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Plastic debris in the environment consists primarily of plastic consumer waste. One of its leading
causes is the lack of waste collection systems in developing countries. Actions need to be taken to
overcome this issue, and Extended Producer Responsibility (EPR) seems to be an effective
solution for encountering plastic waste. Indonesia is the second-largest plastic polluter and is,
therefore, a location of interest for implementing EPR systems.

EPR is a policy approach in which producers become responsible for the whole life cycle of their
product. In Europe, this is a standard tool that makes producers (mostly financially) accountable
for the end-of-life stage of their product. EPR can also stimulate design-for-environment:
optimizing products to become more reusable or recyclable. EPR consists of many instruments
that can be implemented in different ways. Still, little research has been done on which
instruments can be effectively applied in developing countries like Indonesia. There are no EPR
instruments currently used, little waste management infrastructure exists, and most recycling
activities are realized through informal waste collectors. These types of local factors are of great
importance when implementing waste management policies like EPR.

Two gaps were found in previous literature. First, the effects of individual and combinations of
EPR instruments on developing waste management systems have not been researched before.
Secondly, simulation studies have not analyzed EPR instruments in combination with contextual
factors of the country of interest. Therefore, this thesis tries to answer the following research
question.

“What are the effects of 3 selected Extended Producer Responsibility instruments on the key
actors in the plastic waste system of average cities in Indonesia?”

A design-science research approach is combined with an agent-based model to answer this
question, consisting of three parts.

First, the Knowledge base was established by desk research. Literature was consulted to find the
state of the art of the most critical aspects of the study: plastic waste in Indonesia and EPR.
Secondly, the Environment is created by integrating semi-structured interviews with literature to
find important factors that make the implementation of EPR interventions in the context of
Indonesia more realistic. The third part of the design science research is to design the artifact. A
conceptual model was made of the plastic waste system in Indonesia. This model was put into the
programming language NetLogo, which can capture agent behavior in complex adaptive systems.

The plastic system is described as a complex adaptive socio-technical system, and an actor
analysis is done to visualize the relations between the different stakeholders involved.
Furthermore, more emphasis is laid on the behavior of specific actors in the system. Based on
interviews, the lack of awareness of the effects of (im)proper waste management was found to be
an essential factor of waste pollution. The involvement of households to separate their waste was
often mentioned as a solution to stimulate less pollution. Furthermore, four aspects that need to
be considered when implementing EPR-related policies have been formulated: little existing
waste management infrastructure, involvement of the informal sector, involvement of hard



to recycle plastics, and compliance. Considering these four factors and the (plastic) product’s
life-cycle, three EPR instruments have been chosen to implement in the analysis.

1. Mandatory take-back requirements
2. Advanced disposal fees
3. Awareness-raising campaigns

These findings contributed to the conceptualization of the agent-based model. When the base case
was established, the three interventions were integrated into the model individually and
combined. The effects on the collection and recycling rate and the amount collected by waste
pickers were analyzed.

When the model was run without any interventions, it became visible that the plastic leakage
would increase over time if no measures were taken due to the rising plastic production and
consumption. Implementing take-back requirements resulted in extra waste collection vehicles
that collect recyclables and residues separately. An increase in waste collection and recycling is
visible, but it also harmed the informal waste pickers. They seemed to be able to collect fewer
recyclables when the take-back requirements were implemented, which can cause significant
socio-economic effects. The effects on the recycling and collection rate (and to a lesser extend on
the waste picker’s collection) were highest in areas where households have a high density.

Implementing advanced disposal fees (ADF) focuses on the upstream phase of a product as it
stimulates to redesign products that their end-of-use phase can be recycled better. This results in
more recyclables in household waste.

The awareness-raising campaigns contribute to the product's use phase and stimulate awareness
amongst communities about the causes and effects of plastic pollution. Implementing these
campaigns makes people more willing to separate the recyclables from residual waste. This is
important to retrieve more recyclable materials from the waste, which otherwise gets polluted
with other (mainly organic) waste streams. The campaigns can best be located in areas based on
a low separation percentage of households to achieve the highest results. Repeating campaigns
can result in a higher separation percentage, but collecting their waste separately is more
effective. Municipal collectors that collect and dump the waste in landfills are discouraging
households from separating their waste.

Combining campaigns with take-back requirements does not result in higher collection rates than
take-back requirements individually. However, it does increase the recycling rate due to the
higher quality of the separated waste streams. This indicates that sorting at the household level is
more effective in saving recyclables than only sorting different waste streams after it is collected.
Combining these interventions also changes the location strategy of the extra collection vehicles
- they should be placed where the households separate their waste.

Combining all three interventions results in a slightly lower collection rate than implementing
take-back requirements alone. Furthermore, the combination increases the amount collected by
the informal waste workers. This could be because the ADF results in more recyclables available,
and the campaigns result in higher quality materials that waste pickers can collect. Combining the
take-back requirements with other interventions thus reduces the adverse effect of the take-back
requirements on the informal sector. Lastly, when implementing the interventions in a specific



order, the highest results are achieved. First, the awareness-raising campaigns should start, then
take-back requirements, and finally, the advanced disposal fees.

This research found some insights for implementing EPR systems. First, the three interventions
complement each other in the life-cycle phase. This is visible in the results, as the combination
affects multiple life cycle stages and result in different effects than interventions individually.
Secondly, the order of implementing interventions can influence the outcome of the results. For
example, this thesis found that the communication instrument, awareness-raising campaigns,
should be implemented before take-back requirements. Also, advanced disposal fees should be
implemented after the take-back requirements. Both can improve the recycling rate, and to a
lesser degree, the collection rate.

The take-back requirements can significantly improve the collection and recycling rate and seem
to be the most effective instrument. However, they also collect in areas where waste pickers work,
which causes adverse socio-economic effects for them. This trade-off should be realized and
possibly avoided to limit interference with many people’s livelihoods. Implementing multiple
interventions like the ADF and awareness campaigns can reduce this effect.

EPR is a very new concept in Indonesia. Many citizens are not aware of the plastic problem and
that the cause of pollution lies in a lack of waste management facilities. Producers, but also
consumers, and governmental organizations need to make this a priority to be able to reduce
environmental pollution. Even, or maybe primarily, in places with little formal infrastructure, EPR
interventions can provide a step towards a better responsibility division for waste management.

Modeling comes with limitations like observer bias, and many assumptions need to be made that
can influence the results. For example, the model's innovation adoption level is based on a well-
known distribution . Adapting this distribution, however, results in changes in the
outcomes of the model. Verification of the model and validation of the results have been conducted
to optimize the results, but these limitations should be considered.

The results of this study increase the knowledge on the effects of EPR in developing countries.
Furthermore, it can create more social awareness in local and national organizations to tackle
environmental and human health issues. Most optimally, they can be used as policy
recommendations to improve plastic waste collection and recycling without harming essential
stakeholders.

Answering the research question, the effects of the three EPR instruments are the following. Take-
back requirements increase collection and recycling rates and reduce the collection of informal
waste pickers. Advanced disposal fees increase recyclables in household waste, and awareness-
raising campaigns increase the behavior of households to start source sorting. Combining the
interventions results in different strategies for locating the collection vehicles. Furthermore, the
order of implementation can affect the effectiveness of the results and location strategies.

This thesis fills two scientific gaps. First, it analyses single and combined EPR instruments.
Secondly, it simulates EPR instruments that can integrate multiple perspectives and enables the
evaluation of policy interventions and their trade-offs.
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Term
ABM
Actor
ADF
Arc
BPMN
CAS
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HDPE
HH

IE
IPRO
IS
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LDPE
MSW
NGO
OECD
PET
PP
PRO
Tbr
TPST
TPS3R
Scavenger
Stakeholder
UCTS
UML
WP

Definition

Agent-based modeling

See stakeholder

Advanced disposal fees

Awareness-raising campaigns

Business Process Modelling Notation

Complex Adaptive System

Deposit-refund system

Extended Producer Responsibility

High-density polyethylene

Household

Industrial Ecology

Indonesian Packaging Recovery Organization

Information Systems

Key Performance Indicator

Low-density polyethylene

Municipal Solid Waste

Non-governmental Organization

Organisation for Economic Co-operation and Development
Polyethylene terephthalate

Polypropylene

Producer Responsibility Organization

Take-back requirements

Temporary waste storage sites before it is transported to landfills
Private collection vehicle that collects waste separately
See WP

Someone who is involved in the issue

Upstream combined tax/subsidy

Unified Modeling Language

Waste picker, an informal waste worker that collects waste
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It has been widely acknowledged that plastic waste is causing environmental damages to oceans,
freshwater, wildlife, and humankind due to leakages of plastics (Chen, )- Plastic packaging of
consumer goods contributes significantly to plastic leakage into the environment, as well as visual
depredation and air pollution (WWF, )-

Multiple policy approaches have been formulated to stimulate better disposal and decrease the
environmental damages due to plastic leakages. One of these approaches is Extended Producer
Responsibility (EPR), which transfers (part of) the financial or physical responsibility of the end-
of-life product disposal from municipalities and users, to producers of those products (OECD,

). EPR instruments are in line with the polluter-pays principle and aim to internalize
environmental costs earlier in the product's life cycle (Nahman, ; OECD, ). The EPR
principle is based on the idea that producers are the most suitable stakeholders who can
implement changes to minimize the environmental impact of all life cycle stages of their products.
(Leal Filho et al,, )- Studies on plastic waste pollution emphasize the necessity of producers
taking more responsibility for the final stage of their products: the end-of-life phase (Li, Tse, &
Fok, ; Tristiana, Koeswahyono, & Fadlj, )- Plastics’ largest market is packaging, and this
is a waste stream for which EPR can provide a solution (Geyer, Jambeck, & Law, )-

EPR schemes have been proven to be successful in OECD countries. It has namely been proven
that the financial burden of waste management has shifted towards producers and recycling rates
in most of these countries (OECD, ; Romenska, ). However, the main contributor to
global waste leakage is found to be the lack of proper waste management systems in developing
countries (UNEP, )- In many developing countries, little to no waste management systems
are in place, causing plastic contamination in ecosystems (Li et al, )- The absence of
collection schemes makes it difficult to accumulate all waste (Jambeck et al,, ; The Pew
Charitable Trusts & Systemig, ). Furthermore, most inhabitants do not see or prioritize this
issue as a problem that needs to be addressed (Quartey, Tosefa, Danquah, & Obrsalova, )-In
combination with an increase in population and plastic waste generation in developing countries,
this is a very concerning issue that needs to be addressed and resolved (Fostinone, ; The Pew
Charitable Trusts & Systemiq, )- Implementing EPR instruments can make society more
aware of this issue and stimulate behavior change of consumers, producers, and governmental
organizations to improve the collection of plastic waste (Arry Rahmawan Destyanto, Kirana, &
Ardi, ).

Indonesia is a country that faces high amounts of plastic pollution. In most European countries,
plastic packaging is a waste stream that gets processed via Extended Producer Responsibility
principles. In developing countries, EPR is now being explored as well. However, due to the lack
of waste management budget and infrastructure, the implementation is a challenge. Furthermore,
besides formal waste management, many people in Indonesia are informally contributing to the
collection of recyclable materials like plastic. The integration of a formal EPR system could
therefore have significant effects on the livelihood of these informal workers (Aleluia & Ferrao,
; Chaerul, Fahruroji, & Fujiwara, ; Sembiring & Nitivattananon, ).

Previous research has shown that Extended Producer Responsibility can be beneficial for the
reduction of plastic waste in Indonesia. Even though they acknowledge challenges ahead, they



agree that a system approach is needed and local context needs to be considered when
implementing an EPR system. However, previous studies do not simulate the effects of EPR
interventions that should be implemented in Indonesia. Simulations have been done on other
waste management policies, but not on EPR specifically, which is a new and upcoming direction.
This literature gap is more elaborately discussed in section 2.5. Based on this gap, this research
will answer the following research question, with its accompanying sub questions.

“What are the effects of 3 selected EPR instruments on the key actors in the plastic waste system
of average cities in Indonesia?”

1. What does the current plastic waste system in Indonesia look like, and what factors need to
be taken into account when implementing EPR policies?

2. What EPR instruments are applicable for the Indonesian plastic waste system?

3. How can the plastic waste system of a medium-sized Indonesian city be conceptualized in an
agent-based model?

4. Based on the model, what effect do EPR interventions have on the Indonesian plastic waste
system?

Since Indonesia is a large polluter regarding plastic waste, it is a location of interest for
implementing EPR-related policy interventions (Jambeck et al., ). Research shows that the
implementation of EPR instruments in developing countries would be beneficial for reducing
plastic pollution but also comes across multiple challenges (Nahman, ; OECD, ; Ebo
Tawiah Quartey et al., ; Tristiana et al,, ). Therefore, this research will focus on the
implementation of EPR instruments in Indonesia to reduce plastic pollution, taking into account
the context of the Indonesian environment. Indonesia will be used as a reference country due to
its prominent role in this sector and the availability of data and connections for interviews.

This thesis has been conducted to fulfill the master program Industrial Ecology. Simultaneously,
a graduation internship at Rebel Group was done to combine academic research with practical
knowledge. The relevance for society and the field of industrial ecology is explained. For
organizations like Rebel Group, this research could deliver insight into how EPR instruments can
be used in developing countries. This helps companies give better advice to local and
governmental agencies, hence helping them create better policies.

In most countries, policies are formulated by the national or municipal government to tackle the
plastic waste problem. However, the execution of these policies could be improved by
implementing specific instruments. Even though plastic waste is a significant problem in these
countries, it also brings informal employment opportunities. People with little to no income
collect or buy waste and sell it to middlemen, who sell it to recycling or waste disposal facilities.
Therefore, many civilians’ livelihood depends on this informal sector, which makes the integration
of the formal EPR schemes run into other, more social-economic issues. On the one hand, the
formal waste collection system cannot capture all waste without the informal sector. On the other,
the informal sector does not have proper working conditions due to a lack of protective clothing
and health insurance. The challenge is to find a way to combine the complexity of the informal
sector with the formal legislation on plastic waste without harming either of the parties involved.
Therefore, this research aims to contribute with insights into how plastic pollution can be reduced



while taking into account the country's local context. The complexity lies in the many stakeholders
involved, and their visions and context should be considered when solving this problem.

The field of Industrial Ecology (IE) explores sustainability in economic and environmental
systems. It is acknowledged that these two systems have more overlap than what was thought
before. Higher economic output is resulting in increased environmental harm, too (Ehrenfeld &
Gertler, )- This can be seen in the plastic system in Indonesia as well. The increasing economic
growth results in more purchasing power, which requires more (plastic) packaging. Packaging
turns into waste right after the use phase, and the lack of proper waste management systems leads
to environmental plastic pollution. Erkman ( ) explains IE as a way of viewing industrial
systems as an ecosystem, where material, energy, and information flows are distributed and
connected in a specific way. This ecosystem approach is applicable for the plastic system since
stakeholders interact with each other through products and knowledge. Chiu & Yong ( ) see
Industrial Ecology as a framework that connects industrial and natural systems as well. They
emphasize that this approach should be used in Asian developing countries, where economic
growth, economic size, and resource allocation are demanding challenges. Lastly, Davis, Nikolic,
& Dijkema ( ) add the social dimension while describing IE, which is present in the current
plastic crisis. They describe the IE approach as a connection between “the economy, social
concerns, and the environment” (p. 708).

This research focuses on Indonesia, which is the second-highest plastic polluter in the world

and has a large informal waste sector . With the
choice for a specific country, more specific behavior on a lower-level scale can be analyzed, which
can be used to formulate more specific recommendations and insights. The focus will be on
plastics that come from domestic municipal solid waste only. Imported- and industrial waste are
not within the scope of this study.

The first three chapters of this thesis outline the knowledge base of the research. In the following
chapter, literature is consulted to discuss the core concepts needed to address this issue. The third
chapter focuses on the research approach. The fourth and fifth chapters comprise part of the
system analysis where the Indonesian context and EPR interventions are elaborated upon. Part
I1I consists of chapters six, seven, and eight. It consists of the development and implementation of
the model and analyzes its results. Finally, part IV comprises the discussion of the results and
conclusion of the research.



This chapter focuses on reviewing existing literature on EPR approaches for plastics in developing
countries. Firstly, the plastic system in Indonesia will be explained as a socio-technical system.
Secondly, Extended Producer Responsibility will be elaborated on in more depth through a semi-
systemic literature review on the state-of-the-art literature on EPR policies regarding plastics.
This topic is analyzed more extensively because this can provide insights into the most suitable
measures for encountering plastic pollution. Lastly, research on (agent-based) modeling is
analyzed to provide more context on this specific method.

Plastic is a relatively new packaging material compared with metal, glass, and paper. Halfway
through the 20th century, plastic was used for soap and shampoo packaging, and around 1980,
food and beverages were packed in plastics (Berger & Welt, )- Plastic could be used as
packaging to extend the shelf life of fresh products. Furthermore, plastic was convenient for
marketing since it was easily changed into visually-attractive packaging (Jones & Tadajewski,

). Plastic is thus a practical packaging material. However, the environmental footprint of
plastic for packaging is higher than glass or paper (Gentil, Gallo, & Christensen, ). More
problems are associated with plastic waste since it is more challenging to recycle single-layered
and multi-layered plastics (Kedzierski, Frére, Le, & Bruzaud, ), which are used massively in
Indonesia. It is therefore of great importance to acknowledge the need for better plastic disposal.
Especially in Indonesia, where many people earn daily incomes, which allows them only to buy
products for one time use. These are usually packed in hard-to-recycle sachets that end up in the
environment and cause environmental pollution.

Roughly, the life cycle of plastic packaging consists of five phases which are visualized in Figure

(based on The Pew Charitable Trusts & Systemig, ; World Economic Forum, )
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Figure 2.1 - Life cycle plastic packaging

Plastic can be used in different forms, but plastic packaging is one of the most used plastic types
(Hopewell, Dvorak, & Kosior, ; Satapathy, )- Not only do packages take up to 40% of the
plastic products, but 60% of the plastic waste is from plastic packaging (Brouwer, Thoden van
Velzen, Ragaert, & ten Klooster, )-

In Indonesia, only 39% of the plastics are collected (World Economic Forum, )- The recovery
rate varies per type of plastic, where High-Density Polyethylene (HDPE) and Polyethylene



Terephthalate (PET) have the highest collection rates due to their relatively high recyclability
possibilities (Wongthatsanekorn, )- Sorting plastics from municipal solid waste is rarely
done in Indonesia. This is mainly because of the low share of source separation (segregating waste
at the household level) and little segregation facilities (Ministry of Environment and Forestry,

).

After the collection of plastics, they can either be recycled or disposed of. Part of the collected
plastics also stays unmanaged, for example, by leakage or mismanaged waste (World Economic
Forum, ). In Indonesia, only 10% of plastic waste gets recycled (Geyer et al., )- Almost
all recycling is done by the informal sector (Raharjo, Matsumoto, Ihsan, Rachman, & Gustin, )
On the other hand, European countries have an average recycling rate of plastic packaging of 42%
(Eurostat, ). High-value plastics like HDPE and PET are easier to recycle than low-value,
single-use plastics. This also determines their economic value, and therefore the chance of
recycling by the informal sector (World Bank Group, )-

In Indonesia, collected waste that is not recycled is mainly disposed of via landfilling (Ratna,
Takashi, & Takaoka, 2018; World Economic Forum, ). Municipalities that collect household
waste bring it straight to unsanitary landfills (dumpsites) because there are no proper sorting
facilities and budget. Due to the durability of harmful materials like plastics, unsanitary landfilling
results in plastic debris in the soil (Barnes, Galgani, Thompson, & Barlaz, )- In addition,
incineration with energy recovery does not occur in most developing countries like Indonesia due
to a lack of technology and budget (Nkwachukwu, Chima, Ikenna, & Albert, ).

For a large part, (plastic) waste ends up in the environment. This causes large amounts of plastic
waste to end up in the environment and contaminates soil, air, and waterways due to open
burning or illegal dumping. These practices are imaginable since there is often no waste collection
available. By improving the collection rate of plastic waste in developing countries, the overall
environmental impacts thus can be significantly reduced (OECD, )- Also, when waste has
been collected, leakage occurs when it is not managed and disposed of properly (World Economic
Forum, ).

In Indonesia, many people working in the waste management sector are based on unmanaged
business. People are picking waste from streets, communal bins or dumps, to resell and recover
its materials. This is often without any official documentation and under unsafe conditions,
without protection clothes or health insurance. Since this type of employment is better than not
having a livelihood, this is still an ongoing business in many developing countries (OECD, ;
Quartey et al,, ).

The informal sector has been greatly undervalued in terms of its contribution to plastic recycling.
However, it is important to acknowledge that in most developing countries, informal waste
workers are covering the largest share of the recycling chain (Alhanaqtah, ). In Indonesia,
the informal sector works more effectively than the formal waste system, and provides
environmental benefits for the government by picking waste of streets. Furthermore, there is a



financial benefit because the saved costs of waste collection for municipalities can be more than
the income of that waste picker (Alhanaqtah, )-

On the other hand, the informal waste management sector interferes with the waste management
system since they illegally detach high-value elements from waste products and sell that on other
markets (OECD, )- Therefore, city authorities and informal waste workers should cooperate
to benefit from each other’s strengths and avoid economic and environmental damages (Audi,

; Chen, ; OECD, )- Recently, there are some cooperatives established for waste
pickers to be able to negotiate with municipalities. This results in semi-formal waste workers
when there are some agreements made (Alhanaqtah, . Also, semi-formal waste banks
(where individuals can hand in recyclables for a small amount of money) and TPST / TPS3R
facilities (where waste gets sorted and sometimes processed) are organizations that are involved
with waste collection (Darus et al., ). The Alliance of Indian Waste pickers indicates that EPR
can strengthening the informal sector via adding value to hard to recycle plastics. This results in
increased waste collection and provides scavengers with a more steady income (Anantakrishnan,

).

Besides the informal sector, researchers also emphasize the importance of the attitude of
households towards waste and waste management. Their behavior and interactions with each
other can be essential for organizing waste management systems (Oberlin, ; Oosterveer &
Spaargaren, )- When analyzing waste management policies in literature, little attention is
given to the social dynamics of actors involved, even though this is an important aspect of policies'
effectiveness (Aprilia, Tezuka, & Spaargaren, ). Aprillia et al. ( ) analyzed the attitude of
households towards separation at home in Indonesia. When conducting the surveys, most
Indonesian households did not separate waste but were willing to do so under some conditions
as information sharing or financial support. Besides the interview, they calculated the willingness
to pay for certain waste disposal scenarios, but with the assumption of source separation at all
households. However, they mention that source sorting takes time to achieve and can be done by
voluntary or mandatory measures (Aprilia et al., )-

In other developing countries like India and East Africa, it was researched that the current source
separation practices are mainly done due to economic incentives, without the knowledge of the
environmental benefits (Nandy et al., ; Oberlin, ). Also, with the provision of separation
facilities, source separation at all households does not come naturally (Tong et al, )-
Households consider factors such as time and cost-utility, and social influence before starting
waste separation (Meng, Wen, & Qian, )-

Source separation at the household level is thus behavior that can be changed, which is a research
field on its own. Literature describes three factors where policy interventions should focus on
when influencing behavior change: motivation, capability, and opportunity. These are based on a
systematic literature review of behavioral intervention frameworks (Michie, Stralen, & West,

). These three factors seem to generate certain behavior. Motivation is based on habits,
emotions, and analytical decision-making. Capability is to have the physical and psychological
capacity to behave in a certain way. Opportunity focuses on the activities that lay outside the
individual that stimulate affect the activity.



Three aspects are considered for the Indonesian waste management system.

The plastic waste system of Indonesia can be seen as a socio-technical system. A socio-technical
system can be described as a network of social and technical artifacts that interact with each other
and their environment . It emphasizes the interconnectedness of the social
components like individuals, organizations, companies, and institutions and technical
components like machines, products, and factories. In the plastic waste system, plastic gets
produced from oil into a product, which then is sold on a certain market and after usage gets
burned, thrown into the environment, or disposed of properly. There are technical aspects
involved in, for example, the production of plastic products and their disposal. Social components
are involved as many people and organizations are involved in the whole process: the product
comes on the market, gets used, and disposed of in a certain way. This disposal is influenced by
the type of product and the availability of collection facilities, which vary in different areas.
Multiple researchers describe STSs as the interaction - and the interdependency of technical and
social elements with actors and each other (Borrds & Edler, ; Rohracher, ; Vernay,
Mulder, Kamp, & De Bruijn, )- The interactions between the plastic products, their users, and
the environment and between users themselves can result in different system behaviors and can
therefore be seen as a socio-technical system.

