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A B S T R A C T   

Governments are increasingly supporting initiatives to address plastic pollution, but efforts are largely oppor
tunistic or driven by national socio-political priorities. There is an urgent need to move away from piecemeal 
single product instruments (e.g. single use plastic bag taxes or plastic straw bans) to deliver system-wide stra
tegies that minimise the most pervasive sources of plastic pollution. Developing a common understanding of a 
jurisdiction’s plastic waste stream and the solutions available to decision-makers is vital to build consensus 
across stakeholders and to align on an evidence-based portfolio of priority instruments. 

This paper presents the Plastic Drawdown framework as a boundary-spanning tool to quickly create a 
coherent, relevant, and credible analysis and visualisation for stakeholders of plastic waste, leakage hotspots and 
minimisation opportunities. Using a new plastic waste modelling framework with a consultative structure, Plastic 
Drawdown explores plastic waste and leakage over a ten-year period and assesses impacts of policy instruments 
on this projection. Plastic Drawdown is adaptable to the data poor environment typical of many countries and 
designed as a rapid assessment tool to support the decision making of governments operating in a highly 
resource-constrained context. 

The Maldives is used as a case study to show the utility of the tool, where it highlighted strategies with the 
potential to reduce leakage of plastic waste into the marine environment by up to 85% by 2030. Plastic 
Drawdown built the case for phasing out single-use plastic waste across the Maldives and supported the Gov
ernment’s decision to set ambitious targets, as announced at the United Nations General Assembly in 2019.   

1. Introduction 

Over the last six decades plastic production has rapidly increased 
(Geyer et al., 2017). Plastic pollution in the ocean and wider environ
ment, is now recognised as a global ecological, social and economic 
crisis (Law, 2017). This has prompted a global response that is reflected 
in the development of national and international targets (e.g. UNEA 

Resolutions 3/6, 4/6 and 4/9). 
The many diffuse sources of plastic pollution, and the diversity of 

impacts it has across its lifecycle – from production, to use and disposal – 
makes tackling plastic a complex societal challenge closely linked to 
many others e.g. climate change (Stoett and Vince, 2019; Ford et al., 
2022) soil contamination (Bläsing and Amelung, 2018) and perturba
tions of aquatic environments (Horton et al., 2017). Effective responses 
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require decision makers to navigate multiple dimensions (e.g. political, 
economic and cultural) to develop a strategically aligned suite of system 
instruments (Karasik et al., 2020), which take into account the specific 
context and operate at multiple scales (Lau et al., 2020). Critical to this 
process is the production of credible baseline data to create useable 
knowledge to facilitate inclusive and equitable consultation and estab
lish a common understanding of the challenges and opportunities across 
stakeholders. 

Global analysis of plastic waste generation and leakage using ‘top 
down’ approaches conducted remotely by international institutes or 
agencies, have been instrumental in placing plastic pollution in the 
global consciousness, illustrating the scale of the challenge and building 
consensus that action is needed (e.g. Jambeck et al., 2015). Whilst 
governments’ responses to plastic waste and leakage minimisation have 
increased over the last five years (Xanthos and Walker, 2017; UNEP, 
2018; Karasik et al., 2020), today’s commitments and actions are falling 
far short of the action required to reduce plastic leakage at a global level 
(Borrelle et al., 2020; Lau et al., 2020). 

Global-scale analysis does not provide sufficient detail for decision- 
makers to enact effective policy instruments across smaller geographic 
scales (i.e. country-wide), particularly for countries where plastic pro
duction, consumption and waste data are limited. To provide informa
tion required for national or sub-national level decision making, detailed 
tools for assessing the sources and pathways of plastic leakage have been 
developed (World Bank, 2021). To-date these have provided useful 
detailed analyses for authorities in specific situations, however, many of 
these approaches are resource and time intensive, which can make them 
unsuitable in situations where budgets are limited and rapid action is 
required. In response, rapid assessment approaches for generating 
plastic waste and litter data have been developed (e.g. Boucher et al., 
2020; Turrell, 2020), but have yet to incorporate analysis of the po
tential impact of policy instrument options, which is key for policy
makers and managers. 

Our paper presents a rapid assessment approach to evaluate national 
plastic waste generation and pollution, and analyses the potential 
effectiveness of different policy instruments in reducing waste leakage 
into aquatic environments. It is designed to support evidence-based 
decision-making by national governments, and to be adaptable for use 
in geographies where data are limited. 

Methods for creating useable and credible knowledge have long-been 
applied to a range of environmental problems (Clark et al., 2016a). In 
this study, we apply key insights from this literature to create a new 
plastic waste modelling framework, Plastic Drawdown (PD), to act as a 
‘boundary spanning’ tool (Bednarek et al., 2018). PD brings together the 
best available information on plastic waste generation, and models 
waste flows to quantify the proportion that is captured by waste man
agement infrastructure and what leaks into the aquatic environment. 
Then, drawing on insights from a global analysis of plastic policies, PD 
presents the potential reductions in plastic leakage that can be achieved 
by different policy instruments. Visualisations of all steps of this analysis 
are shared with government and stakeholder representatives to facilitate 
their understanding of the magnitude and type of plastic waste and 
leakage, and help them to identify and prioritise system-wide mitigating 
measures. 

