organic solid 

waste. For liquid waste, dry 

materials should be added 

(Ec.) 

Bad smells can occur, 

vector-borne diseases can 

spread, methane, nitrous 

oxide (N2O) and ammonia 

(NH3) can be generated 

when not managed properly 

(En.) 

Requires maintenance and 

monitoring of compost 

quality (Ec., So.) 

Skilled personnel needed 

(So.) 

In the case of composting 

and digestion with 

digestate for use, it is 

important to separate out 

impurities at the 

beginning through source 

separation in order to 

prevent contamination, 

mainly from heavy 

metals. 

 

Anaerobic 

Digestion (AD) 

Suitable for solid and liquid 

waste such as food waste, 

vegetable waste, fruit residue 

and kitchen wastewater -but 

not suitable for lignocelluloses 

waste such as twigs and 

branches (Ec.) 

Requires less space than 

composting (Ec.) 

Generates methane which can 

be used as heat and energy 

(Ec.) 

Generates digestate which can 

be used for soil amendment 

(En.) 

In certain cases, the 

investment capital needed 

is higher than composting 

(Ec.) 

Skilled personnel are 

needed (So) 

Transportation cost for the 

product (Ec.) 

Generate digestate, which 

causes the problems of 

excess quantities with the 

difficulties of transfer:  

there is currently no market 

for the product (En., Ec.) 

In order to prevent 

management problems, 

the use and the 

transportation of 

digestate should be 

cleared from the 

beginning. 

Note: So.: Social impact; En.: Environmental Impact; Ec.: Economic Impact  

Adapted from Sang-Arun et al. 2012, Krogmann and Körner 2000, and US-EPA, 2012-b 

Anaerobic Digestion (AD) 

Anaerobic digestion is a technique to enhance organic matter degradation under anaerobic 

conditions. It is often also called biogasification (Angelidaki and Batstone 2011, p.583). The main 

purpose of anaerobic digestion is biogas production and waste stabilization (Jansen, 2011, p. 601). 

Anaerobic digestion is mainly used for agricultural waste, but recently it is also being used for 

municipal solid waste.  

Anaerobic digestion allows for energy recovery if the digestate are post-treated by composting 

(Tchobanoglous 1993, p.705). During the AD process, methane (CH4), an energy-rich gas and Carbon 

Dioxide (CO2) are both generated from the biogas. Residue from the anaerobic digestion process 
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remains as digestate. The digestate can be used for composting or applied directly as soil 

amendment, while the methane can be converted into heat, electricity or natural gas substitution. 

In anaerobic digestion, digestates are produced in a huge amount. The high moisture is one of the 

main problems. When the digestate is not used as a soil amendment, then it must be transferred to 

somewhere else. Since digestates are odorous, it can cause environmental and social problems when 

they are not handled appropriately.  

3.3.3 On-site Utilization Options 

 

On-site utilization refers to waste treatment, which occurs in communities at a small scale. It is 

mainly to support government programs for waste management by increasing interest in composting 

and recycling done directly on site, at the community level. The aim of utilization on site is to achieve 

significant reduction in the amount of residual waste that goes to the central facilities. The on-site 

utilization discussed in this chapter includes home composting and recycle banks. 

Other options, like small-scale biogas plants and animal feeding are also occurring at the community 

level and are very appropriate in rural areas. As this study considers kampung settlements in urban 

areas, small scale digestion and animal feeding will not be discussed as options for waste 

management. 

Home composting or backyard composting (HC) means direct use of kitchen and garden waste for 

composting within the community/neighborhood or individually. In developed countries home 

composting should not be seen as an alternative waste treatment option for all organic waste, but 

rather a supplementary solution (Andersen et al. 2011, p.1934). In developing countries home 

composting is a common practice and some programs have already shown positive results in 

reducing the load of municipal solid waste getting into landfills.   

In home composting, often the waste producer is also the processor and the end user of compost. In 

many cases no water, electricity or fuel is used during composting, and the major environmental 

burden is gaseous emissions to air and leachate (Andersen et al. 2011, P.1934). However, as anyone 

can compost and composting is not controlled the purity of the compost product is critical concern. 

Recycle banks (RB) or Bank Sampah is now popular in Indonesia. They are looked forward able to 

solve the waste problem in big cities like Jakarta. The recycle bank scheme encourages the 

community in the neighborhood to store their recyclables at the ‘bank’. This bank can be a Small-

Medium Enterprise (SME) or an individual who plays the role the as a bank. The bank collects the 

recyclables (instead of money) from the community, and after sometime returns the revenue to the 

community in the form of money. 

The bank can either sell these recyclables to companies or give the recyclables back to the society 

and let the society up-cycle themselves (producing marketable products such as bags, flowers, and 

merchandise out of those recyclables). Up-cycling must be linked to a marketing scheme so that the 

recyclable products can be sold. In this way the bank gets money from the companies or from the 

activity of selling the products. The revenue from recyclables or up-cycling product sales, after some 

administrative fees are applied, is then given back to the bank costumers, who are community 

members.  
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The RB and HC are strategies to gather community awareness to cope with waste management 

problems and to generate direct economic benefits. Without 3R (Reduce, Reuse and Recycling) 

integration, it cannot be used alone in order to achieve sustainable development with a healthy 

environment (Masnellyarti, 2012). 

Both RB and HC are community-based initiatives that are viable as waste separation practices, 

including at the generation source. As home composting and recycle banks concentrate on 

compostable waste and recyclable waste respectively, and both are community-based waste 

management actions, in this study they can be considered together as one option.  

Table 3-5 summarizes the evaluation of the social, environmental and economic impact from the two 

on-site utilization options. 

Table 3-5 Evaluation of social, environmental and economic Impacts: on-site utilization options 

Utilization 

on Site 

Advantages Disadvantages Note 

Home 

Composting 

(HC)  

and  

Recycle Bank 

(RB) 

Can be done by anyone (Ec., So.) 

It reduces the collection and 

transportation fees (Ec., En.) 

Directly at the 

society/community level (source 

generation) (So.) 

Creates awareness in society, 

which increases the control over 

appropriate waste separation 

practices (So.) 

Can potentially create additional 

income for community members 

and increase entrepreneurship 

(Ec.) 

Has the potential to increase the 

environmental quality and public 

health directly (En.) 

Reduces the potential waste to 

be landfilled  and reduces the 

emissions from landfilling (En.) 

Reduces the transport 

consumption (Ec.) 

Removes the scattered waste 

from the neighborhood (En.) 

Especially with home 

composting, can generate 

greenhouse gas emissions 

and leachate (En.) 

Creates suspicious attitudes 

within society, which can 

create hostility (So.) 

Time consuming since it 

involves several procedures in 

order to achieve a level of 

capacity and social capital; 

requires investigating the 

local people’s capacity (So.) 

Has to be started with 

facilitation, such as 

universities or NGO initiatives 

(So.) 

Hygienic issues, lack of 

scientific knowledge (En.) 

Needs high engagement and 

committed community 

members / depends very 

much on the motivation of 

participants (So.) 

Needs to develop a market 

for recyclable products (Ec.) 

Needs designated location for 

the composting process (So.) 

Home composting and 

recycle banks are the 

priority for low to middle 

income communities.  

As it mainly focuses on 

waste separation at 

source, it has the 

tendency to stimulate 

interest in composting 

and recycling sensitivity 

(direct interaction with 

waste). 

Note: S.: Social impact; En.: Environmental Impact; Ec.: Economic Impact 

Source: Andersen et al. 2011 and Masnellyarti, 2012 

3.4 Social Capital and Community-Based Management in Urban Areas  

 

Social capital is one of the most important factors in community-based management as it promotes 

cooperation between individuals. Social capital is the ability of people to work together in groups and 

organizations and it is related to traditional virtues like honesty, the keeping of commitments, 

engagement, reliable performance of duties, reciprocity and the commons among community 
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members (Fukuyama 2000, p. 3 and Bhuiyan 2005, p.191). Although the necessity of social capital is 

recognized in many community-based activities, Fukuyama (2000) emphasized that it is hard to 

generate social capital through public policy. Social capital is informal and it is rather formed 

spontaneously (Fukuyama  2000, p. 13). 

Bhuiyan (2005) pointed out that often in developing countries, government initiatives alone tend not 

to be able to solve the problem of solid waste, and therefore increasingly community-based 

initiatives are expected to fill this gap. In developing countries, the lack of or inadequacy in the 

services performed by government are normally due to a lack of funds, inappropriate equipment, 

inefficient management and the lack of skilled personnel (Antschütz 1996, p.71). 

Antschütz (1996) did a study on community-based urban solid waste management in 8 cities in 6 

developing countries: Brazil, Peru, Kenya, Indonesia, India and Pakistan. The study of Antschütz 

underlined 5 basic problems faced by community-based waste management programs (Table 3-6). 

These include: the low participation of households, management problems, and the social problems 

related to program operation, financial problems and cooperation difficulties with the municipality 

(Antschüt, 1996, p.13). 

Table 3-6 Basic problems on community-based management and the examples of successful solutions 

Problems Some Solutions Proofed to be Successful 

Participation Problems 

Low community priority for 

solid waste management 

Education, provision of appropriate incentives 

Low willingness to participate 

in collection and recycling 

Pay households for their participation, exchange waste for free bus tickets or 

food packages, gives proceeds of recyclables to servants, education 

Low willingness to keep 

public spaces clean 

Education and make competition 

Low willingness to pay Change way of payment, for example with water bills or as a lump sum 

payment 

Management Problems 

Low willingness to manage Education 

Lack of accountability Define rights, obligations and responsibilities 

Unrepresentative 

management  

Agency intervention during implementation to adjust the composition of 

committees or work directly with beneficiaries (by by-passing an existing 

committee) 

Social Operation Problems 

Low Salaries of Operators Provides group benefits and exemption from municipal taxes 

Space Problems Consultation with the local NGO and the leader, start a media campaign with 

the help of youth. 

Financial Problems 

Inadequate fee collection Give fee collectors more personal benefits; establish sanctions for non-paying 

community members; fee collection by respected community members 

Cooperation Problems with Municipalities 

Lack of assistance from the 

municipality 

Local authority involvement from the beginning, structured facilitation of 

formal-informal cooperation 

Source: Antschütz 1996 

Antschütz (1996) presented successful stories of how community participation, such as from 

Katmandu and Curitiba, were formed based on the integration of education campaigns and incentive 

awards through competitions. In Katmandu, the program achieved high levels of community 

participation by starting a competition among households to win a bucket of provisions for having 

the cleanest environment (Antschütz, 1996 p.27). In Curitiba, through the education campaign “the 
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waste is not waste” program, households could exchange their waste for free bus tickets and food 

packages (Antschütz, 1996 p.29). 

The study of Antschütz (1996) also underlined the problems of inadequate waste services for low-

income communities, and inequalities in the provision of waste services and employment. The study 

also observed that only one-third of the studied projects were aware of women’s and youth’s roles in 

the program. While women tend to work voluntarily, youth tend to expect a material reward for 

their participation in the management effort (Antschütz 1996, p.21). Regarding payment, in India, it 

was seen that while men prefered to leave and find other jobs, the women saw this as their only 

source of income and thus they were more responsible and eager to perform well (Zhu et al. 2008, 

p.92). 

 In some projects, women held the most important role as initiators, managers, operators, political 

activists and watchdogs of the community, whereas in some others women were only involved as 

operators but seldom as managers (Antschütz 1996, p.70). The study showed that in projects where 

the women are initiators, they usually remain in charge of the operation and management of the 

service and thus promote sustainability. The study also emphasized that motivational issues and 

winning the cooperation of municipalities as the main obstacles to successful-community based solid 

waste management programs (Antschütz 1996, p.71). 

The challenge of waste management has become a growing concern for many national governments, 

local authorities, environmentalists, researchers and communities. Bhuiyan (2005) did a study on the 

benefits of social capital in Bangladesh and emphasized that social capital alone is not enough to 

sustain the community. It needs other support mechanisms such as the influence of kinship and 

stakeholders’ relationships (Bhuiyan 2005, p.219). Budiarto (2005) emphasized that the system of 

kinship grows territoriality and thus affects social capital.  

Community-based solid waste management encompasses activities carried out by members of 

communities to clean up their neighborhood and/or to earn revenues from solid waste. It is already a 

common practice in developing countries (Antschütz 1996, p.13). Such activities, the so-called 

collective actions, possess the advantage of local participation, a particular segment of society which 

can be defined in spatial terms on a relatively small scale and embraces local forms of activities 

(Bhuiyan, 2005, p.10). Some examples are community initiatives to collect solid waste, trade 

recyclables, and do home composting.  

In the case of Indonesia, Antschütz (1996) found the waste problem obtains a higher level of 

importance when the initiative came from the community itself. Community initiatives have proven 

the importance of community involvement for waste management programs, not only for decision 

making, but also for everyday activities. The main importance of community and stakeholder 

involvement in waste management programs is the opportunity to voice concerns that can be 

addressed through the program, thus supporting the sustainability of the initiative (Zhu et al. 2008, 

p.160). 
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Chapter 4     Jakarta and Jakarta’s Waste Management 

4.1 A Glimpse of Jakarta and Greater Jakarta 
 

Geographic and Demographic Condition 

 

Jakarta, officially known as the Special Territory of Jakarta or Daerah Khusus Ibu Kota (DKI) Jakarta, is 

a province as well as the capital of and the largest city in Indonesia. It lies in a lowland area with an 

average elevation around 7 meters above the sea level, and is located at 6o
12’ South latitude and 

106o
48’ East longitude (Figure 4-1). Jakarta has 9 rivers and 2 channels. Jakarta is home to a 

population of 9.6 Million people inhabiting 662 km2 of land, with a density of 14,596 people/km2 (BPS 

Provinsi Jakarta 2012, pp.1-5).The city is one of the world’s most populous cities (City Population, 

2012). 

 

Figure 4-1 Map of Indonesia and the location of Jakarta 

Source: Wikipedia (2008), Google Earth (2008) and Indonesian Embassy (2008) 

Climate 

Jakarta has two seasons. From October to May is the rainy season; the rest of the year from June to 

September is considered the dry season. When the rainy season comes, 9-26 days in the month could 

be rainy while in the dry season there will be few or no rainy days at all in a given month. In general, 

climate conditions in Jakarta are tropical, with the humidity between 71-90%, an average maximum 

temperature of 32 OC, an average minimum temperature of 25 OC and a rainfall of total 1706 mm per 

year (BPS Provinsi Jakarta 2012, pp.18-20  and WMO, 2012).   

Economic Development 

The large population and the availability of work contribute to the need to increase housing in 

Jakarta. Land prices are getting more expensive and becoming unaffordable for those who work in 

the capital city (Widoyoko 2007, p.28). This situation encourages the emergence of housing areas in 

the outskirts of Jakarta, the so-called Greater Jakarta. 
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Currently, Greater Jakarta, the urban agglomeration surrounding Jakarta which includes Bekasi, 

Tangerang, Tangerang Selatan, Bogor, Depok is the largest megacity in South East Asia (City 

Population 2012). Jakarta and its greater surroundings depend on each other as many commuters’ 

travel within this region during working days. However the main destination within this region is still 

Jakarta as it is the center of the economy of the country and the engine of the economic growth 

(Widoyoko 2007, p.28). 

During 2007-2011, the country achieved a $ 3,495 GDP per capita level; the level has consistently 

increased over the last two decades (The World Bank 2012). For Indonesians, Jakarta is considered 

the most attractive place to earn a living. The expectation of having a better income or wage 

improvement is one of the main factors of immigration to Jakarta (Budiarto 2005, p.2). The economic 

growth of Jakarta in 2011 was 6.71%, 0.20% up from the previous year (BPS Provinsi Jakarta 2012, 

p.2). At the national level, Jakarta and the neighborhood provinces, East Java and Banten, provide 

the highest wages for employment in the country, followed by areas outside Java and Bali, East Java 

and Bali, and Central Java (BPS 2012).  

4.2 The Administrative Framework of Jakarta 

Figure 4-2 shows the Administrative framework of Jakarta: 

 

Figure 4-2 Administrative framework of Jakarta 

Source: Adapted from Harjoko, 2010, p. 109 
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As a province, Jakarta is headed by a governor who is responsible directly to the president (UU 32 

tahun 2004 tentang Pemerintahan Daerah). Jakarta is divided into five cities or municipalities 

(kotamadya): Central Jakarta (Jakarta Pusat), East Jakarta (Jakarta Timur), West Jakarta (Jakarta 

Barat), North Jakarta (Jakarta Utara), South Jakarta (Jakarta Selatan) and one regency (kabupaten), 

thousand Islands (Kepulauan Seribu). The municipalities are headed by a city mayor (walikota) while 

the regency by a regent (bupati). Each municipality/regency is also divided into smaller divisions: 

districts (kecamatan) and sub-districts (kelurahan)/village (desa) (Figure 4-2). 

As an administrative framework, at the local level, the smallest organization after the household is 

the households association or Rukun Tetangga (RT) which consists of approximately 300 households 

or houses. The neighborhoods association or Rukun Warga (RW), one level up, consists of 10-15 

households associations, followed by sub-districts/villages and thereafter districts. They form the 

local authority or the local government. At the provincial level there are the municipalities and the 

governor.   

4.3 Housing Settlements in Kampung 

 

In the case of Jakarta, Budiarto (2005) defines a kampung to be “originated from hundreds of 

indigenous settlements which were inhabited by local natives and other non-European people during 

the colonial era”. Jakarta is inhabited by people with different levels of economic capacity. The Hoyt 

(1939) theory defines only those who are well off and who can afford living in an appropriate 

settlement or high graded land. Such land has good access to urban infrastructure, for example to 

drinking water and a sanitation network. Those with medium to low incomes will either stay in 

between the high and low rent areas or in the lowest rent rate areas. This sub-chapter will continue 

to discuss only the medium to low income people. 

Many schemes have been tried by the local authority to organize kampung settlements in Jakarta, 

such as eradication or resettlement to suburban areas with accompanying action to prevent the 

former residents from returning back to the original settlement. However such activities have not 

stopped the growth of kampung. Rather, they have slowed down their development (Budiarto 2005, 

p.2). Harjoko (2004) collected 39 cases of evictions which happened in Jakarta between period of 

1996 to 2002 bringing a total of 170,352 households (families) and 8,645 houses affected. A decrease 

in the areas considered to be kampung has occurred in parallel with the development and 

modernization of Jakarta. This decrease of kampung area should not be assumed to mean that the 

people who are living in kampung are also decreasing but it shows the increase in kampung coverage 

of people in square meters (Budiarto 2005, p.1).  

The Indonesian Ministry of Housing (Menteri Negara Perumahan Rakyat) has grant provisions for the 

poor people to help them improve the quality of their housing or to build a new house or public 

community facility. Some conditions of this provision are to at least own a piece of land which either 

does not yet have a house, or that already has a house but one which is not inhabited (Peraturan 

Negara Perumahan Rakyat no. 14 2011).  

Generally there are two types of poor people who are legally registered in Jakarta. Both types inhabit 

the kampung settlements. The first are the poor people who have low wages and do not own land. 

These people live in other people’s houses and pay the rent to the owner. Consequently, they cannot 

afford to buy land. These people are normally new comers or immigrants to Jakarta and are 
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considered as inhabitants of Jakarta after they have registered to the municipality. In addition to this 

first group, a second type of poorness, that is the poor people who own a piece of land legally, have 

low wages and live a low quality of life.  However, based on regulations, this second type of poor are 

not considered as poor and are not eligible for the housing provision.  

4.4 Waste Management in Jakarta 

The Indonesian government experienced community protests against the decision to implement new 

waste treatment technologies. The community often went to the streets to protest against the 

government’s plan to build a new waste management facility. They pointed to health issues as the 

main problem (Harian Umum Pelita 2012 and Warta Kota 2011). Basically, the absence of community 

assistance and lack of supervision are the main motivations of such protests. 

In 2008, a team named “Special Assistance for Project Formulation Jakarta Solid Waste 

Management” (SAPROF) from the Japan Bank International Cooperation (JBIC) did an assessment of 

waste management for Jakarta. This team continues to assist the Jakarta provincial government and 

team to establish the latest waste management master plan (Tambun and Dahono 2012).  

The study looked at the waste generation by source and showed that the household sector 

contributes the biggest share (53%) to Jakarta’s’ waste generation, followed by offices (27%) and 

other sources. Dividing the waste by composition, the organic fraction is the highest (55.37%), 

followed by the non-organic waste fractions which consists of paper (20.57%), plastic (13.25%), wood 

(0.07%), and textile (0.61%), rubber (0.19%), metal (1.06%), glass (1.91%), rubble (0.81%), hazardous 

materials (1.52%) and also other fractions which are composted of materials such as stones and 

sands (4.65) (JBIC Japan 2008). The study found that the average generation of solid waste in Jakarta 

is 6,525 ton/day (JBIC Japan 2008).  

4.4.1 Waste Treatment Technologies 

Currently only a small amount of the waste generated in Jakarta is treated inside the Jakarta area 

whereas the biggest portion is transferred to the Bantar Gebang landfill in Bekasi, in the South-

eastern part of Jakarta Province, and the rest remains uncollected. 

Table 4-1 Current development of Jakarta waste treatment technologies 

Facility Technology and 

Location 

Status Task Capacity 

Transfer 

Station 

Transfer Station, 

Sunter 

Operating  Accommodate the waste 

before being transported 

to the final treatment 

plant (landfill) 

Current capacity 800-1000 

ton/day, built by Jakarta 

Provincial Government 
(1)

 

 

Transfer Station, 

Cakung 

Operating Accommodate the waste 

before being transported 

to the final treatment 

plant (landfill) 

Current capacity 400 

ton/day and  built by 

Provincial Government 
(1)

 

Composting 

Center 

Composting 

Plant, 

Cakung 

Operating Composting organic waste 

from traditional market 

Current capacity 300 

ton/day and built by 

Provincial Government 
(1)

 

Landfill Sanitary Landfill, 

Bantar Gebang 

Operating Landfilled the waste, 

collect the gas generation 

and transfer the gas to 

electricity 10.5 MW
(2)

 

Current capacity 4,500 to 

5,500  ton/day 
(1)

 

Source: (1). JBIC Japan (2008), (2). Advertorial (2012) 
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Jakarta has 3 different waste facilities. These are transfer stations in Sunter and Cakung, a 

composting plant in Cilincing and the Bantar Gebang landfill in Bekasi. Table 4-1 shows the treatment 

facilities which currently are operating in Jakarta. 