Borras & Edler ( ) also emphasize that elements in a socio-technical systems (STSs) are
always interconnected with each other. They mention the interactions are complex, in a sense that
they create specific dynamic behavior, which can also be seen in the plastic waste system. Based
on van Dam, Nikolic, & Lukszo ( ), the complexity of an STS comes in when over time, the
model can change its form. These dynamics result in outcomes that cannot be predicted and can
vary, even when the elements of the system are the same. The presence of the informal sector is
an example of this complexity. The informal waste workers are individuals who try to make a
livelihood based on the availability of waste and the demand for recyclables by middlemen.
Individual behavior of waste pickers is therefore dependent on different factors in their
environment. On the other hand, their individual actions also influence the environment and each
other because other waste pickers have less to recover in an area when a waste picker is active in
that same area. Due to these interactions and interdependencies between different stakeholders,
emergent behavior occurs (van Dam et al, ). This makes the implementation of waste
management solutions in Indonesia a complex process (Nahman, )-

Van Dam et al. ( ) explain adaptivity as a system's characteristic when its components can
adjust over time. The plastic waste collection system in developing countries is such because
multiple stakeholders are involved, who are dependent on each other and the system as a whole.
The interaction between these stakeholders is constantly arising and emerging and can vary
under different circumstances.

When describing a system as a complex adaptive socio-technical system, it can provide a
particular lens to look at the system. It acknowledges the difficulty of understanding and
visualizing the system. It also provides suggestions to use specific methods for analyzing these
systems, which will be explained in more detail in sections 2.4 and



The definition of Extended Producer Responsibility is not straightforward in literature. EPR can
be seen as a specific policy tool, as well as a general policy approach. Some definitions are
somewhat overlapping, but they all focus on making the producer of a product responsible for
that product's entire life-cycle chain. After the definition of EPR in this thesis, examples of EPR
instruments are explained based on three policy instrument types. Thirdly, decisions when
implementing EPR are reflected upon.

In general, implementing EPR instruments incentivizes including environmental externalities into
the product's price (Destyanto et al., ; OECD, )- More concrete, the implementation of
Extended Producer Responsibility has two main goals Quartey et al., ; Van Rossem, Tojo, &
LindHqVist, )-

1) It should relieve some burden on public organizations that are responsible for collection
and disposal of the waste streams;

2) It should be an incentive for producers to design their product in a way that is easily
reusable or recyclable to improve the product's reusability (design for environment).

The first goal refers to ‘downstream’ activities, which occur after the use phase of a product’s life
cycle, whereas the second goal focuses on ‘upstream’ activities, which focus on the phases before

the consumer uses the product.

The words “Extended Producer Responsibility” can refer to different concepts.

1. EPRasapolicy principle, where it is used as guidance for policymakers (Lindhqvist, )
2. EPRinstruments, which entail specific policy instruments that “act to implement the basic
principles of EPR” (OECD, ; p-40)

3. EPR schemes, which emphasizes more the practical use of a combination of specific policy
instruments that relate to shifting responsibility to the producer (Lifset, Atasu, & Tojo,

)

In this thesis, EPR will be seen as a policy principle to improve environmental waste pollution.
Different policy instruments will be evaluated based on their implementability in the context of
the plastic waste system in Indonesia. In the model, multiple EPR instruments can be combined
as EPR schemes to analyze the effects of the combined instruments.

The goals of EPR can be achieved by different kinds of regulatory, financial, or informational tools

(Nahman, ; Nkwachukwu, Chidi, & Charles, ). An overview of most-used instruments is
provided in Table 2.1 (based on Gupt & Sahay ( ); Leal Filho et al. (2019); Nahman ( );
OECD, ( ))- The reason to implement one of these instruments depends on the type of material
and waste stream and the origin and value of the product (Dubois, Graaf, & Thieren, ;
Nahman, ; Pires, Martinho, Ribeiro, Mota, & Teixeira, )- When looking at developing
countries, the type of mechanism to use is also based on current infrastructure and the scale of
the system (Nkwachukwu et al, )- These regulatory, financial, and communication

instruments can promote more sustainable supply chains of products.



Table 2.1 - Examples of most used EPR instruments, adjusted from Nahman (2010)

Type Examples

Regulatory e Take-back requirements

instruments e Recycled product standards
e Prohibition of certain hazardous materials
e Disposal bans
¢ Emission limits

Financial instruments e (Advanced) Disposal fees (ADF)

e Deposit-refund systems (DRS)

e Product taxes

e Upstream combination tax/subsidy (UCTS)
e Virgin material taxes

Information e Environmental report requirements
instruments e Environment labeling requirements
e Awareness-raising campaigns

In this subsection, some considerations for EPR implementations are elaborated on.

A distinction can be made between mandatory and voluntary EPR programs. Mandatory EPR
programs are in place because of governmental targets or requirements, whereas voluntary EPR
systems are created when market forces draw producers to a form of self-management (OECD,
2016). Mandatory programs are usually established for products that are not directly profitable
to collect. For example, when the waste stream contains hazardous materials or has low

recyclability, and is therefore not financially beneficial (Dubois et al,, ; Quoden & Grant,
)- Mandatory systems are also more effective in discouraging free-rider behavior, as all
producers need to comply with rules (OECD, )-

Voluntary systems can occur due to different reasons. The recycling or reusing of waste streams
that still have a high (economic) value is usually done because it is financially beneficial. It,
therefore, does not always need governmental interference and can be considered a voluntary
EPR system when organizations set arrangements with each other (Dubois et al,, ; Quoden &
Grant, ). Voluntary EPR can also occur when mandatory policies are likely to occur in the
coming months or years. In this way, organizations can benefit from competitive advantages when
starting earlier (Chen, )- These voluntary programs usually also include agreements with
cooperating parties. The naming of ‘voluntary’ programs sometimes also lies in the fact that it is
not set in stone Aowspecific goals are achieved, but only what those goals are and when they need
to be realized. (Nahman, )-

To meet the EPR obligations, the responsibility can be established individually or collectively. For
individual responsibilities, every individual producer needs to make sure the waste of their



product is taken care of. When collective responsibility is arranged, producers of a particular
sector need to ensure their waste is managed correctly (OECD, ).

Collective responsibility can be managed via a Producer Responsibility Organization (PRO). A PRO
can be set up for being responsible for managing and executing the responsibilities of the
producers in this sector. They collect and distribute financial means and take responsibility for
the compliance of the participating parties. Even though obligations canbe achieved individually,
a collective organization can benefit from shared administrational and financial hassles. The exact
relation between the PRO and involved governmental organizations depends on the country and
type of waste stream (OECD, )

The establishment of PROs can also have adverse effects. Free-rider behavior can occur, and there
is a lack of competition, as the goals need to be achieved collectively. This also means that there
are fewer incentives to innovate the product in an environmental-friendly way, which decreases
the design for environment goal of EPR (Kaffine & O’Reilly, ). However, this effect is also
dependent on the exact structure of the EPR instrument. The fee that producers have to pay to the
PRO can, for example, be based on market share, product weight, or material content. Therefore,
individual responsibility is theoretically considered more desirable to achieve a more competitive
market and would require less interference for fair competition (Pouikli, )- In practice, most
EPR systems are set up collectively, as it is difficult, sometimes impossible, to manage to collect
your specific end-of-life products as a producer. Furthermore, the advantages of the economics of
scale and lower investments in monitoring with collective responsibility are especially important
for EPR on plastic packaging (Kaffine & O'Reilly, )- A way to still incorporate the incentive for
companies to eco-design their packaging is by tariff differentiation. The differentiation can be
based on material volume, weight, or quality (De Jong & Wolsink, ). This can, for example,
result in higher fees for hard to recycle materials than for easy recyclable materials into new
products (Afvalfonds Verpakkingen, ).

There are also examples of multiple PROs, which still create competition, but then between PROs
(Cahill, Grimes, & Wilson, ; Rubio, Pereira Ramos, Rodrigues Leitao, & Barbosa-povoa, )
These PROs then focus on the same waste stream materials. This could be an initial design of an
EPR system, which has been done in the UK, or this can emerge after pro-PRO-competition
legislation is established, like in Germany (OECD, )- On the other hand, having multiple PROs
makes it harder to make agreements on targets or quality. Furthermore, competition stimulates
innovation, but this innovation can also solely result in economic benefits rather than social or
environmental benefits. This can be seen in Germany, where the competition between PROs is so
high that PROs give discounts on plastic volumes of large brand owners. This results in a higher
kilogram price for smaller companies.

The currently available literature on EPR for plastic packaging will be semi-systemically analyzed.
The method for the semi-systemic literature review is explained in chapter 3.

Since 2016, around 400 EPR systems have been in place worldwide. 17% of these systems are
established for packaging, of which 48% and 42% are located in North America and Europe,
respectively (OECD, )- Plastic packaging like PET, HDPE, and LDPE are mainly targeted with
EPR for packaging (Leal Filho et al., ; Pires et al,, )-

In many developed countries, mandatory take-back requirements and advanced disposal fees are
implemented ( ). The Netherlands was one of the first countries to implement an EPR



scheme to support the plastic recycling policies (OECD, ). Since 2012 a PRO was established,
Afvalfonds Verpakkingen, who is collectively responsible for the packaging supply chain
(Afvalfonds Verpakkingen, )- They contribute financially to municipalities, which are legally
responsible for collecting municipal solid waste in the Netherlands. Furthermore, they pay the
waste industry to sort and valorize the waste and invest in activities to promote recycling. They
are a non-profit organization, and their earnings come from fees from organizations that bring the
packaging to the market. This Dutch system can be classified as product take-back requirements:
the producers are required to be responsible for the take-back of their products at the end of their
lives.

Researchers have discussed how EPR can affect plastic collection and recycling in Europe (Leal
Filho et al,, ; Pires et al,, ). These articles mainly focus on how the implementation of
EPR can be extended to live up to EU- or global regulations regarding plastic reduction. Leal Filho
etal. ( ) mention that EPR can contribute to specific waste targets, but they conclude with
three important recommendations when designing an EPR framework. Firstly, it should be taken
into account to include concrete measures, rather than only high-level guidelines. Secondly,
multiple instruments result in a system approach, which is needed to achieve the higher goal of
reducing plastic waste. Thirdly, they emphasize the necessity for a fair EPR scheme to reduce free-
riding behavior through transparency on fees and targets. Pires et al. ( ) provided a financial
model to promote sustainable packaging. They mention that local context is of great importance
to contribute to more sustainable production.

Besides developed economies, research has been done that assesses EPR instruments in
developing countries. Some suggestions that have been found are similar to developed countries.
For example, Tristiana et al. ( ) recommended focusing on regulatory, financial, and
informative policy instruments EPR implementation to reduce plastics in Indonesia. The
combination of all three makes the impact more significant. They highlight that the government is
responsible for setting out guidelines for organizations and the community should be actively and
passively concerned and involved with reducing plastic waste.

Some developing countries have specific legislation related to EPR on (plastic) packaging, like
Indonesia, Thailand, and India (Johannes, Kojima, Iwasaki, & Edita, ). There are also many
emerging markets where the EPR concept is put on the political agenda but is not formalized
regulations yet, like Brazil, Chile, Vietnam, the Philippines, Malaysia, and Nigeria (Johannes et al.,

; Kaffine & O’Reilly, )- In Taiwan and South Africa, a deposit refund system is
implemented. In Taiwan, this was initiated publicly by the Waste Disposal Act, but in South Africa,
the system has been set up by retailers and producers themselves to prevent harmful legislation.

Researchers confirmed that multi-instrument policies seem to be more efficient than single EPR
instrument policies for both developing and developed countries (Kaffine & O’Reilly, ). Other
researchers emphasize that the context of the implementation needs to be taken into account for
effective performance (Aleluia & Ferrao, ; Dubois et al.,, ; Fostinone, ; OECD, ;
Quartey, Tosefa, Danquah, & Obrsalova, ).

When looking at contrasts, Hotta, Hayashi, Bengtsson & Mori ( ) highlight that in developed
countries where EPR policies have been implemented, there almost always already was a form of
waste collection in place by the government, where consumers pay municipal solid waste taxes.
Introducing an EPR system shifted the financial burnings from the municipalities and taxpayers



to the producers. They then are responsible for paying the municipalities or another external
organization in the form of a PRO to collect their end-of-life product. However, in most developing
countries, there is a large part collected by the informal sector. This is perceived as a barrier to
implementing EPR for plastic packaging since contact and transparency are unavailable (Nahman,

)- This means a change in responsibility is harder to implement. Therefore, they emphasize
that governmental support is necessary for a proper EPR implementation (Hotta et al,, )-
Tristiana et al. ( ) acknowledge this and mention that Indonesia specifically lacks funding,
awareness, and commitment of stakeholders that prevent the implementation of EPR. They do
mention multiple EPR instruments but do not recommend specific ones over others that might be
suitable for Indonesia. Therefore, it is needed to investigate what interventions can be most
valuable to reduce plastic pollution in Indonesia.

Gupt & Sahay ( ) also compare EPR in developed and developing economies. One finding was
that developing countries with a large informal sector, like China and India, have difficulty making
the EPR regulations work efficiently. This is because the informal sector collects more efficiently,
and the formal sector, therefore, cannot reach its recycling targets. The retailers and households
favor the informal sector more because they come more frequently than the formal sector (Gupt
& Sahay, )- This gives friction because the producers cannot live up to the recycling targets,
as the informal sector already takes end-of-life products.

Kaffine & O'Reilly ( ) initiated another financial reason why EPR in developing countries
might not work. In developing countries, most packaging materials are mainly low-value waste
streams that are more difficult to recycle. Therefore, it is challenging to include low-value waste
streams in industry-led EPR systems since the financial potential is very low or even negative.

There are a few examples where voluntary EPR schemes are used. For example, the PRO PETCO
manages the EPR fees for PET importers in South Africa (Quoden & Grant, )- It uses the fees
to assist collectors and recyclers financially. In Mexico, ECOCE is a voluntary initiative of
producers and local organizations and stimulates better collection, sorting, and recycling of PET
waste, and focuses on awareness creation. Voluntary systems thus result mainly in high-value
plastics collection because only plastics with a high economic value can provide revenue with
recycling (OECD, )

However, plastic pollution is mainly due to low-value plastics that are difficult to recycle; thus,
more than a voluntary system is needed to encounter the plastic waste problem. EPR systems are
also designed to finance the waste system as a whole (Ana Pires et al,, ; The Pew Charitable
Trusts & Systemiq, ), but to establish this, all stakeholders need to be involved. Especially the
brand owners need to pay for their plastic products, which needs to be established in a mandatory
EPR system. Governmental support and compliance are needed for this, which is difficult in
Indonesia (Hotta et al,, )- It is also hard to establish a mandatory system when there is no
proper collection system in place yet. South Africa showed that implementing a voluntary system
prior to a mandatory system can be beneficial. It can give motivate innovation in an early stage.
They started voluntary, but the high-value waste streams give the incentive to cooperate. When
this works, the system can expand to lower-value waste streams, as it can built on existing
networks and infrastructure (Nahman, )-

Leal Filho etal. ( ) also analyzed the role of EPR on plastic products in developing countries.
They come up with some improvements that can be made to enhance EPR. One of them is to



increase waste separation and collection to improve the quality of the waste streams so they can
be recycled more easily (Leal Filho et al, )- They also mention that governmental
organizations need to take the lead in this and take into account the necessities of other
stakeholders involved. Finally, they emphasize that EPR instruments need to be put in line with
other policy instruments to achieve the most optimal results. Using complementary policies that
stimulate consumer behavior is confirmed by other research (Gupt & Sahay, )-

Agent-based modeling is a bottom-up approach that can analyze how individual behavior impacts
the system level (van Dam et al,, )- It can conceptualize the current plastic collection system
in a developing country to answer the third sub question. An ABM is an effective way to capture
complex adaptive systems (CAS) (van Dam et al,, )- The plastic waste collection system in
developing countries is such, as explained in section . The interaction and interdependencies
between the different stakeholders result in emergent behavior (van Dam et al,, ). Therefore,
it is needed to gather insights into how individual behavior can be stimulated into the desired
system behavior. This (emergent) behavior analysis can be captured in an agent-based model
(ABM) (van Dam et al,, )-

Previous research analyzed the informal sector via an ABM (Garcia-Diaz & Moreno-Monroy, ;
Gibson, ). These studies focused on generally working in the informal sector rather than
waste workers. Gibson ( ) modeled whether workers become formal or informal, based on
the exhaustion of a specific trade market, and analyzed policy effects that specifically would
promote the inclusion of informal workers. Garcia-Diaz & Moreno-Monroy ( ) modeled the
informal sector due to urban migration and social influence and concluded that the share of social
influence could determine the behavior a lot. These ABM articles thus focused on working when
informal workers want/can change their occupation. However, it is questionable whether
informal waste workers can change their occupations.

Kerdlap etal. ( ) used ABM for analyzing plastic collection, sorting, and recycling possibilities.
However, they used the model's output, together with material outputs and transportation data,
for environmental impact analysis, rather than simulating policy interventions or looking at
recycling rates. The research of (Meng, Wen, & Qian, ) focused on the recycling behavior of
households in China. They implemented policy scenarios with a fee on collected waste and a fee
on non-recyclable waste. This impacts the willingness to separate waste at a household level, but
not specifically on the waste collection itself. There also was little difference between formal and
informal collectors made.

Destyanto et al. ( ) researched the effects of EPR on plastic waste management policies in
Indonesia. They used System Dynamics modeling, a top-down approach rather than bottom-up
(Ding, Gong, Li, & Wu, )- They made valid conclusions on the need for specific governmental
regulations. Even though they acknowledged that the informal sector is a prevalent topic in
Indonesia, the behavior of the informal sector was not included in their model.

These studies show that bottom-up research can have great value. Waste management systems
require this type of analysis due to their complexity and to be able to simulate policy interventions.



This chapter focused on the available literature on three topics. First, it analyzed plastic waste in
Indonesia. The plastic waste system in Indonesia can be described as a complex adaptive socio-
technical system, as there are many stakeholders involved that behave in a certain way. Social
components like producers, households that produce waste, different collectors, and recyclers
interact with technical artifacts like plastics and recycling facilities. The dynamic behavior
between these types of artifacts with each other and their environment can cause emergent
behavior. In previous literature, the behavior of the informal sector and households are deemed
to be important in the waste management context of Indonesia.

Secondly, Extended Producer Responsibility was defined based on literature, and most common
practices in different countries were evaluated. In Europe, some things have been working well
when implementing EPR on packaging materials. 1) concrete instruments should be
implemented, not only guidelines; 2) multiple instruments should be implemented for a system
approach that can achieve better results; 3) local context should be taken into account; 4) targets
should be set and lived up to, including penalties when not achieving those targets.

In developing countries, there are a few issues that complicate the implementation of EPR. First,
the informal sector usually does a large part of the recycling already, making it challenging to
implement formal instruments. Secondly, the financials of waste collections and disposal are not
good as the plastics that linger around are harder to recycle. Thirdly, there is a lack of awareness
of stakeholders about the environmental effects of waste pollution. Fourthly, there is little
commitment and compliance of stakeholders.

Three things should therefore be taken into account when implementing EPR in developing
countries. 1) improve the source separation and waste collection system; 1) implement a
combination of regulatory, financial, and communicative instruments; 2) take the local context
into account.

Then, the third topic of the theoretical background was explained. A specific research method is
required in a complex adaptive plastic system, where interventions need to be analyzed. Agent-
based modeling (ABM) is a method that 1) captures complex adaptive systems, 2) can model the
behavior of specific stakeholders, and 3) can simulate and analyze policy interventions.

This bottom-up approach has been used before in the waste management sector of developed and
developing countries (Garcia-Diaz & Moreno-Monroy, ; Gibson, ; Kerdlap et al., ;
Meng et al,, )- However, these studies did not analyze EPR-related policy interventions.
Analyzing single and combinations of EPR instruments for Indonesia is thus one research gap. The
second is that simulating EPR instruments enables integrating multiple perspectives, which can
consider a country’s local context.



This chapter provides an overview of the research approach of this thesis. The overarching
research approach used in this thesis is based on the design science research of Hevner &
Chatterjee ( )- This framework consists of three aspects: the environment, the knowledge
base, and the design of an artifact. The knowledge base is created in the introduction and
theoretical background, laying the foundation for the research. Chapters four and five consist of
the environment, where people, organizations, and technical systems are defined. The design of
the artifact is done via agent-based modeling. In the first section of this chapter, an overview of
the thesis outline is presented. Then, the methodologies of design science research and agent-
based modeling are explained.

The diagram below provides an overview of the structure of the proposed thesis research. The
thesis broadly consists of four parts, which are visualized in yellow in Figure 3.1. The sections
supplement each other, indicated with the arrows. Even though all parts need iteration, the Design
Science Research phase requires more emphasis in this regard.

The first part of the thesis focuses on the Knowledge Base, setting the base of the research. In the
second part, the Environment is described. This is done by analyzing contextual factors of the
Indonesian waste system to answer the first sub question. Furthermore, different EPR
interventions are evaluated to answer sub question two. The output of these analyses is used for
the Design Science Research. The system will be conceptualized into an agent-based model to
answer sub question 3. The model will simulate the plastic waste system and run experiments
with different EPR interventions. The running of experiments and analyzing its results will be
done to answer sub question 4. The fourth part of the thesis discusses the results, concludes the
research, and makes recommendations based on the outcomes.
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Figure 3.1 - Thesis research outline



Hevner & Chatterjee ( ) combine the use of research with design science to innovate artifacts
through scientific research and practical relevance. This approach is applicable for this thesis
since the model (the artifact) should be substantiated by scientific literature for a scientific
background and practical relevance to contribute to the plastic waste problem.

Hevner ( ) provided a framework using three cycles: the Relevance, the Rigor, and the Design
Cycle ( )- These illustrate the three aspects of proper design science research in the field
of Information Systems (IS). IS are seen as the discipline of combining information technology
with organizational issues (A. Hevner & Chatterjee, ), which is relatable to the socio-technical
system of this thesis.

Environment Design Science Research Knowledge Base
Application Domain Foundations
® People Build Design *® Scientific Theories
e Artifacts & & Methods
* Organizational Processes
Systems
_y . . * Experience
S;zf:nqgal Relevance Cycle Rigor Cycle & Expertise
* Requirements ® Grounding
® Field Testlng * Additions to KB
* Problems
& Opportunities * Meta-Artifacts
(Design Products &
Design Processes)

Figure 3.2 - Design science research cycles (Hevner, 2007)

In the Relevance Cycle, the contextual environment of the research is laid out. The problem is
determined, the system is analyzed, and the contextual factors are made clear. It ensures the
research not only fills a scientific gap but also provides recommendations that improve the
environment (Hevner, )- The Relevance Cycle can mainly be found in chapters 4 and 5, where
the system analysis occurs (see for more explanation on the system analysis). It provides the
context of Indonesia to the agent-based model.

In the Rigor Cycle, the scientific knowledge base is established. This cycle focuses on the scientific
aspects of the design artifact to lay the theoretical base and ensure the artifact's innovation. It
emphasizes the scientific focus by laying out the knowledge gap and provides insights into the
study's scientific contribution (Hevner, )- This is mainly expressed in the theoretical
background of chapter 7, where it gives theoretical input to the model. In the discussion chapter,
the academic contribution is explained, which is also part of the rigor cycle.

