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Preface

Plastics dispersing into the environment via land-air pathways
and leaking into the global oceans and seasrepresents a huge
system failure of epic proportions, threatening marine food webs
and causing physical and chemical contamination of every
environmental compartment.

Indonesia is among the nations most impacted by plastic
pollution and mismanaged waste. It currently generates around
7 million tonnes of plastic waste per year, a figure that is
growing by 5 percent annually, yet its waste management sector
collects only 39% of all solid waste generated and even less is
recycled.

Without major intervention, plastic pollution, including ocean
leakage, will increase by 30 percent by 2025 and more than
double by 2040 with huge negative environmental, health,
economic and social consequences

0
Ly
2
i &
wn




Context

Solving the problem of plastic pollution is at the very top of the

political agenda of the Indonesian Government. |NDONES|A TARGETS

Coordinated through the national coordination team for marine

debris management ( TKN-PSL),The National Action Plan (NAP, + By 2025, reduce ocean plastic by 70%"
2017-2025) aims to reduce marine plastic debris by 70% by 2025 . ) .
and to achieve a circular economy for plastic by 2040 as an * 70% handling rate for all waszte +30%
example to be adapted and implemented in other countries. reduction of waste at source

To coordinate implementation of the NAP, the National Plastic + By 2025 double waste collection to 80%3
Action Partnership (NPAP)servesas a platform to bring together . . .

the most influential players acrossthe plastics value chain, from * By 2040, achieve plastic pollution free

policymakers to consumer goods giantsto NGOG s

The NPAP Policy RoadMap (2022) describes various legislative
and voluntary measures and initiatives to reduce the
consumption of single-use plastics (SUPs),and subsequently,

reduce plastic waste. 1 Indonesia Presidential decree No. 97 year 2017
. . . 2 Indonesia’s plan of action on marine plastic debris under Presidential
Despite substantial efforts, however, progress acrossl ndonesi . g';c;ief P:O-efvlzﬂgi’m e Forum Meeting by Luhut B. Pandiait
; i inhihi ; ; ; rticle for World Economic Forum Meeting by Luhut B. Pandjaitan,
1_7’000 islands IS_ inhibited by Increasing pl’OdUCtIOﬂ and USG. of Coordinating Minister for Maritime Affairs and Investment,
single use plastic, poor waste management, lack of education Coordinating Minisiry for Maritime Affairs of Indonesia

and a diversity of cultural and social, political and infrastructural
challengesthat are poorly understood.

Tackling this complex problem effectively requires the adoption
of an interdisciplinary, multi-stakeholder and systemic approach.
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The PISCES Partnership

To help accelerate efforts to meet the 2025 target and support the
government 6s tot al ban on single
working in close collaboration wi
Ministry of Maritime Affairs and Investment, the Plastics in
Indonesian Societies (PISCES) public -private -academic
Partnership was formed.

PISCES brings political, environmental, economic, technical and
social academic experts and multisectoral action delivery partners
together to co -develop and deliver a comprehensive and
coordinated scientific research and action programme to
understand and address the root causes of plastic pollution.

By leveraging interdisciplinary research, innovative solutions, and
community engagement, ultimately the PISCES Partnership aims to
help create an enabling environment to empower local

communities to become agents of positive change in reducing
plastic pollution and promoting sustainable development,
addressing the Sustainable Development Goals (SDGSs) 3, 4 11,12
and 14.
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PISCES Research Programme

Funded by UK Research and Innovation, the PISCES Research
Programme (2021-2024) applied a structured systems analytical
approach to develop a deep interdisciplinary understanding of the
nature of the complexity underpinning the failure of plastic waste
management systems, together with a programme of research to
trial and test combinations of solutions.

Here we present the results of our PISCES research programme,
consisting of a framework of 6 interconnected work packages (WPs
1-6; chapters 1-6 of this report), together aiming to provide the

core elements of a systemsbased toolbox with which to
understand the sources and drivers of plastic pollution, assess
impacts, and co-design and test interventions, mitigations and
adaptations.

Ultimately our toolbox is designed to enable policymakers and
practitioners to make evidence-based decisions and other actions
aimed at reducing and eliminating plastic pollution.