4.4.2 Waste Collection System and Informality 

 

Solid waste management relates to both the formal and informal sectors. In Indonesia, the formal 

sector consists of municipal agencies and other formal businesses. The informal sectors consist of 

individuals, groups and small-and-medium enterprises (SMEs) which take part in activities but are not 

registered in the municipality and not formally regulated. This includes for example the scavengers 

and waste pickers (Aprilia et al. 2012, p.71). 

Figure 4-3 shows the general scheme of the waste collection system in Jakarta. In general there are 

three important points in Jakarta’s waste collection system (1) the source of waste generation points, 

(2) temporary collection storage points and (3) the landfill or treatment facility location point such as 

composting plant. This system is divided into two collection sub-systems, (I) the first sub-system, 

from the source of waste generation points to the temporary collection point, and (II) the second 

sub-system, from the temporary collection storage points to the landfill location point.  

 

Figure 4-3 General scheme of the waste collection system in Jakarta 

The Indonesian Waste Management Law No. 18 Year 2008 gave the authority and initiative to 

organize waste from the source of generation in the first sub-system. The law set the governments’ 

intervention to start at the second sub-system. Therefore the first sub-system has more variety, with 

different mechanisms and vehicles whereas the second sub-system is more universal. The waste is 

transferred to the treatment facility or landfill location by waste trucks. Nevertheless the first and 

the second sub-systems are integrated and depend on one another. 

In 2007, the Jakarta provincial government decided to provide rickshaw motorcycles or becak 

sampah motors to support the first sub-system, thus increasing the collection system coverage 

(PosKota 2011). This type of vehicle fits the kampung settlement characteristics with their small 

alleys (Figure 4-4). It has proved to be an effective vehicle for the first sub-system in a city like 

Jakarta. 
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Figure 4-4 Sample of a rickshaw motorcycle 

Source: pasangiklangratis33.wordpress.com (2012) 

In both sub-systems, informality is an important issue. Informality can be seen from two sides; 

positively and negatively. Positively, some portions of waste generated in Jakarta are recovered 

through informal schemes either by scavengers (pemulung) or waste pickers (tukang loak). Meaning, 

the government would not have to pay these workers to collect the waste from the source of 

generation points. 

A scavenger is a person who searches for recyclables from anywhere such as streets, vacant lands, 

waste bins and landfill and then sells the recyclables to waste collectors (pengepul). A waste picker is 

a person who comes to houses to buy recyclables such as old newspapers, any metal containing 

items like a broken air conditioner/bicycle/refrigerator/fan, glass and plastic bottle and who then 

also sells them to waste collectors. The waste collector or the ‘big boss’, who mostly be the common 

collector for many waste pickers, is a retailer who will then sell the recyclables to companies. 

Both scavengers and waste pickers are independent workers. They save the government a lot of 

money by cleaning up and recycling the waste (Sartika 1993). Negatively, the scavengers endanger 

their lives and live in critical hygienic conditions. They often work with insufficient equipment and 

make the work more dangerous.  

Sembiring and Nitivattananon (2010) emphasized the important role of the informal sector in 

diverting recyclable materials from waste as many as 3000 people could be involved within one 

municipal system. Together they manage to reduce 13% of the waste generated in a city with around 

a population of two million. Yet, the decision makers often have negative prejudices regarding the 

informal sector and they tend to reject the integration of the informal sector into the formal sector 

(Sembiring and Nitivattananon 2010, p.809). 

4.4.3 Some of the Unsolved Waste Management Problems 

 

One of the main problems in municipal solid waste management in Jakarta comes from household 

waste, and particularly in urban kampung settlements. These settlements are more likely to be 

disconnected from municipal solid waste management systems. Or if a municipal solid waste 

management system exists, the service is often insufficient (Figure 4-5).  
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Figure 4-5 The disconnected municipal solid waste services in the kampung settlements, Jakarta 

Bellow, some of unsolved problems related to waste management in Jakarta are described: 

 Illegal dumping and 

the river of waste 

Often the waste generated from the kampung settlement area is poorly self-

managed and there is illegal dumping inside and outside the kampung as 

well. It is common to hear that the river in Jakarta is the lengthiest disposal 

site in the world. During the rainy season, often the waste in the river blocks 

the water flow and makes the water overflows on to the land. 

 

 Single and far away 

landfill 

 

Jakarta has no landfill on its own land and this is one of the biggest problems 

of waste management in Jakarta. Bringing the waste to distant landfills 

outside of the city means not only a high transportation cost for the Jakarta 

Provincial government but also a tipping fee of IDR 103,000 which is equal to 

8 Euro or 10 US$ per ton of waste to the owner of the land (Decilya 2012b). 

 

 Annual flood 

 

Jakarta is well-known for its annual floods; waste is one of the most 

important causal factors (see the river of waste above). Although the 

government has finished with the Banjir Kanal Timur (BKT), the East Flood 

Channel project which is a mega project to prevent annual flooding in Jakarta, 

the floods will still be a threat if the community does not change their habit 

of throwing waste into the river, said the manager of BKT projects who works 

for the Ministry of Public Work, Indonesia (Widyoko 2007, p.33). 

 

 Unimplemented and 

inconsistent 

regulation 

 

Key factors on waste management strategies such as waste reduction, 

community active involvement and the service coverage have been 

dispatched as a legal framework. The Jakarta Provincial Government enacted 

the Regional Regulation in 1998 (Perda no. 5 Tahun 1998), about 

environmental cleanliness in the Jakarta Province. The regulation states 

restrictions on littering waste and on disposing of waste except in waste 

storage containers. For example, based on the regulation the government will 

jail the person who disobeys the regulation, 2 months and 6 months 

respectively or fine IDR 5 Million (500 Euro) and 2 Million (200 Euro) 

respectively. Nevertheless none of Jakarta inhabitants has ever been jailed or 

fined based on this law. 

 

4.4.4 Jakarta’s Waste Management Master Plan and Perspectives of Waste Treatment 

A road map for waste management in Jakarta is still under development: The Jakarta Waste 

Management Master Plan 2012-2032. The road map starts with waste reduction and ends with high 

and environmentally friendly technology (Berita Jakarta 2012). The main concept is to leave the 
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approach of treating “waste as having no valuable materials the remaining should be collected, 

transferred and thrown away” and move to the approach of “waste as a resource material to be 

collected, transferred and utilized’. 

As for a long-term approach, Jakarta’s waste management policy is to minimize its dependency on 

landfills. Jakarta is focusing on waste utilization by developing an intermediate treatment facility (ITF) 

and 3R centers (Berita Jakarta, 2011). By reducing waste generation by 15% and utilization at source 

by each neighborhood association, the highest efficiency would be achieved, according to the Jakarta 

Governor 2008-2012, Mr. Fauzi Bowo (Berita Jakarta 2012). Table 4-2 shows the future development 

expectations of Jakarta’s waste treatment. 

Table 4-2 Future development of Jakarta’s waste treatment technology 

Facility Future 

Development 

Technology and 

Location 

Status Task Capacity 

(Future) 

Intermediate 

Treatment 

Facility (ITF) 

ITF - Incineration, 

Sunter 

In-progress Reduce the waste volume into 10% 

residue and energy recovery 14MW per 

1000 ton waste
(2)

 

Future capacity 

1200 ton/day, 

built by Private 

investor  
(1, 3)

 

Mechanical 

Biological 

Treatment (MBT), 

Cakung-Cilincing 
(3)

 

Planned Recycle and process the organic waste 

to produce compost 

Future capacity 

1300 ton/day, 

built by private 

investor
(2,5)

 

Marunda Planned Specifically for the treatment of waste 

from rivers and the sea 

Built by public 

private 

partnership 
(3)

 

Composting 

Center 

Cakung Planned Composting organic waste See ITF / MBT 

Cakung-Cilincing 

Integrated 

Final 

Treatment 

Plant 

Sanitary Landfill - 

Bantar Gebang 
(3)

 

Operating 

and In-

progress 

Landfilling the waste, covering with soil 

and trapping the leachate and methane 

so it can be treated. Includes a small 

composting unit (300 MW). Electricity 

generation is targeted at 26 MW in 2023 
(5).

 

30% of Jakarta 

waste 

generation 

Ciangir Cancelled from preceding as the land use function is changed by Bekasi 

Government in 2011 
(6)

 

ITF Intermediate Treatment Facility, IFTP Integrated Final Treatment Plant 

Souce: (1). Decilya (2012a), (2).Decilya (2012b), (3). Berita Jakarta (2012),( 4). Berita Jakarta (2011), 

( 5). Advertorial (2012), (6). Joniansyah (2011) 

4.5 The Policy and Legal Framework to Waste Management 

 

Policies and legislation on waste management, in the provincial, national and international contexts, 

are elements that cannot be separated from waste management practice. Initially waste 

management policies were focused on the waste collection system and disposal, but gradually 

elements of source reduction, waste minimization, and sustainable patterns of production and 

consumption have been incorporated. 

Some key policies and legislation related to household waste management in Jakarta will be 

examined in this section to describe the current situation and future possibilities for waste 
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management. Specifically on the Waste Management Law No. 18 Year 2008 about Waste 

Management (UU no.18 tahun 2008 tentang Pengelolaan Sampah), the Ministry of Internal Affair’s 

Guidance of Waste Management, Regulation 33 (2010) (Pemendagri 33 tahun 2010, and the Ministry 

of Public Work’s regulation, Policy and National Strategy on the Development of Waste Management 

System No.21/PRT/M/2006 (Permen PU No.21/PRT/M/2006) will be considered. As Jakarta is 

currently awaiting the publication of the waste management master plan, this will be only discussed 

briefly. For additional information, Table 4-3 describes what these policies and regulations are about. 

Waste Management Law no. 18 (2008) defines the waste as a national problem. In this law, the 

community’s contribution as part of the waste management process is mentioned twice, once in 

terms of its rights and once as a specific expectation in chapter IX. The Ministry of Internal Affairs 33 

(2010) underlined the main task of the authority to plan and target future achievements related to 

waste management in its respective areas, including initiating partnerships between the community 

and small medium enterprises (SMEs) in waste management. This regulation manages the waste 

activity at the local level. It describes the role of community involvement in detail, including the role 

of BLUD, a working unit at the local level which is set up to assist the community in activities 

concerning waste management. The waste service fee is to be determined by the local authorities.  

The Ministry of Public Works launched Ministry of Public Work’s Regulation No.21/PRT/M/2006. It 

promotes the involvement of women; community-based waste management, and regional waste 

management. This is now the the legal basis for the proliferation of community-based waste 

management in Indonesia. 

Table 4-3 National and provincial waste management law and regulation 

National  

Policy/Legislation About 

Waste Management 

Law No. 18 Year 

2008 about Waste 

Management, or  

Undang-Undang 

No.18 tahun 2008 

tentang Pengelolaan 

Sampah 

 

 

 Requires comprehensive waste management from the upstream to downstream 

where the needs of government authorities, community contributions and 

corporate support are combined to achieve effective and efficient waste 

management (Background p.1) 

 Defines some of the terms related to waste management such as the waste as 

an end result from daily life in solid forms, the origin of the waste as the source, 

any individuals who generate the waste as the generators, the process involved 

on a waste management scheme, including the collection system and 

treatments, the governor, city major and regent the authority (Chapter I General 

Provisions p.1). 

 Clarifies the rights and obligations of each community member, for example, to 

receive the municipality services for ecological waste management, to 

contribute to the decision making process, implementation and monitoring of 

waste management, to gain information related to waste management and also 

compensation for the negative impacts of waste management treatments, to 

treat the waste in a 3R (reduce, reuse and recycled) and ecological manner 

(Chapter IV Rights and Obligations, p.5). 

 Regulates waste management implementation in terms of reductions and 

treatments, including the waste amount limitation and its target, recycling and 

reuse of waste, and the government’s and local authorities roles and 

responsibilities in facilitating environmentally friendly technology, recycling 

activities and supporting the marketing of the products derived from waste 

(Chapter VI Waste Management Implementation, P.6). 
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National 

Policy/Legislation About 
 

The Regulation of 

Ministry of Internal 

Affair no. 33 year 

2010 about The 

Guidance of Waste 

Management , or  

Permendagri 33 

tahun 2010 tentang 

Pedoman 

Pengelolaan Sampah 

 

 

 Defines solid waste as the end result of daily life activities and/or natural 

process. This includes waste from households, waste coming from housing 

settlements, commercial areas, industry, public and social facilities which 

mainly contain organics but no human excreta, elements in waste management 

processes such as waste collection points and waste treatment and a working 

unit -a nonprofit- service (BLUD) which is set up at the local level to assist the 

community on waste management, such as providing some materials and goods 

(Chapter I General Provision, p.2). 

 Describes the task of local authorities to plan the waste reduction and 

treatment strategies including providing the facility, supervision, and 

monitoring towards environmentally friendly methods, and the community and 

corporate’ role which funding will be fulfilled from both, the government and 

the community. The activities include separation (pemilahan), collection 

(pengumpulan), transfer (pengangkutan), management (pengolahan) and 

treatment (pemrosesan akhir sampah) (Chapter 2 Pengelolaan Sampah, p.3). 

 Underlines roles at the community level, including providing waste storage 

containers and vehicle for the collections of waste and the importance of 

BLUD in supervising waste management activities at the local level, such as 

providing temporary collection points and integrated waste management facility 

locations and the collection fees for waste collection, facility allocation and 

treatments (Chapter 2 Pengelolaan Sampah, p.6). 

Ministry of Public 

Work’s Regulation 

No.21/PRT/M/2006, 

Policy and National 

Strategy on the 

Development of 

Waste Management 

System , or Permen 

PU 

No.21/PRT/M/2006 

tentang Kebijakan 

dan Strategi 

Nasional 

Pengembangan 

Sistem Pengelolaan 

Sampah 

 

 Requires recapitalization of sustainable housing as an integrated, efficient and 

effective plan to achieve clean and healthy housing settlements, and thus 

increase productivity (Background, p.2) 

 Underlines the commitment towards sustainable waste management, to 

increase service coverage and the service quality, to involve the community 

and corporate world (Chapter II appendix, Visi Misi Pengelolaan Sampah, p.3). 

 Targets the first 3 waste management system development policies at the 

community level (appendices p.11):  

1) Waste reduction at source as much as possible, which no longer depends on 

end-of-pipe systems such as land filling, by increasing community 

understanding about 3R, securing hazardous waste from household waste, 

for example through promoting the step-wise value of waste reduction from 

the source and impact for the environment, by developing incentive and 

disincentive systems in 3R implementation, by stimulating cooperation with 

the industrial and trading sectors.  

2) Increasing community active participation and corporate partnership, by 

introducing an understanding of the importance of waste reduction from 

school age, by regularly spreading knowledge of waste management to the 

public with guidance and mass media, by directly training women in waste 

management and stimulating community-based waste management with an 

incentive system. 

3) Increasing waste service coverage and the management system, by the 

optimization of waste infrastructures, by planning coverage, increasing the 

capacity of the waste infrastructure, rehabilitating contaminated landfills and 

converting them into sanitary landfills, increasing regional waste 

management and strengthening research. 

Provincial 

Waste Manage-

ment Master Plan 

for DKI Jakarta, or 

Master Plan 

Pengelolaan Sam-

pah di DKI Jakarta 

2012-2032 

 This master plan is created as a guide to achieve environmentally friendly 

waste management, energy efficiency and directly achieve the targeted user.  

 This master plan underlines modern, high-tech, environmentally friendly 

waste management, uses concept of waste as-a-resource (Berita Satu, 2012).  

 This document is the main basis for waste management actions in Jakarta in 

the future. As it is not yet widely published, it will not be discussed further in 

this study. 
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Chapter 5      The Development of the Model 

5.1 The Decision Making Boundary 

 

The term “waste” in this study refers to solid waste collected from households, as well as from small 

enterprises and community facilities located in densely populated urban settlements, the so-called 

kampung settlements. Antschütz (1996) did a study of community based waste management in eight 

cities in developing countries including Indonesia. This study proposed that housewives are key 

players to successful waste management and that children are the messengers of lessons for the next 

generation (referring to section 3.4).  

 

Figure 5-1 Decision making boundary 

Figure 5-1 shows the decision-making boundary of a newly developed model of stepwise-interaction, 

where each goal is composed of one module and the result of a previous module contributes to the 

work of the next module. It consists of four modules and each corresponds to a specific goal.  

The first module is the inventory module, containing the basic information on geographic conditions 

(the physical map), waste characteristics, and the list of existing collective actions and social 

organizations with the participants. The second module is the module for establishing the system 

information and communication network. This module also assists the decision making process by 

selecting the local leader from the active community members. The third module assists with the 

decision making process based on an assessment of the environmental impact, potential outputs and 

economic costs and benefits. The last module assists the process of deciding on a collection system. 

Further work on these modules is described in section 5.4 

5.2 Field Research in Kampung Settlements 

This research focuses its attention on low-to-middle-income communities in a densely populated 

urban area or kampung settlement.  The field research was conducted in order to appreciate better 

the actual situation in kampung settlements and use this information to develop a new waste 

management model appropriate for such areas. 

5.2.1 Indicator Formation 

Indicators were used to determine which field sites to consider and become model input (see Figure 

2-1). A preliminary assessment of candidate field research sites was made to consider whether or not 
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the area needs assistance to improve its existing waste management system. The chosen indicators 

are described in Table 5-1. 

Table 5-1 Indicators of field research 

No. Indicator Types of Preliminary Assessment Results 

1 Waste Management 

Services  

Sufficient/Insufficient Municipal Waste Management System services  

2 Source Separation  Experienced/Inexperienced in applying source separation 

3 3R Implementation Experience/Inexperienced in applying the 3R concept in everyday life. 

4 Woman Community 

Based Organizations 

Availability/Unavailability of self-help initiative programs, such as a Woman 

Community (housewives) Based Organization, indicating social capital. 

5 Community 

Involvement 

Willingness/Unwillingness to participate in collective action/community 

based organizations. 

6 Status of Ownership The sense of belonging to the neighborhood correlated to the length of 

inhabitation: Owned/Rented houses 

7 Women as Drivers / 

Role Model 

Presence/Absence of active community members 

 

5.2.2 Team Building 

 

A small team was organized in order to assist with the field research. The team consisted of the 

author and the initiator of this research, a scientific employee from the host institution with similar 

interests and backgrounds and students to assist in conduction surveys and as facilitators. The 

number of the students necessary was determined according to the scope of tasks and 

responsibilities.  

Steps in team building: 

Step 1   

  

Selecting Host Institution: Department of Architecture, University of Indonesia 

(December 2011)  

Requirement for the Host Institution: 

Provides student assistants, preferably 3
rd

 or 4
th

 year bachelor students, with training in 

the research methods used 

Enables the scientific employees  to do action-based research  

Step 2   Selecting one scientific employee as the person in charge at the host institution: Mr. 

Ahmad Gamal, MUP., M.Si., S.Ars. (December 2011) 

Step 3   Publicizing the study, among students and departments to find suitable team members 

at the host institution (January-March 2011) 

Step 4   Open Recruitment for the Surveyors and Facilitators (April 2011) 

Step 5  Workshop for Surveyors and Facilitators (May 2011) 

 

This study was done with the cooperation of Hamburg University of Technology, Germany (hereafter 

called home institution) and University of Indonesia (hereafter called host institution). The host 

institution offered courses in field research methods and has a ‘Community Service Program’, which 

provides funding for action research for its employees. 

Table 5-2 shows the team needed to start the field research and develop a model. The field work was 

scheduled to start by the semester break which was between June-September 2011. The students 

were expected to read the Terms of Reference (TOR) before they applied for the position. The TOR 

explained their responsibilities and the requirements of participation (see Appendix B3).  
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Table 5-2 The composition of team members 

No. Team 

Component 

Role Responsibility Specific Requirement 

1 Researcher Author, Initiator and 

Field Manager I 

(Ova) 

Structure the research 

activities and conduct the 

training for the Surveyors and 

the Facilitators of IMPACT and 

GEO Team 

Have good contact with 

both the host university 

and the community 

2 Scientific 

Employee 

Field Manager II 

(Gamal) 

Review the research activities 

and conduct the training for 

the Surveyors and  the 

Facilitators of  SOCECO Team  

Familiar with community 

based development 

programs 

3 Student 1 Surveyor and 

Facilitator Group I 

(Fera, Medina, Silvya, 

Ando, Tria) 

 

SOCECO Team: 

Conduct research activities and 

collect and evaluate data 

related to practice of everyday 

life activities, demography 

Familiar with the social 

community survey 

method 

4 Student 2 

5 Student 3 

6 Student 4 

7 Student 5 Surveyor and 

Facilitator Group II 

(Yuni and Asri) 

 

IMPACT Team: 

Conduct research activities and 

produce about household 

waste generation, 

environmental and economic 

impact 

Familiar with the social 

community survey 

method, high mobility 

8 Student 6 

9 Student 7 Surveyor Group III 

(Gita, Osmar, Risha, 

and Karin) 

 

 

GEO Team: 

As surveyors: produce data 

related to geographic and 

physical conditions 

Familiar with the GIS 

program, Google Map 

and able to use GPS 

Note: Term “SOCECO” represents the work group I which focuses on social and economic aspects, “IMPACT” 

represents the work group II which focuses on the impact of waste management, and “GEO” represent 

the work III which focuses on geographic condition. These 3 terms help the team to remember the 

scopes of their work.  

 

5.2.3 Starting up the Field Research 

 

The researcher wrote a letter asking for permission to the leader of the community organization 

before any research actions were taken (see Appendix B1, B2, and B4). The field research started 

officially only after the team receives a positive response from the leader of the research area. The 

letter is a legal basis to conduct such activities in certain territories. Following the positive response 

from the local authority, a public hearing was held before sending the research team to the field 

work (Figure 5-2). 

 

Figure 5-2 Public hearing about the field research 
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In general all interviews and surveys follow a set procedure: 

 

(1) Self-Introduction: The interviewer should introduce his/her self to the community members 

and show his/her student ID and copy of the TOR. This is to avoid any misunderstanding 

among the community members and at the same time also to build trust during the 

interviews. 

(2) Asking Permission: The interview will be recorded during the survey but only if the 

interviewee or surveyed person agrees to it, otherwise minutes should be written stepwise. 

(3) Clarity: The survey can be started only after the student explains the purpose of the 

interview and no objections are raised. Otherwise the sample is counted as a failed sample. 