The Design cycle is an iterative process of building an artifact while keeping in mind the Rigor and
Relevance cycle (Hevner, )- This artifact is the agent-based model (ABM) that is created for
analyzing EPR interventions in Indonesia. The model is based on both the scientific literature
review and the interviews with people from the (Indonesian) plastic system. The input of previous
chapters is used in the design of the ABM in chapter



The three Design Science Research Cycles of Hevner can have some overlap and can occur in
different orders, which stimulates an iterative design and benefits the credibility of the artifact

(Hevner & Chatterjee, ). The three Cycles in the context of this thesis research are visualized
in Figure
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Figure 3.3 - Three Design Research Cycles of this research

For designing the artifact, an agent-based model is made. This is a way of modeling complex socio-
technical systems (van Dam et al,, )- The ten steps proposed by van Dam et al. ( ) are
used as a guideline for building the agent-based model (ABM). The ten steps are as follows:

Step 1: Problem formulation and actor identification
Step 2: System identification and decomposition
Step 3: Concept formalization

Step 4: Model formalization

Step 5: Software implementation

Step 6: Model verification

Step 7: Experimentation

Step 8: Data analysis
Step 9: Model validation
Step 10:  Model use

and will be done based on the system analysis of Enserink et al. ( ). They explain
well how complex systems can be analyzed, and their approach is explained in more detail in
section . These parts give a conceptual overview of the system in chapters 1-4. For . the

concepts will be translated into agents, networks, and the environment in chapter 6. This is
supported by flow diagrams, a UML diagram (Dijkman, Hofstetter, & Koehler, ), and a BPMN-
based flow diagram that visualizes the agent’s behavior. Steps 4 to 6 are presented in chapter

For . @ model narrative is made, and the agents, their networks, and environment are



translated into computer-acceptable terms to model them. In , the system is put into the
programming language Netlogo (Wilensky, )- This tool can provide insides in the complex
structure of adaptive systems (Nikolic, ), which is the case for the waste sector in developing
countries. The model verification of has the goal to check whether the model in Netlogo
does what it should do according to the conceptualization. The experimentation and data analysis
of and 8 will be done in chapter 8. Here, the experimental designs will be explained, as well
as the results of the model runs. The experiments consist of the policy interventions, which are
chosen and elaborated on in chapter 5. The data analysis will be done in the programming
language Python (Van Rossum & Drake Jr, )- The model validation of will focus on the
model's results and put them into perspective. This will be validated based on other literature in
chapter 8. The goal of is to critically assess the results and make sure the results are
interpreted with the limitations of modelling in mind. This will be elaborated on in the discussion
section of chapter

The system analysis explained by will be used as a baseline in this thesis.
The system analysis assesses a system, which is done in the first two modeling steps. The system
analysis in this thesis consists of four parts.

1) problem formulation
2) actor identification
3) criteria identification
4) means analysis

The problem formulation has been done in chapter 1, where the societal problem and literature
gap are extendedly explained. Then, based on literature and stakeholder interviews, an actor
analysis is conducted, and criteria for the system are defined in chapter 4. Enserink et al. ( )
explain the actor analysis separately and not as part of the system analysis. This thesis combines
them to provide an overview of the Indonesian plastic waste system to answer the first research
question. The actor analysis is of value for this thesis, as it can be beneficial to capture all
stakeholders involved when analyzing projects that require long-term investments (Bryson,

)- The next step in the system analysis is analyzing the ‘means’ of the system, which are the
interventions. Again, based on literature and stakeholder interviews, different policy
interventions will be analyzed in chapter 5. In chapter 6, a decision strategy is made to determine
which interventions will be included in the model. This strategy is elaborated upon in section

. This can answer the second research question. As these steps of the system analysis can
already answer the research questions, the last system analysis step of Enserink et al. ( ), the
making of a system diagram, is not used.

The literature review has been done semi-systemically to evaluate how Extended Producer
Responsibility (EPR) has been analyzed by different researchers. The semi-systematic review is
developed to provide an understanding of a complex topic and identify knowledge gaps. (Snyder,

). It focuses on relevant ways how EPR has been used before. Below the steps are described
that were taken for the semi-systemic literature review.

Since EPR is a broad concept, a semi-systemic approach is used rather than a systemic literature
review. The latter elaborates more extendedly on a specific topic (Wong, Greenhalgh, Westhorp,
Buckingham, & Pawson, ). Since EPRis a very broad topic, a systemic literature review would
take too much time. With the semi-systemic review, the EPR concept can still be analyzed. A more



general overview will be outlined rather than listing all relevant articles (as in a systemic
literature review) (Snyder, )-

The literature review had three focus points. First, the context of plastic waste systems in
Indonesia. Secondly, Extended Producer Responsibility (EPR) is explained extensively since this
concept differs throughout literature. Thirdly, the use of agent-based modeling is elaborated upon.

Both Scopus and Google Scholar have been used to find relevant articles. In a first stage, search
words comprise “EPR” OR “Extended Producer Responsibility” AND “Plastic*”. Only articles in
English and published in 2010 or later were included to filter the newer information. The article
should focus on either 1) what type of EPR policies would be relevant for plastics or 2) what
factors need to be considered when implementing them. The abstract was read first to evaluate
the relevance before the full article was read. Furthermore, the so-called ‘snowballing effect’ was
applied, where relevant references of found articles regarding EPR instruments will also be
consulted for further assessment. Not only scientific literature but also grey literature has been
analyzed because some non-scientific projects that involve the investigation of applying EPR
instruments also provide relevant insights into effective strategies.

Unfortunately, a field study was not possible during the pandemic. Nonetheless, online interviews
were conducted with public and private parties who focus on plastic waste in Indonesia to provide
a multi-perspective view on the problem. Based on the actor analysis, different types of
organizations were asked for an interview. Eight semi-structured interviews were held with
public, private, and communal organizations. Most interviews were conducted with Indonesian
organizations, like the Indonesian national government, a private waste collector, a waste bank,
and Indonesia's Packaging Recovery Organization. One interview was conducted with the
Producer Responsibility Organization of the Netherlands to get insights into the Dutch and
European EPR systems for packaging. This was used as inspiration and reference for a system in
Indonesia. The interviews focused on the plastic waste system, which stakeholders are involved,
how they interact with their environment, and what factors influence their behavior.
Furthermore, in the interviews, EPR was discussed with stakeholders who were familiar with the
concept. The interview guide with the protocols and data usage can be found in . The
interviews were organized via contacts of Rebel Group and personal contacts of the author.

A list was made of the most used interventions that are associated with Extended Producer
Responsibility. Three factors contributed to the decision of the interventions that were analyzed.
The specific motivation for each intervention can be found in section

Firstly, the instruments were divided into regulatory, financial, and communication tools, based
on previous research (Gupt & Sahay, ; W. Leal Filho et al.,, ; A. Nahman, ; 0.
Nkwachukwu et al., ; OECD, . Secondly, the instruments were evaluated based on their
effects on the life cycle phases of a product. This was done to consider a possible consequence of
EPR, burden-shifting to other product life cycle stages. The evaluation was based on literature and
the author’s interpretation of intervention explanations. Lastly, the factors that were deemed
important when implementing EPR policies in Indonesia, established in section 4.4, were also
considered when deciding on the interventions.
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When implementing policy measures, it is important to take into account the local context of that
country. As has been explained in chapter 2, this can result in more systemic and long-lasting
results. The second and third step of the system analysis are presented in this chapter. The current
situation is explained by the actor analysis and is based on Enserink, Hermans, Kwakkel, Thissen,
& Koppenjan ( )- This will also result in factors that should be considered when implementing
policies in Indonesia. They are realized based on literature research and stakeholder interviews.
They support the identification of interventions in chapter 5, which is the last step of the system
analysis. The last subsection of this chapter defines criteria (or Key Performance indicators) that
can measure the impact of the agent-based model.

Since Indonesia has many islands, the waste management practices vary greatly between the
areas, even between different cities on the same island. The level of rural and urban land
determines how the waste system is set up, if at all. World Economic Forum ( ), together with
the Global Plastic Action Partnership and the Indonesia National Plastic Action Partnership,
provided an overview of the waste practices in Indonesia and divided the country into four
‘archetypes’: mega, medium, rural and remote. The end of life of (plastic) products differentiates
a lot between these archetypes. For this thesis, the medium archetype is chosen to focus on
because of two reasons.

1) In medium and mega cities, there is already (limited) waste collection
infrastructure present;

2) Possible EPR interventions will initially have the focus on Java and Bali island,
where most areas have a medium or rural archetype.

A schematic overview of the plastic system in Indonesia has been made in Figure 4.1. The arrows
indicate plastic in different life-cycle phases. After production, the consumers ‘produce’ the plastic
waste, which gets collected by either formal or informal workers. A large part does not get
collected but gets burned in backyards or thrown away in rivers. This mainly happens in rural
areas, where there is little to no collection infrastructure, and also still in cities (World Economic
Forum, ). Waste pickers go to houses to collect recyclable waste. They then bring their waste
to middlemen, who further sort, clean, and shred the plastics in their turn. Finally, they sell the
shredded plastics to recycling facilities. Usually, multiple middlemen (also called aggregators/big
bosses/small bosses) buy and sell the recyclables before they reach the recyclers (Bank Sampah,
personal communication, )-

Formal plastic collection is available mainly in medium to large cities. Waste collected by the
municipality gets mixed with other waste streams. Some waste pickers retrieve recyclables from
this waste at transfer stations, but almost everything gets directly disposed of into unsanitary
landfills (World Economic Forum, )- Private waste collectors bring the waste first to a sorting
and processing center (TPS3R), but this is only a tiny amount of all waste (Adupi & IPF, personal
communication, )- This TPS3R separates organic waste from recyclables and residues. The
organic waste gets composted, the recyclables get further decomposed and sold to middlemen,
and the residues are brought to landfills. Since most harmful material like plastic gets separated
from the residues, these are ‘sanitary’ landfills rather than unsanitary. Even though there are
hundreds of the TPS3R facilities placed in Indonesia, the majority of them are not in use right now
due to a lack of knowledge and commitment of stakeholders (IPF & McKinsey.org, personal
communication, ).



Currently, 39% of waste gets collected, of which 10% gets recycled, not more than 1% gets
managed via TPS3R, and 28% goes straight to landfills. The other 61% does not get collected at
all (World Economic Forum, )- The recycled 10% is almost entirely done by the informal
sector, who collect it on streets, in front of houses, or at landfills.

However, municipal collectors usually don’t treat the waste before transporting it to a landfill (The
Pew Charitable Trusts & Systemiq, )- This results in enormous dumpsites, where hazardous
materials can still harm the environment. First, sorting out harmful materials, organics and
recyclables can reduce much of the adverse effects (IPF & McKinsey.org, personal communication,
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Figure 4.1 - Simplified Indonesian plastic system

An actor analysis has been made to have an overview of all stakeholders (or actors) involved. All
stakeholders involved in Indonesian waste management are listed in . Based on the
stakeholder list, a formal chart can be made. A formal chart of the actors can give context to
relations within the system and provides insights into the dependencies between actors (Enserink
etal, ). In the full formal chart is visualized. A simplified version is presented in

. The most important actors are visualized here, and their relations are captured in
arrows and the accompanying text.

The actor with the highest level of the national government is the national Ministry of
Environment and Forestry (MoEF). They are responsible for national regulations and policies
regarding waste management in Indonesia (MoEF, personal communication, )- These have
to be followed by citizens, producers, and lower-level governmental organizations. However,
some regulations of regional governments aren’t fully aligned with the higher-level rules, which
causes bureaucratic inconsistencies (McKinsey.org, personal communication, )-



Furthermore, MoEF provides regional governments with funding for waste management to invest
in infrastructure, machinery, and vehicles. In the interview with the director of food packaging of
the MoEF, they pointed out the responsibility of the lower-level governmental organizations: “The
implementation of solid waste management is the responsibility of the local government. In this
(waste management) context, a central government assists the local government to improve their
capacity, ability, and infrastructure. ” (MoEF, personal communication, )- He meant that the
division of responsibility should be maintained, but also collaboration is needed. The local
government he referred to was at desa-level (subdistricts).
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Figure 4.2 - Simplified actor map

The kabupatenis a regency in Indonesia, of which there are 416 right now. Almost every regency
has a TPS3R, which is a waste separating facility. From here, the organic fracture can be
composted, recyclables can be sold, and the residues are brought to landfills. However, after the
construction of the TPS3R facilities, there was no one to manage the facility and the waste streams.
That is why they closed most of them before they were actually in use (IPF & McKinsey.org,
personal communication, )-

Desa is a subdistrict, who is responsible for the implementation of waste management. In some
subdistricts, there is municipal collection of waste, which picks it up at households. They usually
pay a fee for the collection. However, this is not offered in every subdistrict, which leads to
households burning their waste on streets and dumping it in rivers. Practically all municipal waste



collection is going straight to landfill because the government doesn’t “have a proper system to
collect and segregate the waste,” and they “don’t have a network to sell the segregated waste to.
That is why they just collect and dump into to the landfill.” (Adupi, personal communication,

)-

Households buy products with plastic packaging and, depending on the subdistrict, community,
and personal motivation, separate recyclables from the rest of the waste or not. The household
separation behavior is explained in more detail in section 4.3. If they do separate, they either bring
it to a bank sampah (waste bank) or let a waste picker pick them up. Waste pickers and waste
banks bring recyclables to middlemen, who resell, clean, and shred them into small pieces. Only
high-quality, well-separated parts can be sold to recyclers (Adupi, personal communication,

).

IPRO, the Indonesian Packaging Recovery Organization, was formally established in February
2021. They focus on 1) stimulating small collecting and recycling initiatives currently in place, 2)
investing in TPS3Rs management, and 3) awareness-raising regarding source segregation. They,
therefore, invest in projects that collect household waste or recycle plastics (IPRO, personal
communication, ).

The TPS3R is a facility that sorts solid waste into wet waste, recyclables, and residues. The wet
waste is composted, the recyclables are brought to middlemen, and the residues are brought to
landfills after harmful materials are extracted. The facility's operational costs can be covered
when a small waste management fee is asked to the households (McKinsey.org & IPRO, personal
communication, 2021). TPS3Rs are an example of conflicting responsibilities. They were built by
the Ministry of Public Works, which is responsible for the infrastructure. The MoEF needs to get
the systems running, but the funding is the responsibility of the Minister of Desas, which results
in a “lack of accountability” (McKinsey.org, personal communication, ).

In Indonesia, there is a national law on Solid waste management (Act No18/2008). It indicates
that the national government is responsible for formulating national waste management policy
and should facilitate cooperation among regions and local governments. It is also responsible for
coordination and monitoring of the performance of local governments.

The provincial government has similar responsibilities, but then for lower-level organizations.
They are responsible for formulating district policies that should be in line with the national
guidelines. They furthermore need to facilitate cooperation between regions within one province.
They are also responsible for the coordination of the performance of districts and municipalities.

The actindicates the district/municipal government is more responsible for the operational tasks.
They need to carry out waste management at the district level in a way that is in line with
provincial and national policies. Furthermore, they need to monitor the waste management
performance and waste processing sites. They are also responsible for the locations of temporary
collection sites and final waste processing sites.

The Act implies that mainly the lower-level governmental organizations are responsible for the
implementation of waste management practices. In practice, however, there is some discussion
on which parts of waste management are managed nationally, regionally, or locally. The
complexity lies in the different districts and regencies' different preferences, infrastructure, and



capabilities (McKinsey.org, personal communication, )- Furthermore, organizations that try
to support local governments with better waste collection and separation systems seem to
encounter inconsistent national and regional regulations. Although formally, the national one
should support the lower-level laws, and the other way around, this isn’t always the case
(McKinsey.org, personal communication, ).

For example, there is an excellent amount of TPS3R facilities installed all over Indonesia, but their
use is less than 10% (IPF & McKinsey.org, personal communication, )- Formally, the TPS3Rs
are under the responsibility of kabupatens (regencies). Still, in practice, they are managed (if at
all) by more local desas (subdistricts), as the local communities usually manage the area's waste
management.

Furthermore, there has been a regulation since 2019: Ministerial Regulation (MoEF) No.
P.75/2019 on Roadmap to Waste Reduction by Producers. Rather than suggest concrete measures
for producers to live up to, the regulation focuses on reducing plastic production and stimulates
the recycling of plastic packaging. They have set ambitious targets for 2025 and 2030 regarding
collection and recycling, but no strict rules for non-compliance are installed.

IPRO advocates for a shared vision on waste management between lower- and higher-level
governmental organizations, but with a clear division in responsibilities. The MoEF itself
mentioned their main task is to formulate the regulations, which they have done, and it is now to
the local governments to improve their waste management capacities (MoEF, personal
communication, ). However, almost all other interviewees mentioned that of all
stakeholders, the MoEF has the most significant responsibility to improve the waste management
system actively, besides making regulations. Instead of dumping all different waste streams on
landfills, they should focus more on improving the waste management system and invest in better
disposal and recycling infrastructure.

Almost all stakeholders agree that the national government needs to set proper regulations and
that there are good regulations to divide responsibility regarding waste management. However,
the national Ministry of Environment and Forestry (MoEF) is not so much enforcing their policies,
and therefore “acting more like an operator, rather than a regulator,” according to private waste
collector Waste 4 Change (W4(, personal communication, ). Other stakeholders agree that
enforcement of the national regulations would be beneficial for all waste management practices.

When looking at the system, it is beneficial to analyze the different stakeholders based on their
level of ‘power’ on the issue of interest, in this case, plastic waste management. This namely
indicates to what extent the stakeholder can influence the situation. On the other hand, the
interest of stakeholders in the problem can tell to what extent the stakeholder wants to control
the situation. In Figure 4.3 below, a power-interest grid is shown with the most critical
stakeholders present. It is made based on the interviews and the formal power the different actors
have.

The figure shows that the ministry has the most power since they can legally enforce the others
to live up to the regulations. In practice, however, they do not actively make producers take back
their end-of-life products or make households segregate their waste. And even though they have
sanction articles in their regulations, it is not common for them to use them (IPF, Adupi,
McKinsey.org, W4C, personal communication, ).



Private waste collectors are also in a power position since they try to make a business case out of
the waste collection and processing phase. They ask for a small collection fee to make it a
sustainable business and also to pick up low-value waste, besides recyclables (W4C, personal
communication, ). These private collectors can therefore impact the waste collection system
when they scale up or expand their services.

Power ®
MoEF
Frivate waste
collector
@ FProducer
& IFRO
@ Middle man
®Kabupaten @Desa
@Scavenger
. @Household
@ Waste bank
Interest

Figure 4.3 - Power-interest grid

Furthermore, IPRO has a very high interest in the waste management issue since this is the core
of why they are established. And since they are learning a lot from similar initiatives in other Asian
and European countries, they have an extensive knowledge base to rely on. Producers have a bit
more power since they are funding IPRO to exist and to be able to invest in projects.

Then there are middlemen, scavengers, and kabupatens, who don’t have much interest in the
issue. The main goal of the first two is to make a living out of waste streams rather than solving
the waste management problem. The level of kabupatens is just too high to implement things, and
they have too little financial and knowledge means to contribute. Desas are connected more to the
community, which confronts them with the waste management problem more directly. But since
their financial and knowledge means are still relatively low, they still cannot contribute very
much.

Households have a higher interest, but it is not at the maximum interest level since not all citizens
know the waste management problem. Moreover, their power is rather low since they are
dependent on waste collection and disposal services. Waste banks have an even higher interest
since they also have an educational aspect besides their recyclable intake possibilities. Also, their
power is meager since waste banks operate locally and therefore have few recyclable volumes to
present to middlemen (McKinsey.org, Bank Sampah, personal communication, ).

The recycling rate in Indonesia is around 10%, which is captured almost entirely by the informal
sector. In this sense, the meaning of ‘informal’ is that people pick waste and sell it again and make



their livelihood out of these earnings without having an official employer for it. They could pick
up recyclables from streets, households, bins, transfer stations, or dumpsites. Research has been
done on these practices, and there is a lot of social commitment involved (Sasaki & Araki, )-

According to Sasaki & Araki ( ), the informal sector in waste management has eight different
types of workers. Small bosses, big bosses, big middlemen, small middlemen, live-in and live-out
waste pickers, daily workers, and independent waste pickers. All waste workers have their own
dependencies with other people involved. For example, waste pickers rely on middlemen and are
therefore relying on them for a steady income. “Scavengers are in-depth to the bigger junk shops.
They provide a place to live, and then they need to give them some recyclable materials” (W4C
personal communication, ). These dependencies lock the scavengers, or waste-pickers, in the
informal waste working sector, and it is difficult to get out of them.

On the other hand, there are many competitors in the PET market, which creates a better position
for the waste pickers. According to IPRO, “there are a lot of junk shops that want PET waste”
(personal communication, ). This indicates there is enough demand for recycled materials.
However, the job of collecting waste still has a negative connotation and is therefore not very
attractive to do (ADUPI, W4(, personal communication, )

Waste pickers use a large bag or small handcarts to collect the waste (Chaerul, Tanaka, & Shekdar,

; IPI, personal communication, )- They sell the collected recyclables to the nearest
aggregator without treating them. This aggregator also determines the price they pay for it, which
is around 2500 IDR (4 €0.15) per kg, with minor variations for the type of plastic (Chaerul et al,,
2014).

Gibson ( ) and Garcia-Diaz & Moreno-Monroy ( ) analyzed the behavior of the informal
sector as a market based on economic and social incentives. In this thesis, however, informal
waste workers are more seen as essential stakeholders in the system than emerging agents. This
is based on the interviews that acknowledge that most informal waste workers do not actively
choose to work or not work in this sector.

It has been mentioned in almost every interview that the first step for better (plastic) waste
management is source separation to enable segregated collection. At the household level, waste
needs to be separated to be able to recover more recyclables. Contamination of too much organic
waste causes plastics or other recyclables to deteriorate quicker, resulting in less or no
recyclability. However, households don’t seem to separate their waste much, as they either don’t
know about its benefits or get demotivated when they see municipal collectors mix everything
together (Aprilia, Tezuka, & Spaargaren, ; IPF&ADUPI, personal communication, ).

Literature too emphasizes the necessity of household separation to improve the recycling rate.
However, they also emphasize this behavior change is something difficult to change. To improve
household behavior, three main factors are considered to be of most importance: motivation,
capability, and opportunity (Michie et al., ). Private collectors Waste 4 Change confirmed
this in their interview. One of their four pillars (‘Campaigning’) is to promote awareness amongst
Indonesian households and acknowledge the necessity of behavior change: “Behavior change can
only be achieved if you have 1) motivation, 2) capability, and 3) opportunity.” (W4C, personal
communication, )-



The motivation for households to separate waste is answering the question of whether
households wantto separate their waste. This involves awareness about plastic waste pollution
because they want less waste pollution on the street or in the environment. This depends on their
own experience and that of others. Especially in Indonesia, the influence of people’s community is
largely due to the large social cohesion, so the experiences of waste separation are shared amongst
each other (Aprilia et al,,

Their initial motivation is based on the diffusion of innovation theory of Rogers ( ). He states
people can be categorized into five groups when it comes to accepting new innovations. The
Innovators, which is 2,5% of the society, are most open to changes and are front-runners when it
comes to new ideas and opportunities. The next 13.5% are called Early adopters, who too are
willing to change their behavior quite soon but are less active looking for new innovations. Then
there is 34% Early majority, who are willing to adapt but somewhat slower in the adaptation
process. The next 34% are the Late majority who have a higher degree of skepticism towards
innovations. The last 16% are Laggards who are usually conservative and averse to change. These
five categories (Figure 4.4) lay the basis of the attitude of Indonesian households towards
implementing source segregation.

Late
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Figure 4.4 - Diftusion of Innovation theory, based on Rogers (" ) from (Castro, Cox, & Fukumoto, )

Even when people are willing to change, they require to have resources to live up to their desired
behavior. This can consist of time to do the separation, money to buy different bins, but also the
knowledge of how to separate waste. In this thesis, the capability aspect is based on the financial
means to make the source separation possible. 72% of Indonesian households in urban areas are
associated ‘non-poor’ by the World Bank. This percentage of households is assumed to be able to
purchase separate waste bins and have the space for this in their homes (World Bank Group,

)- It is known that ‘capability’ could include more than just this financial means, but for the
purpose of this research, it is simplified to this percentage. This percentage is reflected upon in
the sensitivity analysis (see section ).

When households have the motivation and capability, they will separate their waste. However,
since the waste collection in Indonesia is not evident, this does not mean the separated waste gets
collected separately. Therefore, the opportunity is defined as the occurrence of waste collectors
at the households.