Susan Jobling
Director, PISCES Partnership and Program
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Modelling Causes, Sources, Pathways and Accumulation of
Plastic Waste to Identify Hotspots, Informing interventions

Costas Velis?, Emenda Sembiring , Joshua Cottom?, Ed Cook?, Attar Ramadan , S dobliags

aUniversity of Leeds, Hnstitut Teknologi Bandung, ¢Brunel University of London
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Context

Plastic pollution has many detrimental impacts once released in the
environment. This relates not only to the harm it causes on ecosystems,
and particularly the marine environment, but also to infrastructure
(blocked drains), public health (air quality from open burning) and the
economy (damage to tourism).

Once in the environment, plastic breaks down into innumerable
microplastics making clean-up even more challenging. Instead, we need
to act at source, before the flow of plastic waste into the environment
becomes uncontrolled.

Moreover, because the source of this pollution stems from uncollected
waste and open burning of waste there is need to understand the solid
waste management system and behaviours of individuals selfmanaging
their waste in much greater detail to understand where and how to
intervene .

Current estimations of plastic emissions are highly uncertain, mainly due
to a lack of field data to drive modelling efforts. The work of our team, in
collaboration with the wider PISCES Partnership, is therefore focused on
addressing the fundamental requirement to develop more accurate and
comprehensive models of waste generation and management and the
uncontrolled release and movement of plastic into and across the
environment from land -based sources across Indonesia.
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Context r

National hotspotting of

. . . emissions
National modelling of sources, pathways and fate of plastic
wastes, identifying plastic pollution hotspots to prioritise for 74 o
intervention is a key requirement for mitigating plastic pollution Retionaly (orsat 2

because it helps us to answer the following questions: Quantify movement in
environment

How can we tackle plastic pollution over a country as big and
diverse as Indonesia?

Where should we monitor or intervene?

How do we cope with the different scales (e.g. National policies,
Regency waste management, local behaviours)?

How can we deal with varying data quality, scales, timeframes 6 i)
and units? Implement 5

. A mterrr/‘gnir::sn and "!]Ev}yrl‘ronnnaentalt
How can we report progress on a consistent basis? monitor SADRING IO SRES
T h Spatio-temporal quantification of plastic pollution origins _ _
and transportation model d (SPOT) p ovides the basis f our

national-scale modelling of hotspots (Chapter 1.1) whilst the
Plastic Pollution Calculator (PPC), developed as part of the
International Solid Waste Association (ISWA) Marine Litter Task

Force aims to account for the local details of solid waste D e PRI,

Apply comprehensive

management, infrastructure, behaviours and environment to —ocsfiiNatonal SescesmRE N 8y

quantify the amount of plastic pollution emitted into the
environment by all major source at key case study sites (Chapter
1.2).

7 stage approach to preventing plastic pollution. The SPOT model as applied
by WP1 aims to quantify the hotspots of plastic pollution both in terms of
emissions and movement in the environment. This can be periodically
s repeated to track progress towards targets. 10
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Modelling Sources, Pathways and Accumulation of Plastic
Waste to Identify Hotspots at the National Scale
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Executivesummary

Mitigating plastic pollution over a country the size of Indonesia
requires prioritisation of locations, interventions and monitoring

efforts. The SPOT and ISWA Plastic Pollution Calculator (PPC)
models, developed by the University of Leeds, include toolkits

designed to aid in the identification of plastic pollution hotspots
and to conduct more comprehensive multi-disciplinary assessments
at a local scale so that evidence-based action plans developed,
accounting for local practices and infrastructure.

In Chapter 1.1, we describe use of the SPOTmodel by our waste
characterisation and modelling teams to predict hotspot locations
of plastic pollution across Indonesia and to quantify emissions to
the environment from all major sources Further insight is also
provided on crucial aspectssuch asthe amount of plastic emitted as
debris compared to that openly burned, as well as quantification of
municipal solid waste flows within the solid waste management
system for all Regencies

isCrS

Three research findings
are highlighted in
this synthesis study:

The SPOT model is introduced with explanation
provided on how this can form the basis for on -
going prioritisation of locations and sources of
plastic pollution in Indonesia.

Material flow analysis results are presented at a
national, provincial and regency level, showing
flows of plastic waste and quantifying emissions
into the environment by major sources.

Modelling is performed to determine where plastic
in the environment moves to, and what the
hotspot locations of plastic pollution are.