 

Steps in approaching the field research: 

Step 1  Selecting the field research site based on the indicator on Table 5-1 (April 2011) 

Step 2  

 

Sending (1) a formal letter from the university and (2) the TOR to the neighborhood 

community level leader, and a carbon copy to household community level leaders (May 

2011) 

Step 3  Training the surveyors and facilitators while waiting for the responses (May 2011) 

Step 4  

 

Public Hearings and Discussions at the Neighborhood Associations, selection of the 

Household Association (May 2011), Figure 5-2a 

Step 5 

 

Public Hearing and Discussion at the Household Association, with housewives 

(June 2011), Figure 5-2b 

 

5.3 The Case Studies 

 

Figure 5-3 Map of DKI Jakarta Province, Case Study I and II (unscaled) 

Source: Pemprov DKI (2010) and Google Maps (2013) 
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Two case studies, one area in South Jakarta and another one in Central Jakarta, were selected in 

Jakarta Municipality. Both are kampung settlements. Figure 5-3 shows where the two case studies 

are located on the map of DKI Jakarta Province.  

5.3.1 The Case Studies Profile 

Table 5-3 describes the profile of each case study area. The case study was conducted in two selected 

Kampung Settlements in Jakarta. Case study I, Cipedak, is located in the South Jakarta and the case 

study II, Cikini, is located in Central Jakarta (Figure 5-3).  

Table 5-3 The Case studies profile 

Profile Case Study I - Cipedak Case Study II - Cikini 

City Authority, District and Sub-

District 

South Jakarta, Jagakarsa, 

Srengseng Sawah 

Central Jakarta, 

Menteng, Pegangsaan 

Code of Neigborhoods Association 

(RW)/Households Association (RT) 

009/04 001/13 

Area (m
2
) 53,500 2,800 

Density (person/km
2
) 22,037 153,571 

Number of houses (unit) 295 86 

 

5.3.2 Characteristics of the Case Studies 

Physical Conditions 

The kampung settlement Cipedak, the bigger area, (referred to hereafter as Case Study I) is located in 

the peripheral city area. It is located around 2.5 km from the University of Indonesia, which was the 

host university for this field research. This settlement represents a typical urban kampung settlement 

in peripheral Jakarta.  In this settlement, most of the houses are one story and single land houses, 

many houses own a small garden, many streets have different widths some are accessible one-car, 

others two-cars, and others no-cars (Figure 5-4)a-c. 

 

Figure 5-4 The physical forms of kampung settlement, Case Study I 

The kampung settlement Cikini, the smaller area (referred to hereafter as Case Study II) is located in 

the city center. This area has unique characteristics, since it is a settlement located in the middle of a 

region that is growing economically. Open spaces and trees are hard to find here and most of the 

houses are multi-story and single-land houses with minimal open space (Figure 5-5). The settlement 

is surrounded by developed business and service areas. The people who inhabit this area are legally 

stay on their own land, but they must compete with high rise and urban infrastructure 

developments. As the area is considered a “KUMIS KUPAT” (kumuh miskin and kumuh padat or 
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rundown-poor and rundown-crowded) area, it is difficult to describe the area by only pointing to the 

respective case study area alone. It is therefore important to include the vicinity as well. 

 

Figure 5-5 The physical forms of kampung settlement, Case Study II 

Picture of everyday life 

Figure 5-6 shows some of the routines during the working day in case study I. During the day, many 

mobile street vendors come to sell things. In this area, 53 of 295 houses were taken as a sample to 

give information on their everyday life by being interviewed. From this sampling, it was found that 

70% of the women are housewives. The status of house ownership is 73% self-owned and 27% 

rented.  

 

Figure 5-6 Everyday routines, Case Study I 

In case study I, the morning is the busiest time of the day. In the morning some people meet to buy 

prepared-foods in a store while others wait at home for the mobile street vendors to pass their 

houses. Many stores open early in the morning and provide various cooked-foods for breakfast, 

including rice and fried snacks. Such stores can be found primarily on the main streets in this area.  

Figure 5-7 shows some of the routines during the working day in case study II. In this area, 39 of 86 

houses are taken as a sample to give information about their everyday life routines. From this 

sampling, it is found that 67% of the women are housewives. The status of house ownership is 77% 

self-owned and 23% rented. 

The daily activities in case study I are mostly similar with case study II. The difference is in the 

location of some activities like washing, cooking and defecation. While in case study I such activities 

occur in private facilities, in case study II, such activities occur in public facilities. 
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Figure 5-7 Everyday routines, Case Study II 

Table 5-4 describes a summary of the daily life, based on the occupation of the housewife, school 

children and workers. In general, case study II is dominated by late-stage rather than productive age 

inhabitants. Young married couples are hard to find. Some community members said they prefer to 

leave the area after they marry and move to peripheral areas.  

Table 5-4 Summary of the everyday life, Case Study I and II 

Time Occupation Activity 

Case Study I Case Study II 

Morning Housewives Staying at home, doing the household chores, mostly buying some cooked- 

foods  and vegetables for daily use 

Schooling aged 

children 

Preparing and going to school 

Workers  

(men and women) 

Going to the office 

Day Housewives Staying at home, doing household chores, taking care of the non-schooling 

aged children and/or participating in community activities, sharing and 

communicating with other community members 

Schooling aged 

children 

Coming back from school, playing with friends within house vicinity 

Workers 

(men and women) 

Remaining at the office Some workers coming back from the 

office and stay at home 

Night Housewives Staying at home 

Schooling aged 

children 

Staying at home 

Workers  

(men and women) 

Staying at home Staying at home, 

Working as security (men) 

 

Infrastructure Conditions 

Table 5-5 describes the existing infrastructure conditions in case studies I and II. In case study I, all 

houses are equipped with a private kitchen, private bathroom and private toilet using a septic-tank 

black water system. For drinking water, each house has its own well and uses groundwater. This is a 

typical infrastructure for an Indonesian settlement. There are no centralized sewerage and drinking 

water networks available.  

The most critical issue for case study II area is the infrastructure. This is an area where land is limited 

and this is the main explanation for the absence of gardens and trees; highly reduced access to 

ground water for wells and the small number of septic tanks. Houses in this area seldom have private 

toilets with the exception of the houses beside the small river on the boundary. The community uses 
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public toilets which are located on the back side of the area. All existing toilets have direct access to 

the river and no sewerage and drinking water networks are available. Community members are using 

water for washing and other purposes from the public well which belongs to a mosque in the area 

and they have to are buy mineral water for the consumption of drinking water.  

Table 5-5 Infrastructure conditions, Case Studies I and II 

Infrastructure Conditions 

Case Study I Case Study II 

Access to 

drinking 

water 

100% of houses have access 

to drinking water from 

ground water for daily 

needs (water well system). 

Only 10% of the communities members have direct access to a 

groundwater well, these are houses near a public facility or a 

Mosque. These wells are the only groundwater source used. 

The other groundwater well, which are near the river is not 

used for drinking water consumption since the water turns 

yellow and has a bad smell. Other members have to store the 

water from the public well in a private tank/bottle and 

transport it to the house. 

Access to 

sanitation 

100% of houses have access 

to private toilets and private 

septic tanks. 

Less than 10% of the community has access to private toilets 

with a septic tank system. The others use public toilets which 

are located at the side of the river. All human excreta goes 

directly to the river and contaminates the ground water 

Physical 

access 

(accessibility) 

Small, smaller and very 

small area can be assessed 

respectively by two cars, 

one car and only on foot. 

None of the area can be accessed by car, only on foot 

 

Existing Waste Management Systems 

Case study I. Municipal Solid Waste Management Systems are absent from this area and also from 

surrounding neighborhoods. The nearest temporary collection point is located around 20-30 minutes 

by car, at a U-turn which is very close to one of the major areas for traffic jams. The study of 

Illeperuma (2007) suggests that the ideal collection point should be just 100 m away by foot or 300 m 

away by car. 

Waste collection is poorly managed and is not legally controlled (Figure 5-8). As a result, whether or 

not the community members decide to participate or pay the service fee is “optional” and 

participation is also voluntary.  

 

Figure 5-8 Activities related to waste management, Case Study I 
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Table 5-6 gives an overview of waste management practice case studies I and II. As additional 

information for case study II, the Municipal Solid Waste Management Service serves the community 

with temporary storage (a container of 6 m
3
). As this container also covers the waste from the 

market and is often picked-up late, waste is often scattered in its vicinity.  

Table 5-6 Existing waste management, Case Study I and II 

Waste 

Management 

Sub-System 

Existing Condition 

Case Study I Case Study II 

Waste 

Generation 

No data available 

Waste 

Collection 

System 

Waste collection is done by some of the 

community members in an unorganized 

way. This person collects the waste in the 

morning with a handcart going door to door 

(pick-up system).  

The waste is then brought to the nearest 

illegal dumping site. No municipal collection 

system service reaches the area. 

Some recyclables are directly sold to the 

waste pickers for a fluctuating price. These 

recyclables are exchanged for plates, 

glasses, instant noodles, etc. 

Waste collection is done by one of the 

community members voluntarily. This person 

collects the waste early in the morning, using a 

handcart, going door to door (pick-up system).  

 

The waste is then brought to the nearest 

municipal collection storage, about 2-3 

minutes walking. 

The mineral water bottles are collected and 

sold to the waste collector 

 

 

No waste separation at source, waste remains unsorted. 

Once a month the community member pays the person but there is no standard service fee. 

Note: at the time this survey was 

conducted, the collector observed a middle-

aged and unemployed person. Since there is 

no legally binding contract for the waste 

collection and payment for the service, 

some community members refuse to join 

this collection or those who join seldom pay 

the service fee. 

Note: at the time when this survey was 

conducted, the collector was a young and 

unemployed person. Since there is no legal 

binding contract for the waste collector and 

the service fee, some community members 

refuse to or seldom pay. As a consequence, 

this person stops picking up the waste from the 

respective house. 

Waste 

Treatment/Di

sposal  

There is no waste treatment, except illegal 

dumping on one of community member’s 

land who wants to dam his pond. This land 

is located outside of the case study I area.  

Other community members are burning 

their waste and sometimes throw it into the 

river. 

The community joined the municipal waste 

management system by the existence of the 

Municipals’ waste container. The waste in the 

container will be transported to the landfill  

Special Issue 

on Waste 

Management 

Several Workshops on composting and 3R 

have been conducted for the community, or 

at least for the community members. The 

workshop normally takes place at the 

Neighborhood (RW) level. 

Note: at the time this survey was conducted 

there is one household practicing home 

composting. The housewife from this 

household is the representative of the 

household association (RT) and joined the 

workshop at the Neighborhood Association 

(RW) level. 

The nearest temporary collection point is not 

sufficient to cover all the waste generated 

within the vicinity of the area. The waste 

container (6m
3
) serves the settlements, 

including some traditional markets. Often the 

waste is scattered on certain points and 

nobody takes care of it. 

Due to limitations of the availability of drinking 

water, the community buys plastic bottled 

mineral water for daily consumption and 

therefore produces a lot of plastic bottles. This 

used plastic is normally sold to the waste 

pickers or directly to the collector (pengepul). 

As the waste joins the municipal system, none 

of the community members knows what 

happens with the waste after collection. 
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Case study II. Waste collection is voluntarily managed by one of the community members. This 

young person collects the waste every day and transfers it to the nearest temporary collection 

points. As there is no clear regulation of the collection system, the community members are free to 

choose whether to join or not join and whether or not to pay the service fee. Some who do not join 

put their waste to any points which are ‘vacant’ lots (Figure 5-9). As a consequence, the waste 

stream in this settlement cannot be easily tracked. 

 

 

Figure 5-9 Activities related to waste management, Case Study II 

 

5.3.3 Preliminary Assessment of the Field Research 

 

Table 5-7 summarizes the preliminary findings from the field research case studies based on the 

indicators in found in Table 5-1. Both cases show the necessity to improve the existing waste 

management and therefore further research is continued in both settlements. 

Table 5-7 Summary of preliminary findings from the case studies 

No. Indicator Case Study I Case Study II 

1 Waste Management 

Services 

Insufficient.  

A collection system which shows a 

disconnected link with MSWMS; there 

is illegal dumping 

Insufficient.  

Mainly temporary collection 

storage; has connection with the 

MSWMS 

2 Source Separation Not existent 

3 3R Implementation Experienced: they sell some 

recyclables such as empty glass 

bottles, cardboard packaging, 

beverage packaging from metal and 

plastics 

Experienced: they sell some 

recyclables, mainly empty plastic 

bottles from mineral water. 

4 Woman Community 

Based-Organizations 

Existent 

5 Community 

Involvement 

Existent 

6 Status of Ownership Owned: 73% Vs. Rented: 27% Owned: 77% Vs. Rented 23% 

7 Woman as Drivers 70% Housewives 67% Housewives 
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5.4 The Structure of the Model 

Figure 5-10 provides an overview of how the 4 modules are structured in this model. The stepwise 

interaction in this model goes from Module 1 to Module 2, Module 3 and then Module 4. Module 1 

feeds the other three modules with the information from the database. Module 2, 3 and 4 are each 

the host of one decision making process which employs different methods to come to the output. 

 

Figure 5-10 The model overview 

Each module in the newly developed model focuses on a different goal (Tab. 5-8). Every module 

consists of 3 sub-modules that contribute to the decision making steps. The stepwise interaction 

between the modules and the sub-modules are illustrated in Section 6.1.1. The detail structure and 

relation among the sub-modules are described in section 5.5 Module 1 – Data Inventory.  

Table 5-8 The focus of the modules of the model 

Module Name Focus 

Module 1 

 

Data Inventory Focus on establishing a database system at the location, waste 

generation and the community’s activities 

Module 2 System Information and 

Communication Network 

Focus on establishing the communication network between 

the community members 

Module 3  Environmental Impact and 

Output Assesment 

Focus on educating the community about environmental 

awareness and economic impact, advantage and disadvantage 

of waste disposal and treatment options 

Module 4 Waste Collection System Focus on reducing the un-collected waste by collection, 

advantage and disadvantages collection system options 
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5.5 Module 1 – Data Inventory 

Table 5-9 describes how the 3 sub-modules in Module 1 are structured and what content is used in 

each sub-module. This is the most important module in order to confront the weaknesses of 

database/documentation systems. The goal of this module is to provide basic information as a 

database which supports the work of all the other modules. In this module, the community is 

assisted to create a database management system which should be updated regularly. At this early 

phase, the community has to be assisted by the facilitator to run the module (by way of university 

students). In this module, no decisions are made. This inventory module considers aspects, tools and 

time consumption. 

Table 5-9 Structure and product - Module 1 

Sub-

module  

Name Considered 

Aspect 

Supporting 

Sub-modules, 

Modules 

Used 

Media/Tools 

Time 

Consumption 

1-1 Physical Map Inventory Environmental, 

Economic 

- Survey: GIS; 

Observation 

Approximately 

2 Weeks 

1-2 Waste Characteristics 

Inventory 

Environmental, 

Economic 

1-1 Survey:  

Form A*, 

Form B* 

1-3 Collective Action and Social 

Organization Inventory 

Social 1-1 Survey: 

Interview, 

Observation 

Form C* 

Product Module 1: Database System 

*) see Appendix C1.1 for Form A, Appendix C1.2 for Form B and Appendix D1.1 for Form C 

 

5.5.1 Sub Module 1-1 Physical Map Inventory 

 

A physical map inventory is a map-based inventory which maps the physical condition of the area. It 

consists of six layers which contain different elements and one layer which summarizes all general 

elements (Table 5-10). This sub-module deals with the documenting of necessary information about 

the kampung by category: e.g. ownership, sizes of dwelling, and type of dwelling, which were done 

by the GEO and SOCECO team. This information is necessary for program implementation. 

Additionally rented house is made under a specific layer in order to give the message that the sense 

of belonging for the inhabitants of the house is only for a temporary period. Therefore it is necessary 

to contact the owner of the rented houses. 

5.5.1.1 Methodology 

This section describes the mapping procedure used and the methods for information collected 

related to the urban kampung inhabitants. A map-based inventory can be done manually as a 

community owned and developed map, by drawing the map directly on a sheet of paper with the 

help of proper writing and measurement tools. In some cases, the distance between each point can 

also be estimated. The most important issue is to check and re-check the contents of the map and 

this should be done together with the community members. The methodology below is written for 

the standard case. The following are the methodologies to conduct sub-module 1-1: 
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 Digitizing. The information of the houses, streets, and infrastructure as shown on Google 

Maps (version 2011) is added to the map of area, using Geographic Information System 

(ArcGIS) software. Each element of information was made in a different layer (Table 5-10). 

 Informal Interview. It is necessary to ask the community members about the boundary of 

the area and the status of house ownership.  

 Observation. Observation is needed to check some uncertainty, especially to check the 

ground area which cannot be seen clearly on Google Map, for example in the case of big tree 

canopies. 

 Georeferencing. The boundaries of the research area are marked. The Global Positioning 

System (GPS) helps the team to digitize some points which are considered to be the outer 

points of the location. The location of the points should be confirmed by the community. 

 Numbering and Coding. The house numbers, public and social facilities are coded and added 

 
Table 5-10 Database set for Physical Map Inventory, Sub-module 1 

The Layered Information in 

Physical Maps Inventory 

No. Elements and Components Category  

 

 

 

 

1 General Elements:  

elements no. 2-7 and 

neighborhood boundary 

- 

2 One story houses: 

Self-owned houses, rented 

houses 

House numbering: 1,2,3… 

Code for rented house: r 

Code for owned house: o 

 3 Multi-story houses: 

self-owned houses, rented 

houses 

4 Infrastructure: 

street networks, bridges, 

public facilities, social facilities 

and commercial facilities 

Public, social and commercial 

facilities: A, B, C, … AA, BB, CC, … 

Streets and Bridges Category: 

I. possible access for two-cars 

and more 

II. possible access for two-cars 

maximum 

III. possible access for 1-car only 

IV. possible access only on foot 

River: Boat 

5 Trees and open spaces: 

trees, paved yards, grass 

yards, soil yards, water 

bodies, wastewater storages, 

sanitation networks 

Note: wastewater storage in this 

context is an open/on earth 

surface pond (not a septic tank) 

6 Rented houses - 

7 House Façade - 

 

5.5.1.2 Results 

Figure 5-11 and Figure 5-12 summarize the map-based inventory results for case studies I and II. The 

physical information in both case studies I and II were collected and presented in 7 layers of 

information and arranged based on Table 5-10. The information is collected in the database to assists 

further decision making steps for case I and case II. The maps which have more detailed results can 

be found in Appendix A1.1 for case study I and Appendix A2.1 for case study II. 
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Case Study I 

 

Figure 5-11 Physical Maps Inventory - Case Study I (un-scaled) 

Case Study II 

 

Figure 5-12 Physical Maps Inventory - Case Study II (un-scaled) 

5.5.2 Sub Module 1-2 Waste Characteristic Inventory 

 

5.5.2.1 Methodology 

There are three terms to describe the separated waste, which is commonly collected from the 

community. These terms have been used in several waste programs in Indonesia and they are: 

(1) Wet and dry waste (sampah basah dan kering) 

(2) Organic and non-organic waste (sampah organik dan non organik) 

(3) Kitchen waste and non-kitchen waste (sampah dapur dan bukan sampah dapur) 

 

Of these, two were selected for this research project’s focus, numbers (1) and combined with (3) due 

to their clearer meaning for the community. The terms used are kitchen and non-kitchen waste with 

additional information on wet waste which should be added to the kitchen waste and dry waste 

which should be added to the non-kitchen waste. To reduce confusion, examples of waste types that 
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should be included in each type are written on the surface of the plastic bags, which were distributed 

to selected community members and to collect waste samples. 

Table 5-11 and Table 5-12 describe the elements and the daily activity for the waste characteristic 

inventory, which was done by the SOCECO and IMPACT team. To carry out the waste inventory in 

case studies I and II, this sub-module provides assistance needed for the documentation of the 

amount of generated waste and its composition. In doing inventory, this information from the 

physical map is used to mark the houses for sampling waste. Here, the cooperation of the community 

is necessary. Using the service from the waste collector including existing waste collection tools will 

increase the effectiveness of this inventory. 

Table 5-11 Database set for waste characterization inventory 

No. Elements Type Media* 

1 House number Personal data FORM A 

2 Name of the family  Personal data FORM A 

3 Total inhabitants Personal data FORM A 

4 Status of ownership (Owned/Rented) Personal data FORM A 

5 Waste iata input Collective data FORM B 

*) see Appendix C1.1 for Form A and Appendix C1.2 for Form B 

 
Table 5-12 Daily Activities during Waste Characteristic Inventory 

Activity Day 1 Day 2 Day 3 Day 4 

Selection of the houses for sampling √ √ √ - 

Delivery of plastic bags in the morning √ √ √ - 

Collecting the plastic bags from the previous day and bringing them to the 

weighing center 

- √ √ √ 

Separating the collected waste samples into fractions - √ √ √ 

Weighing the waste fractions and documenting the results - √ √ √ 

 

Table 5-12 gives an overview of the sampled related activities for the waste characteristic inventory. 

The sampling lasted for four days in which one household would not have been chosen more than 

once for sampling. A total of 15 houses in case study I and 22-23 houses in case study II were 

selected randomly for one day’s collection. The determination of the number of houses was 

considered to be a full day activity, as it includes the process of selection, delivery, collection, 

weighing, separation and documenting. The procedure for determining the composition of 

unprocessed municipal solid waste was done using the American Standard Test Method ASTM D 

5231-92 (Re-approved 2008). The vehicle used in this inventory is a human powered 4-wheel 

handcart with a volume of 1 m
3
. The following are the methodologies used in more detail: 

 Proportioned random sampling. The houses are selected randomly throughout the area and 

each house has the same chance of being selected as any other house. The selection should 

consist of a proportionally representative share of owned-rented houses. 

 

 Visiting and tutoring. Each selected house is visited and two plastic bags were given directly. 

This visit is also the chance to introduce the research activities and to demonstrate how to 

conduct the waste separation of kitchen and non-kitchen waste to the household members.  
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Figure 5-13 Plastic bags distributed to households for waste separation and collection 

Note: the two plastic bags are white colored for non-kitchen waste (the bigger) and black colored for 

kitchen waste (the smaller) as seen in Figure 5-13 above. On the surface of the plastic bag is written 

the type of waste and some samples from each type, the house number X and address, the duration of 

24 hours waste filling by the inhabitants and the pick-up time 

 

 Pick Up in 24 hours. After a 24 hour time period, the bags should not be filled anymore 

(normal procedure) and the house member should wait until the bags are picked up. These 

bags were brought to the weighing center by assigned community members. 