Motivation and Capability thus determine whether the households separate their waste.
Opportunity decides whether the segregated waste gets collected in separately or mixed. In
section 6 these three factors are conceptualized for the model input and their interdependencies
are visualized by a flow diagram.

The EPR system that is in use in most countries in Europe cannot directly be implemented in
Indonesia. As mentioned in chapter 2, the most important factor that has been discussed in
literature for implementing policies is improving source separation and collection, implementing
a system approach, and keeping the local context in mind.

The need for separation and collection improvements is formulated as little existing waste
management infrastructure. The system approach should be taken into account by involving low-
value or multi-layered plastics (Sulami et al., ; IPF, personal communication, )
Assessing literature in combination with the interviews, the local context mainly comes down to
three things. 1) inclusion of the large informal sector, 2) compliance is needed to make people
comply with regulations, 3) the lack of waste management infrastructure and its needed funding
to establish this (Chaerul et al, ; Raharjo et al, ; Sulami et al, ;
[PF&W4C&Adupi&McKinsey.org, personal communication, )- Since the third point is similar
to the first element, it is combined into four factors.

— Little existing waste management infrastructure
— Involvement of hard to recycle plastics

— Involvement of the informal sector

— Compliance

The goal of the model is to achieve insights into the effects of different EPR measures on the
Indonesian waste system. Key Performance Indicators (KPIs) are output variables of the model
where the model’s ‘performance’ is evaluated. The KPIs are specific variables that should reflect
the most essential objectives of the system. In this research, 5 KPIs are formulated. The first four
focus on the end-of-life phase of the materials, and the fifth focuses on the informal sector.

Collection rate of the total waste

Municipal collectors usually do waste collection in Indonesian cities. This is the first step towards
reducing environmental pollution, as households don’t have to get rid of their waste themselves
by burning or dumping it illegally. The ambition of the Indonesian government is to achieve a
target of 70% waste collection by 2025 (Ministry of Environment and Forestry, ).

Collection rate of recyclables

Until now, only 39% of all used plastics get collected in Indonesia (World Economic Forum, )-
This low number is usually due to the lack of collection infrastructure. The many islands and
different waste management strategies throughout the country do not help this proper waste
management system deficit. In medium-sized cities, this is a bit more (45%) due to the better
collection infrastructure and availability of the informal sector. This number should increase to
reduce the environmental pollution due to plastic debris.



Recycling rate

Most of the collected recyclables are still not separated from other waste, as municipal collectors
don’t separate waste before transporting it to landfills. Of the 45% collected plastics in medium-
sized cities, around 1/4t (12%) gets recycled, almost all of which is done by the informal sector
(World Economic Forum, ). If this percentage can be increased, less waste goes into landfills,
where plastic leakage harms the environment.

Leaked recyclables

Most of the uncollected waste is burned by households (78%). The rest is either dumped in rivers
or on land, which causes the large plastic volumes to end up in water bodies through rainwater
runoff. This percentage should thus decrease to reduce environmental pollution through plastic
debris.

WP recycled

Estimations of informal waste workers in an average Indonesian city go up to thousands of people
(Sembiring & Nitivattananon, ). When the governmental ambitions of 70% waste collection
(Ministry of Environment and Forestry, ) are lived up to, the livelihood of many waste pickers
might be in danger. To evaluate this, the amount of kg that is collected by waste pickers is the last
KPI of this study. It is assumed that when this decreases, the income of their household decreases
which can cause social and financial distress.

The most important stakeholders of the Indonesian plastic waste system and their relationships
are discussed. In Indonesia, many waste management policies are in use, but they appear to not
all be consistent with each other. Due to the lack of communication between parties and different
visions on waste management responsibilities, inconsistencies and (unnecessary) complicated
processes occur. As a result of the lack of transparent governance and a financial structure, many
households do not have the opportunity to let their waste get collected.

Furthermore, many stakeholders want to improve the waste management sector but do not
always have the resources. The informal collectors take care of almost all recycling activities but
do not get proper training, health conditions, and social acceptance. Due to the negative
association that people still have with waste workers, it is not a favored job. This results in less
interaction with other stakeholders that affect the collection and recycling rate. Household
behavior is an aspect of waste management that is of great importance, according to literature and
interviews. Therefore, source separation should be a priority for municipal solid waste
management to achieve higher collection and recycling rates.

There are four factors of importance when implementing EPR policies in Indonesia. 1) Little
existing waste management infrastructure; 2) Involvement of hard to recycle plastics; 3)
Involvement of the informal sector, and 4) Compliance. In the agent-based model, five KPIs are
included. Collection rate of the total waste, the collection rate of the recyclables, the recycling rate,
the leaked waste percentage, and the amount recycled by waste pickers.



Chapter five is the next phase of the system analysis, which is based on Enserink, Hermans,
Kwakkel, Thissen, & Koppenjan ( )- Chapter 4 focused on the actor analysis and determined
KPIs. This chapter will identify means, or interventions, to influence this system to improve the
plastic waste condition in Indonesia. These interventions will be based on Extended Producer
Responsibility (EPR). In chapter 2, it was briefly shown that literature has multiple definitions of
EPR. However, a clear problem definition and a proper explanation of how EPR seems to tackle
this problem are needed to effectively implement the policy (Hotta et al,, )- Therefore, this
chapter goes into more detail about what EPR measures can be applied in Indonesia.

When looking at plastic waste management, there are multiple life cycle stages of plastic products.
The material is produced, manufactured, used, collected, disposed and possibly recycled. EPRis a
way to stimulate producers to improve the environmental effect of their products throughout the
entire value chain (OECD & Ministry of the Environment, )- This means when implementing
policies, there should be a focus on the product's complete life cycle to prevent environmental
harm from being shifted towards a different part of the value chain (OECD, ) as a critical
element of using EPR systems. Furthermore, they emphasize that EPR instruments can affect
different parts of this product value chain, stimulating different behavior (OECD, )- The life
cycle stages of a product are also referred to as upstream and downstream interventions.
Upstream inventions focus on the phases before the product reaches the retailer or consumer,
whereas downstream interventions refer to policies that affect stages of the product post-
consumption. Figure shows the phases of a product life cycle (based on Mckerlie, Knight, &
Thorpe, and OECD, ) and contain upstream and downstream stages as well as the
consumption phase.

Collection
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Figure 5.1 - Product life-cycle (based on McKerlie et al, and OECD, )

Instruments that target the upstream phase of a product were recommended by private parties
in the system and NGOs since it stimulates producers to redesign (IPF & Adupi, McKinsey.org,
personal communication, ). However, upstream interventions are not implemented in



European EPR systems due to higher-level legislation regarding free market (Besluit regeling voor
uitgebreide producentenverantwoordelijkheid, ; EIMPACK & European Investment Bank,
)- Nevertheless, since the Indonesian national government does have ministerial regulations
regarding upstream interventions like plastic bags bans (Ministry of Environment and Forestry,
), it is assumed that upstream interventions are possible in the Indonesian context. The EPR
interventions in Indonesia should take into account three things:

1) the life cycle stages of a product
2) the type of instruments
3) the factors for waste management in Indonesia

In the next section, the interventions will be combined with the life cycle stages. Afterward, the
factors of chapter will be integrated to determine the interventions that will be used for the
rest of the analysis.

In section , EPR interventions were divided into regulatory, financial, and information
instruments (A. Nahman, )- The different EPR instruments are evaluated based on their
effect on the product’s life cycle. Table represents the integration of the life cycle stages with
the EPR instruments. This analysis is based on papers on current EPR-systems worldwide (OECD,

) and the author's interpretation of the explanation of the instruments (Gupt & Sahay, )

As mentioned in the previous section, the upstream, downstream, and consumption phases should
be addressed. Of all the instruments, take-back programs are currently primarily used, especially
for (plastic) packaging materials. It is sometimes combined with either advanced disposal fees or
with deposit-refund systems. UCTS, minimum product standards, and (virgin) material taxes are
policy instruments that are rarely implemented (OECD, )-

Take-back requirements mainly affect the downstream phase of the product’s life cycle since
producers are mandated to collect and process their products. However, it also has some effect on
the upstream stage. Due to the incentive to provide lesser primary material production - because
the program's costs are based on the amount of input, there also occurs some effect here. Take-
back requirements are used in most European countries. For (plastic) packaging, there is usually
a collective Producer Responsibility Organization (PRO) set up, who needs to achieve certain
requirements that are agreed upon. In the Netherlands, this consists of recycling targets
(Afvalfonds Verpakkingen, personal communication, )- Packaging organizations pay a fee
based on the weight of the materials. For hard to recycle materials, higher fees are collected than
for materials that are easy to recycle into new products, which is called tariff differentiation. A
PRO manages the fees and supports the collection and sorting organizations, which in turn
provide input for recyclers (Afvalfonds Verpakkingen, personal communication, ). It is
recommended to organize this via a separate organization in Indonesia, as the financial flows are
directly targeted for waste management rather than other governmental projects (IPF, personal
communication, ).

Advanced Disposal Fees (ADF) are a tax paid by the producers that introduce a product to the
market. It is based on the recyclability of the end-of-life product and thus viewed similar to a virgin
material tax (Fishbein, ; OECD, )- The collection and organization of the fees should best
be done through an external organization that contacts the disposal facilities for financial support
(IPF, personal communication, )-
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In deposit-refund systems, a tax is paid by the consumer when purchasing the product with
packaging, which gets refunded when the consumer hands in the packaging again at a collection
point. Some pilots have been conducted with deposit systems for PET bottles in Indonesia, but
they have not been working correctly (IPF & ADUPI, personal communication, )- Hotta et al.
( ) also indicate that DRS can cause competition, which will make the operation less desirable
and more costly. Furthermore, the competition can cause negative effects on waste pickers’
income (UNESCAP, ).

Upstream combination tax/subsidy (UCTS) is also a way to incentivize producers to contribute
financially to waste management. It is used to stimulate more sustainable design and less virgin
material.

Virgin material taxes can be raised on 1) products that are potentially dangerous or difficult to
recycle, 2) virgin materials, to stimulate recycled materials. A virgin plastic tax can be
implemented to give the recycled plastics market a better competeable option (Sekhri, )

It can be seen that the communication instruments focus mainly on the consumption phase.
Especially the information provision, or awareness creation, is a crucial step in reducing plastic
waste (Destyanto, Kirana, & Ardi, ; Leal Filho etal.,, ; Tristiana et al., ; Bank sampah,
IPRO, MoEF, personal communication ). With this instrument, Indonesian citizens are being
told about the consequences of waste dumping on the environment and eventually on the
economy. It is emphasized that source separation of waste streams at the household level can
contribute a lot to the better disposal of the waste.

Table 5.1 - Combining EPR instruments with the product’s life cycle phases

The three chosen instruments for further analysis are based on the product life-cycle, instrument
type, and Indonesian contextual factors for waste management. Integrating these three
components, the following EPR interventions will be used in the model.

mainly focus on the downstream phase of a product. This is important
for a developing country like Indonesia, with a meager collection rate. Without proper collection,
no recycling is possible. It, therefore, accommodates the little waste management infrastructure
and can also take into account hard to recycle plastics if it is not thrown in the environment but
put in (municipal) bins.

have the goal of eco-modulation. Based on the content of a product,
the fees can become higher or lower. This stimulates the design of products that consist of higher



quality materials, which are better recyclable. This means there is the involvement of hard to
recycle plastics. Furthermore, it is applicable for the waste management infrastructure in
Indonesia, as waste pickers can capture the recyclable material.

are the third intervention. It focuses on the consumption phase that
the other two instruments have not targeted. It is a communication instrument, which deemed of
greatimportance based on interviews and literature research. The campaigns can raise awareness
of the benefits of proper waste management and the downsides of polluting the environment. This
can even stimulate a better waste management infrastructure and benefit informal waste
workers, as they might have to work with less polluted materials.

The list of EPR instruments was categorized into regulatory, financial, and communication
instruments. One intervention of each category was chosen to adhere to literature that
recommended using a systems approach when implementing EPR (Tristiana et al, )-
Furthermore, the instruments were evaluated based on their effect on the product’s life cycle. To
prevent environmental burden shifting from one life cycle phase to another, instruments were
chosen in each life cycle stage. Lastly, the Indonesian context factors of chapter 4 were taken into
account as well. The three EPR instruments are take-back requirements, advanced disposal fees,
and awareness-raising campaigns.

The next part goes into the design science research by conceptualizing and analyzing the agent-
based model.






In the last part, step 2 of the agent-based model has been conducted: the system analysis. Then, in
Part 111, steps 3 to 8 will be covered, where chapter ¢ focuses on the model conceptualization and
formalization of the model, and chapter 7 on the results. The goal of the model is to provide
insights into the effects of EPR interventions on the Indonesian plastic waste system.

As the name suggests, the agent-based model consists of multiple ggentsthat interact. Every agent
has its own stateand behaves in a way that is determined by ru/es. The state of each agent consists
of values of its properties, and the network of agents interact with each other based on their rules.
The environment is the part of the system where the agents interact and can get influenced by
(van Dam et al,, ).

Based on the agent’s state and rules, he behaves in a certain way. Since the decision of households
to separate waste or not seems to be an essential factor in literature, and from interviews, the
behavior of households is analyzed in more detail. Then, the behavior of the three types of waste
collectors is conceptualized.

Three main factors that were highlighted in section 4.3 are motivation, capability, and opportunity
of households for segregated waste collection. Their initial motivation is determined by the
Theory of Innovation diffusion (Rogers, ), and the capability is based on whether households
are wealthy enough for (space for) separate waste bins (World Bank Group, )- These two
factors determine the initial decision for households to separate their waste (see Figure 6.1).
During the day, the motivation can decrease based on the household’s personal experiences with
the waste collection ( 6.2). They stay satisfied if their separation efforts result in
a separate waste collection by waste pickers or TPS3R collectors. However, municipalities collect
waste mixed and dump it together at the landfills (IPF & ADUPI, personal communication, ).
It also happens that there is no waste collection, and households have to burn their waste. Both
situations make the households feel like they separate for nothing, which lowers their willingness
to separate. At the end of each day, the household updates their motivation and, based on this,
starts, stops, or continues their waste separation. This motivation check is visualized in Figure 6.3.
Households with an innovation-level of ‘Late majority’ or ‘Laggard’ are averse to innovations, so
their motivation even decreases when the motivation of neighbors to separate is low. Larger
versions of these figures can be found in
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In the model, three types of waste collectors are included. visualizes the behavior flows
of the waste pickers, municipal and TPS3R collectors. The three types of collectors get placed
randomly in the system. They start collecting waste when the day begins. There are two conditions
in which the collector brings their collected materials to the recycler or landfill: when the working
day is done or when their (truck) capacity is full. Otherwise, they keep going to households that
still have waste. TPS3R collectors give priority to households that separate waste, as that is what
they want to achieve. If these households are collected, and there is still capacity left, they go to
other households. They sort this in their sorting facilities of the mixed waste that they collect and
can recycle up to 25% of the recyclables. The rest is already contaminated and not fit for recycling
(Alberts et al., )- Since they can sort out harmful materials, the TPS3R collectors bring the
residues to so-called ‘sanitary’ landfills.
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In the previous section, the agents' behavior is visualized independently. However, they also
influence each other. In this section, the agents that are included in the model are shown, and their
properties are represented in a Unified Modeling Language (UML) diagram in .The UML
diagrams consist of classes with their accompanying attributes (properties of the classes) and
refer to the relation between the classes. The environment is a class, too, to give a more
comprehensive overview of the model properties.
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Figure 6.5 - UML diagram of the agents in the model



As explained in chapter 4.1, the model represents a part of a medium-sized city in Indonesia. The
behavior of agents with each other and the environment can be visualized in a BPMN-inspired
conceptual model. This Business Process Modelling Notation (BPMN) is a language used to
visually present processes that occur in a system (Wohed, Aalst, & Dumas, )- In this way, the
interactions between the different agents can be shown. Figure 6.6 shows five ‘swimming lanes’
for each type of agent and one for the environment. The lanes contain the processes (rectangles)
and choices (diamonds) of the agents. The parallelograms are the end and start points of the
system; the dashed lines show the interactions between different actors. Interaction occurs
between actors of the same type, too, such as between households that check each other’s
motivation or between collectors that check whether another collector already occupies the
house.
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Figure 6.6 - BPMN-inspired flow diagram, a larger version can be found in

The model consists of five types of agents: households, waste pickers, municipal collectors, TPS3R
collectors, and middlemen/landfiller. The latter is put into one lane to represent the next stage of
waste management and, for the purpose of the model, does not have specific behavior. The
environment is the system around the agents but within the scope of the model. Agents can affect
each other, and the environment, as well as the environment, can impact the behavior of the
agents (van Dam et al,, ). The environment determines the time and randomly assigns the
agents' location and the innovation levels and capability of the households. Lastly, the
environment determines the chance of households accepting the request of TPS3R collectors to
increase their motivation for waste separation. This chance is based on their innovation level.

Every ‘step’ of the model is an hour, and during the day, the collectors go to different households
to pick up waste and recyclables. The distance to middlemen or landfills is not important since it
is assumed that the collectors will reach the next stage anyway (McKinsey.org & Adupi, personal
communication, )- The runtime is limited to a few months because the dataset became too
large when it ran longer. Other options to limit the model size were considered, like changing the
model resolution, but the days can be different from each other, this should be kept in the model.



The waste produced by households is divided into recyclables and residues. Because modeling
plastics alone would be too unrealistic, and it is the largest share of collected recyclables (Sasaki
& Araki, )-

The government is not modeled as an agent but is technically located in the environment of the
model. It puts some constraints on the agents, like making legislation and rules for households
and collectors, which is a characteristic of the environment in an agent-based model.

In this chapter, the model is conceptualized. First, the behavior of the individual agents is
explained based on flow diagrams. Households and three types of waste collectors (waste pickers,
municipal collectors, and TPS3R collectors) are the main actors in the model. The agent where the
collectors bring the waste towards is the fifth agent, but they do not actively interact with the
other agents. Secondly, the network of the agents is discussed, where the interactions of the agents
are explained based on a UML diagram. Lastly, the environment is also involved. An overview was
made of all involved actors and their interactions with each other and the environmentin a BPMN-
inspired model.



In the previous chapter, the conceptual model is described and explained. In this chapter, the
system will be formalized based on steps 3 to 6 of the agent-based modeling approach (van Dam
et al, ). First, the model narrative will be explained. Subsequently, the agents' behavior
conceptualized in the previous chapter will be formalized into computer-acceptable language,
which is called the parameterization of steps 4 and 5 of the modeling steps. Lastly, the model will
be verified in section

The model narrative describes the processes and interactions that happen in the system. The
model starts with the setup. The different agents are set on a specific location and receive their
properties. When the model starts running, the day begins with households putting their waste
on the streets. Based on their properties, they segregate this in separated bins or have it all mixed
together. Next, the three types of collectors go to the households in their neighborhoods, and at
the end of the day (or when they have reached their personal capacity), they bring their yield of
the day to the next step: the middlemen, or the transfer station to landfills. In the following
sections, the agent behavior is explained in more detail.

The setting up of the model starts with placing all five agents randomly in the system, which can
look like . House-icons indicate households, and green houses indicate houses that
separate their waste. Since the study mainly focuses on a medium-sized city (see section 4.1), the
number of waste pickers and collectors is calibrated with the base case's recycling and collection
rate. explains the model calibration in more detail. At this moment, households
determine their innovation level based on a random number and Rogers’ 5 categories (Rogers,

). They also identify their neighboring households, whereas waste pickers, municipal
collectors, and TPS3R collectors identify households in their neighborhood where they can collect
waste from.
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Figure 7.1 - Example of the initial set up in NetLogo - right a zoomed-in screenshot



Indonesian households produce around 2.8 kg of waste per day (United Nations Environment
Programme, ; World Bank Group, )- One house-icon in the model represents a street of
houses. Once a collector is there, it can pick up recyclables or residues from that street in one hour
(one step in the model, a tick). This means that every day, a house-icon produces 2.8 kg *
10 households = 28 kg waste. The waste consists of ‘wet waste’ (organic waste, 50%) and dry
waste (United Nations Environment Programme, )- This contains recyclables (40%) and
non-recyclables (10%). Since the model focuses on household waste and doesn’t include
industrial waste, the percentage of organic waste is higher and the recyclables lower (IPF & WB,
personal communication, )- In the model, this has been divided into 20% recyclables and
80% residues, similar to other studies on municipal solid waste in Indonesia (Aprilia et al,, ;
Sudibyo, Budiman, Pradana, & Wiratni, )- This is modeled that at the end of every day (after
12 ticks), a household-icon produces around 28 kg (with a randomizer for some diversity), of
which 20% are recyclables and 80% are residues. Since the Indonesian population increases
significantly, urbanization is happening, and their economy grows steadily, their municipal solid
waste production increases by around 8% annually (Sudibyo et al., ).

Even though almost 70% of households’ waste is from organic material (‘wet waste’), most
households do not separate their waste into wet and dry waste, let alone segregate their
recyclables (Aprilia et al., Ratna et al,, )- It is known that households are unwilling to
separate their waste, as a large part of this is mixed again when the municipality collects it (Waste
Bank, personal communication, 2021; Aprilia et al., 2012). Neighbors influence the motivation to
start sorting (Aprilia etal., ; Sweep Smart, personal communication, ). In the model], this
is incorporated as ‘motivation’ which increases when households in their surroundings are
separating waste. The model starts with around 5% of the households that separate their waste
and is based on their innovation level. Innovators are thus more likely to separate their waste than
the Late majority or Laggards.

A study that analyzed the plastic flow in Jakarta found that waste pickers collected 34% of all
collected plastics. The municipality collected 65%, and less than 1% was collected via waste

banks, where waste separation is required, just like at TPS3R sites (Ratna et al,, )- However,
since the model studies a medium-sized city in Indonesia, the numbers for the base case
calibration are adjusted accordingly (World Economic Forum, ).

As explained in section 4.2, waste pickers collect recyclables in multiple places. In the model, only
informal waste pickers at households and dumpsite pickers are included for simplicity purposes.
The door-to-door collection is the most common since there is the most variety of valuable
materials (Damanhuri & Padmi, )- However, Sasaki & Araki ( found that still around
5% of the waste transported to a large landfill close to Jakarta is being collected for recycling.
Therefore, the dumpsite collectors are included at the landfills and collect recyclables there with
this 5% collection rate. Two options make a door-to-door waste picker bring their collected
recyclables to the middleman. Either after a certain amount of working hours (hours-of-work) or
after they have reached their capacity. The average capacity of waste pickers is around 7 kg
(Aprilia etal,, )- There are a few examples of using wheel carts for collection to increase their
capacity. This is included in the model to have a chance on such a wheel cart. It is assumed that all



collected recyclables via waste pickers end up at a recycling facility (World Economic Forum,

)

Municipal collectors go to households that are within their neighborhood. Municipal collectors
mix the waste in their collection trucks without further processing it. In reality, this is brought to
transfer stations before it goes to landfills. However, for the sake of simplicity, the waste is labeled
as ‘unsanitary landfilled’ when municipal collectors have moved it to the landfiller at the end of
the day. During their collection round, they decide on the household to go to based on their
distance from where they are at that time. The landfill is not separately modeled, but the municipal
collectors go to the middlemen. This is to prevent many different agents, and the time it takes to
bring the waste is not of importance for the goal of this model.

TPS3R collectors are scarce right now. Namely, source separation is required, and investments in
facilities and knowledge about waste management (Adupi & IPF & McKinsey.org, personal
communication, )- The base case has one TPS3R collector that goes to separating households
in its neighborhood. However, when these households are collected, they go to other households
if they have capacity and time. It is modeled that they leave a note requesting to separate their
waste, which results in a chance for the households to increase their motivation level. If this
motivation level reaches a certain threshold, and they have the capability to separate their waste,
they start separating.

In it is shown that middlemen play a role in the recycling industry since they set a
certain standard to accommodate the informal workers. However, as there is no direct influence
of the EPR interventions on the middlemen, and to simplify the model, they are not modeled
elaborately. As middlemen, recycling facilities, temporary waste facilities, and landfills are the
next stage in the waste supply chain; it would make the visualization of the model more complex
to insert more different types of agents. Therefore, they are modeled as one type of agent to which
the three types of collectors bring their collected items.