1.1 Methodology

The SPOT modelis made up of two parts:

Part A: Emissions inventory An R-based model that quantifies plastic emissions and sources at a Regency level
across Indonesia to determine hotspot locations. Result can be aggregated to national
scale.

Part B: Environmental movement Uses R and GIS data to predict the overland and riverine (transboundary) movement of

plastic emitted into the environment to quantify at risk locations, and link waste found
in the environment to its source location and activity.

SPOT

Part A: Emissions Inventory Part B: Environmental movement
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1.1 Methodology

SPOT Part A method: Regency data for the year 2020 was collected from the Sisteminformasi Pengelolaan Sampah Nasional
(SIPSN) and Badan Pura$tatistik (BPS) databases. Data was cleaned to remove erroneous values (e.g. implausible rates of waste
generation or based on mass balance plausibility checks) whilst any data gaps were filled using provincial averages. Data ctgcted
from each dataset for the 502 Indonesian Regencies included:

®SIPSN C'.‘rl"

<

BADAN PUSAT STATISTIK

A Waste generation rate A Population

A Waste composition A Open burning behaviour:

A Recovery at TPS3R (urban & rural)

A Recovery at waste banks A ltinerant buyers (urban &

A Waste disposed at TPA rural)

A" Control status of TPA *estimated from mass collected / mass generated

A Informal sector recovery

A Collection coverage* Regencies of Indonesia over which the SPOT model was applied

All inputs were allocated uncertainty according to a data pedigree approach (e.g. based on the reliability of the source data) and
were used in SPOT to run probabilistic material flow analysis (MFA) for every Regency. The MFA quantified flows of waste irhie
solid waste management system, as well as flows of plastic waste emitted into the environment from 5 sources: (1) littering,(2)
uncollected waste, (3) collection system, (4) disposal system, (5) formal / informal recycling systems. Emissions were furthme
distributed based on if they were solid items (debris) or were openly burnt. Finally, emissions at the Regency level were aggegated
to higher scales such as National level.

i5CrS 1



1.1 Methodology

SPOTPart B method : The plastic emissions for each Regencyfrom SPOTPart A
are spatially distributed to ~450m x 450m cells according to population density.
The movement of plastic between cells is then dynamically predicted accounting
for the geographical and meteorological conditions of the cell for the given
time-step (month), as well as the material conditions of the plastic item (e.g.
propensity for movement by wind or surface runoff). Flows are propagated
according to digital elevation maps (DEMs) and between a series of domains

(land uses)

The method is unique in that allows the pathways of plastic movement to
be quantified at an unrivalled spatial resolution and accounts for both
stocks (accumulations) and flows (movement) . This details enables us to
arrive at estimates for final sink location; e.g. the amount entering the ocean

from ariver, or the amount accumulating on land. I Sir; cel I

Example flow propagation according to a DEM

[==N—N—N— N

7

Sparse vegetation Dense vegetation Aquatic Urban & Roads Drains Entangled

Open land

Domains through which plastic is propagated as part of SPOT Part B
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1.1 Methodology

Together, SPOT Part A & B allow us to piece together different pieces of the puzzle and answer many important questions:

What?

What are the major sources of
plastic pollution?

types of plastic are polluting
the most?

Where?
Where are the hotspots of
plastic pollution?

What pathways are responsible for
transporting plastic?

Where is plastic accumulating
in the environment?

How?

How much plastic is emitted
into the environment?

How is plastic moving in the
environment?

When?

When is plastic moving in the
environment?
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1.1 Methodology

Nationwide  Sampling for Validation : Validation of SPOT requires
understanding of the reliability of the solid waste management data that forms
its input. This was performed by a rapid nationwide sampling approach
undertaken by ITB The sampling was conducted for household waste over four
consecutive days acrossa number of hotspot and coldspot sites of Indonesia.

Three solid waste sampling methods were reviewed: Solid and Hazardous
Waste Lab, ITB Waste Wise Cities Tools (WACT) (UN-Habitat, 2021) and
Indonesian standard (SNI 19-3964-1994) (Standar Nasional Indonesia, 1994).
The number of samples collected was chosen based on the Indonesian
Standard method, while the remaining methodology follows the Solid and
Hazardous Waste Lab, ITBmethod and WACT.