 

     

Figure 5-14 Weighing Scale, KERN Model CXP 

 Weighing. Figure 5-14 shows the weighing scale used in this research, KERN CXP (3 decimal 

numbers and maximal 150 Kg) which was borrowed from the host institution. All weighing 

activities were done in the weighing center located in the vicinity, provided by the 

community member. The weighing procedures of actions are described in (Table 5-14). 

 

 
Table 5-13 Categories of Waste Components Considered in the Waste Inventory 

No. Categories Description 

1. Compostable 

Waste 

Kitchen towels, yard waste, animal food waste, wood waste 

2. Recyclable Waste 

  a. paper Advertisements, books/phonebooks, dirty paper, juice cartons, magazines, 

newsprints, office paper, other clean paper, paper and cardboard container 

  b. plastic Plastic bottle, plastic product 

  c. glass Brown glass, clear glass, green glass 

  d. metal Beverage cans (aluminum), aluminum foil and container, food cans 

3. Residuals Ash, diapers, rubber, shoes, leather, textiles, other combustibles 

Source: EASEWASTE Model Database System 
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Table 5-14 Weighing Procedure 

No. Procedure 

1 Secure a flat and level area for the discharge of vehicle load. The surface should be swept 

clean or covered with a clean, durable tarp prior the discharge of the load. 

2 Position the scale on a clean, flat and level surface and adjust the level of the scale if 

necessary. Determine the accuracy and operation of the scale with weights. 

3 Weigh all empty storage containers and record the weight. 

4 Determine the number of samples to be sorted. 

5 Create a comprehensive list of waste components to be sorted and including the description 

from one of the waste categories given in Table 5-13 which fits best. 

6 Direct the designated vehicle containing the load of waste samples to the secured area for the 

discharging of the load and for collection of the sorting samples. 

7 Collect any required information from the vehicle operator (the assigned community 

members) before the vehicle leaves the discharging area.  

8 Position the storage containers around the sorting sample bags. Empty all bags from the 

previous sorting sample. Segregate each waste item from the sampling bag and place it in the 

appropriate storage container. 

Note: Any procedures regarding the multi vehicles and composite items in ASTM D 5231-92 (Re-

approved 2008 method) are excluded from the work in this inventory, since the inventory runs in a 

small scale area (household settlements) and only one vehicle was available. Additionally there is 

typically less composite waste from household waste.  

The waste fractions were taken from all bags and put together in the designated area. After the 

calculation the waste is given to the community member who does the waste collection work. 

Source: ASTM D 5231-92 (Re-approved 2008) 

 

5.5.2.2 Results 

Table 5-15 shows the waste generation and Figure 5-15 shows composition, Case Studies I and II. 

More detailed in Appendix C2 for a detailed result in Case Study I and Appendix C3 in Case Study II. 

Table 5-15 Result from waste generation, Case Studies I and II 

No. Component Case Study I Case Study II unit 

1 Number of sampled houses  67 60 person 

2 Average number of inhabitants 4 5 per house 

3 Average of waste generation 0.315 0.273 kg/person and day 

4 Average of waste generation 138.135 43.56 Kg per year 

 

 

 

Figure 5-15 Waste Composition, Case Study I and II 

Both in case study I and II, the waste generation are dominated by the compostable waste. The 

average of waste generation per day in case study I is bigger compared to case study II. 
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5.5.3 Sub Module 1-3 Collective Actions and Community-Based Organization Inventory 

5.5.3.1 Methodology 

Table 5-16 describes the elements of the collective action and community-based organization 

(CACBO) inventory, thereafter collective action inventory which was done by SOCECO. This sub-

module provides assistance for documenting the activities, including participants and places. 

Table 5-16 Database set for Sub-module 1-3 Collective Actions Inventory 

Element Type Media* 

Respondent Number Personal data Form C 

House Number Personal data Form C 

House Function Personal data Form C 

Status of Ownership Personal data Form C 

Year in which They Started to Stay in the House Personal data Form C 

Data of the Inhabitant Personal data Form C 

Status in the Family Personal data Form C 

Gender/Age Personal data Form C 

Occupation Personal data Form C 

List of Activities, Coomunity/based organizations 

currently or previously involved in the community 

Personal data Form C 

Motivation to join Personal data Form C 

See Appendix D1.1 for Form C 

 

Figure 5-16 shows the informal interview and survey conducted at the case study sites. The activities 

lasted for four days. Each household was only chosen once; housewives were the interviewees. A 

total of 53 interviewees were conducted in case study I and 38 in case study II, or about 10-15 

interviews for a given day (each 25-35 minutes). The following are the methodologies used to 

conduct this sub-module: 

 Informal Interview.  As housewives are anticipated to be the initiators of any community-

based waste management program, it is necessary to gather information related to women 

and their everyday life practices related to the research topic. The informal interviews and 

surveys were done in parallel in order to collect sufficient information. The interviews 

targeted the leader of household association (RT) and the leader of other community-based 

organizations. 

These interviews were conducted to investigate information concerning: 

(1) The existing collective actions and initiators of those actions, 

(2) The leader or controller of the named collective actions, 

(3) The type of contribution (donation/human power) or funding resources, 

(4) The time (day and hour) and the intensity of the named collective actions, and 

(5) Additionally, the local leader of the neighborhood association was presented with a 

list of inhabitant data and (if existing) the location map. 

 

 Snow Ball Sampling Survey. Since it is not possible to visit and interview all housewives, a 

snow ball sampling method survey was chosen. In this sampling method, a person who is 

surveyed is asked to indicate another person to be surveyed. The selection was based on 

who the interviewee thought was an active community member. This survey was concerning: 

(1) The house ownership status, whether rented or owned, and when the inhabitants 

started to live there 

(2) The number of the inhabitants who live in the house and their occupation 

(3) The activities that the household member previously was/currently is a part of  and 

(4) The motivation for joining the specific collective actions and organization. 
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Figure 5-16 Informal interviews and survey  

 Observation. Observation was focused on the daily life activities of the people of the 

research area. It discovers points where people meet regularly. These data points collect 

information where collective actions and community-based organization activities normally 

take place. This data was merged into the physical map, sub-module 1-1. 

 

The information observed included: 

(1) The place where the collective actions occurs 

(2) The meeting/strategic/attractive points for housewives during the morning, day and 

noontime 

(3) The entrance and exit points to the area from the general everyday life practices for 

adults and school children. 

 

5.5.3.2 Results 

The summary of case study I are described in Table 5-17 and of case study II in Table 5-18. These 

CACBO are ofthen the most said by the community (see Appendix D2 for detailed result in Case Study 

I and Appendix D3 in Case Study II). Table 5-19 summarizes the finding from sub-model 1-3 in both 

case studies. 

Table 5-17 Summary of Collective Actions Inventory, Case Study I 

No. Collective Actions and Community-based Organizations Intensity 

1 Quran study for women/Pengajian untuk ibu-ibu Once per week 

2 Social gathering/Arisan Once per week 

3 Regular donation/Jimpitan Once per week 

4 Freewill donation (ex.mourning fee)/LAZIS Once per month 

5 Community work in cleaning (for Women)/Kerja bakti untuk 

Ibu-Ibu or Jumat bersih 

Once per week 

6 Gymnastic at RT/Senam RT Twice per week 

7 Badminton/Bulu tangkis Once per week 

8 Security/Keamanan (Hansip) Once per month 

9 Recreation RT/Rekreasi RT Once per year 

10 Meeting of woman’s organization for fostering family welfare/ 

Organisasi Pembinaan Kesejahteraan Keluarga (PKK) 

Once per month 

11 Community integrated service/Pos Pelayanan Terpadu 

(Posyandu) 

Once per month 

12 Gymnastic at RW/Senam di RW Once per week 

13 Independence day celebration/Perayaan hari ulang tahun 

Republik Indonesia (HUT RI) 

Once per year 

Note: The selected activities are based on women’s’ activities and are mentioned at least 3 times by the 

respondents. 
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Table 5-18 Summary of Collective Actions Inventory, Case Study II 

No. Collective Actions and Community-based Organizations Intensity 

1 Community work in cleaning (for Women)/Kerja bakti untuk 

ibu-ibu 

Once per week 

2 Independence day celebration/Perayaan hari ulang tahun 

Republik Indonesia (HUT RI) 

Once per year 

3 Quran study for women/Pengajian untuk ibu-ibu Four time per week 

4 Quran study for all/Pengajian untuk umum Once per month 

5 Events for religious days/Perayaan hari besar keagamaan Three times per year 

6 Gymnastic/Senam  Once per week 

7 Social gathering for women/Arisan ibu-ibu Once per month 

8 Community savings/Tabungan warga Once per week 

9 Exercise rebana/Latihan rebana Twice per month 

10 Community integrated service/Pos Pelayanan Terpadu 

(Posyandu) 

Once per month 

11 Meeting of Woman’s Organization for Fostering Family 

Welfare/ Organisasi Pembinaan Kesejahteraan Keluarga (PKK) 

Once per month 

12 Stewardship of the Mosque/Kepengurusan Masjid Once per week 

Note: The selected activities are based on women’s’ activity and are mentioned at least 3 times by the 

respondents. 

Table 5-19 Resume of Sub-Module 1-3 Collective Actions Inventory 

No. Parameter Case Study I Case Study II Unit 

1 Number of interviews 53 39 Persons 

2 Number of Housewives from the interviews 37 26 Persons 

3 Status of ownership (Owned: Rented) 39:14 30:9 Houses 

4 Total number of activities 13 12 Activites 

 

Information about what the activities above are can be found in Appendix D4 for more description 

about the collective activities and the communiy-based organizations. 

5.6 Module 2 – System Information and Communication Network  

 

Module 2, the communication network provides assistance for establishing and maintaining the 

proliferation of information at the community level and documenting the results as map-based 

information. It builds an information system and a communication network for all community 

members. The work in this module is based on the information collected in sub-modules 1-1 and 1-3. 

Table 5-20 Structure and product - Module 2 

 

Module 2 results in a fundamental tool to establish effective communication among the community 

members as well as between the community and outsiders. Each community member has the equal 

Sub-

Module  

Name Considered 

Aspect 

Supporting 

Sub-

Modules 

Used 

Media/Tools 

Time 

Consumption 

2-1 Active Person Map  Social 1-1;1-3 FGD, GIS Approximately 

2 Weeks 2-2 Meeting Point Map Social 1-1;1-3 FGD, GIS 

2-3 Cluster- or Alley- Based 

Neighborhood Map 

Social 1-1;1-3 FGD, GIS 

Product: Established Communication Network 

Note: FGD = Focus Group Discussion; GIS = Geographic Information System 
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right to contribute and to be involved in any kind of decision making process occurring in the 

community and to say what is on her/his mind and to hear what is on other people’s minds. 

Table 5-20 describes how the 3 sub-modules of Module 2 are structured and describes what are the 

media/tools used in each sub-modules. The first decision making process in the community will be 

taken during this module through a Focus Group Discussion (FGD) which is attached to the existing 

discussion among the community members. In this FGD, the decision making addresses the 

formulation of system information and communication network. All the information in sub-modules 

2-1, 2-2 and 2-3 is integrated and carried out as the system information and communication network. 

Table 5-21 describes principles which are adapted from the Empowerment Family Welfare or 

Pemberdayaan Kesejahteraan Masyarakat (PKK) and replicated in Module 2. This module is derived 

from the PKK organization’s strategy. PKK is the most established women’s community-based 

organization in Indonesia. To increase the coverage of community involvement, PKK formed Dasa 

Wisma
1
, which enables the community to create smaller groups (consisting of 12-20 houses) and an 

appointed local leader as the role model. These local leaders will be trained through workshops and 

have the responsibility to transfer the knowledge to other community members. The role models can 

come from outside the community. This strategy is well-known even in the remote villages in 

Indonesia. 

Table 5-21 Adaptation of existing principles on site to the newly developed model 

No. Replicated 

Principle 

Adaptation Included in the 

model as 

1 Appointing the 

Local Leaders 

The contribution of the local leader here is similar with the 

one in PKK, but in this model she should be the active 

member from the community in order to best serve the 

localities. Using the current local leader, if existing, is the 

preferable option. Otherwise the community shall use the 

sub-module 2-1 to select the local leaders.  

The collective buffer areas are created to distribute the 

influenced area of the local leaders. The size depends on 

convenience walking distance. 

Active Person Map 

(Sub-Module 2-1) 

 

2 Choosing the 

Meeting Points 

The inventory of community member activities in sub-

module 1-1 shows public facilities or the community 

member’s houses which are regularly used for community 

gatherings, for example for internal discussions or other 

community based-organizational meetings. This is the main 

indicators to determine meeting points to discuss waste 

management activities.  

The collective buffer areas are also created to distribute the 

influenced area of the meeting points. The size depends on 

the scope of the area. 

Meeting Point Map  

(Sub-Module 2-2) 

3 Defining the 

Zoning 

Zoning divisions are based on proximity. The area is divided 

into several zones in order to build up an effective system 

information and communication network. In this model, the 

existing zoning divisions are preferably used, such as those 

from the implementation of existing Dasa Wisma.  

Otherwise, the community shall form the new zoning 

division themselves. For this work, the sub-module 2-3 shall 

assist the community in doing this. 

Cluster- or Alley 

based 

Neighborhood 

Map  

(Sub-Module 2-3) 

                                                             
1
 Dasa Wisma: a strategy from PKK to form a small group in the community, consisting of 12-20 houses, to 

increase the community involvement (See Appendix D4).  
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The sub-modules 2-1, 2-2 and 2-3 are adapted from the proliferation of information principles in PKK. 

In this case, it is easier and consumes less time for the community to understand and to apply the 

principles as they already familiar with the principles. 

Figure 5-17 shows the concept of the buffer zones or the area of influence for the active person in 

sub-module 2-1 and the meeting point used in sub-module 2-2. The buffer zone is established based 

on the wider area and based on convenient distances for walking and is divided into several zones. In 

the case of the active person, the influence should be an active influence. This means that all 

influence should originate from the active person and affect the surrounding area (in the direction of 

the outside arrow). The active person should be active in approaching other community members 

and in communicating with them. Both the active person and the meeting points are the center of 

influence. 

 

Figure 5-17 the active and passive influence concept for the buffer zone 

Meanwhile in the case of the meeting point, the influence should be a passive influence. This means 

that all influences should come from the surrounding points (inwardly directed arrow). The 

community members should be actively receiving and updating information through the activities at 

the meeting points. Additionally, a notice-board should be prepared and located at the meeting point 

for the community members who occasionally could not attend the activities. In this way people who 

are interested can also get the latest information. A convenient walking distance for both is up to 

maximum of 100 m (Illeperuma 2007). 

5.6.1 Sub Module 2-1 Active Person Map  

 

The sub-module 2-1 provides assistance to show where exactly the active persons’ houses are 

located. An active person is considered to be a person who is regarded as being the most involved in 

many collective actions and community-based organizations (CACBO), in sub-module 1-3, and later 

considered as the potential local leader in the community. The number of persons to be considered 

as active persons is determined according to need.  This individual may also act as the community 

representative of the respective area. 

5.6.1.1 Methodology 

The active persons are identified based on the quantitative and qualitative values given for each 

CACBO. Two parameters, the qualitative score and quantitative score, and 5 criteria were 

constructed in this sub-module to discover the potential local leader. 
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The following steps were used: 

Step 1   

 

Scoring the candidates based on participation in the joined activities (defined in 

sub-module 1-3), quantitative- and qualitatively. 

Step 2  Ranking the candidates based on the quantitative score (QnS) and qualitative 

score (QlS). 

Step 3  Defining the intersection of the quantitative and qualitative ranking of the 

participants. 

 

Step 1 Scoring and Step 2 Ranking the Community Members 

To discover the most active person in the community, the surveyed candidates are ranked based on 

qualitative and quantitative scores (See Appendix E1 for the list and score each of activities). Double 

scoring, qualitatively and quantitatively is done to minimize uncertainty.  For example, it would not 

make any sense to select a community member who joined three activities which occurs only once in 

a year instead of a community member who joined one activity which occurs every week. Therefore 

the qualitative score is important to determine the respondents’ rank. 

The intersection theory (SetTheory) is used in the assessment process. In mathematics, the 

intersection (denotes as ∩) of two sets of data forms the new data set which contains elements which 

exist in both data sets. In this sub-module, the first data set -(QnS)- contains a list of the participants 

ranked based on their quantitative score (Eq. 1). The second data set -(Qls)- contains a list of 

participants ranked based on their qualitative score (Equation 2).  

Table 5-22 Parameters for local leadership selection 

No. Parameters Value Symbol Notes Example 

1 Quantitative 

Score 

One score per 

one collective 

action 

QnS Shows the total 

amount of activities 

joined 

If the person joined 3 out of 

10 collective actions, then 

QnS=3, minimum score=0, 

maximum score=10 

2 Qualitative 

Score 

One score per 

day of activities 

in a year (the 

frequency) 

QlS Shows the total days 

of activities joined in 

a year 

If the frequency of the 

collective action is weekly, 

then the QlS=52, monthly= 

12, minimum score=0, 

maximum score is 365 

 

Table 5-22 shows the parameters considered to determine the participants rank. The quantitative 

score (QnS) represents the total number of collective actions and the community-based organization 

that the women community members take part in (Sub-module 1-3 Collective Actions). The more 

activities she joins, the higher the score and the higher the rank (see Eq.1).  

QnS =Activity1+Activity2+Activity3+…+Activity(n)=∑ activity…….………………………………………………………..(Eq.1) 

 

The qualitative score (Qls) represents the frequency of the collective actions, determined in sub-

module 1-3, that the women community members take part in (see Eq.2). The more frequently a 

woman joins activities, the higher the score and the higher the rank. 

Qls =Frequency of activity1+Frequency of activity2+Frequency of activity3+…+Frequency activity(n) = ∑ 

frequency of activity………………………..…………………………………………..………………………………………………………(Eq.2) 
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Step 3 Defining the intersection data of the quantitative and qualitative ranking of the participants  

The active community member will be discovered based on the data set for quantitative and 

qualitative scores (the data set (QnS) ∩ data set (QlS)).  The new data set (Qns∩Qls) gives a ranking 

order to support the decision to choose the community members who are suitable to act as local 

leaders (see Eq. 3). 

Qns∩Qls = (Qns) ∩ (Qls)..........................................................................................................................(Eq.3) 

 

Table 5-23 shows further criteria to select the suitable local leaders. These criteria are set to re-

evaluate the ranking results as to whether or not the selected person is able to perform her task as 

the local leader.  These criteria are important, moreover if more suitable persons available. These 

criteria are the next selection for the candidates. The selection of the local leader is the first decision 

making step in this model. 

Table 5-23 Supporting criteria for selection of the local leaders from the ranking list 

No. Criteria Notes 

1 Obtained the high scores in the “Table of 

Participants Rank”, both qualitatively and 

quantitatively 

See the new data set (QnS∩Qls) in Appendix E2. 

2 A woman who is a housewife verifies unemployed and spends almost all of the 

day at the settlement during working days 

4 Experienced in initiating at least one collective 

action and/or community-based organization 

This information was obtained during the 

informal interview and survey 

4 Willing to share with other people and willing 

to take the responsibility to act as a local leader 

Should be stated in writing or orally 

5 House’s location determines the community members who are 

included in the candidate’s buffer area 

 

Mapping the active person’s houses and their buffer zones 

The houses of active community members are marked on the physical map. The buffer zones are 

added to the surroundings in order to define the area of influence of the respective active 

community members. See Figure 5-17 and the description to find how these buffer zones were 

determined. 

5.6.1.2 Results 

Table 5-24 shows a list of active community members in case study I and II in case study II, which 

were determined from Eq.3 and based on quantitative score in Eq.1 and qualitative score in Eq.2. The 

table ranks the potential local leaders in the respective area. Other elements in the table; the status 

of ownership, the year of habitation, and the occupation are all elements to support any kind of 

decision making process. For example, in case study I the highest rank was given to the respondent 

no. 42. This person joined nine activities which from them 1 is twice a week, 5 are weekly, 2 are 

monthly and the last one is yearly activities. Additionally she has been staying for more than 30 years 

in the settlement. The second rank was given to the respondent no. 24 with also nine activities, 

which from them 1 is twice a week, 4 are weekly, 2 are monthly and 2 others are yearly activities. 

Although both respondents no. 42 and 24 were involved in nine activities, but the qualitative score of 

respondent no. 42 was higher. This makes respondent no. 42 as the first rank. The same reasons 

apply in for the result of the others of respondents rank. 
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Table 5-24 List of active community members, Case Study I 

Rank Respondent 

No. 

House 

number 

Quantitative 

Score 

(QnS) 

Qualitative 

Score 

(QlS) 

House 

Ownership 

Starting 

year of 

inhabitation 

Occupation 

1 42 38 9 389 O 1980 Housewife 

2 24 21A 9 338 O 1985 Housewife 

3 10 63 8 337 O 2004 Housewife 

4 22 51 7 325 O 2010 Housewife 

5 53 25 7 314 O 1985 Housewife 

6 39 40A 7 222 O 1984 Housewife 

7 31 70B 6 221 O 2009 Housewife 

8 13 93 5 264 O 1990 Housewife 

9 45 78A 5 261 O 1987 Housewife 

10 44 33 5 221 R 2000 Housewife 

11 

 

33 9A 5 209 O 1996 Housewife 

37 9E 5 209 R 2008 Housewife 

34 9B 5 209 O 1996 Housewife 

35 6C 5 209 O 1997 Housewife 

36 9D 5 209 R 2008 Housewife 

52 40 5 209 O 1985 Housewife 

Note: O: Owned ; R: Rented. See Appendix E2 for detailed results. 

 
Table 5-25 List of active community members, Case Study II 

Rank. Respon-

dent No. 

House 

number 

Quantitative 

Score 

(QnS) 

Qualitative 

Score 

(QlS) 

House 

Ownership 

Starting 

year of 

inhabitation 

Occupation 

1 9 44 7 391 O 1960 Housewife 

2 8 37 A 3 364 O Since long 

time 

Housewife 

3 3 46 5 336 O 1972 Housewife 

4 10 C3 3 327 O Since long 

time 

Housewife 

5 15 C2 5 325 O 1995 Housewife 

6 39 34 4 273 O 1993 Housewife 

7 18 H5 3 261 O 1988 Housewife 

8 2 22 2 260 O 1950 Housewife 

28  2 260 O 1960 Housewife 

9 27 H4 2 209 O 1988 Housewife 

Note: O: Owned ; R: Rented. See Appendix E2 for detail results. 