In the model, the take-back requirements are modeled so that after the model has been running
for a while, ten more TPS3R collectors come available. When these requirements are implemented
in real life, the Indonesian PRO receives more fees from producers. As a result, they become
responsible for more waste collection, and they can invest these revenues in projects that improve
the collection capacity (IPRO, personal communication, ). These projects result in more
collectors that stimulate separate waste collection. Furthermore, TPS3R collectors also treat the
mixed materials to filter out some recyclables and make sure the harmful materials do not end up
in landfills.

The location strategy of the placed TPS3R vehicles can be based on

1) household density - where the initial TPS3R location is placed where households are
closest to each other;

2) motivation density - where the initial TPS3R location is placed where households are
highly motivated;



3) separation density — where the initial TPS3R location is placed where households are
already separating waste.

This policy intervention aims to reduce the number of hard-to-recycle plastics. The disposal fee is
usually based on the product's weight or of certain materials that the product is made of. This
creates an incentive to use better recyclable materials in products. This is modeled as a steady
increase of a higher percentage of recyclable waste that households produce. In the base case, this
is 20%, based on literature for municipal solid waste. The target of the intervention that gradually
increases over time varies between 25, 30, and 35% recyclables. This intervention thus affects the
content of the waste production of households.

As mentioned before, source separation is a crucial step to increase the recycling rate (Bank
sampah, Adupi, MoEF, IPRO, personal communication, ). Implementing awareness-raising
campaigns is a way to stimulate this. The intervention is modeled as a new agent type coming into
the model: awareness-raising campaigns (arcs). They can be held in different time periods to see
the longevity of the campaign effects:

1) One week - for one week, every day, the campaigns are trying to convince the surrounding
households to increase their motivation. The chance this works is higher for innovators
than for laggards;

2) One month - for one month, the campaigns support the surrounding households to
increase their motivation;

3) Monthly - every month, there is are days in which the campaigns try to convince their
surrounding households to increase their motivation.

Furthermore, the campaign strategy can be based on similar location strategies as intervention
one:

1) Household density — where the location of the arc is placed where households are closest
to each other;

2) Motivation density - where the initial TPS3R location is placed where households are not
motivated;

3) Separation density - where the initial TPS3R location is placed where households are not
separating their waste.

In the previous sections, the conceptual model is described and explained. In the next step, the
implementation of the model, the conceptual system is put in the model environment NetLogo
6.1.1. NetLogo enables agent-based models to be implemented with a relatively easy syntax.
However, this also comes with the limitation that it is challenging to create more complex models
and therefore requires (as any model) many assumptions. A list of all model assumptions can be
found in

The interface of the model is shown in . In the middle, the output of the model is visually
displayed. On the left side, input parameters can be set and varied, and on the right side, the output
of certain parameters is shown in numbers and graphs.



Burned recyclables [% o total burned] waste production
setup o once o o
Bumed wastz | %

iniiabnumber-of-houschlds 250 AEESRE=Eg | 65087 62.6 || Burned residues [% of total burmed]
ol nmberethouscholds 250 112095 o
Collected waste || % 8 =

initiab-number-of -waske-pickers 14 30516 7.4

|

initiabnumber-of-municipal-collectors 24 Unsanitary landfiled %

34485 308 (]

Collected recyclables
45,4
Recycled total
3054 2.

Landilled recyclables
Recyded by 317

initiah-number-of-TPS3R-callectors 1 0 time 50000

initial-number-of -middlemen 5
capability-threshold

»

Intervention 1:

WP [%] | DP [%] | TPS3R [%]
47 45 8

R

Eg;} Mandatory-take-back-requirements Bured recyclables

546

average-motivation

4862
vears  |[Davs  |[[Hours from..._ | ..total Recycled recyclables
0 15 o 64 |8t 137

End-of-life All waste End-of-life Recyclables
100 Mrecycled 100
I Wsaritary landfiled
Wunsantary landfiled
Mieaked

tbr-number
10 v|

thr-location-strategy _ skert-day-thr
hasedrunriepavz[mnrdenj 20

—
motivation-increase-tbr 035

<

Intervention 2:

!!gpr Advanced-disposal-fee

Mrnrannmnmnne

adf-target
I v

0 time. 231 0 time. 231

T artdarad Share of separating hh Average motivation

| aradually |||z v|

Intervention 3;

on - alsing
ED” Awareness-raising-campaigns

campaign-repeat start-day-arc

one month 7||[z v

%
o motivation-level &

L 0

— —— (| ———
based-on-separation-density Vv motivation-decrease-personal-experience 0,20 | _wp-hours-of-work 9 hours
e

radius-campaigns 10 il 0.10 F-work_9 hours

arc-number

motivation-increase-arc 0.20

Figure 7.2 - model visualization in NetLogo

The parameterization step determines model values for the parameters of the conceptual model.
The parameters are divided into five categories (see table Table 7.1 below). A complete overview
of all parameters and model values can be found in

Table 7.1 - Categories of model parameters

Category Description

Model The global values of the initial settings of the model

Agent properties The characteristics of agents

Motivation values The variables that influence the motivation of households

Simplifying the model Variables and decisions which make the model easier to
interpret

Settings for interventions The strategy variables for implementing the interventions

The goal of model verification is to analyze whether the model works as it is expected to work.
Therefore, during and after the designing of the model, verification steps were taken. Most of the
model has been verified by recording and agent behavior tracking (van Dam et al,, )-

Three types of verification have been done on the model. First, based on code walk-through, the
code was analyzed in-depth, and possible adjustments were based on the order of happening
procedures. Second, the recording and tracking of agent behavior improved the model when
individual agent behavior was checked into more detail. Thirdly, multi-agent testing was used to
analyze the different graphs that indicated agent values or behavior. The verification steps are
visible in

The model was assumed to be correctly implemented based on the verification and
implementation of the adjustments accordingly.



This chapter elaborated on the model narrative. First, it described how the agents in the model
behave and what assumptions have been made. Furthermore, it was explained how the three
interventions were modeled, and their individual strategies were elaborated upon. Then, it was
shown how the model environment Netlogo looked like and which parameters were used. Lastly,
three ways of model verification were mentioned: code walk-through, agent recording and
tracking, and multi-agent testing.



This research analyzes the effects of specific EPR interventions on the plastic waste system in
Indonesia. The Indonesian waste system has been (conceptually) modeled in the previous
chapters, and the interventions have been chosen. In this chapter, the interventions and the model
are combined, and the results are presented. The performance of the system is evaluated based
on the KPIs defined in section

The experimental design consists of scenarios that can be used to evaluate the interventions. First,
the three interventions will be individually assessed. Based on their strategies that were explained
insection 7.1, there are 15 different scenarios. Then, different interventions will be combined with
each other. There would be too many scenarios if all strategies of all interventions were combined,
and it would be hard to get understandable conclusions out of those. Therefore, based on the
individual assessment, some strategies will be selected to continue with (see Table 8.1). All
scenarios will be evaluated based on the five Key Performance Indicators.

Collected waste

Collected recyclables
Recycled recyclables
Leaked recyclables
Collected by waste pickers

Table 8.1 - Run experiments and their characteristics

Experiment Variable Strategy options Replications
Base case Run time 6 months 100
4 years 1
Intervention1 Run time 6 months 20
tbr-location- Based on household density
strategy Based on motivation density
Based on separation density
Intervention2  Run time 6 months 20
ADF-target 25%
30 %
35%
Intervention3  Run time 6 months 20
Arc-location- Based on household density
strategy Based on motivation density

Based on separation density
Campaign-repeat One week

One month

Montly

This section presents the outcomes of the base case and the interventions. Per experiment, the
line plots provide an understandable overview of the effects of interventions, whether boxplots
show more precision of the results on the KPIs. For some experiments, only the impact on certain
KPIs is presented. The results on all KPIs can be found in



In , the model results for the base case can be found. It is visible that in the first few
weeks, the model is calibrating, which results in a large shift in collection percentages. Only after
a while, the collection becomes more consistent, and the results can be more reliable. The outputs
stay relatively constant over the months. This means the outcomes do not change much when
having the same initial values. Due to the model's size, multiple runs cannot be done for longer
than one year. However, due to the small standard deviation, a single run can be done to evaluate
the outcomes over a longer time period. This single run shows that over a time span of 4 years, in
which the Indonesian government wants to achieve a waste collection target of 70%, continuing
the current waste collection practices result in a waste collection decrease ( )- This
effect, caused by the waste production increase, thus emphasizes the necessity of interventions to
achieve the collection targets, which will be discussed below.
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Figure 8.1 - Base case: waste and recyclables collection over four years time

For the results of the interventions, it is visible that in the first weeks of the run, the results on the
KPIs need to become consistent. That is why the interventions are implemented only after 30 days
in the model, when the base case is more steady. Besides the one below, more graphs from the
results of the interventions on all five KPIs can be found in



Intervention 1 shows the increased TPS3R collection in the system. As can be seen in the graphs
below, the waste collection and recycle ratio increases due to the intervention (Figure 8.2). The
different location strategies seem to have a small influence on the outcome. The strategy to place
the initial TPS3R vehicle on a location where the households are closest to each other shows the
highest recycling and collection rate, and result in the lowest leakage ( ). However, it
also shows that waste pickers collect less waste per day. Graphs on other KPIs can be found in
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Figure 8.2 - Line plots of intervention 1
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Figure 8.3 - Boxplots of intervention 1

The second intervention steadily increased the number of recyclables compared to residuals in
households waste due to the advanced-disposal fee. This has little to no impact on the collection
rate of the total waste and recyclables ( ) but does affect the recycling rate. This is since
this intervention stimulates producers to make products of which the materials become better
recyclable. The amount of recyclables in the municipal solid waste thus increases, but the
collection capacity does not. Moreover, as the collected recyclables almost do not change, the
absolute number of recyclables has increased.



The leaked recyclables are limited affected by the ADF intervention, and when there is a closer
look, the target of 30 and 35 results in a higher leakage percentage than the 25% target or base
case ( ). This is because the intervention increases the recyclable percentage, which
leads to a higher percentage of leaked recyclables with no other intervention that increases the
recycling rate. Interestingly, the 30% target seems to result in a slightly higher leaked recyclable
rate than the 35% target. The difference is minor, but more than the difference between the 25%
target and the others. The amount of kg recyclables collected by the waste picker shows a slight
increase compared to the base case ( )-
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After one month in the model, the awareness-raising campaigns start. Besides a slight potential
increase in the recycling rate, the campaigns do not seem to affect the KPIs (see )-
However, the awareness-raising campaigns do affect the separating percentage of households
( )- When looking at the repetitions of the campaigns, the three timing-related strategies
have some different outcomes. All three campaigns make sure the separating percentage in the
first week increases for the households. When implementing the campaign that lasts one week,
the numbers fall back but stay higher than the base case. The same effect occurs for the campaign
that lasts a month but with a slightly higher percentage at the end. After a while, this decrease
comes from households' negative personal experiences since their waste separation efforts are
being penalized by not getting collected separately. The steep drop of the two strategies is because
the household’s property motivation is for most households at its maximum during the
campaign time. When the campaign stops, the motivation slowly decreases. When it reaches the
separating threshold, they stop separating their waste. Since the slope of decreasing motivation is
the same for an average household, they reach the threshold for separating their waste at the same
time. As shown in purple, when the campaign takes place every month (actively for the first five
days of every month), the households stay motivated to separate their waste.
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Figure 8.6 - Line plot of intervention 3 based on campaign repetition



When looking at the different campaign repetitions ( ), the location-strategy of the
awareness-raising campaigns does not seem to make an enormous difference.
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Figure 8.7 - Boxplots intervention 3

Since the separation of waste at the household level does not directly affect the collection and
recycling rate, interventions should be combined to achieve less plastic pollution.



Since EPR and waste management challenges require a ‘system approach’, the interventions are
also combined to see what these outcomes can do (Table 8.2).

For intervention 1, the location strategy will be based on household and separation density since
these two seemed to have the highest effect. However, there was no clear answer to what target
for the percentage of recyclables would be best, so all three options will be included in the
combinations. For intervention 3, the location strategy will be based on separation density, and
all three repetition strategies will be included. In the figures, the base case, the individual
interventions, and the combination of interventions are plotted.

Table 8.2 - Experiments for combining the interventions

Experiment Variable Strategy options Replications
1&2 1: location-strategy based on household density 20
2: target 25,30, 35
1&3 1: location-strategy based on household density, based on 20
separation density
3: location-strategy based on separation density
3: repetition-strategy =~ one week, one month, monthly
2&3 2: target 25, 30, 35 20
3: location-strategy based on separation density
3: repetition-strategy ~ one week, one month, monthly

Combining the mandatory take-back requirements and advanced disposal fees results in an
increase in the KPIs total waste and recyclable collection and a decrease in leaked recyclables.
There is a limited effect on the different ADF targets (see )- The following boxplots are
found when the individual interventions are compared with the combined interventions (

). It shows that the increased waste collection of the take-back requirements is supported by
the advanced disposal fee intervention ( )- However, the recycling rate gets somewhat
downgraded due to the ADF (Figure 8.8¢), just like the leaked recyclables (Figure 8.8c). Figure d
does indicate that the decreasing effect of ADF on the leaked recyclables percentage is diminished
when ADF is combined with TBR. The number of recyclables collected by waste pickers seems to
be evened out when combining interventions 1 and 2 (Figure 8.8¢).
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The timing of the interventions does not significantly impact the collection rate. It does have some
effect on the recycling rate. Earlier take-back requirements can result in a higher recycling rate in
the short term. When ADF is first implemented, the recycling rate first decreases before it goes up.
The lines seem to converge towards each other, but the model runs until six months, so the effects
afterward should be investigated further (Figure 8.9).
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The interventions start at the same time, after one month. In , it is visible that the KPIs
do not seem to be affected much by the campaign repetition ( in ). When
looking at the combined interventions, they even seem to be less effective on the waste and
recyclable collection than the take-back requirements individually ( & b). However,
when looking at the recycling rate ( ), the combined interventions significantly

increase this KPI. Interestingly, compared with the take-back requirements alone, the combined
interventions show a slight decrease in the collection rate but an increase in the recycling rate.
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Figure b: collected recyclables
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Figure 8.10 - Boxplots of intervention 1 and 3, compared with individual interventions

Since it would be expected that the combined interventions would have more effect on the waste
collection, too, the model is run with the settings that the extra TPS3R collectors only start after
the campaigns have been going on for a few weeks. Nevertheless, this also shows a similar effect
on the collection and recycling rate ( )

There is another effect visible on the location of the collection vehicles. When implementing take-
back requirements individually, the preferred location strategy of the collectors would be based
on household density ( ). However, when combining the intervention with the
awareness-raising campaigns, the TPS3R collection locations can be better placed in areas with
the highest separation density (see )
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Figure 8.11 - Boxplots of intervention 1+3, based on tbr-location-strategy

The repetition strategy of the campaigns barely shows any differences in outcome (Figure 8.12).
When separating households thus get their waste collected, they stay motivated to separate their
waste.
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These two interventions individually did not have a considerable influence on the KPIs. The ADF
negatively influenced the recycling rate (Figure 8.4), and the ARCs only slightly increased the
collection and recycling rate ( in ). Combining these two interventions
shows that waste pickers' collected materials are higher than the individual interventions (

).
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Figure 8.13 - Boxplot of intervention 2+3, compared with individual interventions

The following experiment has been run (Table 8.3). When combining the three interventions, both
household density and separation density have been included. In the earlier analyses, it was found
that both strategies could result in higher collection rates. The three interventions that were run
together are compared with the individual interventions.

Table 8.3 - Experiments of combining all three interventions

Experiment Variable Strategy options Motivation Replications
1&2&3 1: start day 30,50 All together 20

and in order
based on
previous
analyses

1: location- based on household density 20

strategy based on separation

density

2: start day 30,70 All together 20
and in order
based on
previous
analyses

2: target 30 Highest 20
collection rate

3: start day 30 All together 20
and in order
based on
previous

analyses



3:location- based on household density 20

strategy based on separation
density
3: repetition- one month 20
strategy
Compared with:
1 tbr-location- Based on household density Highest 20
strategy collection rate
2 target 30 Highest 20
collection rate
3 arc-location Based on household density Highest 20
strategy collection rate
repetition One month No clear
strategy preference
between
strategies

When combining the three interventions altogether, there are a few results visible. The two
collection rates are lower with the combined interventions than when the take-back requirements
are implemented by themselves ( and b). The combined interventions seem to
achieve a higher recycling rate. However, the difference with the take-back requirements
individually becomes smaller over time and seems to shift after a few months ( )-In

, it is visible that the take-back requirements individually affect the collected
materials of the waste pickers. When combining the interventions, this loss is not visible anymore.
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Figure c: recycled recyclables
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Figure 8.14 - Boxplots of combining all three interventions, compared with individual interventions

A closer look is taken at the combined interventions, compared with the take-back requirements
individually. The take-back requirements individually seemed to result in the best collection and
recycling rate when the collection locations were placed in locations based on the household

density ( )- This conclusion can also be made for the combined interventions (where the
interventions start at the same time), as can be seen in , b, and ¢ below.
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Figure b: collected recyclables

SRR I1dd;

4ﬁﬁﬁﬁi+iﬁiii@+iiiiiii

(%)) w [=)]
o (9] o

% of recyclables collected

40 mmm AllI3 - TBR=hhdens
Imm All3 - TBR=sepdens
35- mma TBR
I Base case
S 1 2 3 4
Months
5 Figure c: recycled recyclables
20-

“ﬁﬁﬁﬁﬁ%%ﬁkhkkkkkkkkkk

[ TBR
I Base case

=
o

w

% of recyclables recycled

0% 1 2 3 4
Months

Figure 8.15 - Boxplots of all interventions combined, based on tbr-location-strategy

Before, the interventions all started on the 30t day in the model. When the interventions are
implemented based on when their combinations resulted in better outcomes, there is a preferred
order of implementation. First, awareness-raising campaigns start, then take-back requirements
are installed, and lastly, the advanced disposal fee gets implemented. When using this order, the
best location strategy of the take-back requirements shifts from household density to separation
density (see Figure and Figure ).
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Figure 8.16 - Boxplot of interventions when implementing them in different time orders - compared with the
individual take-back requirements
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individual take-back requirements that start on day 30 (above), and day 50 (below)

The validation of a model is a crucial step when there is a desire to use the model's results in a
broader context. The goal of model validations is to determine whether the model represents the
thing thatit models (van Dam et al,, )- It thus needs to be checked if the model actually models
the waste collection system of Indonesia accurately enough to interpret the results in a valuable
way.

The goal of the model should be taken into account when conducting the validation. In this thesis,
the purpose is not to indicate how much the interventions can increase the collection- or recycling
rate. Instead, the goal is to gain insights into the agent behavior and the collection and recycling
rate when specific EPR interventions are implemented. Therefore, the model validation focuses
on 1) the agents' behavior, 2) the relative outcomes of the collection and recycling rate, and 3) the
modeled effects of the EPR interventions.



First, a sensitivity analysis has been done to analyze the sensitiveness of certain behavior
parameters. Then, a literature validation was conducted by comparing the model outcomes with
other research. Thirdly, an expert interview validated the effects of the EPR interventions.

A sensitivity analysis was conducted to evaluate the effects of the chosen parameters. The values
of the parameters were varied, and the effects of these changes are analyzed to see whether the
model is sensitive to parameter changes. The sensitivity analysis is discussed in greater detail in

In the model, the distribution of Rogers ( ) is used as a basis for the adoption of innovations,
like waste separation at the household level. However, based on Mollaoglu & Syal ( ), a
different innovation distribution was applied, with more innovators and early adopters to analyze
the model's sensitivity. The results of the sensitivity analysis show that the model is susceptible
to the innovation level distribution. The distribution of Mollaoglu & Syal results in more than a
duplication of household separation percentage in the base case (see Figure )

A change in capability threshold did not result in much change in separation percentage. From the
three motivation-increase and -decrease parameters, the motivation-decrease-personal-
experience was quite sensitive to changes. The motivation-decrease-social-influence
and the motivation-increase-social-influence were relatively stable.
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Figure 8.18 - Result of sensitivity analysis based on the innovation-level distribution

The collection and recycling rate are two values that are usually available in the literature that
analyze (plastic) municipal solid waste management. These two variables are therefore
obtainable to validate. No articles were found that analyzed municipal solid waste management
in medium-sized Indonesian cities, which is the modeled scope. However, two articles focus on
municipal solid waste management in two megacities in Indonesia. They will be compared with
the source on which the model's base case numbers are based (World Economic Forum, )-



Ratna et al. ( ) analyze plastic flows in Jakarta, Indonesia’s capital city. They found a plastic
recycling rate of 24% of the plastics produced through a Material Flow Analysis. World Economic
Forum ( ) showed that the average recycling rate in mega archetypes (like Jakarta) is around
20%. Therefore, the 20 and 24% that were found in the studies can be comparable. For
comparison, based on the WEF research, medium-sized cities have a recycling percentage of 12%,
which is used to calibrate the model (see ).

Sembiring & Nitivattananon ( ) studies solid waste management in Bandung, another
megacity in Indonesia. They analyzed the residential waste collection of the city and how much
the informal sector contributes to this. They measured a waste collection of 76%. World Economic
Forum ( ) shows a collection rate of plastics, not solid waste in general. It can be assumed
that the collection of plastics is higher than the collection of all waste due to the informal sector
activities (Sembiring & Nitivattananon, ). World Economic Forum ( ) finds that in mega
archetypes, the collection rate of plastics is 74%, which is thus comparable with the article. World
Economic Forum ( ) indicates that plastic collection in medium archetypes is limited to 44%.
In the agent-based model, the average waste collection of plastics is around 45%.

Even though the scope of the articles is different, when having the WEF research as an
intermediate source, the results of the collection and recycling rate are similar to the model.

Ratna et al. ( ) do, however, see quite some leakage at the informal collection (3.5%) and at
the recyclers (10.2%), which has not been taken into account in the agent-based model. This will
be elaborated on in the discussion section of this thesis.

After the model and experiments had been done, the results were reflected upon with one of the
previous interviewees. Waste 4 Change is an organization that tries to tackle (plastic) waste
pollution via local communities and creating cooperations. They are knowledgeable about the
plastic system and can therefore provide insights into the possible effects of the EPR instruments.
The interview started by giving a short recap of the research goal since the interviewee was
interviewed before. Then, the three EPR interventions were discussed in more detail, indicated in
the slides ( ). First, some open questions were asked to get the first thoughts on the
interventions of the interviewee. Then, we went into more detail on each of the interventions. Only
after the first round, the conclusions of the interviewer were discussed to prevent bias in the
interviewee's answers.

The interviewee mentioned that the first two interventions are very likely to be implemented
hand-in-hand. As more collection costs money, and the disposal fees could fund this. This can be
done via a waste credit system, where producers receive ‘waste credits’ when they give funding
to collectors or recyclers for processing their waste.

Regarding the effects of the first intervention, the interviewee suggested that take-back
requirements could start two more interactions. Firstly, it can stimulate producers/brand owners
to work together with the most efficient player in the recycling sector - the informal collectors.
This would also stimulate informal collectors to work via a union that can make better
arrangements with the producers. Furthermore, they would need to pay the informal collectors
more than the middlemen do or provide better working conditions. This could thus lead to
positive effects for the waste pickers financially and physically. It could also influence them
socially, as waste pickers “will be seen as the backbone of the recycling sector rather than second-



class citizens” (W4C, personal communication, )- It will probably not directly result in the
emergence of more waste pickers due to the bad working circumstances they have to do the job
in. [t requires a process to transform their working conditions.

Secondly, take-back requirements can increase the number of recyclers because there is a ‘supply’
available of waste streams. Right now, the recyclers need to put much effort into sourcing input
materials, whereas this would become easier if companies start collecting themselves. This can
also lead to the recycling of multi-layered plastics. The technology to recycle these is available, but
the material supply is so tiny that it is not profitable to do so (yet).