The general procedures for sampling were:

(1) Sampling preparation and secondary data extraction from local
government agencies responsible for SWM

(2) Analysisof household MSW generation and characterization
(3) Analysisof waste collection and transfer stations (TPS)
(4) Analysisof waste transport and final disposal

(5) Analysisof informal sector and recycling.

§5CvS

Sampling Method and Step

Preparation andecondary data
extraction from local agency

Analysis of waste collection and
transfer station (TPS).

Analysis of informal sector and

recycling
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1.1 Methodology

Sites selected for nationwide
sampling / validation were
selected based on:

A Ranks in hotspot and coldspot
analysis by SPOT model

A Anticipated reliability of SIPSN
data (e.g. whether provincial
averaging was used to fill data

gaps).

A Solid waste facilities (i.e.
Landfill)

A special conditions (e.g. floating
village of Pohuwatu, Gorontalo)

§E5CrS
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1.1 Results

National Material Flow Analysis

To o o Do Do I

An estimated 65 Mt.y-1 of MSW is generated in Indonesia, equivalent to a per capita generation rate of 0.66 kg.capt.d-1.
18% of this MSW generated is plastic, leading to 11.5 Mt.y?! of plastic waste generation.

~46% of plastic waste is collected, either by the formal (3.8 Mt.y1) or informal sector (1.4 Mt.y-1). Of this, 1.3 Mt.y! is sorted
for reprocessing, giving an overall plastic recycling rate of 11% w.r.t plastic generation.

The remaining 54% of plastic waste (6.2 Mt.y!) remains uncollected and enters the environment either as debris (3.2 Mt.y?) or
via open burning (3.0 Mt.y-1).

In total, 7.0 Mt.y-1 of plastic waste is emitted into the environment in Indonesia, of which 42% is physical debris and 52% is
openly burnt.

Uncollected plastic waste accounts for 89% of plastic emissions, with emissions from uncontrolled disposal accounting for
9.4% (almost entirely from open burning), littering 0.6%, mismanaged sorting rejects 0.5% and collection system emissions
0.3% make up the remaining.

§sCrS
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1.1 Results e
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1.1 Results

Sub-national Material Flow Analysis Results

A

In addition to the national MFA, waste flows are also quantified for each Regency in Indonesia allowing us to identify
hotspot locations for plastic pollution.

In terms of absolute mass, the largest emissions unsurprisingly come from the highly populated Provinces such as those
of Java.

However, Jakarta has relatively few emissions given its population due to its improved solid waste management.
Per-capita emissions instead provide insight into the priority locations where solid waste management requires
improving.

Nusa Tenggara Timur was found to have the highest emissions per capita, largely as a result of its very low waste
collection coverage.

21
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1.1 Results

Plastic emissions (absolute):
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1.1 Results

Plastic emissions ‘(per capita): I surned [ Debris [l Bumed + Debris ——
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1.1 Results

Hotspot/ coldspot identification

A SPOT results were also used to identify hotspot locations where more detailed assessments could be conducted and actions
on mitigating plastic pollution formulated.

A Hotspot/ coldspot locations were also used as areas where the modelling predictions were validated using the environmental
sampling performed in WP2.

A To arrive at these hotspots and coldspots for Indonesia, we ranked Regencies according to their per capita plastic emissions.
Specific regencies where then chosen which had high emissions (hotspots) and low emissionsdoldspots), and which satisfied
practical criteria for the sampling such as not being too large an area, having geographical spread and where predictions
were based on reliable data (e.g. rather than ones which had data gaps interpolated).

A Preliminary results from the environmental sampling appear to validate the results from SPOT.

P:sCvrS
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1.1 Results

Hotspot and coldspot locations of
Indonesia as determined based on
the percapita plastic emissions
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1.1 Results

Plastic movement in the environment

A

A

SPOT part B results show the predicted movement of
plastic debris waste once released in the environment.

Of the 7.0 Mt.y-? of plastic emissions, 3.4 Mt.y! (48%) is
in the form of physical debris items.

The majority (82%) of this plastic debris is predicted to
remain as stock on land after one year, becoming
either entangled in vegetation or accumulating in
other terrestrial environments. Some of this plastic
may move in subsequent years, or it may break down
into microplastics.