 

Figure 5-18 visualizes the same information in Table 5-24 and was transformed into map-based 

information. The figures mark the community members’ houses by the dark blue points in the 

physical map which was produced in sub-module 1-1. These points are the center of influence ranges 

of active persons. The circles, marked with red color, surrounding the houses identify the buffer 

zones and the radiuses, multiple of 25 m in case study I and 10 in case study II, were taken based on 

the convenient distance for walking. 

The circles with rose color show the first three persons who have the highest rank. In case study I 

these 3 persons influence covers almost 50% of the area whereas in case study II covers more than 

80%. It shows the connection, the wider the area the more local leaders are needed to cover the 

whole area. It is also necessary to consider the effective distribution of these potential local leaders 
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(see Appendix E2 for a detailed community members’rank and Appendix A1.2.1 active person map in 

Case Study I and Case study II. 

 

Figure 5-18 Maps of active person and suggested buffer zones 

5.6.2 Sub Module 2-2 Meeting Point Map 

The sub-module 2-2 provides assistance to show exactly where the places of collective actions and 

the meeting activities are located. These places are considered as meeting points for all community 

members. The number of points to be considered as meeting points is determined based on the 

actual activities. 

5.6.2.1 Methodology 

The meeting points assumed to be the place where the collective action activities happen, were 

identified based on the information collected in sub-module 1-3. These meeting points are the center 

of influence of the meeting places and the radius is flexible, based on community agreement and 

within convenient walking distance. The selections of the meeting points are based on the places of 

the most mentioned activities by the respondents (see Appendix D2 and D3 for detailed result of the 

Collective Actions and Community-based Organization Inventory in Case Studies I and II). These 

meeting points should be a place which can be identified inside the settlement’s boundary and it can 

be public facilities or private properties. They are also supposed to cover the areas which are not 

included in any of the buffer zones from the active community members.  

In this sub-module information about potential meeting points from sub-module 1-3 were 

transformed into map-based information, using the physical map, which was produced in sub-

module 1-1. The buffer zones were added to the surrounding points. These buffer zones show the 
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area of influence of each meeting point under certain radius, according to the coverage of the area. 

The radius and the buffer zones are dependint of the total area of the case study. 

5.6.2.2 Results 

Figure 5-19 shows map-based information of the meeting points in case studies I and II, where a 

radius of 50 m in case study I and 30 m in case study II were chosen as examples for the buffer zone. 

The meeting points (marked with yellow color) are surrounded by several buffer zones (marked by 

the green color). The greater the area which should be accommodated by the meeting point, the 

more buffer zone is needed. Detailed results can be found in Appendix A1.2.2 for Meeting Point Map 

in Case Study I.  

In case study I, two potential meeting points were identified from the most mentioned collective 

actions. Those are house no. 93 (the gathering place after the “Clean Friday Activity” which was 

mentioned 40 times) and the mosque (a place for the study of the Quran for women who are 

mentioned 34 times). In both potential points, as the locations are more in the center, by giving the 

radius of 50 m to the buffer zone, it could cover 15% of the area and around 80% by adding 2 more 

buffer zones (multiplies of 50 m). 

In case study II, the only potential meeting point is the mosque. By giving the radius of 30 m to the 

buffer zone, it could cover more than 50% of the area. Additionally since the case study II is only a 

small area, the coverage area is already reaching 100% by adding 1 more buffer zone (multiply of 30 

m). Detailed results can be found in Appendix A2.2.2 for Meeting Point Map in Case Study II. 

 

Figure 5-19 Maps of meeting points and suggested buffer zones 
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5.6.3 Sub Module 2-3 Cluster- or Alley- Based Neighborhood Maps 

The module 2-3 provides assistance in grouping the area into several smaller areas. The cluster or 

alley based neighborhood map offers information on how the community in this area is grouped into 

zones, thus making the proliferation of information effective. In several areas where the PKKs exist, 

the communities are already grouped into several zones. Unfortunately, due to the ineffective and 

unclear structure of the communication systems in place, this community zoning is often useless.  

5.6.3.1 Methodology 

The principle in theory of propinquity is used in sub module 2-3 to identify the invisible zoning in the 

area. This theory relates to the spatial and geographical proximity among people and their 

corresponding likelihood to form friendships. This kind of relationship is termed the propinquity 

effect since there is a tendency for people to form friendships with those whom they encounter 

(Festinger 1950). Additionally the theory of George Thomas is also applied in this module to identify 

the smaller group in an area. This theory underlines the principle that the more shared activities that 

people have, the higher the power of sharing-with-others will be (Homans 1959). Developed based 

on these theories and the PKK’s principle, in particular Dasawisma (see Appendix D4 for more 

information about PKK and Dasawisma), the houses in the area are grouped into a small alley or 

cluster based neighborhoods based on the house orientation and common access. 

The methodology in this sub-module for both cluster and alley based neighborhood maps is simply 

collecting information combined with direct observations. In this sub-model the research area is 

divided into several zones based on social groups within the neighborhood. In both neighborhoods, 

the cooperation of community members is a really necessary aspect of this part of the study as 

community acceptance is needed related to which grouping houses are put in to 

To define the cluster based or alley based neighborhood, following procedures were used: 

 Step 1  Identifying the commonly used access and the single fragmented streets 

(segment) based on the house orientation  

 Step 2  Checking and re-checking the validity based on immediacy or propinquity of the 

connected area to make sure the distribution of houses is equally divided 

 

Cluster based Neighborhood Map 

The street category (presented in the map no.4 – infrastructure, sub-module 1-1) consists of three 

larger street categories (street type I-III) and one smaller category (street type IV - only non-foot). 

These larger streets and the area boundary (presented in map no. 1 – general elements, sub-module 

1-1) are taken into consideration to create the zoning in a cluster based neighborhood. The zones are 

formed when these elements are met. Additionally the smaller street can also be used to sub-divide 

one big zone. 

Alley based Neighborhood Map 

The alley based neighborhood map is a special case of zoning that is in the case of the areas if only 

street type IV (only on-foot) available. Here the alley based neighborhood is formed based on the 

commonly used access of street type IV (presented in the map no.4 – infrastructure, sub-module 1-1) 

and the house orientation (presented in map no.7 – house orientation, sub-module 1-1). 

Additionally, the area boundary (presented in map no. 1 – general elements, sub-module 1-1) is also 



75 

 

used to define the zones. The smaller groups can be defined from the common access used by the 

community member, the nearby location, and the house orientation.  

5.6.3.2 Results 

Figure 5-20 shows the products of the sub-module 2-3 for case studies I and II. The figure shows the 

cluster based neighborhood map of case study I. The cluster based neighborhood type best fits the 

case study I since different street categories. Each zone consists of 24 to 59 houses, including both 

owned and rented houses and each zone covers 6,000 m
2
- 9,500 m

2
. The case study I is divided into 8 

zones and based on former sub-division of Dasawisma. Here the zoning existed but it was seldom 

used, it needed time to discover the zoning. 

Figure 5-20 also shows the alley based neighborhood map of case study II. The alley based 

neighborhood best fits the case study II since the only streets available is street type IV (no-car).  

Therefore no other options for dividing the area are possible based on this physical constraint, 

except using information from this type of street, house orientation and the area boundary. Each 

zone consists of 5 to 24 houses and each zone covers 175 m
2
- 800 m

2
, also including owned and 

rented houses. The case study area II is divided into 7 zones based on 7 existing single fragmented 

streets in the area where in each zone, all houses are facing the same street (commonly used street).  

 

Figure 5-20 the cluster based (Case Study I) and alley based (Case Study II) neighborhood map 

This zoning is an alternative which should be discussed among the community members whether or 

not they agreed on this sub-division neighborhood. Detailed results can be found in Appendix A1.2.3 

for a detailed map in case study I and Appendix A2.1.2.3 in case study II. 
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5.7 Module 3 – Impact Assessment 

5.7.1 Overview 

Figure 5-21 gives an overview of the considered waste management possibilities. 13 types of disposal 

and treatment technologies were compared. In the urban area, waste can be divided into seven 

waste fractions. 3 types are considered assessments in module 3. Those are Environmental Impact 

Unit (Sub-module 3-1), which involves five impact categories; Output Unit (Sub-module 3-2) for 

waste disposal and technology options; and Cost-Benefit Unit (Sub-module 3-3), which is considered 

as an area for further study. 

 

Figure 5-21 Waste fractions, disposal and treatment options, and the assessments involved in the model 

In Figure 5-21, the same color is used for treatment options and output to indicate the relationship 

between the technology involved in the model and the output. Beyond these output categories, five 

impact categories were selected for environmental impact analysis in sub-module 3-1 (Table 5-26). 

Table 5-26 The selected impact categories 

No. Potential Impact Category 

(PIC) 

Original Unit Physical 

Basis 

Direct Impact (Example) 

Non-Toxic 

1 Nutrient Enrichment kg NO3
- 
-eq./person/yr Regional Decreasing harvest product 

2 Acidification kg SO2-eq./peron/yr Regional Water pollution 

3 Global Warming kg CO2-eq./person/yr Global Increasing temperature 

4 Photochemical Ozone 

Formation, High NOx 

kg H2H4-eq./person/yr Regional Respiratory disease 

Toxic 

5 Spoiled Groundwater 

Resources 

m
3
 water/person/yr Local Groundwater 

contamination 

All original units are normalized into PE (Person equivalent). 1 PE is the impact factor of one person in a 

reference year (Kikerby et al., 2006. p.7) 

Source: Damgaard et al. (2011), p. 1533 

These impact categories were adapted from EASEWASTE which is based on Environmental Design of 

Industrial Products (EDIP) 1997. To increase community understanding, only impact categories with 
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direct impacts (damaging the land) are selected. These direct impacts are easier to be understood by 

the people. Using this dataset, the community can simulate the results of their goal oriented 

scenarios.  

Module 3 is the most advanced module in this newly developed model. It involves calculations, 

scenario developments, visualizations and Focus Group Discussions (FGDs). FGD is a discussion 

between the research team and the local leader and can occur more than once, based on necessity. 

Through FGD, the various waste management technologies and their respective impacts are 

introduced to the local leader.  The module 3 provides assistance in delivering information on 

environmental impact, potential outputs and the costs and benefits assessment for selected 

technologies. For the implementation, neither the community members nor the facilitators do the 

scientific work because the datasets were already prepared by the author et al. as templates and 

attached to the model (see Appendix F5 for Environmental Impact Unit (EIU) and Appendix F6 for 

Output Unit (OU). 

Table 5-27 Structure and products - Module 3 

Sub-

module  

Name Considered 

Aspect 

Supporting 

Sub-

modules,  

Used 

Media/Tools 

Time 

Consumption 

3-1 Environmental Impact Unit (EIU) Environmental 1-2; 2-1; 

2-2; 2-3 

FGD; 

Workshop 

Approximately 

8-12 Weeks 

3-2 Output Unit (OU) Environmental 1-2; 2-1; 

2-2; 2-3 

FGD; 

Workshop 

3-3 Cost Unit (CU) and Benefit Unit 

(BU)* 

Economic 1-2; 2-1; 

2-2; 2-3 

FGD; 

Workshop 

Product: Environmental Impact, Output and Economic-Benefit Assessment 

Note: *) considered as an area for further study 

FGD = Focus Group Discussion 

 

Table 5-27 gives an overview of the structure on how the three sub-modules in Module 3 and lists 

the media used in each sub-module. Parallel to the FGD, workshops are attached to this module as 

the media for technology and transfer of knowledge. The workshops are an educational tool to 

empower the community.   

The contents from the FGD and the workshops are then proliferated through the products of module 

2 (the communication network) to the other community members. The local experts, such as NGO or 

environmental activists on community-based waste management are invited to introduce their work 

and share their knowledge with the community, for example on home composting and recycling 

banks. At the workshops, the local leaders from sub-module 2-1 are trained and experienced to do 

the practical work themselves. These local leaders can deliver the information within her buffer zone 

(sub-module 2-1), meeting points (sub-module 2-2) and based on the cluster alley based 

neighborhood zone (sub-module 2-3). Module 3 is the most time consuming as the community 

should go through various phases of understanding the training and implementation. Final decision 

after finding out the results. 

As it is important to involve the community members in all sub-modules, in this module all original 

units from impact categories are normalized as Person Equivalents (PE), where the impact is 

illustrated to represent the impact on one person. Therefore, the only consideration for the 

community or other users is to compare the units (fewer or more) to show smaller or bigger impacts 
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in sub-module 3-1 (EIU), outputs in sub-module 3-2 (OU), and cost and benefit in sub-module 3-3 (CU 

and BU). 

5.7.2 Sub-Module 3-1 Environmental Impact Unit and 3-2 Output Unit 

Basically the sub-module 3-1, Environmental Impact Assessment, and sub-module 3-2, Output 

Assessment, are using the same data input. Therefore these two sub-modules are described together 

in one sub-chapter.   

Developing Calculation Templates 

The calculation templates allow the user, the community and the facilitator team, to put data 

regarding the waste characteristics and the amount of waste as input factors. These inputs are then 

processed automatically in excel spreadsheets. The summary of these inputs is used for material flow 

visualization. 3 templates are available – the input template, the scenario summary template and the 

goal oriented scenario template. 

1) The Input Template 

Table 5-28 shows the input template. In this template, the input column of total waste generation 

and the waste composition are considered as ‘user defined’ inputs whereas the waste amount will 

appear accordingly. This data is taken from the result of sub-module 1-2 (waste generation per year) 

and again from sub-module 1-2 (waste composition).  

Table 5-28 Input template 

Total Waste 

Generation* 

(ton in a year) 

waste composition* 

(%) Waste Fraction 

Waste Amount 

(ton)
3
 

0,000 

  

  

  

  

  

  

0 Organic Waste (O) 0,00 

0 Paper (P) 0,00 

0 Plastic Bottle (PB) 0,00 

0 Plastic non-Bottle (PnB) 0,00 

0 Metal (M) 0,00 

0 Glass (G) 0,00 

0 Residual (R) 0,00 

Total % = 100% (%)  Note:    appear accordingly; and     User defined input  

 

2) The Scenario Summary Template 

Table 5-29 shows the scenario summary template. The sub-modules work with two types of group 

scenarios (Group A, B, C and Group I, II, III) and present in total 16 scenario variations. The groups A, 

B, and C are based on the waste fractions: unsorted, compostable and non-compostable, and 

compostable, recyclable, and unsorted. Groups I, II and III are based on suitable waste disposal and 

treatment method for the given kind of materials included in the waste. 

In this scenario summary template only the column of ‘Description’ is considered as a ‘user defined’ 

column whereas the other columns are giving specific information. All percentage numbers in Table 

5-29 are given as examples for the calculation in this study. The results in this module were all done 

under 100% of each waste fraction. 
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Table 5-29 Scenario summary template 

Groups for STAN  

Material Flow 

Groups for EASEWASTE  

suitable waste treatment and disposal 

Scenario 

(S) 

Description 

Group A 

Unsorted waste 

 

Group I 

Disposal (OD) and  Landfill (SL, CL) 

S1 Y % OD 

S2 Y % SL 

S3 Y % CL 

Group II 

Compostable: Composting (Clow, 

Chigh), Anaerobic Digestion (AD, CAD), 

Home Composting (HC) 

Non-compostable and unsorted 

waste: Incineration (InoER, I10%ER, 

ISTA) 

S4 Y % InoER 

S5 Y % I10%ER 

Group B 

Compostable and 

Non-Compostable 

Waste 

S6 Y % ISTA; Y % Clow 

S7 Y % ISTA; Y % Chigh 

S8 Y % ISTA; Y % AD 

S9 Y % ISTA; Y % CAD 

S10 Y % ISTA; Y % HC 

Group C 

Compostable,  

Recyclable and 

Residual 

Group III 

Compostable: Composting (Clow, 

Chigh), Anaerobic Digestion (AD; CAD), 

Home Composting (HC) 

Recyclable: Recycling Technology (RT, 

RB) 

Residual: Landfill (CL) 

S11 Y % Recycling; Y % Clow; Y % CL 

S12 Y % Recycling; Y % Chigh; Y % CL 

S13 Y % Recycling; Y % AD; Y % CL 

S14 Y % Recycling; Y % CAD; Y % CL 

S15 Y % Recycling; Y % HC; Y % CL 

S16 Y % RB; Y % HC%; Y % CL 

Note: “Y” = user-defined input %  and the sum should be 100% 

 

3) The Goal-oriented Scenario Template:  

Table 5-30 shows the goal oriented scenario template. Using this table, the community may design 

scenarios for waste disposal and treatment. During the FGDs and workshops, the community 

determines where a certain waste fraction should be disposed or treated. What the community 

should consider is to make sure that 100% of each waste fraction ends up being treated by one or 

several of the waste technologies found in each scenario. The term “n.a.” in this table means, such 

waste fraction is not allowed to be treated in the selected technology due to technology constraints 

or specific purpose. Therefore no input should be given under “n.a”. 

Table 5-30 Goal oriented scenario template 

Waste 

Fraction 

(x) 

OD 

% 

SL 

% 

CL 

% 

InoER 

% 

I10%ER 

% 

ISTA 

% 

Clow 

% 

Chigh 

% 

AD 

% 

CAD 

% 

HC 

% 

RB 

% 

RT 

% 

Sum 

% 

Con- 

troll 

(%) 

Organic 

(O) 

Y Y Y Y Y n.a Y Y Y Y Y n.a n.a 0 100 

Paper (P) Y Y Y Y Y Y n.a n.a n.a n.a n.a Y Y 0 100 

Plastic 

Bottle (B) 

Y Y Y Y Y Y n.a n.a n.a n.a n.a Y Y 0 100 

Plastic 

non-

Bottle 

(PnB) 

Y Y Y Y Y Y n.a n.a n.a n.a n.a Y Y 0 100 

Metal (M) Y Y Y Y Y Y n.a n.a n.a n.a n.a Y Y 0 100 

Glass (G) Y Y Y Y Y Y n.a n.a n.a n.a n.a Y Y 0 100 

Residual 

(R) 

Y Y Y Y Y Y n.a n.a n.a n.a n.a Y Y 0 100 

Note: n.a.= not allowed, Y= user defined input;     = appear accordingly; control is the expected sum (100%) 
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5.7.2.1 Material Flow Work with STAN 

5.7.2.1.1 Methodology 

 

The waste flows refer to the goal oriented scenarios in sub-module 3-1 and 3-2, and also waste bin 

capacity in sub-modul 4-1. The data used is based on waste characterization inventory (sub-module 

1-3). The work on material flow was done through a material flow analysis (MFA)-software – STAN 

2.5 (2012), developed by the Vienna University of Technology (TU-Wien). The software provides a 

tool to present material flow, where “I” is input and “E” is export data and the process from “I” to “E” 

can be balanced in a systematic way. The STAN team also provides assistance for anyone who works 

with the software and it is a freeware. 

Equations for material flow: 

Group A = Sum amount of total unsorted waste 

= amount O + amount P + amount PB + amount PnB + amount G + amount M + amount PnB +     

                   amount R …………..……………………………………………………………………………………………………………….……..(Eq.4) 

 

Group B = Sum amount of compostable waste + Sum amount of non-compostable 

= (amount O) + (amount P + amount PB + amount PnB +  amount G + amount M + amount R)..….(Eq.5) 

 

Group C = Sum amount compostable waste + Sum amount recyclable waste + Sum amount residual waste 

= (amount O) + (amount P + amount PB + amount PnB + amount M + amount G) + (amount R)....(Eq.6) 

 

Note:  O = organic; P = paper; PB =plastic bottle; PnB = plastic non bottle; M = metal; G =glass; R =residual 

The unsorted waste in group B and C might also contain portions of O, P, PB, PnB, G, and M 

 

The STAN software helps the facilitator team to transform the input from Table 5-30 in the form of a 

waste flow diagram in order to increase the understanding of the community. In the case where the 

software is not available, facilitator team can use Eq.4, Eq.5, and Eq.6. See Appendix F1.1 for Material 

Flow Template. 

5.7.2.1.2 Results 

 

Material Flow Analysis for Case Studies I and II 

Figure 5-22 shows the material flows for the unsorted waste generated in case studies I and II 

(Treatment Group A) for unsorted waste. Further disposal or treatment regarding S1 through S5 was 

considered for the EIU. The visualization shows that the total waste can go to disposal (OD) or landfill 

(SL and CL) or incineration. The incineration options for this group are incineration with no energy 

recovery (InoER) or incineration with 10% energy recovery (I10%ER). 

In case study I, the waste fraction, ‘plastic non-bottle (PnB)’ includes plastic bottles (PB). In case 

study II, since the community buys bottled mineral water, the plastic bottle contributes significantly 

to the number of the total waste amount and therefore a specific waste fraction for plastic bottles is 

given separately, PB and PnB. 

Figure 5-23 shows the material flow for the compostable and non-compostable waste generated in 

case studies I and II (treatment Group B). The focus of this treatment group is to treat the 

compostable and non-compostable waste in S6 through S10. Treatment Group B excludes the 

recycling process. Here, the organic waste fraction is directed for specific organic treatments such as 
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composting (Clow, Chigh, and HC) or anaerobic digestion (AD) or the combination of both (CAD). 

Other non-compostable goes to incineration state of the art (IStA). It includes portions of 

compostable which cannot be organically treated such as tree trunks. IStA consider no or less organic 

waste entering the treatment plant. In this calculation, 100% organic is assumed to be processed in 

organic treatment plants and this is the reason why the arrow relating the compostable and non-

compostable shows no value or number “0.00”. 

 

Figure 5-22 Material flow, Group A for S1-S5 (ton) 

 

Figure 5-23 Material flow, Group B  for S6-S10 (ton) 
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Figure 5-24 shows the material flow for the compostable, recyclable and unsorted waste (the rest) 

generated in case studies I and II (Treatment Group C). Here, the organic waste fraction is also 

directed to the specific organic waste treatment. The difference compared to the previous group is 

all recyclables will be recycled in specific recycling technology such as paper recycling technology, 

plastic recycling technology (RT) and also the “recycle bank (RB)”, instead of incinerated. Only small 

amounts of compostable and recyclable waste go to the unsorted waste and are then together with 

the residual waste sent to disposal or to the landfill. This group shows the processed amount in 

scenario 11 (S11) - scenario 16 (S16). In this calculation, 100% organic is assumed to be processed in 

organic treatment plants and 100% recyclables is assumed to be recycled. This is the reason why the 

arrow relating the compostable and unsorted waste, and also the recyclable and the unsorted waste 

show no value or “0.00”. 