The interviewee reflected on the Advanced disposal fee to increase the quantity of the recyclables
in the waste streams and their quality, which is the same effect as the modeler implemented.
Furthermore, the interviewee mentioned it could stimulate “bring your own packaging” concepts
and buying in bulk. Moreover, he warned that data monitoring might be challenging and that
brand owners might go abroad to prevent paying for the fees.

The interviewee was very optimistic about the awareness campaigns since he confirmed this is
very important to achieve less waste pollution. He emphasized the importance of independent
campaigners to prevent greenwashing of certain brands. A third party can keep in mind the overall
goal of the awareness campaigns like less consumption and better disposal. Furthermore, the
campaigns do stimulate not only waste separation but also less consumption and less littering.

In the table below, the results per experiment are presented. The first intervention is the
implementation of take-back requirements, intervention two is the advanced disposal fees, and
three is the awareness-raising campaigns.

Experiments \ Outcome

Individual |
Base case When nothing happens, there are lower collection and recycling rates in the
long run due to higher plastic consumption.
1 Placing the collection vehicles in areas where the household density is the

highest result in the highest collection and recycling rates. There are fewer
leaked plastics, but unfortunately, waste pickers can retrieve fewer

recyclables.

2 The recycling rate decreases due to the higher amount of recyclables in the
municipal solid waste. However, the absolute value of collected recyclables
increases.

3 No influence on KPIs, but there is on separation behavior. Results are best

when the campaigns are placed in areas where there is little separation
behavior. Trivially, the longer or more frequently the campaigns occur, the
higher the separation percentage is.

Combinations
1+2 The collection and recycling rates increase but are lower than the take-back
requirements alone. Waste pickers collect similar or slightly more
recyclables than in the base case. Even though long-term effects are not
visible, starting with take-back requirements before advanced disposal fees
result in higher recycling rates than the other way around.




1+3 The collection rates rise similarly as the take-back requirements would do
individually. The recycling rate increases much more during the
combination of interventions. Implementing awareness-raising campaigns
before the take-back requirements results in higher collection and recycling
rates. Additionally, placing the collection vehicles in places with the highest
separation density results in higher collection and recycling rates than in
places with high household density. The duration of the campaigns is of
little importance to the effect on the KPIs.

2+3 A slight decrease in the recycling rate (see intervention 2 individually). A
slight increase in the amount collected by waste pickers.
1+2+3 The collection and recycling rates increase but are lower than the take-back

requirements individually. The number of recyclables collected by waste
pickers was higher than in the base case. Placing the collection vehicles of
the take-back requirements in areas with the highest household density
results in the highest collection and recycling rates. However, the location
strategy can better focus on a high separation density when the awareness-
raising campaigns are implemented before the take-back requirements.

The next part reflects upon the study and discusses the results.
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This chapter explores the results in more detail. First, the method and results are reflected upon.
Secondly, results will be put into perspective by discussing the interpretation and implications of
these results. Thirdly, the academic contribution of this thesis is described. Finally, the limitations
of this study are discussed.

In this section, the used methods and their implications will be discussed.

In the knowledge base part, especially chapter 2, the agent-based modeling (ABM) approach has
been motivated. There were three aspects of this research that stimulated using an ABM. 1) It can
model complex adaptive systems, 2) it can model the behavior of different agents, and 3) it can
implement and simulate policy interventions (section 2.5). As this research aims to analyze the
effects of interventions on the Indonesian plastic waste system, the first and third reasons are
directly covered. Furthermore, based on the literature review, agent behavior was found to be of
importance in this research. It namely indicates that the dynamic behavior of the different
stakeholders, especially the informal waste collectors, with the rest of the waste system
components could lead to emergent behavior (section ). However, the agent behavior was
different than initially thought.

Based on the interviews, the waste pickers do not have many behavioral thresholds and
interactions with other stakeholders that influence the collection and recycling rate. Therefore,
the focus of the model became more focused on the household separation behavior. This can also
be the result of biased interviews due to the background and networks of the interviewees. The
interviewees working for the government, private parties, NGOs, or waste banks do not directly
interact with waste pickers, whereas they are all part of a household themselves. They all see
households as people that can and should change their behavior for a better environment.
Furthermore, waste pickers usually do not actively choose this occupation and might therefore be
seen as less responsible for the waste management problem.

Although the second reason to choose for ABM, the ability to model the behavior of different
agents, was still valid, it is based on other reasons than initially decided upon. The behavior of
households got a larger share in the model than the informal waste pickers.

The three interventions of the analysis were based on three factors initiated by the author. These
factors were the product’s life cycle, the type of instrument, and the Indonesian contextual factors
(see section 5.3). The decision was relatively subjectively made and not directly validated with
stakeholders because most interviewees were not familiar with all EPR instruments. Therefore,
they could not make a deliberate consideration. Consequently, the three instruments were
selected based on the three factors.

Only a few EPR instruments have an effect on the downstream phase of a product’s life cycle (see

in section 5.2). Besides the take-back requirements, only the recycled content standards,
deposit-refund system, and the upstream combination of tax and subsidy. However, they all have
direct effects on the other stages too. It would be interesting to see the effects of instruments that
affect multiple life cycle phases, but it can be more difficult to determine where these effects
originate from.



The consumption phase is mainly targeted by communication instruments since this involves the
consumers the most. All three instruments of focus on the awareness of consumers and
would thus have similar effects. Although, the environmental reports and labeling would require
more from companies themselves. This involves compliance which is hard to establish in
Indonesia.

Many instruments affect the upstream phase of a product’s life cycle. However, since the take-back
requirements are a regulatory instrument, the instruments that affect the upstream phase are
limited to three financial instruments: advanced disposal fees, product taxes, or virgin material
taxes. All three can result in similar effects: less production of harmful or hard to recycle materials.
This can also depend on the height of the tax or fee. When the fee is relatively low, the effects on
the material content of a product will be minor. The investments in changing production are then
higher than the costs of paying the fee. Hence, defining the exact fee should be carefully
determined, and other research has been conducted to calculate this (Pires, Martinho, Ribeiro,
Mota, & Teixeira, )-

The three components of the household behavior consist of motivation, capability, and
opportunity. Michie et al. ( ) describe that these three elements generate particular behavior,
which also affects motivation, capability, and opportunity again. The same effect is visible in the
waste management system. If the behavior of separating recyclables from wet waste and residues
results in separated waste collection, the motivation to continue this behavior increases. In this
research, the focus was thus mainly on motivation and opportunity. The capability threshold was
static and reflected upon in the sensitivity analysis (section )-

Furthermore, Michie et al. ( ) explain that certain types of policies affect one or more of the
three behavior elements. Interventions that focus on external forces, like restrictions and
coercion, mainly affect motivation and opportunity; interventions emphasizing personal agency,
like education, incentivization, and training, influence capability and motivation. When looking at
the three interventions of this research, take-back requirements are “enablements”, according to
Michie et al., which can influence all three behavioral factors. In this research, the take-back
requirements mainly focused on the opportunity as the number of collection vehicles increased.
The advanced disposal fees (ADF) are a form of “coercion”, which affects motivation, according to
Michie et al.. In this research, the ADF influenced the production of packaging, but not per se the
agent’s behavior. Lastly, awareness-raising campaigns are a form of “education” that can influence
capability and motivation (Michie et al., ). In this thesis, the campaigns only contributed to
motivation and not to capability.

Concluding, there are many effects that interventions can have on behavior. The behavior change
factors of Michie et al. ( ) can be valuable to get insights into behavior based on intervention
types. However, in reality, these do not always overlap, and thus the effects always need to be
carefully investigated.

A main outcome of the simulation of the interventions is that multiple interventions can cover a
broader effect than individual interventions. Implementing the take-back requirements alone can
achieve a high collection rate, but also has a high chance of damaging the possibilities for informal
waste pickers. Implementing this intervention together with advanced disposal fees or



awareness-raising campaigns can diminish the negative effect for waste pickers. As will be
explained extensively in section 9.6, modeling comes with many assumptions. Integrating the
complex interventions in the relatively simplistic agent-based model can, thus, have different
interpretations in reality. Therefore, it is needed to properly reflect on the use of the interventions
in reality and the model. This section describes the goal of the intervention, how itis modeled and
what the implications of the results thus are.

Take-back requirements are meant to stimulate the downstream phase of a product to be
adequately taken care of. With collective responsibility, a third party collects fees from individual
producers, which they can use to collect and dispose of waste streams. This intervention is
modeled as implementing more TPS3R collection vehicles in the system. They pick up waste,
preferably separated waste, and bring it to their sorting facility. They go through the mixed waste
and sort out the recyclables that are not contaminated. The recyclables are brought to middlemen,
and residual waste is brought to a landfill.

In reality, take-back requirements are more complex than solely more collection vehicles. Vehicles
and sorting facilities need to be installed, and many people are involved in establishing and
operating these aspects. Ten vehicles are included in the model that work for 9 hours with a
certain vehicle capacity, but this can also be different based on local working conditions. It is
modeled that they only go to households, but they could also include waste from industries.
Furthermore, making sure every producer pays the fee takes a lot of time and effort. The party
responsible for checking the compliance needs to be agreed upon and properly executed. The
money collected due to the take-back requirements might not only be used to collect waste
streams. The fees can also improve recycling facilities or awareness-raising campaigns (IPRO,
personal communication, ). In the model, a distinction is made at what location of the
collection vehicles should start. However, more decisions need to be made in reality regarding
time, capacity and employees.

Furthermore, from the validation interview, it is possible that implementing take-back
requirements does not only affect the improved collection capacity. For example, when recyclers
know there will be a supply of waste, they can anticipate and increase recycling opportunities,
also for waste streams that are harder to recycle and now end up in landfills (W4C, personal
communication, )- However, the model does not include these more indirect effects, which
should be considered when implementing policies.

The establishment of the governance of the EPR instrument is therefore of great importance, and
underestimating this can lead to unforeseen situations. For example, the construction of TPS3R
facilities went very well, whereas the maintenance of the facilities was not adequately discussed,
leading to non-operational facilities (McKinsey.org, personal communication, )- The model
thus merely shows a result of the intervention when it is implemented in a certain way and
properly managed. Therefore, more emphasis should be put on the actual formalization and
implementation in the long run when realizing the take-back requirements.

Advanced disposal fees have the goal to make the materials of (plastic) products more recyclable.
For example, by rewarding producers that use recyclable materials, rather than materials that
cannot be recycled, or only downcycled (which means after the end of a product’s life, it cannot
be formed into the same product or a product with better quality). This intervention results in



producers changing their (packaging) products to such an extent that they become more
recyclable, which means there are more recyclable materials in the waste streams.

In the model, there has been a division in the recyclable waste percentages. In the base case, the
waste streams consist of 20% recyclables, whereas the scenarios simulate percentages of 25, 30,
and 35. The results show that this does not evenly decrease the recycling rate, as there is a limit
on the collection capacity. In the validation interview, it was mentioned that the materials would
also be of higher quality, which might attract recyclers. However, this effect is also dependent on
the continuous availability of the waste streams.

When implementing advanced disposal fees in Indonesia, compliance and governance are again
essential factors to consider. The establishment of the height of the fees should be thoroughly
determined, as well as the collector of the payments. Even though it was confirmed by the
validation interview (section ), the assumption that the fees actually lead to more recyclable
products and how long this transition takes can be questioned.

An implication of the ADF could also lead to producers that might go to other markets where no
fee needs to be paid for the disposal of products (W4C, personal communication, )- These
types of possible effects need to be considered and are very important for (governmental)
organizations that want to stimulate economic growth in Indonesia.

Another issue should be taken into account when implementing policies with a specific target, like
ADF. A policy is made with a goal in mind. To achieve this goal, targets should be set for
stakeholders to work towards. However, to achieve these targets, procedures change, affecting
other system components (Afvalfonds Verpakkingen, personal communication, )- Therefore,
it is essential to formulate the targets well to prevent inconsistencies in the targets and the
overarching goal.

The awareness of Indonesian citizens was mentioned many times as an important catalyst for
change. Behavior change is challenging to accomplish, but can reduce plastic leakage in different
life cycle phases. Right now, throwing away trash on streets or in rivers or burning it in backyards
is a prevalent thing to do. Not only because no better options are available but also due to the lack
of knowledge on the effects of these harmful end-of-life options. The awareness-raising campaigns
should thus make Indonesian households aware of the negative consequences and stimulate them
to reduce waste leakage in the environment. In the model, the awareness-raising campaigns focus
on the motivation, capability, and availability of waste separation.

However, in real life, awareness of plastic waste leakage reduction comes down to more than just
waste separation. The increased awareness can also result in less consumption, thus less waste
production. Furthermore, people might litter less on the streets and use bins instead (W4C,
personal communication, )- These effects are not included in the model but make the
implementation of this intervention and its impact more complex.

Moreover, in the model, there is a certain threshold in which the behavior of households changes.
There is a distinction between high-medium-low motivation, which makes people separate all
their waste, half of their waste, or no waste. In real life, however, behavior change is not as simple.
It is a more gradual change than these 3 phases. Furthermore, it might take years to achieve
behavior change, whereas this model only simulates a few months.



Combining the take-back requirements with the advanced disposal fees increases the collection
capacity and the share of recyclables in the waste stream of households. The graphs indicate that
the combinations of interventions are similar to adding the result of the two single interventions.
This is also visible for the combination of ADF with the awareness-raising campaigns. However,
the interventions are not entirely independent from each other. For example, the ADF influences
the collection system and the extra collection vehicles. The model simulates them together, which
results in the system behavior and therefore does not show what the individual behavior exactly
does.

The combination of take-back requirements with awareness-raising campaigns does show a much
higher recycling rate than just adding individual interventions. This indicates the effectiveness of
source sorting: the yield of recyclables is higher when households already separate their waste.
This is due to the fact that fewer recyclables get polluted with other waste and the quality of the
waste stream is thus higher.

Running all three interventions together, the collection and recycling rate increase, but less than
the take-back requirements individually. The interconnections of the interventions can thus limit
the effectiveness of an individual instrument. This shows that instrument combinations can be
less than the sum of their parts. Whereas take-back requirements and awareness-raising
campaigns result in a higher recycling rate together, adding ADF did not improve this. However,
since ADF adjusts the recyclables in waste streams, the absolute number of collected plastic
increased due to the ADF.

From all combinations, it can be seen that the take-back requirements make the most significant
changes. Increased collection capacity is something that needs to be done to reach positive effects
from the other instruments. However, the order of implementation is also of importance.

The start time of the combined interventions affects the results. Source separation is the first
important factor that should be implemented for the benefit of the other interventions. Secondly,
the collection should be improved. The advanced disposal fees should be implemented only when
these two are running to ensure the extra sorted waste does not go to landfills but gets adequately
disposed of instead. In this case, the communication EPR instrument should start, followed by
legislative and financial instruments. This applies to the three interventions of this research, but
it would be interesting to test it with more instruments.

The interpretation of the results will be discussed via the four contextual factors of Indonesia:
little waste management infrastructure, high- and low-value plastics, informal sector, and
compliance (see section 4.4). It can be read that these factors are also very much interlinked.

Waste management is indicated to need a system approach. However, in a country with little
waste management infrastructure, small steps should be taken at a time. In Indonesia, relatively
little is done yet to incorporate the concept of Extended Producer Responsibility. It is a
comprehensive concept and very difficult to implement everything at once. That is why the three
proposed interventions could be a good start that shows some effects of implementing them
individually and simultaneously. When (part of these) interventions are implemented and the



collection and recycling rates increase, it can stimulate producers, households, and governments
to make waste management a higher priority. Capital and operational investments are needed for
large infrastructural improvements. These need to be shared amongst all stakeholders involved,
which can be done through EPR.

Most plastic debris comes from plastics with low economic value after their use phase because
they are hard to recycle and therefore not captured. EPR was founded to establish a system where
all types of waste are accounted for. However, voluntary EPR systems seem to target high-value
plastics due to their economic profit when recycled. On the other hand, mandatory systems are
hard to establish when there is little existing infrastructure and little compliance. Thus, a
mandatory EPR system can follow a voluntary one once initial investments have been established.
For this, compliance is essential and should be monitored by a third party.

Awareness of Indonesian citizens is another important aspect that can contribute to less pollution
of hard to recycle plastics. End-of-life materials are seen as trash and not valuable. However,
besides being able to recycle it, they should be placed in bins and not on the streets. The ease with
which people throw things on the ground should be tackled by creating new waste disposal habits.

The informal sector is mainly present on Java and Bali island, since the population, and therefore
the waste production, is highest, and the recycling facilities are mainly located here. They collect
high-value plastics, as the only reason they collect waste is to earn money with it. For many
informal waste pickers, their working conditions are poor and dangerous, but waste collection is
still necessary to make a livelihood for their family. This research shows that implementing EPR
can interfere with these waste workers, which can cause significant socio-economic effects. Trade-
offs between interventions should therefore carefully be considered before implementation
starts.

Integration of waste pickers with the formal system is an option, but this is difficult due to
available financing (ADUPI & McKinsey.org, personal communication, ; Sembiring &
Nitivattananon, ). Furthermore, the involvement of child labor makes many organizations
not want to get involved with the informal sector (W4C, personal communication, ). Also, the
relations of waste pickers with middlemen usually depend on long-standing loans, keeping them
locked in the dependent relation (W4C, personal communication, ). Still, the informal waste
pickers are the main contributors to collecting waste for recycling. So, they should be valued more
rather than changed or avoided. Due to their critical working conditions, it is both essential and
challenging to find possibilities of cooperation.

Right now, there is no compliance with EPR regulations due to a lack of finance and human
resources. This means companies do not get fined for not taking care of the end-of-life phase of
their product. That is why the voluntary systems try to make a business case out of the waste, to
convince companies to contribute. However, the goal of EPR is not making a profit out of waste
but being responsible for the entire life cycle of a product. This contradiction is challenging to
integrate into a system like Indonesia, where no sustainable collection systems are available. On
the other hand, voluntary systems might be needed when mandatory systems will not be forced
in the short term (Afvalfonds Verpakkingen, personal communication, ), which advocates for
economically attractive options.



Thus, financial means for infrastructures and mandatory EPR systems require compliance. This
needs to be examined by an external party, often a governmental organization. The establishment
of such a governance structure, however, takes time.

The results provide insights into the evaluation of EPR policy instruments, individually and
simultaneously. These can be used by policymakers and implementation organizations that focus
on improving waste management or reducing environmental pollution. The results provide
insights into the complexity of implementing policy interventions. Moreover, it stimulates to
consider combinations of interventions and take into account the time of implementation.

Furthermore, this thesis shows the benefits of simulating policy scenarios, which can be done for
other policy interventions in the waste sector or others, too. Multiple scenarios can be designed
and simulated in the model to test certain (combinations of) interventions.

For (Indonesian) brand owners, these results can provide insights into the necessity for close
collaboration between different organizations. These collaborations need to be established to
improve Indonesian waste management and reduce plastic pollution in the environment. For
other organizations like Rebel Group, the results provide insights into the complexity of EPR
instruments in a developing context. It can help advise local organizations to contribute to less
waste pollution.

This research was done in the context of Indonesia. However, the results could be distributed to
other countries with similar waste management practices. Little waste management
infrastructure, plastic pollution, and large informal waste sectors can be found in more developing
countries that consider implementing EPR instruments. Combining interventions can be
beneficial for other countries as well. Furthermore, the timing of implementation applies not only
to EPR instruments but also to other policy combinations.

The concrete recommendations based on these implications can be found in section

The overarching research approach of this thesis is the design science research of Hevner ( )-
As explained in section 3.2, the rigor cycle connects the design of the artifact (the agent-based
model) with the knowledge base. This knowledge base was laid out by first consulting literature
to define the research problem and secondly analyzing the current literature of the field of study.
In this section, the scientific gaps are revisited, and an explanation is given of how these gaps were
filled.

Two main topics can be distinguished in literature: effects of Extended Producer Responsibility
and simulating policy interventions to improve waste management.

Academic literature analyzed current EPR systems in different countries. Researchers presented
the effects of implemented EPR schemes in Western countries and provided recommendations to
develop these systems further (Leal Filho et al,, ; Pires et al.,, ; Quoden & Grant, )-



Research on EPR in developing countries highlighted barriers and enablers for implementing EPR
in countries with little waste management infrastructure (Gupt & Sahay, ; Hotta et al., ;
Nahman, ; Ebo Tawiah Quartey et al,, )- Research has also been done on EPR in
Indonesia specifically, that presented either high-level recommendations (Tristiana et al., )
or did not include behavioral aspects like source separation and the informal sector (Destyanto et
al,, )- Only the last researchers analyzed the effects of specific EPR interventions. They
developed a system-dynamic model that examined the effects of EPR interventions on the plastic
sector as well. However, they did not integrate the informal sector or the household separation
behavior, which both have significant effects on the plastic recycling quality and quantity.

Current literature on EPR in developing countries is mainly theoretical analyses, whereas there is
demand for more context-specific pilots to improve waste management (Kaffine & O’'Reilly, )-
Some researchers analyzed waste management via an agent-based model, which can simulate
these pilots. These researches use the ABM for purposes other than assessing EPR policy
interventions specifically. This thesis combines household behavior (which is also done by Meng
etal ( ); Tong et al. ( )) with informal sector behavior (Garcia-Diaz & Moreno-Monroy,

; Gibson, ) and collection scenarios (Kerdlap et al., )- Meng etal. ( ) did include
both the household and informal sector behavior, but used interventions that focused solely on
household waste disposal. Combining the households, informal sector and collection scenarios
results in a broader approach where tradeoffs between different types of interventions can be
made. This, thus, fills the gap of simulating EPR interventions and integrating multiple
perspectives in the formulation of EPR schemes. Furthermore, this research provided insights into
trade-offs when implementing EPR instruments. It also showed that combining interventions can
strengthen or weaken each other's effects.

Moreover, the results of this study indicate that the timing of the interventions can influence the
effectiveness of the results. This variable has been neglected in other EPR-related research to the
author’s knowledge. Other research mainly focuses on individual policy interventions. However,
this research shows that implementing an EPR instrument before another could either stimulate
or weaken its effect on the collection and recycling rate.

Besides new contributions, this thesis also confirms current literature on household behavior.
Source sorting improves the quality of the waste streams, increasing the recycling rate (Leal Filho
etal, )- Other results recommend implementing a life cycle approach, where multiple phases
of the product’s life cycle are covered in interventions to avoid burden-shifting. This, for example,
means that ADF (upstream intervention) leads to less low-value recyclables, but when there is no
improved collection capacity (downstream intervention), the waste still pollutes the environment
by being burned or thrown away. Even though this leads to tradeoffs between interventions, it
also gives insights into their complementariness. This reinforces previous studies that
recommend a systems approach to waste management policy interventions (Kaffine & O’Reilly,
; Leal Filho et al,, )-

This thesis researched Extended Producer Responsibility and tried to apply that in a context
where it is fairly new. As with any research, this thesis comes with shortcomings and weaknesses.
This sub section goes into these and provides ways to interpret these limitations.



First, this thesis was conducted with limited time available. This means that the scope of this thesis
has been established to fit within the 30 ECTS available. Since the thesis consists of both
qualitative and quantitative components, no comprehensive literature review has been done.
There was, unfortunately, no time to analyze possibilities for generalizing the results to other
developing countries more thoroughly, which was the initial idea.

Secondly, due to the pandemic, no field research has been done. Analyzing the behavior of
stakeholders is more difficult to capture via literature or online settings than it would be if you
can experience it as a researcher yourself. Biases could occur during interviews, which you could
have seen more explicitly if you were in the field. Furthermore, the language barrier probably
undermined some information transfers. This also caused the interview with the waste picker
association to be canceled.

A third limitation of this research is that the focus has not been on economic behavior at all. For
example, there is no price for plastic materials in the model, nor decisions based on income level
(besides the boolean of capability threshold). This decision was made not to make the model more
complex. This would namely require more agents that are between the waste picker and recycler
because this ‘chain’ determines the price level of recyclable materials (W4C, personal
communication, )- There has also been no focus on the economic consequences or
requirements of implementing EPR interventions, as this could require a whole thesis on its own.
Even though the researcher tried to still capture the behavior of stakeholders in a good way, this
limitation could make the results less accurate. Furthermore, adding economic behavior could
provide more insights into the financial design of EPR instruments.