0.6 Mt.y! of plastic debris is predicted to end up
entering aquatic (riverine + marine) environments, with
0.2 Mt.y! reaching the oceans representing just 2% of
plastic emissions.

Despite this relatively small likelihood of emitted
plastic reaching the marine environment, it still
represents over 11 million plastic items entering
Indonesian oceans each yeat.

*assuming an average mass of 15g per item.

PisCFS

Plastic waste (Mty 1)

co

100%

.

48%
34 .
42%
7
6%
0.6 2%
0.2
& & & ;
o & & PO * 5‘7}“ :
& S =
o )
& & o ,g\“' F
o & M) o N
& o - o o
o ¥ ¥
L
=
-

Fate of plastic emissions in the environment after one year.

26



1.1 Results

Plastic movement in the environment

A The high resolution with which plastic waste is mapped in the environment allows key areas for predicted plastic movement (flux) to
be identified, such as the rivers that contribute the most towards marine litter.

A Rivers in Jakarta andSurbayaare shown as most likely to emit some of the largest amounts of plastic into the oceans. This is due to
a combination of these locations having high absolute plastic emissions, and due to their proximity to the coast.

A Emissions occurring from inland cities (e.g. Bandung) were found to have a low likelihood of transferring to oceans, largelyas a
result of the plastic becoming entangled within rivers or due to obstruction from man -made barriers such as dams.

A Open drains were found to be a key pathway for the movement of plastic to rivers from their initial location of emission.

Plastic flux
(kg'month™1)
I 250 - 500
771 500 - 750
~ 1 750 - 1000

Il >1000
5 iy River emissions
to ocean
(kg'y™)
® 100 -200

Flux of flexible plastic waste in the environment for Java @ 200-500
and Bali in December 2020. Dots represent total plastic
emission entering oceans or lakes from rivers for the full @ s500-2000
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Executivesummary

Successfulmitigation of plastic pollution requires interventions that
account for local practices and infrastructure. The ISWA Plastic
Pollution Calculator (PPC)is a model developed to operate at this
local scale and aims determine the sources and pathways of plastic
pollution. We applied the PPCto four Kecamaten Banyuwangi,
Muncar, Jembranaand Negara, using detailed primary data collected
from each of these sites.

We found particularly high waste generation rates in Jembrana and
Negara, double those measured in Banyuwangi and Muncar. All sites
had a high plastic composition at between 20-30 wt.%, with plastic
bags and films the most common items. By far the largest source of
plastic pollution in each Kecamatenwas uncollected waste, signalling
further efforts need to be made to expand collection servicesto all.
Much of this uncollected waste is either dumped into river-banks,
where it has a high chance of moving to oceans, or is openly burnt
resulting in potentially serious damage to air quality.

isCrS

Three research findings
are highlighted in
this synthesis study:

Plastic waste generation rates are particula
high in the Kecamaten of Jembrana and
Negara in Bali compared with Banyuwangi,
East Java. Work is underway to establish
whether this may differ between the rainy
and dry season.

Plastic compositions are high in all studied
Kecamaten at between 2B0wt%., with
plastic bags and films generated in the larg
amounts.

Uncollected waste is by far the largest sourc
of plastic in all Kecamaten studied. Much of
this is dumped on riverbanks and/or openly
burned.



A
1.2 Methodology s ISWA

PLASTIC

POLLUTION
CALCULATOR

The Plastic Pollution Calculator is a toolkit developed
by the University of Leeds for the International Solid
Waste Association (ISWA) It performs a detailed
characterisation of the flows of plastic waste in local
solid waste management systems at daily temporal
resolution, facilitating identification of specific and
targeted engineering interventions. It includes:

1. Waste characterisation studies to determine

amount and composition of plastic waste Accounting for all realities of solid waste
generated by households, ~businesses and management in a city, from downtown
2. Solid waste management data is used to quantify districts to informal settlements

the flows of plastic in the waste management
system. The PPCautomatically applies corrections
where necessaryto account for unmeasured flows
(uncollected waste, informal sector collection etc.)