 

Figure 5-24 Material flow, Group C for S11-S16 (ton) 

 

5.7.2.2 Environmental Impact work with EASEWASTE 

5.7.2.2.1 Methodology 

 

This and the next sections describe the development of Environmental Impact Unit (EIU) and 

Potential Output Unit (OU). The calculation template for EIU and OU in this sub-module were done 

through a Life Cycle Assessment Model – EASEWASTE (2012), developed by the Denmark University 

of Technology (DTU). The units used measure advantages and disadvantages of selected scenario. 

Both lead to the purpose of setting priorities for waste management in their neighborhood. The 



83 

 

calculation of EIU and OU was developed under the supervision of the 3R Group, DTU. The results are 

expected to increase environmental awareness from any kind of waste treatment options. The 

calculation was done separately for the three groups (I, II, III) described in  

Table 5-29 based on the material flow described in previous section (Section 5.7.2.1). The export data 

(E) from material flow groups are the input values for the work in this section. 

In this calculation, some contextualization has been done in order to get results that fit better with 

the actual condition in Indonesia. Some settings were adjusted in the EASEWASTE model to simulate 

Indonesian, particularly Jakarta’s condition as close as possible. The adjustments are on the data of 

groundwater contamination in Indonesia, Jakarta’s precipitation rate and tropical climate condition 

for methane generation (See Appendix F5 for Environmental Impact Unit Data Set). 

Environmental Impact Calculation 

The Environmental EIU shows the impact of the selected impact categories. The EIUs are 

differentiated based on the impact categories in Figure 5-21 (nutrient enrichment, acidification, 

global warming, photochemical ozone formation and spoiled groundwater) and the waste fraction 

(organic, paper, plastic bottle, plastic non bottle, metal, glass and residual). Each EIU only represent 1 

impact category and 1 fraction. The calculation of environmental impact should be done one by one, 

based on the waste fraction. Therefore the total environmental impact is known from the sum of the 

environmental impact from each waste fraction. (See Appendix F2). 

Equation for Environmental Impact:  

 

EI (X) = waste amount [X] * EIU (X)………………………………….…………………………………..……..…………………….….……(Eq.7) 

 

Total Environmental Impact = (EI O + EI P + EI PB + EI PnB + EI M + EI G + EI R)………………….……………………….(Eq.8) 

 

Note: EI = Environmental Impact; EIU = Environmental Impact Unit; X = waste fraction(O, P, PB, PnB, M, G, or R) 

 

Bellow, the equations 7 and 8 were used to demonstrate how to know the environmental impact 

from S1 (to dispose all unsorted waste in open dump (OD)): 

From Figure 5-22, it is known that E = 138.14 ton (consist of 93.75 ton of O; 8.92 ton of P; no ton of 

PB; 23.33 ton of PnB; 0.69 of ton M; 2.24 ton of G, and 9.20 ton of of R). From Appendix F5, it is 

known that EIU-OD (per 1000 ton) for Organic are 0 PE nutrient enrichment; 0.1410 PE acidification; 

201.8360 PE global warming; 36.6660 PE photochemical ozone formation; and 2068.0090 PE spoiled 

groundwater. Using Eq.7 it is known that the actual environmental impact for 93.75 ton of organic 

waste are 0 PE nutrient enrichment; 0.0038 PE acidification; 18.9226 PE global warming; 3.4375 PE 

photochemical ozone formation; and 193.8804 PE spoiled groundwater. In doing the same way to 

the other fractions and in the end the summing-up of all those results as in Eq.8 will bring the total 

environmental impact of S1. 

5.7.2.2.2 Results 

 

Environmental Impact 

The calculation for impact assessment was done using the EASEWASTE model. The first impact 

assessment was done for treatment group I – disposal and landfilling for S1 through S3. Methane and 
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leachate are important emissions in these 3 scenarios. The precipitation rate was adjusted to be 

1706 mm annually (WMO 2102). For open dump (OD) scenario, it is assumed that no electricity and 

diesel are used and the soil and clay movements are zero. No gas and leachate are collected in the 

OD scenario. In the sanitary landfill (SL) scenario, it is assumed that the compactor makes use of 

electricity and diesel and there is soil and clay movement. There is no gas collection but there is 

leachate collection for SL. In the controlled landfill (CL) scenario, it is assumed that the use of 

electricity and diesel exist for the compactor and there is soil and clay movement. Gas and leachate 

collection occur in CL. 

The methane calculation was done based on IPCC First Order Decay (see Appendix F3.1), within the 

period of 100 years, and divided into four time periods: time period 1 (the first 2 years), period 2 (the 

next 3 years), period 3 (the next 35 years) and period 4 (the last 60 years) for all 3 scenarios. The 

methane calculation was contextualized based on tropical climate. The operational parameters (the 

percentage of gas collected, the percentage of gas oxidation, the leachate generation and percentage 

of leachate generated) are based on the work of Damgaard (2011) and Tränkler (2005). (See 

Appendix F3.2 and Appendix F3.3 for detailed parameters used in calculation). 

Figure 5-25 shows the environmental impact assessment for S1 through S3 (OD, SL, CL), which 

involve disposal and landfill in case studies I and II (see  

Table 5-29). The results shown in the figure are expected to help the community gain a common 

understanding of effects of open dumping (shown by the blue line in the first rows) especially on 

ground water resources and global warming. This figure shows that those two impact categories are 

the most powerful factors in environmental degradation. Of the 3 scenarios, only scenario 3 has good 

results (a negative value) from global warming perspective. This is because it was assumed the 

generated gas is collected and transformed into heat and electricity. The leachate was assumed to be 

collected too, which brought positive effect on acidification and nutrient enrichment.  

 

Figure 5-25 Result from the environmental analysis in S1-S3 (in PE) 

Figure 5-26 shows the environmental impact from S4 through S10, which involves incineration 

(InoER, I10%ER or IStA) and organic waste treatment (Clow, Chigh, AD, CAD or HC) (see  
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Table 5-29). The results show significant impact on nutrient enrichment and acidification from the S6 

and S7, which involves composting. These high values result from the substitution of fertilizer from 

composting. No spoiling of the ground water occurs in treatment group II since all treatments were 

considered to have no contact with the soil. In S4, the global warming impact is shown as being 

major in Incineration with no energy recovery (InoER) and this is because no emission control exists. 

By recovering 10% of energy in Incineration I10%ER, this impact can be reduced significantly (S5). 

However by integrating the Incineration state of the art (IStA) technology and composting, the global 

warming factor is still significant. The integration of both IStA and Anaerobic Digestion (AD) leads to a 

significant lowering of the global warming potential impact (a negative value). However AD could 

also be a problem for global warming if the emissions were not treated. 

 

Figure 5-26 Results from the environmental impact analysis in S4-S10 (in PE) 

 

Figure 5-27 Results from the environmental impact analysis in S11-S16 (in PE) 
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Figure 5-27 shows the environmental impacts from S11 through S16 which involve recycling (RT), 

organic waste treatment (Clow, Chigh, AD, CAD, or HC), and landfill (CL) for the residual waste in case 

studies I and II (see  

Table 5-29). Since the waste composition from both case studies are mainly organics, only landfilling 

of the residual waste reduces the global warming potential (a negative value). The significant impact 

in terms of spoiled ground water was the result of the landfill option. Nutrient enrichment was the 

result of the composting. In treatment group III, the most interesting aspect is the good impact 

(negative values) due to the utilization of recycling technologies had on reducing the contributions of 

waste management to global warming. In this calculation, substitution of approximately 90% of virgin 

material recycled materials was considered. 

Summary Assessment for Environmental Impact  

Figure 5-28 shows the summary results of the environmental impact for all scenarios (Figure 5-25 

through Figure 5-27). This presentation of the findings clearly shows that the first three scenarios (S1 

through S3) are the most critical regarding environmental degradation.  This figure can give a lot of 

very complex information in a “simple-way-to-understand” form. It can shape the strong set of 

reasons to community members to leave behind their culture of illegal dumping or open dumping 

since many community members consume groundwater. Also the findings represented in the figure 

could give a strong reason for rejecting proposals to build a landfill within the vicinity of their 

neighborhood. However, the repetition of results is necessary to help the community really 

internalize the findings shown here and to understand how their everyday waste management 

related activities influence their environment.  

Figure 5-28 indicates only the general trends on environmental impact on waste management as 

many simplifications and assumptions have been taken, but the information is enough to build 

opinions through the decision making process. This information can be proliferated through the 

product of Module 2 – Information System and Communication Network (see section 5.6) and 

through media workshops and FGDs. 

 

Figure 5-28 Result from the environmental impact for S1-S16 (in PE) 
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5.7.2.3 Potential Output work with EASEWASTE 

5.7.2.3.1 Methodology 

 

Output Calculation 

The calculation of potential outputs was done with the EASEWASTE model. The Output Unit (OU) in 

this model is to inform the decision makers, particularly the community members, of the potential 

products from the selected scenario. The output calculation is similar with environmental impact 

calculation. The OUs are differentiated based on the waste fraction and the potential products. 7 

groups of products were designed to demonstrate the information in a simple way. (See Appendix F2 

for detailed technical measures of the treatment technologies) 

The first product group is addressed for disposal (OD) and landfills (SL, CL), which potentially produce 

methane emissions from organic and paper waste. The second group is addressed for incineration 

technologies (InoER, I10%ER, IStA), which potentially produce APC residue, bottom ash and lower 

heating value from all waste fractions. The third product group is addressed for composting 

technologies (Clow, Chigh), which potentially produce compost from organic waste. The fourth 

product group is addressed for anaerobic digestion technology (AD), which potentially produces 

digestate, methane and energy in biogas from organic waste. The fifth product group is addressed 

for combined composting and anaerobic digestion technology (CAD), which potentially produces 

composted digestate, methane, and energy in biogas from organic waste. The sixth product group is 

addressed for home composing (HC), which potentially produces compost from organic waste. The 

seventh (last) product group is addressed for recycling technology which potentially produces 

recyclables (glass, cardboard, plastic bottle, plastic product and aluminum). In the case of recycle 

bank (RB), it should be included in the last product group. Currently there is no available data related 

to the RB activities and therefore there is no OU for RB. (See Appendix F6 for the Output Unit – 

Emissions and other products) 

In output calculation, paper waste is not considered for composting. In the case of Indonesia, more 

than 50% of waste is organic waste and it is enough for composting activities. Paper waste in this 

study is assumed to be consisting of 10% news prints, 70% of paper and cardboard container and 

only 10% clean paper and therefore it is addressed for new cardboards (see Appendix F1). 

Equation for Output: 

 

O (X) = waste amount [X] * OU [X]…………………………………..………………………………………………………………….……..(Eq.9) 

 

Total Output = (OU O + OU P + OU PB + OU PnB + OU M + OU G + OU R)..………………………………..………………(Eq.10) 

 

Note: O = Output; OU= Output Unit; X : waste fraction (O, P, PB, PnB, M, G, or R) 

 

See footnote for more information about EASEWASTE
2
 

                                                             
2
 The EASEWASTE Model is a complex model which manages the waste from the generation point until the 

treatment and focuses on the Life Cycle Analysis. The EASEWASTE team holds every year a PhD-course for 

students from all over the world. This course gave the chance for the author of this research to understand 

more about the model in 2010. Furthermore, the team committed to assisting the author to work further with 

the model. The terminologies used for environmental impact and the output were adapted from EASEWASTE 

model (http://www.easewaste.dk). 
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5.7.2.3.2 Results 

 

Potential Output  

The first assessment of potential output was done for the methods which generate Methane 

emission (OD, SL, CL, AD, and CAD) and energy from biogas (AD and CAD). Figure 5-29 shows the 

summary output in the form of methane emissions and the energetic utilization of biogas from these 

scenarios. Anaerobic digestion (AD) shows the most potential in generating the energy due to biogas 

generation compare to CAD. S8 and S13 involved 100% organic waste treatment in an anaerobic 

digestion (AD) plant, whereas both S9 and S14 combined the composting and anaerobic digestion 

(CAD) processes. The potential emissions from all scenarios in Figure 5-29 were produced from 

controlled landfill (CL). 

 

Figure 5-29 Scenarios which involve methane generation due to landfill gas and biogas 

Figure 5-30 gives a summary of the S4 through S10, which potentially generate Air Pollution Control 

(APC) residue, bottom ash and the lower heating value. These are the products from an incineration 

plant (InoER, I10%ER or IStA) (see Figure 5-21). In terms of their respective outputs, the scenarios 

which involved incineration of unsorted waste (incineration with no energy recovery (InoER) in S4 

and incineration with 10% energy recovery (I10%ER) in S5) generated the highest amount of bottom 

ash, heating value and residue. Scenarios which involve incineration state of the art (IStA) could 

reduce the generation of the outputs due to the absence of organic waste. Since IStA should be 

combined with other methods of compostable waste treatments (Clow, Chigh, AD, CAD or HC), 

scenarios which involved IStA (S5 through S10) will have other outputs from those combined 

methods (see Figure 5-31). 

Figure 5-31 summarizes the outputs from compostable waste treatment in S6 through S16, which 

potentially generate compost (Clow, Chigh, or HC), digestate (AD) and composted digestate (CAD) 

from organic treatment (see Figure 5-21). Based on weight (ton), the digestate is the biggest output. 

The digestate contains a lot of water (liquid form). By means of compost product, the scenarios with 

home composting (S10, S15 and S16) have the potential to produce more compost. Additional output 

from non-compostable waste treatment can be seen in Figure 5-30 for S4 through S10 and Figure 5-

32 for S11 through S13. 
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Figure 5-30 Scenarios which involve APC residue, bottom ash and heating value 

 

 

Figure 5-31 Scenarios which involve compost, digestate and composted digestate 

 

Figure 5-32 shows the summary output from scenarios which involve recycling technologies (S11-

S16) from the non-compostable waste (see Figure 5-21). All recyclables can be potentially used to 

generate recyclable products. In recycling industries, these recyclable products will substitute for a 

significant portion of virgin material. However, as there is no database for recycle bank (RB) 

products, the products of S16 cannot be calculated. In case study I, the larger area, the plastic bottles 

were assumed to be processed together with the other plastics. In case study II, the plastic bottles 

and other plastics were assumed to be processed separately. Other products from S11 through S6 

can be seen from Figure 5-31. 
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Figure 5-32 Scenarios which involve recyclables (excluding the recycle bank) 

Summary Assessment for Potential Output  

It is not possible to make all OU has the same unit like PE in EIU and for this reason the summary 

figure like Figure 5-28 was not created. The summary of the 7 group products can be seen in 

Appendix SS. The treatment group I (S1-S3) involves disposal and landfill treatments and the 

potential output is methane emissions (OD, SL, CL) (see Figure 5-29). The generation of methane is 

the same for each type of landfill and disposal methods as they processed the same amount of waste 

(unsorted waste).  

The treatment group II (S4-S10) involves incineration for the non-compostable waste (InoER, I10%ER, 

IStA) and composting (Clow, Chigh, or HC), anaerobic digestion (AD) and combined composting-

anaerobic digestion (CAD) for the compostable waste treatment (see Figure 5-29). In this treatment 

group, the incineration state of the art (IStA) shows a significant reduction in APC residue and bottom 

ash and a lower heating value, compared to other incinerations (InoER and I10%ER). This incineration 

group generates other products from compostable waste treatment such as compost, digestate, 

composted digestate and energy in biogas. 

In terms of recycling in treatment group III (S11-S16), all recyclables have the potential to become 

new products made out of materials recovered from recycling activities. Having recyclable products 

could be preferable to the community.  

Additionally, for both in compostable waste treatment groups II and III, the compost product from 

home composting (HC) potentially produces more compost compared to other composting processes 

(Clow and CHigh). On the other hand, anaerobic digestion has the potential to generate energy as 

biogas although the large amount of the digestate produced could be a problem as it is not easy to 

transfer to locations that are at a great distance from where it is produced. 

As the complement finding of the environmental impact, the presentation of outputs in this section 

add new information for the community. The community can have a better picture of the potential 

output and the use of those outputs. This information can be proliferated through the product of 

Module 2 – Information System and Communication Network (see section 5.6) through media 

workshops and FGDs. 
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5.7. 3 Sub Module 3-3 Economic Cost and Benefit 

 

The economic cost and benefit analysis provides assistance in calculating the costs and benefits from 

selected technologies. The cost benefit analysis presents data on expenditures, represented by the 

Cost Unit (CU) and revenues, represented by the BU (Benefit Unit). Unfortunately, due to time 

limitation associated with the development of this model, only a framework for this kind of 

assessment is given. The input as cost and benefit units of this assessment are based on assumptions. 

Further research in this area is needed and could be the focus of future work. 

5.7.3.1 Methodology 

The methods presented below are for consideration for  future development of the model. In general 

the cost assessment includes all technology options, different supplier’s profile (investment and the 

operational cost), and the CU based on certain currency (Euro (€), Dollar ($), or Indonesian Rupiah 

(IDR)). The benefit assessment includes cost on the international market and the price of the 

potential products such as energy, compost, and recyclables. 

Equation for Cost Assessment: 

Cost (X) = waste amount (X) * CU (X)…………………………………………………………….………………………………………..(Eq.11a) 

Total Cost = Cost O + Cost P + Cost PB + Cost PnB + Cost M + Cost G + Cost R ……………………………….………(Eq.12a) 

Note: CU = Cost Unit; X : waste fraction (O, P, PB, PnB, M, G, or R) 

Equation for Benefit Assessment:  

Benefit (X) = waste amount (X) * BU (X)…………………………………………………………….……………………………….….(Eq.11b) 

Total Benefit = Benefit O + Benefit P + Benefit PB + Benefit PnB + Benefit M + Benefit G + Benefit R 

………………………………………………………………………………………………………………………………………………………………(Eq.12b) 

Note: O = Output; X : waste fraction (O, P, PB, PnB, M, G, or R) 

 

5.7.3.2 Results 

Since prices are strongly varying related to time and location, no value was obtained in this study 

during the field research. 

5.8 Module 4 – Collection System 

Module 4, the collection system, consists of 3 sub-modules. It provides users with assistance on how 

to manage the collection system based on the selected scenarios in sub-module 3-1. The calculation 

of bins capacity in sub-module 4-1 and the bin allocation in sub-module 4-2 helps the community to 

figure the waste stream from the generation points to the temporary collection points. 

5.8.1 Overview 

Table 5-31 gives an overview on how the three sub-modules. In this way the community should be 

aware of where the temporary collection points are located and where the points that have the most 

convenient access are. The community can, for example, decides where to locate any waste bins 

depending on what paths are used to go to the public transport stations, to regular events going on 

within the area, to buy some vegetables or other items in grocery or other stores.  
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Table 5-31 Structure and product - Module 4 

Sub-

module  

Name Considered 

Aspect 

Related 

Sub-Models 

Media Time 

Consumption 

4-1 Bins Capacities for Drop-off 

Systems 

Economic 1-2; 2-1;2-

2;2-3;3-1 

FGD, GIS Approximately 

2 Weeks 

4-2 Bins Allocation and the Service 

Coverage Map 

Social, 

Environmental 

1-1; 2-1, 2-

2; 2-3; 4-1 

FGD, GIS 

4-3 Collection Route Map Economic 1-1; 2-1; 2-

2; 2-3; 4-2 

FGD, GIS 

Product:  Waste Collection System 

FGD = Focus Group Discussion, GIS = Geographic Information System 

 

Many factors are involved in designing an effective waste collection system, such as the size of the 

waste bins, suitable locations for their placement, and the collection vehicles.  

Table 5-32 shows the parameters which are developed to assist the work on Module 4. The value for 

some parameters was assumed based on the previous work of collection systems and mainly from 

research which has been done in developing countries. Some input parameters have to be defined by 

the users and should be discussed among the community members. The safety factor was added to 

accommodate the increasing waste generation in the future. The sensitive area buffer shows the 

area which is off limits for waste bins.  

Table 5-32 Parameters used in Module 4 for collection system 

No. Parameter Specifications Assumption Source and Note 

1 Waste Amounts See material flows (Section 5.7.2.1) 

2 Waste Density Compostable  250 kg/m
3
  EnvirosRIS 2001 

Recyclable 55 kg/m
3
 EnvirosRIS 2001 

Residual 90 kg/m
3
 Ahmed 2006 

Unsorted waste 190 kg/m
3
 UNEP 2005 

2 Safety Factor All waste fractions 40% Chalkias 2009 and Ahmed 

2006 

3 Convenience Distance to 

Waste Bins in Drop-off 

System 

Personal walking 100 m (max) Illeperuma 2007 

Car driving  300 m (max) Illeperuma, 2007 

4 Sensitive Area Buffer Religious facilities 

(surrounding) 

20 m Ahmed 2009; Chalkias 

2009, and Illeperuma 2007 

Cemetery (surrounding) 20 m 

River, and 15 m 

Other water bodies 15 m 

5 Required  

Waste Bins Capacity 

To be defined by the user See Table 5-36 for 

available bins  

6 Number of  

Waste Collection Points 

To be defined by the user Consider the nodes 

7 Collection Frequency To be defined by the user Consider weekdays and 

weekends 

 

In sub-module 4-3, two scenarios (Table 5-33) for the collection system are developed under two set 

of conditions: outside treatments (join the municipality treatment) for unsorted or source separated 

waste and inside treatments (combined self-managed and the municipality treatment) for source 

separated waste. These scenarios (SA and SB) are designed for drop-off system.  
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There are two options of waste collection, a drop-off or a pick-up system. In a drop-off system, the 

community members have to deliver their waste to temporary waste collection point whereas in a 

pick-up system the waste operator does door-to-door waste collection. This study will not discuss a 

pick-up system as an option specifically, since the accesses and houses in kampung settlements may 

quickly change and therefore the door-to-door waste collection route is too flexible. Moreover, the 

pick-up collection system does not involve bins at the temporary collection point within the area and 

therefore calculation of the bin sizes is not necessary. In the case where a pick-up system is 

inevitable, the collection route in the drop-off system can be used as the main route for door-to-door 

collection or applied together with the pick-up system. 