“All models are wrong; some are useful”

(George Box)

Making a model can never be a direct representation of reality and therefore always comes with
assumptions. These assumptions need to be made explicitly and transparent, and there needs to
be a clear modeling goal to still make it a useful model. Model assumptions are discussed in
chapters 6 and 7, and a list of all assumptions can be found in

Observer bias occurs as a model-maker, as you design the model based on your own perception.
Even though there are ways to limit subjectivity, you model with a goal in mind, which limits the
researcher's objectivity. Also, as a user and interpreter of the model, biases occur, which affects
the model's results. For example, the researcher could use the hypotheses of the model's outcomes
to model in a certain direction. To limit this bias, the results are validated, as explained in chapter

An agent-based model has the advantage that it can simulate possible implementation strategies
that are difficult to evaluate in real life. It takes much effort, time, and money to make pilots of
such EPR interventions. Modeling this system can provide thousands of pilots where the initial
settings can be changed over and over. These results can provide insights into where tradeoffs of
EPR systems lie, which can be taken into account in real-life implementation. However, this agent-
based model also has some limitations regarding its assumptions and scope, which will be



discussed below. An agent-based model is therefore used as a tool to identify effects rather than
analyzing absolute results.

Making a model comes with many assumptions. Most of them are made to simplify the model
behavior, leading to limitations of the interpretation of the results.

e Some behavioral thresholds that were set are determining the outcome. For example, the
innovation level of households is influencing the separation of households quite a lot.
Working with behavioral thresholds is always tricky, considering that human behavior is
very dynamic and is not a clear ‘switch’ in real life. A sensitivity analysis clarifies and
identifies this dependency (section ), but this distribution should be analyzed in more
detail for more accurate results.

e In the agent-based model, the household waste is divided into residuals and recyclables.
However, in municipal solid waste, there are much more divisions. Most plastics are part
of the recyclables, but waste pickers collect more than plastics. Furthermore, there are no
distinctions based on the plastic type (HDPE, LDPE, PE, PET, etc.). Therefore, exact
numbers should not be directly used to interpret the results but rather to analyze the
relative outcomes with different interventions and strategies.

o Furthermore, in the TPS3R sorting centers, both recyclables and organic waste are
separated from residuals. This is used for composting purposes. However, in the model,
the end-of-use options are recyclables and residues only.

e No leakage is modeled while waste collectors pick up waste at households. This means all
recyclables that get collected end up being recycled. However, there is always some
leakage in reality, which also indicates that the numbers should not be taken literally.

e Eventhough one interview was held with a waste bank, they are notincluded in the model.
This is because only a very small percentage of the waste collection goes via waste banks.
They seem to emphasize sustainability awareness over significantly contributing to waste
collection (Bank Sampah, personal communication, )-

e The capability threshold is determined randomly for households. Thus, they are not based
on the location of households, even though it might be more realistic to have clusters of
households that are capable of separating their waste and clusters that are not. This could
also affect the strategies where to locate awareness-raising campaigns and collection
vehicles.

First, the scope of the model is a part of a medium-sized Indonesian city. This geographical scope
is chosen to be able to calibrate the model with other research. However, this also has implications
for the generalizability of the results. Due to focusing on one location type, it is more difficult to
generalize to other archetypes. As discussed in 9.4, there are possibilities to use some results for
other countries.

On the other hand, an exact geographical location could for example, have improved the accuracy
of collection vehicle routes. However, this would have required more knowledge of geographical
information systems of the author. Furthermore, more specific data on collection routes at the city
level would be needed.



Secondly, even though Households are the main contributors to plastic pollution, many
recyclables can also be subtracted from industrial waste. These are not included in the model, but
large volumes could be collected in that sector.

Thirdly, the options for the end of life of (plastic) products are limited to recycling or landfilling
in this thesis. However, there are more ways of using waste streams. For example, composting and
wasteZ2energy are technologies that are explored in Indonesia. Especially since the share of
organic waste is large in urban household waste, there are many composting activities initiated
by local communities, including experiments with the black soldier fly (Pambudi, Dowaki, &
Adhiutama, ; Rahmat et al,, ; World Economic Forum, ). Furthermore, the
Indonesian national government wants to focus on composting and wasteZenergy of waste
streams that cannot be recycled. However, they emphasize that the start of these technologies is
waste separation: “If we talk about composting, recycling or energy recovery rate, the key element
at the beginning of this process is separation.” (MoEF, personal communication, ).



This research investigates what effects the concept of Extended Producer Responsibility in
Indonesia can have. Indonesia is an enormous country with little waste management
infrastructure. Due to a lack of knowledge about the environmental problems this causes,
Indonesia is the second-largest plastic polluter globally. EPR provides a financial scheme to
support waste management in Western countries, and Indonesia has realized the opportunities
EPR can provide. However, EPR is a broad concept, and its implementation in developing
countries has little academic research as a backbone. Therefore, this thesis gives some insights
into the effects of EPR interventions in Indonesia.

An agent-based model was made that simulates the (simplified) waste collection system of
Indonesia. Three possible EPR interventions were implemented in the model, and the effect on
the collection and recycle ratio were analyzed. In addition, the effects on the informal waste sector
have been taken into account in the model, which has not been done before.

This chapter answers the formulated sub questions that help to answer the main research
question. Then, recommendations are formulated. Lastly, ideas for further research are proposed.

1. What does the current plastic waste system in Indonesia look like, and what factors need to
be taken into account when implementing EPR policies?

Based on a system analysis, a visualization of the current plastic waste system has been made.
There is a lack of awareness of the problems that waste mismanagement causes. This results in
individuals throwing trash on streets, municipalities not seeing the urge to finance waste
management, households not wanting to separate their waste, and producers not wanting to make
large-scale investments when they do not directly see returns.

From literature research and stakeholder interviews, four factors are essential for implementing
waste management policies in Indonesia.

Little existing waste management infrastructure

In medium-sized cities, there are some formal waste collection vehicles available to pick up
municipal waste. However, still 55% of plastic waste does not get collected. It is difficult to
convince Indonesian local governments to invest in their waste management and see the benefits
of a less polluted environment. That is why in the short term, the interventions should not rely on
existing formal waste management infrastructure.

Involvement of hard to recycle plastics

Many of the plastic pollution that flows in waters and soils are due to littering of hard to recycle
plastics. These waste streams do not have a financial return because the recycling technologies in
Indonesia cannot capture these types of plastics. This means neither municipal collectors nor
waste pickers collect these items, which leaves them lingering in the environment. Therefore, it is
important to actively promote the reduction of hard to recycle plastics, as their end-of-life stage
is very harmful to the environment.

Involvement of the informal sector
The involvement of the informal sector is of great importance because in Indonesia, almost all the
recycled materials are collected via informal waste pickers. Preferably, this network of informal



workers should be used for their expertise and network. It is, however, known that this
integration is difficult. At least, their efforts should be taken into account, and competition should
be avoided to not interfere with thousands of people’s livelihoods.

Compliance

With many regulations in all countries worldwide, compliance is needed to be convincing in these
rules. However, it requires knowledge, human resources, and financial means to realize
compliance, which is not abundant in Indonesia. It is difficult to require this factor for policy
interventions, as it is more of an overarching goal. However, based on literature and interviews,
it does seem of great importance for Indonesian waste management practices.

2. What EPR instruments are applicable for the Indonesian plastic waste system?

An overview was made of possible interventions designed to achieve at least one of the two goals
of Extended Producer Responsibility (relieve the burden on public waste management
organizations & design for the environment). To define the interventions that would be evaluated
in the agent-based model, three aspects were taken into account. First, an instrument in each
instrument type (regulatory, financial and communication) should be chosen, as literature
recommended a systems approach when implementing policies. Furthermore, when
implementing EPR interventions, the complete life cycle of the plastic product should be taken
into account. Therefore, three interventions were chosen that also focus on the product's
upstream, downstream, and use phase. Lastly, the four criteria that were found in research
question 1 were considered. The following three EPR instruments were used for the further
analysis.

1. Take-back requirements
2. Advanced disposal fees
3. Awareness-raising campaigns

3. How can the plastic waste system of a medium-sized Indonesian city be conceptualized in an
agent-based model?

Based on a UML diagram and BPMN-inspired flow diagram, a conceptual model of the Indonesian
plastic waste system has been made. This was translated into an agent-based model in the
programming language NetLogo. Five agents were included: households, informal waste pickers,
municipal waste collectors, TPS3R (private) collectors, and the recycler/landfiller. The
interactions of the agents with each other and their environment were modeled. Based on the
behavior flows of the different agents in the model, the model simulated the system behavior.

4. Based on the model, what effect do the FPR interventions have on the Indonesian plastic waste
system?

First, a baseline scenario was run to see the model outcomes when there are no interventions yet.
It showed that the collection and recycling rates would decrease when nothing changes due to the
increasing plastic consumption. Then, the three different interventions were individually
implemented in the model.

Intervention 1 - take-back requirements
Take-back requirements resulted in private collectors that pick up waste separated when
households source separate their waste and sort it before they bring it to landfills. This



intervention showed an increase in the collection and recycling rate as expected, but a reduction
was visible in the quantity of waste picker’s collection. There were three strategies on where to
start the extra collection. The one based on household density achieved the highest collection and
recycling percentages and targeted the waste pickers the most. The other two (based on
household separation and household motivation level) were almost equally as effective.

Intervention 2 - advanced disposal fees

The second intervention, advanced disposal fees, results in a higher percentage of recyclables of
the waste streams. There has been a division between how high the recyclable percentage is in
the waste stream. In the base case, 20% of the waste is considered recyclable. Three scenarios are
included: the percentage steadily increases to 25, 30, or 35%. Interestingly, the scenario of 25%
recyclables results in a recycling rate decrease from the base case. The 30% scenario resulted in
a lower recycling rate than the 25%, but the 35% scenario is similar to the 30% scenario,
indicating a cap on the recycling sector (Figure 8.4).

Intervention 3 - awareness-raising campaigns

The third intervention focuses on the separation potential of households but does not result in
more collection or recycling. - yet, because the source separation can result in better quality
collected recyclables because it gets less contaminated with other waste. Two campaign strategies
were analyzed. There was one strategy that differentiated between how long the campaign should
take. After one week of campaigning, the percentage of households that started separating their
waste increased a lot. However, after a few weeks, this decreased and leveled at a higher level than
before. After one month of campaigning, the percentage increased to a higher percentage and
eventually decreased again, but higher than after the one-week campaigns. The third option was
monthly campaigns, where you see a more constant increase in the household separation
percentage, which still fluctuates during the start and stop of the campaigns ( ). For the
strategy that focused on the campaign location, the location where the households are most dense
resulted in the highest results.

Combining interventions

Combining interventions 1 and 2 resulted in similar effects of implementing intervention 1
individually. The combination of interventions 2 and 3 did not affect the collection and recycling
rates much. For the combination of interventions 1 and 3, the collection rate was slightly lower
than intervention one alone. This could be since the extra private collectors might take more time
driving to households that separate their waste rather than going to the closest household.
Furthermore, the recycling rate was higher when combining the interventions, which indicates
the positive effects of source sorting. Moreover, when combining the take-back requirements and
the awareness-raising campaigns, the strategy to place them in areas where households separate
waste becomes more attractive than based on the household density.

When combining all three interventions together, the take-back requirements alone result in a
higher collection rate than the combination. Initially, the recycling rate is also higher with take-
back requirements alone. However, when using the location strategy based on separation density,
the recycling rate of the combined interventions becomes higher than the take-back requirements
individually.

Waste pickers collect more recyclables when take-back requirements are combined with any
other instrument. Thus, the combined interventions improve the collection quantity of waste
pickers, and the recycle rate but also limit the collection rates. This trade-off is important to
consider for policymakers.



When varying the timing of implementing interventions, it became clear this is an essential factor
to consider. For example, starting awareness-raising campaigns before the take-back
requirements can result in higher collection and recycling rates. Furthermore, advanced disposal
fees can better be implemented after the take-back requirements are in place. When
implementing all three interventions in this order, the recycling rate becomes higher than when
starting at the same time.

This thesis combines design-science research with agent-based modeling to evaluate policy
interventions related to Extended Producer Responsibility in the plastic waste system of
Indonesia. This is conducted to answer the following research question.

“What are the effects of 3 selected FPR instruments on the key actors in the plastic waste system
of a medium-sized city in Indonesia?”

Based on literature analysis and interviews with stakeholders in the plastic sector, an agent-based
model was designed for the Indonesian plastic waste system. Analyzing its results shows that the
three interventions can complement each other and that trade-offs should be made.

The three EPR instruments are 1) take-back requirements, 2) advanced disposal fees, and 3)
awareness-raising campaigns. The first instrument increases the collection and recycling rates of
plastics and the total waste and decreases the amount collected by informal waste pickers. The
advanced disposal fees result in more recyclables in household waste, and informal waste pickers
can collect more. The awareness campaigns targeted the households and their willingness to
separate their waste. This increased the quality of waste materials, which resulted in higher
recycling rates when collection capacity increased.

Furthermore, three important conclusions can be drawn. First, from all combinations, it can be
seen that the take-back requirements make the most significant changes. Increased collection
capacity is something that needs to be done for the other instruments to be effective. However,
this intervention also comes with the trade-off that it can cause adverse socio-economic effects
for informal waste pickers, who play a vital role in the Indonesian recycling sector. Secondly, the
timing of the interventions affects the results. Take-back requirements can better be implemented
before advanced disposal fees, and the awareness-raising campaigns should happen before the
take-back requirements. Thirdly, combining the interventions also affects decisions that need to
be made, like the location of collection vehicles.

Concluding, this thesis fills two gaps in academic waste management research. First, it analyzes
specific EPR instruments in Indonesia, which has not been done before. Single and combined
instruments are compared while including important behavioral factors. Secondly, it provides
insights into the effects of EPR because simulations were done. The simulation enables integrating
multiple perspectives in the plastic waste system that are important in Indonesia, like the informal
sector and other stakeholder behavior. Combinations of interventions were evaluated, showing
the interconnectedness of interventions and providing insights into trade-offs between
instruments.



The relevance cycle connects the artifact design with the environment. Before the agent-based
model was created, a system analysis was done to analyze the Indonesian plastic waste
environment. Large plastic volumes are scattered in streets and in water bodies that harm the
environment. This thesis shows that Extended Producer Responsibility can influence the
collection and recycling capacity to reduce plastic leakage to the environment. This section
provides recommendations for policymakers, businesses, and other organizations.

First, when implementing EPR instruments, the timing of each intervention should be carefully
considered, as it can affect the instrument's effectiveness.

Secondly, a systems- and life-cycle approach is recommended to prevent burden shifting.
Increasing collection capacity is needed for less plastic littering, which is a downstream
intervention. The recycling technologies in Indonesia are limited, and only high-quality waste
streams can be converted to new materials. The availability of hard to recycle plastics should thus
be limited to avoid leakage. This is an upstream intervention. Combining upstream and
downstream interventions can thus result in more effective results.

Thirdly, combining the EPR instruments also comes with interconnected effects and trade-offs.
For example, many informal waste workers manage most of the recycling activities in Indonesia.
Interfering with this can have many socio-economic consequences for many waste workers. These
trade-offs should be made clear and considered.

Fourthly, a better responsibility division between local, regional, and national organizations is
needed. Multi-level legislation should support rather than hinder each other. Furthermore, the
interventions, their goals, and responsibilities should be clearly divided and communicated.
Parties responsible for the operational aspects of the interventions need to be established to
prevent stagnating operations. Moreover, evaluations should take place regularly between
different stakeholders to achieve coherent cooperation.

Fifthly, awareness among citizens about the harmful effects of improper waste disposal needs to
be increased. This can result in less littering, more waste separation, and, if combined with
increased collection capacity, higher recycling rates.

Sixthly, producers need to take responsibility for the entire life cycle of their products. This comes
with financial consequences, which they need to account for. Now, the world pays for the harmful
effects of the lack of waste disposal, whereas companies that put products on the market need to
integrate this into their financial plan

Seventhly, the informal sector is undervalued, and more effort needs to be put into acknowledging
their contributions to preventing environmental harm. They are responsible for almost all
recycling activities in the country, which is impressive and needs to be supported. Improvements
to their poor working conditions need to be made, and the stigma around waste workers should
be detached.

Eighthly, the exact height of the fees needs to be determined. The effects on the Indonesian waste
system are analyzed in this research, but not the (financial) effects of fees on small enterprises or
large brand owners and their budgets. Neither is explored what investments are required for
proper waste disposal.

Lastly, it is important to gather multiple stakeholders together when implementing EPR. It is
advised to start implementing EPR on a small scale and expand it to multiple regencies and more



waste streams. A start is made by introducing the voluntary organization IPRO. Now, it is time for
producers to take full responsibility for their product’s life cycle; governmental organizations to
support them by improving regulations and setting priorities; and Indonesian citizens to
contribute to the community by reducing littering and starting source separation.

This research tries to give insights into the effects of Extended Producer Responsibility in
Indonesia. However, this is a much more complex issue than can be captured in one thesis.
Therefore, it is advised to use this research as a basis to try and find more recommendations for
implementing EPR in Indonesia. Three directions are identified for further research.

First, the current model can be used by also analyzing interventions that might not be associated
with EPR. The model simulates the Indonesian plastic waste system with a growing amount of
waste in the coming years. The model could also simulate the effects of waste reduction strategies,
analyze household separation and collection behavior when more local-collection initiatives are
set up, or what happens when the collection capacity increases.

Secondly, the informal sector could be more elaborated on. Right now, there is no variation in
waste picker availability. However, it is possible to imagine that more recyclable materials in
household waste streams can result in more people seeing an opportunity to work in this field,
creating more informal collection capacity. Adding waste picker’s rationale could be added by
including these economic incentives. This type of behavior could be validated with an interview
with scavenger associations. Unfortunately, the language barrier was too significant to achieve
this.

Furthermore, there is research that emphasized more inclusion of waste pickers in the formal
waste system. This could limit the competition effect and provide more insights into the exact
numbers of Indonesian waste workers. Even though literature mentioned this inclusion is quite
challenging, ideas could be to provide them with collection carts to improve their capacity.
Moreover, if waste pickers also pick up non-recyclables and bring those to TPS3R sorting facilities,
they can start a collaboration (McKinsey.org, personal communication, ; Buch et al,, ).
The only difficult thing is that TPS3Rs usually do not have the resources to pay them for the waste,
which is the main incentive for waste pickers (ADUPI & McKinsey.org, personal communication,

).

Thirdly, the perspective of producers could be emphasized more. When implementing EPR, one
of the most important stakeholders is the producer. As can be seen in other developing countries,
usually, there is a voluntary EPR system before a mandatory system (with sanctions when not
complying) gets implemented. It would therefore be interesting to analyze the behavior of
producers and when they will be involved with this voluntary EPR system. This could contribute
to improving the (voluntary) EPR system and achieving higher results.
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The table below presents a non-exhaustive overview of different EPR instruments for (plastic)
packaging in different countries around the world (Table A.1).

Table A.1 - A non-exhaustive list of global EPR instruments

EPR for
packaging

The
Netherlands

Germany

Canada

UK

Japan

Slovakia

Taiwan

South Africa

Instrument

Mandatory take-
back requirements
(Dubois et al,, )

Mandatory take-

back requirements

(Wiesmeth & Hackl,
)

Deposit-refund

system

(Diggle & Walker,

)

Mandatory tradable
recycling credits
(OECD, )

Mandatory take-
back requirements
(Tamakawa, )

Mandatory
Advanced Disposal
Fee (ADF)

+ Deposit-refund
system

(Gupt & Sahay,

)

Deposit-refund
system for PET
(Gupt & Sahay,

)

Voluntary Deposit-
refund system for

Set-up

Developed countries
License fee for producers to PRO
based on waste type and weight

License fee for producers to PRO
based on waste type and weight

Sales and imports are subjected

to fee, which is collected by NGO.

NGO is also responsible for
collection of fee and
disbursements.

Companies get PRNs (recovery
notes) to show compliance with
rules. Companies and
Compliance Schemes can sell
and buy these PRNs

They can outsource it to a PRO,
or do it themselves (rare). If
they don’t comply, they get a
warning and otherwise a fine

Producers pay a fee to PRO. PRO
and municipality organize
recovery

Developing countries

PET manufacturers and
importers pay Recycling Fund
according to their sales. Gets
redirected to consumers when
they bring back the PET
Voluntary PRO pays collectors
and consumers for supply of
used cans

Consumers

Use collection
system of
municipality to
discard packaging
waste

Use collection
system of PRO to
discard packaging
waste

None, municipalities
are responsible for
collection

None, retailers are
responsible for
collection

Consumers are
responsible for
sorting waste.
Municipalities collect
and bring it to
recyclers

Pay yearly MSW fee
to municipality

For beverage
containers there is a
DRS

Consumers get paid
for returning PET
bottles to collection
point

Consumers get paid
for returning cans to
PRO



India

Chile

Brazil

Egypt

Tunesia

cans (Nahman,

)
Deposit-refund
system for glass
(Andrianisa, Brou, &
Séhi bi, )

Advanced recycling
fee for PET
(Nahman, )

Take-back
requirements for
packaging
(Garlapati, )
1. Fee-based

2. PRO-based

3. Take-back and
recycling targets

4. Plastic credit
model

(Ministry of
Environment Forest
and Climate Change
India, )
PRO-based / take-
back program
(Sekhri, )

Take-back system
(Fostinone, )

Voluntary NGO /
collection fee
(Jaligot et al., )

Mandatory take-
back program /
disposal fee
(UNEP, )

Fillers pay a levy per ton of glass
purchased from glass
manufacturers. PRO provides
collection infrastructure,
payments to collectors and
information provision
Converters and bottlers pay a
voluntary levy per tonne of PET
resin purchased from resin
producers and importers.
Revenue generated is used to
finance operational costs.
plastic industry was to be made
responsible for retrieving empty
packaging material and have
proper disposal system.

The establishment, operation
and maintenance of the waste
receptors and storage facilities
will be the responsibility of
producers or their waste
management systems,

Financial responsibility with
private sector to recover
discarded products

Proctor and Gample let Zabaleen
boys buy shampoo bottles from
Informal collectors and let them
clean and shred and count them
and sell them to workshops
Eco-Lef’s (sort of PRO)
operations include collection
infrastructure and recycling
activities. The law requires
producers and importers to pay
a levy of 5% of the value of the
plastic goods and resins

Consumers get cash
for glass if they take
their glass to scrap
dealers or buy-back
centers

Consumers get cash
for glass if they take
their glass to scrap
dealers or buy-back
centers

Door-to-door
collection OR bring
to ‘green points’



In order to gain more information on EPR and the role it can have in the plastic waste system, a
number of experts in the field of producer responsibility were requested to be interviewed. The
interviews that were held have a semi-structured setup. This means questions will be made in
advance by means of an interview guide, but during the interview, the interviewer might not have
asked them all and asked follow-up questions that were deemed relevant (Kallio, Pietil, Johnson,
& Kangasniemi, )- An advantage of this approach, rather than having a structured interview,
is that there is more room for reciprocity between the interviewee and the interviewer, leading to
more in-depth discussions and more relevant outcomes (Galetta ). On the other hand, with
semi-structured interviews, the different answers of participants on the same questions can still
be analyzed and coded because the questions are based on the interview guide, and the
interviewer can steer towards certain questions (Holloway & Wheeler, ).

Participants were selected based on the Actor Map, in a way that of every stakeholder, an
interview was held to get a more holistic view of the stakeholders, their interactions, and the
system as a whole.

Most of the interviews were held in English, but the one with Afvalfonds Verpakkingen was held
in Dutch. All participants were asked for their permission to record the online interviews. These
are non-verbatim transcribed and made anonymously. On request, they were sent to the
interviewee afterward. The interview recordings will only be accessible by the researcher herself
and will be destroyed after completing the thesis. In the research report, a general job description
will be used when referring to the interviewee. The anonymized transcripts of the interview will
be added as an appendix of the research report.

The interviews will be analyzed using manual coding. Different answers can be compared, and
they will be used to provide more context in the conceptual system.