3. Observational surveys and questionnaires assess
the quality of infrastructure and behaviour of
individuals to inform conceptual models of the
PPC

The PPC works across several archetypes
respect to its solid waste management or individual behaviours by different areas or
settlement types.
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1.2 Methodology

PPC conceptual models were
developed to account for
aspects crucial to the origin of
plastic pollution that are often
overlooked due to being hard -
to-measure. For example, one
such conceptual model
estimates plastic leakage from a
collection container whilst
waiting for collection. The

model combines information on Es : UNCOLLEGTED W ENVIRONMENT
plastic composition, the : 7 —
likelihood of items moving by
wind / rain depending on its
material properties (size,
density, format etc.), how secure
the container is, the typical
weather conditions and the
length of time that It is waiting o
all of which are key to
understanding plastic leakage

to the environment. Conceptual

models not only allow these important factors to be accounted for in plastic pollution estimates; they also provide a means o f

WASTE GENERATION WASTE MANAGEMENT

DUMPING OF 1 WASTE TO THE

““Sﬂgmmw"‘m A comprehensive conceptual
S model framework to provide
of plastic emissions

incorporating potential causality, enabling us to assess how changes to infrastructure or behaviours may impact plastic pollution.

isCrS
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1.2 Methodology

Four case study sites were s\ \ \'\\
chosen in Jembrana, Bali and J A
Banyuwangi, East Java according WY

to their contrasting X XN
socioeconomics and opportunity
to build on preliminary research
and current and planned waste
collection and waste
management programmes
conducted by our partners
SYSTEMIQ andnSWA These
are:

A Banyuwangi Kecamaten
A Muncar Kecamaten

A JembranaKecamaten
A Negara Kecamaten

For each site, extensive data
collection efforts were carried

out and assessments made using
the Plastic Pollution Calculator.

Case study Kecamaten for which the ISWA Plastic Pollution Calculator was applied.
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1.2 Methodology

1. Solid waste sampling and characterization : The waste characterisation sampling
process was conducted for eight days; the initial three days used for the training,
preliminary survey, and sampling preparation, and the remaining five days used for
sampling. The income groups of all participating households (n=40-50 per
kecamaten) were divided into high-income, middle-income, and low-income
housing in the preparation process. On each sampling day, samples were collected
from each household, businessor institution . The weight and volume of each sample
from the household and non-household waste was measured. Furthermore, we
characterized the waste based on the general waste composition (e.g., food waste,
paper, metal, plastic) and plastic waste composition according to 23 types of plastic.
Thisinformation was used to feed into the Plastic Pollution Calculator.

2. Waste collection and transfer : Data was collected on the waste collection period,
collection method and facilities, fees and collection site. For analysis of transfer
stations, we collected data on the capacity, working hours, facilities, waste treatment,
workers, informal recycling sector present, and time of transport to final disposal.

3. Transport and Final Disposal Analysis: We collected data regarding the
specification of transport vehicle, period, and capacity. At final disposal sites, we
collected data from local agencies regarding the final disposal type, planning, time-
series data, report, capacity, work hours, facilities, waste treatment, workers, and the
informal recycling sector. We additionally checked massesentering disposal facilities
via weighbridges and/or daily counting of arriving dump trucks.

4. Questionnaire : For fulfilling the Plastic Pollution Calculator, we employ the
questionnaire regarding the respondent profile in household and non-household.
We are also have the questionnaire on sampled informal sector regarding the
recycled plastic.

Solid Waste Sampling KecamatarBaynuwang{Photo credit: ITB




1.2 Results

Household waste
generation rates
(as received)

Kg/person/day

B Waste Generation
(kg/person/day)

1.000
0.900
0.800
0.700
0.600
0.500
0.400
0.300
0.200
0.100
0.000

Dry Season Rainy Season
n=50 [ n=42
n=53
n=49
Muncar Banyuwangi Jembrana Negara
0.316 0.339 0.618 0.604

Sampling Locations

PisCrS
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1.2 Results

Non -household waste generation rates

Kecamatan Kecamatan
Sources scamata KecamatanMuncar|KecamatanNegara ceamaia Units
Banyuwangl Jembrana

Office 0.100
School 0.020 n=7
Restaurant 0.232 n=2
Road 0.024 n=2
Shop 0.021 n=7
Ruko 1.025 n=2
Market - -
Hospital - -
Hotel 0.116 n=2