Table 5-33 Scenarios considered in Module 4 for collection system 

Scenario  Collection 

Type 

Waste Type Treatment Possibility 

Scenario A (SA) Drop-off Unsorted waste and source 

separated waste 

Outside, join the municipality’s treatment 

Scenario B (SB) Drop-off Source separated waste Combined self-managed and municipality 

treatment 

5.8.2 Sub Module 4-1 Bin Capacity 

The waste bin capacity sub-module provides assistance to determine the number and the size of bins 

(based on volume) which are needed for the on-site drop-off collection systems. Community 

decisions done through the product of Module 2 will define whether or not the community is ready 

to separate the waste at the source and what they want to do with the waste. 

5.8.2.1 Methodology 

The bin size depends mainly on the number of inhabitants living in the connected households and 

the specific waste generation rate for the respective area.  The calculation for the bin size is only 

done under the scenario which involves a drop-off collection system that is scenario A (SA) and 

scenario B (SB).  Three calculation templates were prepared for the calculation.  

1) The Generate Waste Amount (TWA) Template 

The data source for the ‘waste amount’ is taken from material flow group A and C in sub-module 3-1 

(see  

Table 5-29). It is important to know whether the selected scenario involves unsorted waste or 

separated waste (compostable, recyclables and residual waste). Those two possibilities determine 

the waste streams differently and thus also influence waste bin size. The decision is done by the 

community based on the product of module 2. 

Table 5-34 shows the waste streams and the collection frequency template. The collection frequency 

is a ‘user defined’ column. It defines the collective days of the waste on weekdays and weekends for 

each collection time. In Table 5-34 the accumulation of the collection days is every 2 days during the 

week and every 3 days at the weekend (Monday + 2 days in a weekend) are givens as an example for 

the calculation in this study. The 3 days for accumulation after the weekend is simply to consider the 

weekend as non-working days. The total waste amount (TWA) in the weekday and weekend will 

appear accordingly based on Eq.15. 
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Table 5-34 Waste flows and the collection frequency template 

Note:       = user defined input;      = appear accordingly 

 

Equation for the total amount of waste:  

TWA (weekday or weekend) = Waste amount * accumulation of collection 

day………………………………………………………………………………………………………….....................................................(Eq.15) 

 

Note: TWA= Total Waste Amount 

 

2) The Total Waste Amount per Temporary Collection Point (TWATCP) Template 

Table 5-35 shows the template to calculate stored waste per collection point. The number of 

collection points is a user defined column. It shows the number of temporary collection points which 

are designed to be placed in the area. In Table 5-35 the number of 5 is given as an example. The total 

waste amount per collection will appear accordingly based on Eq. 16. 

The stored waste amount per collection points is assumed to be the same for each point. In the case 

that every collection point is not designed to serve the same amount of waste, the calculation of 

TWATCP should be done for each collection point separately and the ipit number for the collection 

point in Table 5-35 should be given as 1. 

Table 5-35 The stored waste per collection points template 

The Stored Waste Amount per Collection Point 

Waste Type Number of 

Temporary 

Collection Points 

(TCP) 

Total Waste Amount per 

Collection  Point (TWATCP) 

(kg) 

weekday weekend 

SA Unsorted Waste 5 #VALUE! #VALUE! 

SB Compostables 5 #VALUE! #VALUE! 

Recyclables 5 #VALUE! #VALUE! 

Residuals 5 #VALUE! #VALUE! 

Note:       = user-defined input;      = appear accordingly 

 

Equation for the amount of waste per temporary collection points: 

TWATCP = TWA weekday or weekend/TCP……………………………………………………………………………………………….(Eq.16) 

Note: TWATCP= Total Waste Amount per Collection Point; TCP= number of Temporary Collection Points 

 

Calculation of Total Generated Waste Amount 

Waste Type Waste Amount  

(kg/day) 

Accumulation of 

Collection Day (days) 

Total Waste Amount (TWA) 

 (kg) 

weekday weekend weekday weekend 

SA Unsorted Waste  [Material Flow A]: 365 2 3 #VALUE! #VALUE! 

SB Compostables [Material Flow C]: 365 2 3 #VALUE! #VALUE! 

Recyclables [Material Flow C]: 365 2 3 #VALUE! #VALUE! 

Residuals [Material Flow C]: 365 2 3 #VALUE! #VALUE! 
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3) The Waste Bin  Number and Size (N) Template 

Table 5-36 shows examples of waste bins available on the market which are usable for drop-off and 

pick-up collection system. The table provides information on the waste bin’s capacity (l) and 

dimension (m
3
) and also plastic bags. Table 5-36 will assist the community to select the preferable 

bin size and the requirement area to allocate the bins. Waste bins type A-E were chosen for the 

calculation in this study. Additionally, the plastic bag was given as type F to accommodate a special 

case for example; no places are available, unclear waste generation amount, and no available 

collection vehicles. There are more alternative waste bin types and sizes available from regional 

producers.  

Table 5-36 Waste bins available at the market (example) 

Type Photo 
Dimension 

(H*W*D) (mm) 
Capacity (l) 

A 

 

1370*1260*990 1100 

B 

 

1370*1260*730 660 

C 

 

1100*665*880 360 

D 

 

1100*740*580 240 

E 

 

1075*555*505 120 

F 

 

various various 

Source: (A)-(E). Merton (2012) and (F). St. Catharines (2012) 
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The total waste volume per collection point (R) and number of bins based on the type of bins (N) will 

appear accordingly based on Eq. 17 and Eq. 18 respectively. The bin size can also be modified using 

Table 5-38. 

Table 5-37 shows the template to determine the bin size required. The required waste density 

parameter (WD) and the safety factor (SF) were taken from Table 5-32’s parameters which are 

necessary for module 4. At this level there will be no ‘user defined’ column anymore. The community 

may select which types and the number of bins is appropriate for their neighborhood as described in 

Table 5-38. The total waste volume per collection point (R) and number of bins based on the type of 

bins (N) will appear accordingly based on Eq. 17 and Eq. 18 respectively. The bin size can also be 

modified using Table 5-38. 

Table 5-37 The requirement of bin size template 

Waste Volume per Collection Point Requirement 

Waste Type Waste Density 

(WD)  

(kg/m³) 

Waste Volume per 

Collection Point (l) 

Safety Factor 

(SF) 

(%) 

Total Waste Volume 

per Collection Point (R) 

(l) 

weekday weekend weekday weekend 

S1 Unsorted Waste 190 #VALUE! #VALUE! 40% #VALUE! #VALUE! 

S2 Compostables 250 #VALUE! #VALUE! 40% #VALUE! #VALUE! 

Recyclables 55 #VALUE! #VALUE! 40% #VALUE! #VALUE! 

Residuals 90 #VALUE! #VALUE! 40% #VALUE! #VALUE! 

Note:      = appear accordingly 
 

Table 5-38 The bins number and size possibilities template 

Bins Size Possibilities 

Waste Type Number of Bins based-on Bin Types (N) 

A (1100 l) B (660 l) C (360 l) D (240 l) E (120 l) 

SA Unsorted Waste #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 

SB Compostables #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 

Recyclables #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 

Residuals #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 

Note:      = appear accordingly 

 

Equation for the bins size: 

R = TWATCP*1000 /WD*(1-SF) …………………….…………..……………………………………………………………………………. (Eq.17) 

N = R maximum value/ capacity of the bins……………….……………..……………………………………..…………………….. (Eq.18) 

Note: In this calculation, 100% is considered is the condition of the bins capacity. R= required bins size;  

R weekend is chosen as maximum value because it shows a larger amount compared to R
 
weekday. 

The larger waste requirement is chosen for the calculation since it guarantees that a lower 

requirement also fits into the calculation.  

Additionally, in the case of bins with size variation, the calculation of N waste should be done 

separately. . 
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Table 5-39 gives an example of bins with size variation. The table shows bins of type of D, C, and E. 

The total bin’s calculation for compostable appears accordingly after the required bin size (R) for 

compostable is divided by the required size or based on Eq. 19. 

Table 5-39 The option for waste bin with different sizes template 

Alternative Bins Variation 

Waste Type Bins type Number of Bins based-on Bin Types (N) 

SB 

Compostable D (240 l) #VALUE! 

Recyclables C (360 l) #VALUE! 

Residuals E (120 l) #VALUE! 

Note:  =     user-defined input;       = appear accordingly 

 

Equation for bin size with variation: 

N = R maximum value (waste type) / capacity of the bins………………………………………………………………………….(Eq.19) 

Note: N= number of bins based-on bin types 

 

5.8.2.2 Results 

Table 5-40 shows the calculation results for required bin volume and sizes per collection point for 

case study I and Table 5-41for case study II (detailed results in Appendix G). The results gives 

possibilities for different bin sizes but the calculated value have to be rounded up to the amount with 

decimal number bigger than 9. They have also been given with decimals to see the tendency 

regarding the optimum number. The bigger the volume, the smaller the number of bins is required.  

Table 5-40 Bin size possibilities, Case Study I 

Bin Size Possibilities 

Scenario Waste Type Number of Bins based-on Bin Types (N) 

A (1100 l) B (660 l) C (360 l) D (240 l) E (120 l) 

SA Unsorted Waste 0.75 (1) 1.26 (2) 2.31 (3) 3.46 (4) 6.92 (7) 

SB Compostables 0.39 (1) 0.65 (1) 1.19 (2) 1.78 (2) 3.57 (4) 

Reyclables 0.66 (1) 1.11 (2) 2.03 (2) 3.04 (3) 6.08 (6) 

Residuals 0.11 (1) 0.18 (1) 0.32 (1) 0.49 (1) 0.97 (1) 

Note: the given temporary collection point number in this calculation was “12” (see entry of Table 5-35). 

The number between brackets or ‘(number)’ resulted after it was rounded up for decimals > 0.09. 

 

 
Table 5-41 Bin possibilities, Case Study II 

Bins Size Possibilities 

Scenario Waste Type Number of Bins based-on Bin Types (N) 

A (1100 l) B (660 l) C (360 l) D (240 l) E (120 l) 

SA Unsorted Waste 1.43 (2) 2.38 (3) 4.36 (5) 6.54 (7) 13.09 (14) 

SB Compostables 0.76 (1) 1.27 (2) 2.32 (3) 3.48 (4) 6.96 (7) 

Reyclables 1.10 (2) 1.84 (2) 3.37 (4) 5.05 (5) 10.11 (11) 

Residuals 0.23 (1) 0.38 (1) 0.70 (1) 1.05 (1) 2.10 (3) 

Note: the given temporary collection point number in this calculation was “2” (see entry of Table 5-35). 

The number between brackets or ‘(number)’ resulted after it was rounded up for decimals > 0.09. 
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For example in case study I, if the community decided to select Scenario A and bin type A (drop off 

system, unsorted waste bin volume of 1100 l in each collection point, from total 12 points), one bin 

in each temporary collection point is enough to serve the area.  

In both cases, the less ‘rounded up’ gap can be taken as consideration for decision making as it shows 

the most effective waste bin volume. This will result, for example in case study I for SA, option of one 

waste bin A, and for SB two waste bins with D for compostable, two waste bins C or three waste bins 

D for recyclables, and 1 waste bin E for residual waste.  

Another consideration would be the least number of bins with the smallest size, for example in case 

study II for SA, option of 2 waste bins A, and for SB one waste bin A for compostable, 2 waste bins B 

for recyclables and 1 waste bin D for residual waste. However, in all cases, the community should 

consider the sizes for the available area and the available capital.  

5.8.3 Sub Module 4-2 Bins Allocation and Service Coverage Maps 

 

Selecting suitable locations for waste bins is important. The bin’s allocation and service coverage 

map sub-module provides assistance to determine the map-based bin locations. The waste bins 

should be located in a convenient walking distance and/or located at a node. Under these conditions 

the habit of putting the waste into the waste bins can be learned more easily and done in parallel 

with other activities (see Table 5-4 for daily life activities in case studies I and II).  

Often the allocation of waste bins is related to the socio-cultural values and the geographic 

conditions of a neighborhood. Some restrictions on waste bin locations may also apply and be shown 

by the sensitive buffer area. This is mainly in places which are related to religious activities.  

5.8.3.1 Methodology 

The sensitive buffer area and the nodes are the necessary components for defining the suitable 

places for bin allocation. The following describes the stepwise procedure in finding suitable locations 

for bins: 

1) Determining the sensitive buffer area 

Sensitive buffer area is a buffer which covers the surroundings of a sensitive area. It corresponds to 

the area which is restricted to waste bins and therefore the bins must be in places outside the buffer 

area. The sensitive area may include religious facilities, sacred places such as cemeteries, rivers and 

other water bodies, and any places which are not considered as a suitable place for waste bins 

allocation as the result of the FGD (through the product of module 2). Each sensitive area may have a 

different size buffer. The examples of the sizes are given in Table 5-32.  

2) Determining the nodes 

Table 5-42 describes the node characteristics, which were used to define the meeting points (see 

section 5.6.2, sub-module 2-2). A node in this study is defined as a meeting point of human activities 

and a redistribution point for information. Since a node show places which are often circulated by 

the community members, in this study the nodes are used to show the potential or a ’magnet’ for 

locating the waste bins. Each location is designed to serve the surrounding area, based on a 

convenient distance for walking or driving. The examples of the sizes are given in Table 5-32.   
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There are two types of nodes, big and small nodes; the terms big and small are keys to referring to 

the scope of the users. The big node is normally a public facility which has limited capacity but can be 

used by all the community.  It will have many purposes. The smaller nodes are normally private and 

provide services and therefore are only used by the community in the vicinity with specific purposes. 

Typically, the collection of nodes forms attractive and strategic locations. For this reason, the 

information of house façade (presented in map no.7-house orientation, sub-module 1-1) and the 

type of access (presented the map no.4 infrastructure, sub-module 1-1) is necessary. Both, big and 

small nodes are considered for placing the bin allocation. 

Table 5-42 Nodes characteristics 

General 

Characteristics 

Big Nodes  Small Nodes  

Visited regularly or 

periodically 

Public facilities (places for religious 

duties),  

Social facilities (meeting rooms or 

local community organizations 

offices),  

Entrances and exits to and from the 

settlement,  

Crossroads 

Stores (vegetable stores, 

cooked-food stores), 

Workshops (car washing, 

motorcycle repair, etc.), 

vacant land 

 

5.8.3.2 Results 

Figure 5-33 and Figure 5-34 shows the suitable areas for placing the waste bins as the outputs of sub-

module 4-2 in case studies I and II. Figure 5-33 shows the sensitive buffer area map. The red colored 

buffer surrounds the religious facility in the middle and the blue colored buffer surround the river 

and other water bodies, such as a grey water pond and fish pond. The buffers have signs to mark that 

no waste bins are allowed there. (see Appendix A1.3.1 and A2.3.1 for detailed map of sensitive area 

buffer in case studies I and II) 

Figure 5-34 is the waste bin allocation and the service coverage map, which corresponds to the 

sensitive area buffer map as well. The waste bins are located outside the buffer area and nearby the 

nodes. The different colors in the bin allocation map in case study I is a sign that the bins are only 

accessible by foot. This information is necessary for the next sub module, the collection route map. 

More detailed results can be found in Appendix A1.3.3 and Appendix A2.1.3 for bin allocations and 

the service coverage in case studies I and II. 

Twelve collection points in case study I and two in case study II were selected and these points 

represent the suitable location for the bins. They cover the service area until 50 m of accessibilities 

and cover approximately 80% of the area in case study I and 100% in case study II. The yellow 

marked-bins indicate the restriction of access by car and therefore the bins in this point should be 

treated differently as they also have to join the collection network in module 4-3.  

The most important consideration is to be sure that none of the waste bins is located in the sensitive 

buffer area. These points are one alternative, other alternative concerning the number of points and 

their location are discussable through the product of Module 2.  
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Figure 5-33 Maps of sensitive buffer area, Case Studies I and II 

 

Figure 5-34 Maps of bins allocation and the service coverage, Case Studies I and II 
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5.8.4 Sub Module 4-3 Collection Route Maps 

 

The main challenge for designing an effective collection route in an area like the kampung settlement 

is that the houses tend to be overcrowded and the buildings are unplanned; thus there is only limited 

accessibility. The collection route sub-module provides assistance for finding a suitable route for the 

collection system, including the tools for the collection, the person who will be responsible for the 

system and how the payment management system will function. Precondition for finding an effective 

collection route are the knowledge on the bin allocation, presented in sub-module 4-2 (see Section 

5.8.2).  

5.8.4.1 Methodology 

(1) Designing an effective collection route  

The principle from Dijkstra’s algorithm is replicated in defining an effective collection route. Dijkstra’s 

algorithm is a graphical search algorithm that assists in finding the shortest path from the given 

points in order (Dijkstra 1959).  This algorithm is used by GIS under the ‘Network Analysis (GIS-NA)’ 

tool. Below is the illustration on how this algorithm works in a conventional way or in the absence of 

GIS software. 

Figure 5-35 illustrates the implementation of Dijkstra’s algorithm which involves 6 collection points 

(a-f) with the red dot as the starting point. The main principle of this algorithm is to find the shortest 

way to the connection points. In the figure, route AC is chosen instead of AB or AE since AC performs 

the shortest connection route. In the next connection, route CB is chosen instead of CD or CF for the 

same reason. The route BF is chosen since the connections from point b only consider point F as the 

next destination point.  The route BF continues to route FD and then to route DE. This results in the 

collection route ABCDE as the shortest route. 

 
Figure 5-35 Illustration of Dijkstra's Algorithm 

 

(2) Screening the accessibility of collection transport and vehicle into different street 

categories 

Table 5-43 shows the alternative collection transport and vehicles usable for the street and bridges 

categories I-IV (presented in map no.4-infrastrcuture, sub-module 1-1). The most flexible vehicles in 

term of accessibilities are the handcart, the rickshaw handcart, and the rickshaw motorcycle. These 

vehicles can access many types of streets and bridges, including car-free types. The difference is that 

human power is needed for the handcart and rickshaw handcart, while machine power is used for 

the rickshaw motorcycle. The limitation for these vehicles is that they are not ideal for big waste 
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volume, especially waste bin type A and mainly due to their capacity for loading and unloading the 

waste. 

Table 5-43 Collection and transport vehicle options 

No. Collection Vehicle Name Street 

Alternative 

Property of Ownership Possible 

Bin 

Sizes* 

Private Municipal 

1 

 

Handcart I, II, III,IV ü  ü  Waste 

Bin Type 

C-D and 

bags  

2 

 

Pick-up van car I, II, III ü  - All 

3 

 

Medium truck I, II - ü  All 

4 

 

Big truck I - ü  All 

5 

 

Rickshaw handcart 

(Becak sampah) 

I, II, III, IV - ü  Waste 

Bin Type 

C-D and 

bags 

6 

 

Rickshaw 

motorcycle (Motor 

sampah) 

I, II, III, IV - ü  Waste 

Bin Type 

C-D and 

bags 

*) example from waste bins in Table 5-36 

Picture source: (1-2). author, (3-4) Hino (2012), (5) DikoNews (2011), (6) Jasa-Raharja (2011) 

 

In general, waste trucks are owned by the municipality; they can access two-car or two-car-and-more 

types of roads. A pick-up van car, which is normally owned privately, and also other vehicles collect 

the waste from generation points and transfers it to the nearest municipal temporary collection 

points. 

Screening the access to certain collection vehicles means that signs are needed to explain access. It is 

not necessary to limit the access if the handcart, rickshaw handcart or rickshaw motorcycle is chosen 

as they can fit to all street and bridge categories. 

5.8.4.2 Results 

Figure 5-36 shows the collection route which represents the shortest route for case studies II. Since 

there is only one street category in case study II, that is street type IV/no-car street (presented in 
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map no.4 – infrastructure, sub-module 1-1) the only option is to select the handcart, rickshaw 

handcart or rickshaw motorcycle for collection vehicles. Additionally there is no other collection 

route alternative for case study II since only two points of collection are available in the area. More 

detailed result can be found in Appendix A2.3.3 for collection route map in case study II. 

 

Figure 5-36 Map of collection route alternative, Case Study II 

In case study I, more alternatives for the collection routes are available since the streets and bridges 

have more than two alternatives (presented in map no.4 – infrastructure, sub-module 1-1). In Figure 

5-37a and Figure 5-37b it was assumed a handcart, rickshaw handcart or rickshaw motorcycle for the 

collection vehicles. The difference between these two options is that Figure 5-37a was designed for a 

collection involving just one trip and Figure 5-37b for one involving two trips (divided into the left 

and right areas). Figure 5-37c was assumed to select a pick-up van car for the collection vehicle. The 

crosses indicate the street types which cannot be accessed by a car. More detailed result can be 

found in Appendix A1.3.3, A1.3.4, and A1.3.5 for collection route map in case study I. 

In case study I the collection route for handcarts, rickshaw handcart or rickshaw motorcycle is 930 m 

km long in Figure 5-37a,  530 m and 703 m long in Figure 5-37b and 733 m long in Figure 5-37c. The 

use of rickshaw motorcycle will reduce the time consumption significantly, moreover in the case of 

Figure 5-37b when the left and right areas are done by different person. In case study II the collection 

route is 161 m long. 

In this study the collection route was only done within the respective area. Both in case study I and II, 

all collection routes should have the possibility to join the Municipality’s collection network. In the 

case of Jakarta, these networks are using big or medium truck (see  

Table 5-43). In Figure 5-37c, the beginning and end point is the street category I (accessible for 

trucks). 
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Figure 5-37 Map of three collection route alternatives, Case Study I  

Designing a good collection system is not an easy task. It is a complex task that needs different tier of 

pre-conditions in order to determine the suitable bins and their locations, effective collection routes 

and the collection vehicles. These pre-conditions were described in sub-module 1-2, 1-3, 3-1, 3-2 and 

3-3. The transfer of knowledge and the information proliferation can be maintained through the 

product of sub-module 2-1, 2-2 and 2-3 based on the physical map which was produced by sub-

module 1-1. 
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Chapter 6    The Applicability 

6.1 Media Support for Model Application 

6.1.1 Overview 

Case studies I and II are both kampung settlements, but both areas have different physical conditions 

and social structures. Also for this reason, the media support is set up on the model application, to 

accommodate the differences.  

Community and Focus Group Discussion (FGD), workshops, flowcharts (Figures of Reasoning, Waste 

Collection System are the chosen supporting media). These media help community members to go 

through the decision making process. Figure 6-1 illustrates the concept of technology and knowledge 

transfer in the newly developed model. 