As an example, the interview invite to the Ministry of Environment and Forestry is shown in
Figure B.1 below. For each interviewee, the invite was adjusted slightly.

pae  04-05-2021
Cormactperson Mira Groot H3BEL
Motdeprone  +316 19 379 322

subect  Interview master thesis T U D e Ift

Ministery of Environmental Mira Groot

Direktur Pengelolaan Sampah, Kementerian

Lingkungan Hidup dan Kehutanan Republik Graduate Student Industrial Ecology
Indonesia Graduate Intern Rebel Group

B B : T T ——

M. +316 19 379 322

Salam hormat Bapak/|bu,

Perkenalkan, my name i Mira Groot, a graduate student at the Delft University of Technology,
studying Industrial Ecology. Currently | am doing research for Rebel Group as part of my master thesis
project, focusing on the effects and opportunities of Extended Producer Responsibility (EPR) on the
plastic waste system in Indonesia. My supervisors are Prof.dr. Warnier and Dr. Quist.

As the Ministry of Environment and Forestry Is extensively working towards sustainable developrment
in Indonesia, | am interested to learn more about the wview of the MoEF on EPR and about the
implications of the EPR legislation that was formulated in 2019 Your views are essential for our study,
as the Indonesian governmental perspective is of great importance for this research, which is taking
multiple viewpoints inte account. The results are aimed to reduce the amount of plastic waste in the
environment and provide ingights in international EPR best practices.

Given your knowledge on the governmental side, it would be my honor to get the opportunity to
schedule an interview with you in the next few weeks. Attached is some extra information on the
research topic and data handling. Please do not hesitate to contact me via phone or email if you have
further inquiries.

Thank you for reading this note and | look forward to hearing from you.

Yours sincerely,
Mira Groot

Figure B.1 - Interview invite example
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Besides the invite, an information sheet was send to provide information on data handling during
and after the interview. This was based on the GDPR rules of Delft university. The information
sheet is presented in Figure B.2 below.

Consactperson  Mira Groot H3BEL
Mobdeprone 4316 19 379 322

Emai  mira.groot@rebelgroup.com 4
Subect  Inberview master thesis T U D e Ift

Information sheet — Research Plastic Waste in Indonesia

Introduction and research purpose

Due to the increasing amount of population and plastic production, plastic waste increases too. Not all
this waste gets collected and treated, so leakage of this waste occurs. The main purpose of this
research is 1o reduce plastic leakage in Indonesia. This will be done by modelling the system and
analyzing the effects of different interventions.

Benefits of participation

The research will be conducted to get a diverse perspective on the current plastic waste system in
Indonesia. With your participation, multiple views can be taken into account and results can be better
integrated in the Indonesian context. All results and a summary of insights and key leamings will be
shared with you.

Data handling

For this research several interviews will be conducted through wvideo interviews. These will be
recorded and transcribed anonymously, which can be send to the interviewee afterwards on request
with the possibility of rectification. The interview recordings will only be accessible by the researcher
{Mira Groot) and after the completion of the thesis, these will be destroyed. A general job description
will be used in the research report. The anonymized transcripts of the interview will be submitted along
with the research report to the university and Rebel supervisors.

Changing terms
When you do not feel comforiable with any of these terms, please feel free to reach out to the
researcher to find an alternative solution.

Withdrawal
It iz possible to withdraw from the interview at any time, without having to give a reason.

Contact details
For further questions and information, you can contact the researcher, Mira Groot, via phone or email,
see contact details on top of the page.
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Consent Form for Interviews — Research Plastic Waste in Indonesia

Flease tick the appropriate boxes

Taking part in the study

1 have read and understood the study information dated [DD/MMAYYYY), or it has been read to
me. I have been able to ask questions about the study and my guestions have been answered to
iy satisfaction.

1 consent voluntarily to be a participant in this study and understand that I can refuse to answer
guestions and 1 can withdraw from the study at any time, withaut having to give a reason.

1 understand that taking part in the study involves a video-recorded interview. The interview will
be transcribed ananymously, which can be send to the interviewee afterwards on request. The
interview recordings will only be accessible by the researcher (Mira) and after the completion of
the thesis, these will be destroyed. A general job deseription will be used in the research report.
The anonymized transcripts of the interview will be submitted along with the research report to
the university and Rebel supervisors.

Use of the information in the study

1 understand that information I provide will be used for the master thesis report of researcher
Mira Groot.

1 understand that persanal information collected about me that can identify me, such as my
name, will not be shared by the ressarchar.

T agree that my information can be quoted in research outputs.

Future use and reuse of the information by others

1 give permission for the anonymized interview transeript that [ provide to be archived in the TU
Delft repository so it can be used for future research and learning. All data is anonymized and
only a general job description will be uzed in the research repaort.

Signatures

Mame of participant Signature Date
For participants unabie to sign therr name, mark the box instead of sign

Researcher name sgnature Date

Figure B.2 - Information sheet interview

Yes



An interview guide was prepared to give structure to the interviews and to be able to compare
answers between participants afterward. The interviews were held with the goal of exploring the
implementation of EPR in the context of the plastic waste system in Indonesia. The concrete goals
for the interviews are as follows. The first four goals have a more theoretical approach, whereas the
last four focus more on the interactions and practical input for the agent-based model.

1
2.
3.
4
5

o

7.
8.

Find out the main challenges of the Indonesian plastic system;

Find out strengths and challenges of EPR;

Find out what EPR measures are most suitable for the Indonesian plastic system;

Find out requirements for proper implementation of EPR in Indonesia.

Gain insights into interactions and dependencies between stakeholders in the current
Indonesian plastic system;

Find out if and how EPR affects these interactions;

Gain insights into resources of stakeholders to influence others;

Validate conceptual system made by the author.

The interviewees were divided into two groups:

Indonesian or Dutch organizations that are directly involved with EPR
o Ministry, Indonesian PRO, (plastic) producers, Indonesian Packaging Association,
Afvalfonds Verpakkingen (Dutch PRO for packaging). For Afvalfonds, the
questions were more related to the Dutch context. The specific questions can be
found in the interview transcript.
Indonesian organizations that are directly involved with the plastic system and indirectly
with EPR
o Waste bank, recyclers, NGOs, Most of the interview questions were asked to all
interviewees (first table in yellow), but there are also sections that were specific
to the type of position or organization of the interviewee (second table in green).
Since the interviews are semi-structured, the specific question might be adjusted
according to the most relevant goal, and follow-up questions could be added
during the interview to elaborate on some topics in more detail.

Interview questions

General e (Can you explain your role within [organization]
Organization e Whatis your goal towards plastic in Indonesia?

Stakeholders e Who do you collaborate with?

Plastic e What do you think of this conceptual system (show

system them) and do you see more or different connections?

Plastic waste e What do you think are the main challenges in the

plastic system in Indonesia?

Plastic Waste

e What role do you think the stakeholders have to
minimize plastic pollution?
e Howdo you see the difference between low- and high-
value plastics?
EPR Depending on interviewee - See table below



Thank you for your valuable contribution.

e Is there anything you would like to add?
e Isthere someone you think would be valuable to

Closing talk to?
e If I have some questions regarding the interview, will
it be ok to ask you later?
EPR questions per group

Questions for e What does EPR mean to you?
group 1 e What do you think is needed to achieve a proper EPR system?

e How do you think the new EPR regulation (explain if needed) can

contribute to this?

e Whatdo you think are suitable EPR measures to be applied in Indonesia?
Questions for e  Who should be responsible for the plastic waste that is being littered
group 2 right now?

e How do you think this can best be achieved?

e How do you think they can be asked to participate towards less plastic
pollution?

e How do you think relations between stakeholders are changed when
producers become more responsible for their end-of-life products?

Every interview has been transcribed non-verbatim. Unfortunately, the interview with IPI, the
scavenger organization, could not take place due to the language barrier. Therefore, some small
correspondence has taken place to gain information on how the waste pickers work and their
trade-offs. The transcriptions can be visible on request.
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represents the actors that are involved in the waste management system of Indonesia.

Table C.2 - Stakeholder overview

National Government
Ministry of Environment and Forestry
Ministry of Planning
Ministry of Public Works
Local government
Regional government (kabupaten)
Mayor of city (kota)
Village head (desa)
Non-governmental organizations
Global Rec (Global Alliance of Waste Pickers)
IPI (Indonesian Scavengers Union)
Gringgo (waste collection organization)
Waste 4 Change (manages and recycles waste)
INSWA (international solid waste association)
Adupi (plastic recycler association)
Indonesian Packaging Federation
NPAP (National Plastic Action Partnership)
Afvalfonds Verpakkingen (Dutch packaging association)
Brand-owners
Aqua Danone
Unilever
Coca-Cola
Nestle

Local interest groups
IPRO (Producer Responsibility Organization)
Bank Sampah (waste bank)

Non-organized interests
Households
Middlemen
Industries

The formal chart of waste management actors is presented in Figure C.3. The Indonesian national
government set an EPR regulation in 2019. It mainly focuses on the responsibility of producers of
plastic packaging towards 1) limiting waste, 2) recycling waste, and 3) reusing waste (Ministry of
Environment and Forestry Regulation No. P.75/2019 on Roadmap to Waste Reduction by
Producers, n.d.). The national government provides local governments with funding to carry out
their cities' waste collection and processing services. Besides national funding, municipalities also
receive payments from taxpayers. However, it is difficult to retrieve payments in some cases, as
households are not always willing to provide waste management taxes. Experiments could be
done by collecting waste management taxes at the same bill as electricity taxes. Local
governments can furthermore influence households by promoting more sustainable behavior



through education and promotion activities. Households buy products with plastic packaging,
which they can either sell to waste banks (bank sampah) or informal waste pickers. This also
makes it difficult for governments to receive taxes for waste management since high-value
packaging waste like PET, paper, and glass are economically valuable materials.

-
Ministry of o )
Environment and Min ';E:’P ngTxlligm ng
Forestry ( )
sets targets and
regulation
\_ Indenesian National Government
sets targets and . )
regulation gives funding
v
Dutch ministry of helps in waste ) ' Department of
Infrastructure and management | N May?;rofen;ﬁ?um— Sanitation and
Water Management r f g Hygiene
Local Government
Systemi 4
¥ q v
{ \ pays taxes can influence
Afvalfonds Private companies v
Verpakkingen
o Households . IPI (Scavenger le—
- = N Union)
International advising Indonesian sele tJU}.S’-m”EIZTS
organizations Packaging Federation products wasle
i I
bn?\..g;; :"S sells sorted waste
Producers ’
h h i
gives funding Bank Sampah Middle men
v
provides
expertise
»> IPRO brings sorted waste
B v
communication Adupi (recycler |, Sells sorted waste
organization)
includes

Figure C.3 - Actor map
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Scope Assumption Explanation

Behavioral 1 Innovation level determines motivation thresholds
aspects
2 Capability is a Boolean (capable or not)
3 No behavior based on economics
4 Dumpsite pickers do not interact, only capture from landfills
5 There is no increase or decrease in informal collectors when

more or fewer recyclables are available for collection

6 No local community leaders or religious believes affects the
behavior
7 Waste collectors go to the closest household to pick up waste,
whereas they might have specific routes. An exception is for
TPS3R collectors, that first go to households which separate
waste
Simplifying 8 No recycle losses or losses during transportation
the model
9 Household waste is divided in recyclables and residuals
10 End-of-life phases consist of recycling and landfilling only
11 No waste banks included due to the limited contribution to
waste collection
12 The capability Boolean is determined randomly rather than
based on, for example, location
13 Time to reach the recycler or landfill is not incorporated
14 Only informal waste pickers are involved, whereas many more
informal waste workers (middlemen, small bosses, big bosses,
recyclers, etc.) are involved
15 The capacity of trucks is set at 100 and 300 kg.
Interventions 16 Take-back requirements result in more TPS3R vehicles that
collect waste separately from households
17 Advanced disposal fees result in more recyclables in
households’ waste streams
18 Awareness-raising campaigns target motivation for source

separation only



In Table

Table F.3 - Parameters of model

Level
Model

Agent
properties

Motivation
values

Parameter
Initial-amount-of-households

Initial-amount-of-waste-pickers

Initial-amount-of-municipal-collectors

Initial-amount-of-TPS3R-collectors

Initial-amount-of-middlemen
Recyclable percentage

Area to search for neighboring
households

Area to find households for waste
pickers

Area to find households for collectors
Capability threshold

Innovation diffusion distribution:
Initial innovators; early adopters; early
majority; late majority; laggards
Maximum capacity waste pickers

Maximum capacity municipal collectors

Maximum capacity TPS3R collectors
Threshold for high motivation (100%
separation)

Threshold for medium motivation
(50% motivation)

Motivation-decrease-personal-
experience
Motivation-decrease-social-influence
Motivation-increase-social-influence
Probability

below, all values for the parameters in the model are listed.

Value
250

14

24

5
20%
10

10

20
72%

2.5; 13.5; 34;
34;16 %

4 4+ random 4
kg; 1/10th
chance of 25
kg

100 kg

300 kg
8.5/10

6/10

0.2

0.1
0.1

Source

Own specification,
based on World
Economic Forum

(2020)

Own specification,
based on World
Economic Forum

(2020)

Own specification,
based on World
Economic Forum

(2020)

Own specification,
based on World
Economic Forum

(2020)
Own specification
Own specification

Own specification

Own specification

World Bank Group
(2016)

(Rogers, )
(Ratna et al,, )

(Rahim, Nakayama, &
Shimaoka, )
(Rahim et al,, )
Own specification

Own specification

Own specification

Own specification
Own specification



Simplifyin
g the
model
Interventi
ons

Dumpsite picker collection rate

: number of collection vehicles

: motivation-increase-tbr

: adf-target

: number of campaigns

: radius-campaigns

: motivation-increase-awareness-
campaigns

Chance of awareness increasing for
Innovators

Early adopters

Early majority

Late majority

Laggard

W W wWN ==

5%

10

0.25

25, 30,35
5

10

0.2

90%
75%
60%
50%
40%

(Sasaki, Araki,
Tambunan, &
Prasadja, )
Own specification
Own specification
Own specification
Own specification
Own specification
Own specification

Own specification



The exact number of waste pickers and municipal collectors is very uncertain. Therefore, the
numbers for the base case have been used to get relatable results for the numbers known for
collection and recycling in Indonesia (World Economic Forum, )- Therefore, the ratios
between the values of the parameters determine the outcome of the recycling and collection rate.
In section the model's outcomes are validated with numbers established in the literature.
Here, the initial model values are explained by using the collection and recycling rate as reference
points ( ).

Table G.4 - Calibration values with other research

Level Parameter Value for Source
base case
Model Residential waste collection in Bandung (of 76% (Sembiring &
calibration total waste generated) Nitivattananon,
)
Informal waste collection in Bandung (of 13% (Sembiring &
total waste generated) Nitivattananon,
)
WP collection (not DP) in Jakarta (of total 34% (Ratna et al.,
plastic waste) )
Municipal collection in Jakarta (of total 54% (Ratna etal,,
plastic waste) )
Informal recycling rate in a medium-sized 12% (World Economic
city (of total plastic waste) Forum, )
Municipal collection and TPS3R residuals in 32% (World Economic
a medium-sized city (of total plastic waste) Forum, )
Burning (and illegal dumping and leakage 55% (World Economic
into seas) in a medium-sized city Forum, )
WP collection & DP collection (of total plastic 7% & 8% (World Economic
waste Forum, )
TPS3R collection (of total waste generated) 1% (World Economic
Forum, )
These
result in
Ini-hh 250
Ini-wp 15
Ini-mc 23

Ini-tc 1



Three types of verification have been done on the model.

The model was made iteratively. The code was walked through for every new implementation
step to see whether the timing and syntax were used correctly. During some procedures, the
Command Centre showed whether the correct behavior occurred Figure

Command Center

observer> show households with [separating? = "high™ OR separating? = "medium”]
observer: (agentset, 5 turtles)

observers> show households with [separating?
observer: (agentset, 245 turtles)

pbservers||

no™]

Figure H.4 - Example of code walk-through

Many times, individual agents were looked at in more detail. Especially when implementing new
features and formulating new codes, the behavior was tracked by following agents via the
“inspect” or “follow” function in NetLogo.

One example was during the integration of days when collectors did not stop at the end of the day.
Instead of stopping when the working day was over, it was visible that they would go to new
households until their capacity was full. However, based on interviews, it was known that waste
pickers would end their day, even if their capacity had not been reached (IPRO, personal
communication, )- Therefore, the hours-of-work variable was integrated. This, however,
sometimes also resulted in that they would go to new households after they had dropped their
waste at the middlemen or landfills. Therefore, the waiting? and early? variables were
implemented. The agent is “early” when the capacity is reached before the end of the day.
Moreover, the agents “wait” when the working day is over, but the day is not yet ended (see Figure

).
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Figure H.0.5 - example of inspecting one agent at different time steps

The behavior of multiple agents can be analyzed based on graphs in the model Interface (Figure
). The individual motivation can for example indicate at what moment in time the motivation
increases and if this makes sense with the modeled content.



Share of separating hh Average motivation Individual motivation

11.2 | el
T ey o | JE]
g /’ il J"F /' Hss
i '_,_l‘ 'f Mz:
| [

| [
| [
[
M
s
| B
|t
- | Jeli]

1510 -—
0 2130

50

Yo
o motivation-level 5
k'

mativation

a time 2190 0 time 21580

Figure H.0.6 - Graphs in the Interface can indicate agent behavior

Besides verification steps of the modeler, NetLogo also has some verification methods integrated
into the model. During the run of the model, an error occurred ( - Example of error
during a model run).

£395 to wp-collect-waste
7 if any? assigned-wp-households with [household-recyclables > @ AND (my-wp = myself OR my-wp = )] [
01 set wp-target min-one-of assigned-wp-households with [househeld-recyclables > @ AND (my-wp = myself OR my-wp = 0)] [distance myself]
ask wp-target [set my-wp myself]
7 ifelse distance wp-target < 1 [
let potential-recyclables [household-recyclables] of wp-target
let recycle-list list (max-capacity - recyclables-in-hand) petential-recyclables
set target-recyclables min recycle-list
set recyclables-in-hand recyclables-in-hand + target-recyclables
set collected-recyclables collected-recyclables + target-recyclables
ask wp-target [
set household-recyclables household-recyclables - [target-recyclables] of myself
set my-wp 0]

» Runtime Errer X

BNY? expected input to be an agentset but got the number 0 instead.

Dismiss Copy | [ Show internal details

1
face wp-target
fd 1

1
1

end

Figure H.7 - Example of error during a model run

It referred to that there were no assigned households. This could easily be fixed by implementing
a line to ensure the agent still gets directed to action (even if it is doing nothing). It is important
to mention that this error did not occur in every model run, but only sometimes. It is therefore
essential to always simulate multiple runs.



Here, more model results are visualized.

With the initial values determined in the model assumptions, the model is run for one year. Due
to the size of the model, the runtime cannot be extended much longer. The graphs below show the
results of the KPIs with a 95% confidence interval when the model repeats itself 50 times

Collected waste Collected recyclables

6 7 2 3 A 5 6
Months Manth:

Recycled recyclables Recycled leaked

Months, Months

WP recycling

Figure 1.8 - Base case: KPI over one year time

As the average run does not change much, the model is run for a longer time, but with only one
repetition. The first three graphs below show the decrease of collection and recycling rate and the
increase of plastic leakage over a time of four years ( )- The amount of kilograms waste
pickers collect even slowly increases. This is because they can keep collecting recyclables without
much competition, and there is more to collect from each household.
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kg recycled by waste pickers

2022 2023 2024 2025
Year

Figure 1.9 - Base case: KPIs over four years time

Intervention 1
In , also the graphs of the KPIs collected and leaked recyclables are shown. The first
shows similar effects as the waste collection, and the latter has an opposite effect.
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Figure [.10 - Line and boxplots of intervention 1, based on location strategy

Intervention 2
The following results show the effects of intervention 2, advanced disposal fees, on the KPIs

( )-
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Figure [.11 - Line plots of intervention 1, based on adf-target

Intervention 3

The graphs for the KPIs of intervention 3 do not show any effect of the awareness-raising

campaigns (Figure 1.12 and Figure 1.13). Only a possible small increase in recycle ratio could be
found (Figure 1.14).
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Figure [.12 - Line plots of intervention 3 based on campaign location strategy
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Take-back requirements & ADF
There are only small changes visible in the graphs below for changing the ADF target (Figure [.15).
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Intervention 1+2: collected by waste picker
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Figure [.15 Line plots of intervention 1+2, based on ADF target

The timing of the interventions was also varied (Figure [.16).
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Figure c: recycled recyclables
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Figure .16 - boxplots of combining intervention 1 and 2 with different start days

Take-back requirements & Awareness-raising campaigns

The graphs below show the outcomes on the KPIs when the first and third interventions are
combined (Figure .17 and Figure 1.18).
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Intervention 1+3: collected waste
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Figure d: leaked recyclables
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Figure [.18 - Other boxplots of intervention 1+3, compared with individual interventions

Figure 1.19 below shows similar results, even
collection vehicles are placed.
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Figure b: collected recyclables
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Figure e: collected by waste picker
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Figure [.19 - Boxplots when ARCs start before TBR

ADF & Awareness-raising campaigns

There are little effects of the combination of these two interventions, as can be seen in the graphs
below (Figure 1.20).
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Figure [.20 - Boxplots of interventions 2+3, compared with individual interventions

Take-back requirements & ADF & Awareness-raising campaigns

In the graphs below, the interventions are implemented simultaneously and compared with the

individual instruments (Figure 1.21).
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0. Figure e: collected by waste picker
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Figure [.21 - Boxplots of all three interventions, compared with the individual interventions

In the graphs below, the interventions are implemented in order of arc, tbr, adf and compared
based on the location strategy of the take-back requirements (Figure 1.22).
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Figure c: recycled recyclables
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Three types of validation have been done on the model; see section 8.3. Here, the sensitivity
analysis is explained here in more detail, and the slides of the validation interview have been
attached.

To evaluate the values for chosen model parameters, a sensitivity analysis is done. In the
sensitivity analysis, the values of the parameters in the base case are varied, and the outcomes are
evaluated to determine the robustness of the model. As the variability of the initial number of
agents is already shown in the calibration, this sensitivity analysis focuses on the behavior
thresholds. The parameters that are varied are shown in

Research found that the category distribution of Rogers’ innovation levels (Rogers, ) was
different than he found when looking at knowledge and application of green building guidelines
(Mollaoglu & Syal, )- Even though the diffusion of innovations has been researched
previously in Indonesia with a similar distribution of Rogers (Chaudhuri, ), this could be
outdated. Since in the agent-based model, the innovation level determines the motivation of
households to separate a lot, the category distribution of Mollaoglu & Syal ( ) will be used to
compare the results with.

The capability threshold has been set at 72%, as World Bank Group ( ) found that this
percentage of Indonesian urban areas is considered non-poor. However, this cannot directly be
translated into the “capability” of households to separate waste, as there can also be other factors
than financial means contribute to the capability, such as knowledge.

Thirdly, the behavior of households to separate their waste is affected by the motivation of
households. The three parameters that increase and decrease the motivation of households can
be varied to analyze the effects.

Table J.5 - Experimental design of sensitivity analysis

Parameter Parameter space Replications
innovation-level division 2.5;13.5;34;34; 16 % 30
Innovators; early adopters; early majority; 22; 25; 28; 19; 6 %

late majority; laggards

Capability threshold 62% -72% - 82% 30
Motivation-decrease-personal-experience  0.10 - 0.20 - 0.30 30
Motivation-decrease-social-influence 0.05-0.10-0.15 30
Motivation-increase-social-influence 0.05-0.10-0.15 30

All parameters do not influence the KPIs in the base case but only influence the household
separation percentage.

The results show that the distribution level of Mollaogly & Syal ( ), with many more
innovators and early adopters, more than double the household-separating percentage. This
variable is thus quite sensitive to change ( )-
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Figure J.23 - Line plot of sensitivity analysis of the innovation level distribution
The results show that a change in capability threshold does not show a clear effect on the

percentage of households that separate in the base case ( ).
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Figure J.24 - Boxplot of sensitivity analysis of the capability threshold

The results on the motivation parameters, show that the parameter motivation-decrease-
personal-experience is quire sensitive to changes. The motivation-decrease-social-
influence is not so sensitive to changes and motivation-increase-social-influence is
somewhat sensitive to changes (see below).
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