Generation 0.382
Equivalent kg/person/day

PisCrS

0.329
0.086 n:6
1.595 n=6
0.007 N=1
0.371
kg/person/day

1.713

0.101 n=5
0.370 n=3
0.023 n=2
0.022 n=>5
0.283 n=1
0.157 n=1
0.253 n=2
0.735

kg/person/day

0.194 n=4
0.015 n=7
0.75 n=1
0.165 n=1
0.443 n=1
0.735

kg/person/day

kg/employee/day
kg/student/day
kg/chair/day
kg/m?/day
kg/employee/day
kg/employee/day
kg/m?/day
kg/bed/day
kg/bed/day
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Banyuwangi Jembrana

High-income

h hol
ouseholds Food. drink & Other

accommodation

High-income
households

Food, drink & O1er

accommodation

1.2 Results

Daoor-to-door

informal collection Litter
Sources of waste generation Direct to Door-to-door
junk-shops informal collection

The ISWA Plastic Pollution
Calculator assesses municipal solid
waste generation by household
type and according to multiple
commercial and institutional
activities. This assessment includes
an estimate of waste generated that
is rarely captured in official
numbers, such as that dropped as Muncar Hichincome Negara
litter, or sold to the informal Food, arink s Oer s e
recycling sector; both of these were accommodation Food, dink &
found to be non -negligible and

therefore merit inclusion in the PPC.

Direct to
junk-shops

Low-income
households

High-income
households

42%  17.7%
%

0%

Litter

Over 70-80% of MSW generation e roion
originated from households in all

case study sites, with medium R sheps
income households representing

the largest share of this. On the

other hand, for commercial and

institutional waste, retail and food, Low-income
drink and accommodation Pousehalds Loineome
generated the largest amount of
MSW.

§5CvS

Litter
Door-to-door
informal collection

Direct to
junk-shops



1.2 Results

Waste
characterisation

The graph illustrates
types of waste
generated by 40-50
households in each of
the kecamatens
surveyed according
to the major waste
fractions. Plastic
forms the second
largest proportion of
waste, after garden
and food waste at
between 20-33%* by
weight. This signifies
that plastic waste is
being generated in
extremely large
quantities across all
case study sites.
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100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

M Others
M Electronic Waste
M Hazardous Waste
M Plastic
W Glass
H Textile
® Rubber
Metal
M Paper
H Wood

W Garden Waste + Food Waste

Muncar
1.83%
0.10%
0.05%

32.88%
1.25%
1.44%
0.11%
0.89%

14.98%
3.91%
42.58%

General Household Waste

Banyuwangi
1.75%
0.20%
0.06%

20.55%
1.36%
0.47%
0.36%
0.70%
12.04%
0.69%
61.80%

Jembrana
0.00%
0.42%
0.12%

32.09%
2.36%
3.14%
0.50%
0.50%
8.22%
0.62%

52.02%

Negara
0.10%
0.10%
0.02%
26.83%
0.17%
0.99%
0.19%
0.20%
10.01%
3.75%
57.64%
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Banyuwangi

Other small dense items Other large dense items

!

Plastic
bags

1.2 Results

Plastic composition Single use

food service
The overall composition of plastic waste
according to eleven categories of items.
Flexible plastics, such as plastic bags and
other plastic film (e.g. sachets, film lids, Pots, s,
wrappers and pouches) comprise the ”
largest category in all case study sites.
This poses a worry given the propensity o
for these items to move in the poliles ott
environment, as well as their relative low :
value and challenges associated with
recycling.

Drink bottles

Muncar

Other small dense items  Other large dense items
Sanitary products (e.g. diapers, hygiene /
products) are another major contributor
to plastic waste generation, particularly in
Jembrana and Negara where they
represent 20% of all plastic waste
generation. Pols, tubs,

trays

Plastic
bags

Single use
food service

High-value rigid plastics such as drink

bottles and pots, tubs and trays, whilst Other
generated in lesser quantities than plastic plete
films, generally make up ~1/4 of plastic

waste, signifying strong potential for

recycling.

ESCrS

Drink bottles

Other
plastic film

Jembrana

Other small dense items Other large dense items

Plastic
bags
Single use
food service
Pots, tubs,
trays
Other
Drink bottles Other
plastic film
Negara
Other small dense items  Other large dense items
Plastic
bags

Single use  p1%
food service [ T} -

Pots, tubs,
trays

Other
plastic
bottles

Drink bottles




1.2 Results

Source of plastic pollution

These results show the source activity that led to the emission (leakage) of plastic waste into the environment. It is clearthat un-
collected waste is by far the largest source of plastic pollution in the Bali Kecamaten of Negara and Jembrana, multiple times higher
than the next highest source of littering. The second largest source in all areas is that of littering.