 

Figure 6-1 The concept of technology and transfer of knowledge in the model 

6.1.2 Community and Focus Group Discussions 

The kampung communities are familiar with democratic structures and the term and tasks of a 

“community leader”. Kampungs tend to have developed considerable social capital, which is critical 

for providing with self-help management in times of a crisis (Sihombing 2010 p.309). Such social 

capital is very important. This also helps during the community discussions, as there tends to be trust 

in leaders. This is helpful for selecting appropriate local leaders in sub-module 2-1. Depending on the 

topic, such discussions can also be structured in a focus group discussion (FGD) format with the help 

of the facilitators as is done in module 3 and module 4. In the future, using facilitators as assistants 

during the discussions should be replaced by having the local leader take on this role.  

By conducting a FGD session to explain this issue, the community members are expected to 

understand the message contained in the program. This can occur in the form of FGD or general 

community discussion. 

6.1.3 Workshops 

Module 3 involves workshops concerning waste management treatments, the impact (sub-module 3-

1) and the output assessments (sub-module 3-2). All the community members need to be informed 

of the advantages and disadvantages of any waste treatment possibility. Workshops are organized in 

order to give the chance to the community to experience the activity themselves and increase their 

level of understanding. This experience helps develop the understanding and social capital necessary 

for making the program sustainable.  
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The external experts are invited to the workshop to share their knowledge and to train facilitators 

and local leaders. During implementation, the facilitators help the local leaders, e.g. in practicing 

home composting and developing a recycle bank within the neighborhood. In this case, the local 

leaders have the responsibility to transfer the knowledge to other community members in their area 

of influence. In case studies I and II, the workshops on Home Composting (HC) and Recycle Bank (RB) 

were held in different days for the local leaders. 

For the workshop, the experts from Pok Lili (Kelompok Peduli Lingkungan) were invited to conduct 

the workshop on the recycle bank. The Pok Lili is a non-profit and local-based organization which 

cares about the environment. It has been promoting and initiating a recycle bank in many areas, 

including the area where the members of Pok Lili stay.  

The experts from Ciliwung Merdeka were invited to conduct the workshop on home composting. The 

Ciliwung Merdeka is also a non-profit and local-based organization, which is located in one of the 

kampung settlements in Jakarta. They commit to and concentrate on improving low-income 

communities with the provision of knowledge and skills. In their place of origin, the organization has 

produced tons of home compost as a result of community-based activities. 

 

Figure 6-2 Workshops in case studies I (above) and II (below) 

Figure 6-2 shows the impressions of the workshops in case studies I and II. The workshops were done 

with local leaders (small group workshop) and allowed the opportunity for the participants to be 

actively involved. This was the chance for local leaders to meet each other and learn about how to 

multiply their efforts by working within their neighborhood. 

6.1.4 Schematic Decision Making Step I: Figures of Reasoning Flowchart 

Figure 6-3 shows the schematic decision making steps developed by Horst Rittel; “The Figures of 

Reasoning”. This flowchart assists the user in summarizing the results of module 3 in order to recheck 

the selected waste management scenario. The given “A” in the figure stands for the selected 
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scenario. To make sure whether or not the scenario suits the community, five steps of reasoning are 

conducted.  

The first step is the question of whether the community is confident that the scenario will run and 

whether any effort can be done to make it run better. The second step is to question the conditions 

for the given scenario and whether conditions can be created to support the scenario. The third step 

is to question whether the scenario might change something which exists in the community and 

whether this change can be eliminated when it is undesirable. The fourth step is the question of 

whether the advantages of the selected scenario outweigh the disadvantages and whether the 

expectations of this scenario are too high. The last step is to question whether any other options can 

achieve the expectation and what the alternatives are. These five questions should be discussed and 

answered by the community in a FGD. 

 

Figure 6-3  Flowchart “Figures of Reasoning” – developed by Horst Rittel 

Source: Protzen and Harris (2010) 

Based on the field research in 2011 for case studies I and II, the local leaders agreed to continue their 

experience by establishing their own community home composting and recycle bank center in their 

neighborhoods. Due to the limitation of time, the field research in both case studies had to stop at 

this stage by the author of this thesis. It is expected that enough knowledge was transferred and 

therefore home composting and the recycle bank project will be developed positively. 

This study assists the community members to deliver what they want to do with their waste. The 

focus on implementation of the selected scenario is outside the realm of this study. A research 
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group, which was formed by the student facilitators who previously were involved in the field 

research, won a grant for their community service project. This grant allowed the group to continue 

the activities in case study I. This group assisted the community in case study I from February –

Augustus 2012 to implement the home composting and the recycle bank, using the newly formed 

communication networks and the selected local leaders (module 2), and the selected waste 

management scenario (module 3). Now home composting and recycle bank exist in case study I and 

the community has started to earn benefits from marketing the products. The community also 

participates in several homemade products exhibitions where they introduce their products.  In case 

study II further development was brought at the higher level that is Neighborhood Associations (RW) 

level. 

6.1.5 Schematic Decision Making Step II: Waste Collection System Flowchart 

Figure 6-4 shows the flow chart to assist the community in summarizing the results in sub-module 4-

1 until 4-3. Ali (2012) developed a systematic flowchart of the decision making steps for the module 4 

on waste collection system. The flowchart addresses the drop-off system possibilities for the 

collection only (SA and SB, sub-module 4-1). This flowchart helps the community to check and re-

check whether the collection route covers the respective area well enough, whether all collection 

points and bin allocation fulfill the requirements, and whether the bin locations are acceptable to the 

community members. 

 

Figure 6-4 Flowchart: Waste Collection System 

Source: Ali  (2012) 

6. 2 Application Guideline 

 

The newly developed model is a Multi-Criteria Decision Model. It considers environmental, economic 

and social sustainability. To develop a decision support model is one thing and to make use of it is 

another. In order to make a model that is useable in poor urban communities or kampung 

settlements, it must be as simple but interesting as possible. The challenge is to design a model that 

is both systematic and still delivers results in a conventional way. Even in the absence of computers 

and software, such as the GIS and Microsoft package, the new model must be able to provide the 

necessary information and be used as a basis for decision making. 
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Table 6-1 and Figure 6-5 show the application guidelines for the newly developed model. Table 6-1 

summarizes the 16 steps from the modules for the application guideline. However, before using the 

guidelines to apply the module, the team of facilitators should be prepared and the site should have 

been decided by the stakeholders (the facilitators and the community leader).  

Figure 6-5 illustrates the stepwise interaction between the modules and sub-modules. It includes 16 

steps. The database in module 1 leads the decision making step in other modules. The first steps 

result in an inventory and a communication network. This network will be repeatedly used in a 

decision making process on waste treatment selection (module 3) and the collection system selection 

(module 4). The selected waste treatment, a result of module 3, is used for the collection system in 

module 4. 

Table 6-1 The application guideline, the steps and the obtained results 

STEP Formulation 

of Module / 

Sub-module 

Supporting 

Module/ Sub-

module 

Activity and Media Result 

1 1-1 - Mapping the area Physical Map Inventory 

2 1-2 1-1 Waste generation survey Waste Characteristics 

Inventory 

3 1-3 1-1 Survey collective action and 

community-based organization and the 

participants 

Collective Action and 

Community-based 

Inventory 

4 Module 1 1-1, 1-2, 1-3 Summarizing database Database System 

5 2-1 1-1, 1-3 Investigate the active community 

members and their houses  

Potential Local Leader 

Map  

6 2-2 1-1, 1-3 Investigate the meeting places Potential Meeting Point 

Map 

7 2-3 1-1, 1-3 Investigate the zoning Cluster-/Alley-based 

Neighborhood Map 

8 Module 2 2-1, 2-2, 2-3 Decision Making I 

Media: Community Discussion 

Information System and 

Communication Network 

9 3-1 1-2 Assessing the environmental impact Potential Environmental 

Impact 

10 3-2 1-2 Assessing the potential output Potential Output 

11 3-3 1-2 Assessing the potential economic cost 

and benefit 

Estimated Cost and 

Benefit 

12 Module 3 3-1, 3-2, 3-3 

and Module 2 

Decision  making II 

Media: FGD, Workshops, Flowchart 

Figure of Reasoning 

Selected Waste 

Treatment 

13 4-1 1-2, 3-1 Determine the waste bins and selected 

bins capacity for drop off system 

Alternative Number of 

Waste Bins and Their 

Capacity 

14 4-2 1-1, 4-1 Determine the possible bins allocation 

for drop off system 

Alternative Bin 

Allocations 

15 4-3 4-2 Determine the possible routing  Alternative routing 

16 Module 4 4-1, 4-2, 4-3, 

Module 2 and 

Module 3 

Decision making III 

FGD, Flowchart Waste Collection 

System 

Selected the Waste 

Collection System 
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Figure 6-5 The application guideline, the stepwise interaction between modules and sub-modules 

6. 3 The Flexibility of the Model 

In this study a newly developed model that focuses on comprehensive waste management was 

proposed. The model can also be used for other purposes, such as choosing between centralized or 

decentralized wastewater treatment, specific waste treatment technologies and other types of 

implementation which involve community participation. 

 

Figure 6-6 Flexibility of the model 

Figure 6-6 shows the flexibility of the model. For other purposes, some sub-modules will remain the 

same whereas some will need to be contextualized according to the addressed proposal. Colored 

small boxes in the figures refer to sub-modules, which contain the same methodology and 

information as those proposed here. The uncolored small boxes mean the sub-modules will need 

new input, but have the same characteristics with the methodology and information used for this 
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study. All database information should be added in module 1, knowledge transfer, FGD and the 

workshop or other activities with community involvement should be added to module 3 and all 

implementation-related actions should be added in module 4. 

6.4 What the Community can do to Contribute to Low Carbon and Eco-

Region 

The Indonesian government is finding it impossible to solve waste management problems alone. 

Community participation is needed to fill the gap. In Indonesia, one of the world’s most populous 

nations, the size of our communities can be made into strength for waste management.  

The Indonesian government is familiar with community protests, including those related to waste 

management. Problems related to waste management, such as the development of new treatment 

technologies and the improper treatment of existing waste, have forced communities several times 

to organize and protest. This study suggests that, community contribution is needed for any 

proposed waste management program. A community must support its local waste management 

program. There are many things that community members can do: 

 When landfill treatment is the option, the easiest thing for a community to do now is to 

dispose of waste properly. A landfill is a common means of waste treatment; avoiding 

contamination of groundwater and soil is critical. Landfills create odor and invite rodents, 

birds and insects and also create leachate, or the noxious liquid created when water seeps 

through trash, taking chemicals along with it. Even using the best technology, landfills liners 

might not stay impermeable and thus leachate may contaminate groundwater. 

 

 The most common issue plaguing landfills is greenhouse gas emissions, which has the 

potential to increase global temperatures. Methane, the main anthropogenic emission from 

landfills, is mainly comprised of organic compounds. With advanced technology, methane 

gas can be converted into electricity and heat, thus becoming useful for human and industrial 

activities. To achieve the best results, organic compounds must be free when they arrive at 

the landfill, meaning that they stand alone and are not enclosed in plastic bags or packaging. 

However, many people collect their waste in plastic bags, which bundle and trap gas, 

hindering the collection of organic compounds from the landfill. 

 

 In thermal treatments such as incineration, avoiding the formation of lethal toxins such as 

dioxin is critical. These gases might be created when people use insufficient technology to 

burn waste that contains chemicals such as chlorines and heavy metals.  Incineration is the 

most effective way to treat waste. While the problem of toxins is reducible, high investment 

is required to develop the technology to reduce toxins remains. Technologically, the heat 

from the thermal process can be transformed into energy as well. The residue can also have 

other uses, for example as road material. 

 

 Incinerators designed for unsorted waste require only a small community contribution. The 

separation of organic waste and fireproof material may also help to increase the efficiency of 

incineration, leaving a role for the community. However incinerators burn off many 

recyclable materials and for this reason separation is recommended. It saves virgin material 

and may also be able to reduce transportation costs and electricity consumption. Through 
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recycling treatments, the community can contribute directly to do source separation, as in a 

recycling bank scheme. 

 

 For compostable waste treatment, more options are available and all options are a way to 

increase the world’s carrying capacity. The main concept is to return materials to nature as 

fertilizer and therefore improve the ecological footprint. Composting and anaerobic digestion 

are the most common technologies used to process organic waste. The critical issue related 

to compostable waste treatment is whether the product can safely be included in the 

consumption chain. Therefore, goods such as medicine and heavy metals must be excluded 

from the treatment, thus also creating a role for the community to separate the waste at 

source. 

 

 Home composting, the smallest scale organic treatment available to a community, uses fresh 

organic waste from households. However, organic materials should be selected with care to 

ensure the quality of the compost. Home composting allows the community to take direct 

action.  On a large scale, composting and anaerobic digestion may also generate energy. As 

safety is the critical issue, the organic compounds should be separated from the beginning at 

the source. This is where the community shall contribute as well. 

Table 6-2 Background, potential and adaptation on the model development 

Existing Limitation Existing Advantage Connection Goals 

Unsupported 

database system 

Various collective 

actions  

Established self-help 

and  organized 

structure  

Community involvement on the 

system to start/improve the 

existing database system 

(Inventory) 

 

To address the sense of 

belonging and the 

community acceptance 

Low Capacity in 

terms of knowledge 

Existing women-

community based 

organization 

Education for waste 

management impacts through a 

workshop and focus group 

discussion (FGD) 

Establishing an information 

network to make sure all 

community members can hear 

the message and to be heard 

To sustain the socio-

cultural aspects 

(localities) 

Low Capacity in 

terms of economic 

power 

High proportion of 

women as 

housewives 

Knowing own economic capacity 

Observing potential revenue 

from existing waste 

management which stimulate 

economic benefit 

Note: this could be a source for 

additional income and creation 

of employment 

To improve the capacity 

of the local people 

Wide range of data 

variables 

Positive response to 

improve the waste 

management 

Using a normalization unit on 

the environmental impact 

assessment. With this 

normalization, the community 

only need to compare the 

impact on each impact 

categories 

To increase the level of 

understanding 

Insufficient waste 

management 

collection system 

Existing collective 

actions and commu-

nity-based org. 

Designing systematic but clear 

guidelines for taking actions

To improve the collection 

coverage area
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 Table 6-2 summarizes the highlighted findings and the direction of the newly developed model. 

Since unsupported databases were found to be the main limitation for the implementation of 

existing models in under developed areas, this study highlights the development of a database 

system. Also to sustain the selected waste management program, the database system, the 

information system and communication network should support and be used as the main tool in the 

decision making process.  

One of the facts to be revealed by the case studies is that although the communities can do a lot for 

themselves, it is not possible for the community to improve the waste management situation 

completely alone, especially given the specific characteristics of kampung communities. Financing is 

needed to provide sufficient collection tools and waste bins. In addition, the waste management 

system of kampung settlements should be integrated with a municipal waste management system. 

This is because even in the home composting and recycle bank scenarios, some portions of waste 

cannot be treated by the community.  

Another fact learned from implementing the newly developed model in the case studies is that by 

integrating municipal solid waste management and community-based waste management, both the 

government and the community will benefit. It is not possible for the government to solve the waste 

management problems alone; community participation is needed to fill this gap. The community 

benefits from improved environment quality, better public health conditions, and chances to earn 

additional income.  
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Chapter 7     Summary and Outlook 

Summary 

 

Many sophisticated decision support models for waste management towards sustainable regional 

solutions have been focused on technological improvements and lack adequate socio-cultural 

considerations. This is quite a serious problem for applying such models to low-income and densely 

populated kampung settlements in Indonesia. In order to work properly, models must be sensitive to 

the social capital that exists in a community. They must also pay attention to the social, geographical 

and demographic context of a community, as well as their environmental and economic situation. In 

urban management and planning, public participation is a prerequisite for successful urban 

intervention to provide supports that allow the planning participation by the public. Essential is not 

only the general public participation in project implementation but also their active involvement in 

programs design through well-informed decision-making processes. 

The benefits of a planned development action must be fully communicated at both the community 

and personal level. In this study, a decision support model was developed in 5 chapters. The review 

of existing models, the theoretical backgrounds, and the field research defined the direction of the 

newly developed model. These addressed waste management improvement in urban kampung 

settlements. The goal of the study is to contribute to the development of a low carbon- and eco-

region that focuses on sustainable waste management in kampung settlements. 

In chapter 2 the review of the existing dominant models highlighted the lack of adequate attention 

to social sustainability. Existing models have difficulties coping with different social-cultural contexts.  

Often the models are addressed to countries with established waste management systems and high 

economic level. They focus on increasing the efficiency of waste management technologies. Also, 

such models use a wide range of data variables which require a certain level of knowledge and 

understanding. In general, there are not many models that are addressed to developing countries 

and none are particularly suited to addressing the needs of urban poor settlements, or what are 

called urban kampung settlement in this study. However, as the urban poor population dominate the 

urban areas in terms of number and inhabit marginal areas or less desirable areas, they must be 

taken into consideration in developing a sustainable regional waste management system. 

The theoretical backgrounds on waste management presented in chapter 3 highlighted the strong 

encouragement of Reduce, Reuse and Recycle (3R) with community participation in Indonesian 

policies and legislation. Community protest in Indonesia stresses the importance of community 

involvement for fostering community acceptance. The chapter also highlighted the positive impacts 

of community-based waste management initiatives in terms of filling the gap created by the 

insufficient Indonesian municipal waste management system. It showed that women, particularly 

housewives, are the main persons to promote sustainable waste management system in their 

neighborhood. Also, the previous instances of the reduction in amount of waste generated at its 

source or source separation, is the first element in the waste hierarchy. Community participation, an 

element at the household level, is crucial and plays an extremely important role in the 

implementation of a sustainable regional waste management program. In developing such a 



116 

 

program, the community should be incorporated into the decision making processes, primarily to 

consider what methods are most acceptable and suitable for them.  

In the study, the decision support model was developed under consideration of the situation in two 

typical Indonesian kampungs. The general data on geography and demography of Jakarta, where the 

case studies were located, is presented in chapter 4. Also in this chapter, the administrative 

conditions as well as the existing regulations and laws related to housing and waste management 

were highlighted. The Indonesian government, in particular the Jakarta Municipality, intensified 

planning efforts to improve policies on waste management. What is lacking in these laws and 

regulations is the consistent reward and punishment from the implementation. The field research 

focused on the observation of the actual social-life in the two selected urban kampung areas. Case 

study I was conducted in Cipedak – South Jakarta; and case study II in Cikini – Central Jakarta. These 

researches showed that insufficient and poorly managed waste management systems are currently 

in place. In case study I the area was disconnected from municipality’s waste management system 

and in case study II an insufficient level of waste management service from the municipality was 

observed. This research highlighted the necessity of supervision and assistance in waste 

management in order to gain improvements. In both areas, various community-based organizations 

of women and various forms of self-organized collective actions were already established and could 

be used for waste management purpose as well. In these settlements, women’s community-based 

organizations are expected to be the main driving factors in promoting new waste management 

approaches. In both case studies, the communities responded positively to the suggestion to 

participate in improving the waste management situation in their neighborhoods.   

The field research and the development of the models are described in chapter 5. The model consists 

of four modules and each module has 3 sub-modules. 

 The first module, the Data Inventory, is the core of the model. It provides basic information 

of physical data, collective actions and community-based organizations and the waste 

characteristics to support the work of the other modules. 

 

 The second module, the Information System and Communication Network, is the most 

communicative module. It is used for information proliferation among the community 

members, and helps to identify the most potential community members to play a role as 

local leader under certain criteria. Furthermore, the module helps to identify meeting points 

and to form zones of influence. These elements were added to increase the efficiency of the 

information system and the communication network. 

 

 The third module, the Environmental Impact and Output Assessment, is the most advanced 

module. It gives the community members the opportunity to know what waste treatment 

options are available, and to find out which advantages and disadvantages they have. It also 

enables the community members to improve their knowledge and to collect practical 

experience on their own, e.g. in home composting and recycling activities. The transfer of the 

knowledge to other community members is possible through the previous module. 

 

 The fourth module, the Waste Collection System, is the summarizing module. It is based-on 

the waste management scenario selected in the previous module. For this scenario the 
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module helps to develop suggestions for the establishment of a sustainable regional waste 

collection system. 

The different physical conditions and social structures in kampung settlements propose the need for 

supporting media support to improve the usability and flexibility of the model. This media support is 

workshops, focus group discussions (FGDs), and flowcharts which assist the decision making 

processes in different ways. They are presented in chapter 6.  

As the key conclusion, the following important messages are emphasized in the model: 

 The focus should be on a program, not a project, which can be sustained over time. 

 Local key players from the community members who can act as the main driving forces 

should be identified.  

 The model should be assisted in looking at its own capacity carefully and to manage a 

combined bottom-up and top-down approach which involves stakeholders. 

 An  independent program, where all efforts are community-based and the associated 

impacts benefit the community, should be the aim. 

 The model should be useable without direct incentives from outside, but when incentives 

come from the government they should be to improve/build infrastructure (not as salary). 

 Community members should be encouraged in such a way as to increase their willingness to 

join the program. They should be able to participate in different ways, from simple to 

complex contributions. 

 There should be a comparison of actual with future scenarios. It is not a program which 

produces changes instantly. 

 A sense of belonging and responsibility that contributes to social bonding should be fostered. 

 

Outlook 

 

Using this model is one step on the way to establishing low-carbon and eco-regions. The model is 

designed to assist communities in a densely populated urban settlements or kampung settlements. 

In order to do so, external facilitators are needed to assist e.g. to establish the database system in 

module 1 and to apply the other modules. The transfer of knowledge from the external experts to 

the local leaders can be conducted through workshops. The applications of this model will assist the 

communities to decide what they want to do with their waste and take the real actions to implement 

their decisions. 

Any local community with the wish to improve their waste management system can use the model. 

External experts, facilitators and also government are needed for support. The model application can 

be hosted by a university, a non-government organization (NGO) or a local authority. The role of 

facilitators can be determined by these hosts. As government is one of the most important 

stakeholders responsible for waste management, it needs to assist, support and observe the 

communities’ waste management advancements. The author of this study is always ready to provide 

advise regarding the model’s application. 

In the near future, the model, which is now mainly computer based, will be designed as a portable 

model that does not require computer techniques. This will increase its applicability. All applications 
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will be structured systematically as guideline or manual and wrapped interactively in a tool box, 

together with an example of the results to give the background of the expected results. 

Suggestions for application of the newly developed model in an optimum way are as follows: 

 For an effective result, attention must be given to educational aspects, such as public 

hearings, community involvement actions and training programs. 

 For sustainability background, the housewives should be addressed as the driving factor 

behind the system for the short-term, and the children should be addressed as the 

intergenerational multiplier for the long-term. 

 For a highly efficient result in all waste management scenarios, source separation should be 

addressed.  
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