Negara

Uneolected waste _

Walling for collection (residual stream) |
Primary transportation (residual stream)

Waiting for collection (recy

Informal s
Primary transportation (recyclable stream)
Disposal

During collection (residual stream)

During collection (recyclable stream)

Treatment (res

Treatment (recy

Transfer staticn

Transfer station (recyclables}

1,000 2,000 3

000
Plastic emission to the environment {tonnes / year)

P:sCvS

Jembrana

Vneoliected waste _

Waiting for collection (residual stream)

Primary transportation (residual stream)

Waiting for collection (recyciable stream)

Informal sector (value chain)

Disposal ‘

During collsction (residual stream) ‘

Treatment (residual stream)

Treatment (recyclable s

During collection (rec:

nsfer station (residual)

Transfer station (recyclables) ‘

500 1,000 1,500 2,000 2,500
Plastic emission to the environment (tonnes / year)


https://app.powerbi.com/groups/me/reports/435f0bc0-af94-455f-9632-420aa574bb0e/?pbi_source=PowerPoint
https://app.powerbi.com/groups/me/reports/fcabc2c0-6d39-47ed-913b-275f4fb4bbc0/?pbi_source=PowerPoint

1.2 Results

Source of plastic pollution

Results for both Banyuwangi Kecamaten (Muncar and Banyuwangi) also show that uncollected waste is by far the largest source of
plastic pollution followed by littering. These results signify that uncollected waste is a widespread problem and requires sigriicant
attention given its magnitude in comparison to other sources. As such, efforts to reduce plastic pollution have to tackle the lack of

collection services asa priority.

Muncar Banyuwangi

Uneallected weste _

Waiting for collection (residual stream I

Waiting for collection (recycleble stream)

Primary transportation {resicual stream

Informal sector (value chain)

During collection (residual stream)
Primery transportation (recyclable stream)
reatment (recyclable stream)

During collection (recyclable stream)

Secondary transportation

Transfer stat

A 600 800
Plastic emission to the environment (tonnes / year)

0 500 1,000 1,500 2,000 2,500 3,000
Plastic emission to the environment (tonnes / year)
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1.2 Results

Plastic pathways to water

These results examine the ways in which
plastic may enter the aquatic environment
(rivers and ocean). This relates only to
plastic debris. However, it is important to
note that a further large amount of plastic is
openly burned, resulting in direct emissions
to the atmosphere and a high likelihood of
severe consequences to air pollution and
resulting public health.

Given that uncollected waste is the major
source in all sites, direct dumping is the
most common way for plastic to enter the
aquatic environment due to people using
the rivers to dispose of their waste. Drains
are also shown to be important mechanisms
for moving plastic to water during periods

of heavy rain given their open nature,
allowing waste to be blown in or dumped in
by residents.
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Banyuwangi

: 48%
Directly

Dumped to
water

Land
to water,

Drains
to water

Muncar

) 47%
Directly

Dumped to
water

Land
to water

Drains
to water

Jembrana

) 52%
Directly

Dumped to
water

Land
to water,

Drains
to water

41%

Directly
Dumped to
water

Land
to water,

Drains
to water
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Banyuwangi

1.2 Results

Plastic composition

| Recycled 11%

These Sankey diagrams show a

high-level overview of plastic e acecaind
waste fates in each case study |100%

site. In all sites, except
Banyuwangi, the majority of
waste is uncollected. Most of
this waste is openly burned in all
Kecamaten although a
considerable amount still enters
the aquatic environment or is
retained on land (becoming Muncar
entangled in vegetation or
deposited in informal
dumpsites). Of the collected
waste, between 10-20% is
recycled, largely by the informal

Openly burnt
15%

] Retained on
land 12%

Marine litter
6%

Recycled 16%

Retained at
recycling sector, with the Plastic dumpsite
remainder going to dumpsites. | jaa %"

Openly burnt
27%

Retained on
land 17%
T Marine litter
g ‘;:.k i - 7%
P:sCrS

Jembrana

Negara
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