The PD approach tackles several existing challenges. First, it recog
nises the limited availability of reliable waste data in many geographies 
and the need to gather dispersed data and sources. Secondly, it provides 
quantitative analyses that are policy focused and time bound, producing 
clear expectations of instrument outcomes. Thirdly, PD delivers results 
as simple visual outputs, so that all actors can participate in meaningful 
discussions without requiring technical interpreters (Cash et al., 2003; 
Van Kerkhoff and Lebel, 2015). Collectively, these elements engender 
improved trust and legitimacy of the results to end users (Clark et al., 
2016b), and as a result speed up implementation of context-specific 
policy instruments that are especially hard to develop for complex 
socio-ecological ‘wicked’ problems (Addison et al., 2013). 

In this paper, with the objective of demonstrating the PD framework 
as a useful rapid assessment tool for developing a system wide policy 
response to plastic pollution in countries with limited available data, we 
first describe the PD framework, then demonstrate its value by using a 
case study of the Maldives, for which waste data are limited, but where 
Plastic Drawdown provided evidence to enable the Government to 
announce and implement an ambitious Plastic Phase Out Commitment 
(Hawwa, 2020). 

2. Methods 

2.1. Conceptual framework 

As a boundary spanning tool, PD provides a comprehensive analysis 
of data on plastic waste flows and the effects of policy instruments to 
reduce leakage into aquatic environments. By consolidating the avail
able evidence, it builds a common understanding of the problem across 
government and other stakeholders who hold key responsibilities across 
the plastic life cycle (the Engagement Group) and through culturally 
appropriate methods, most often consultive workshops, supports them 
to prioritise instruments with the best chance to successfully combat 
plastic pollution in their jurisdiction (Fig. 1). PD includes three analysis 
steps:  

1. Baseline Calculations to describe the amount of plastic from 
different waste sources that leaks into aquatic environments, and 
what drives this leakage.  

2. Business as Usual (BaU) projection of how the quantity and 
composition of plastic waste and leakage will evolve over the time 
horizon.  

3. Policy Analysis and Visualisation of the instruments that could 
have the greatest potential impact on reducing plastic waste leakage, 
considering the plastic waste composition and leakage characteris
tics of the jurisdiction. 

Jurisdiction specific data are gathered, collated and analysed in a 
step-wise manner in the PD model to create a jurisdiction-specific 
assessment of the current and projected plastic waste generation and 
leakage (analysis process steps 1 + 2), then combined with policy data to 
indicate which instruments could have most impact on reducing plastic 
waste leakage, as presented in BaU (step 3). Outputs of each step are 
presented as figures and are used during consensus building and policy 
planning with the Engagement Group. Then the Engagement Group uses 
the PD assessment to create scenarios reflecting national priorities, 
which are used as the basis for strategy development and the estab
lishment of a national action plan. 

2.2. Analysis process 

The jurisdiction-specific PD assessment uses a system map (SM 1). 
The map is a template used in order to produce a repeatable and robust 
method to analyse the plastic waste flow, tracking it from source nodes 
(inputs) to end nodes (final destinations). The waste follows flow 
pathways through intermediate nodes, which represent the physical 
waste management infrastructure. Transmission factors represent the 
relative amount of plastic waste directed along each flow pathway and 
are specific to each case study (see 2.3.1). Together, these elements 
characterise the relationship between waste generation, the waste 
management infrastructure, and waste leakage into the aquatic 
environment. 

Plastic flows are characterised by algorithms implemented in 
spreadsheet workbooks (SM 2) that follow the three analysis steps pre
sented in Fig. 2 and the following section. 

2.2.1. Step 1: Baseline calculations 
PD analyses the simplified flow and leakage of different foci plastic 
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Fig. 1. Plastic Drawdown (PD) framework as a boundary spanning tool between plastic pollution knowledge and policy design.  

Fig. 2. Three steps of the Plastic Drawdown analysis 1: Baseline Calculations, 2: Business as Usual, 3: Policy Analysis and Visualisation. The dark green boxes show 
inputs, blue boxes show analysis and light green show outputs. The dashed boarder indicates how the outputs of one step become the inputs to the next. 
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items (SM 3) rather than polymers. This recognises that managing 
pollution often requires a focus on specific items, their value chains, and 
the human behaviours associated with use and disposal; and this is re
flected in most policy responses across the world (Karasik et al., 2020). 

PD combines national consumption and waste assessments with 
imported waste estimates to derive total plastic waste generated (2.3.1). 
Transmission factors are then applied to reflect contextual conditions (e. 
g. waste management infrastructure, policies and consumer behaviour) 
and direct waste along flow pathways into one of five end node cate
gories (landfill, exported, incinerated, leakage into the terrestrial envi
ronment or leakage into the watercourse). The total amount and 
composition of plastic waste that leaks into the marine environment is 
the sum of all aquatic environment nodes. 

2.2.2. Step 2: BaU projection 
A projection of changes in leakage for the period to 2030 is made by 

applying socio-economic and demographic growth factors to baseline 
waste generation estimates for each plastic item (2.3.2). In addition, the 
impact of policy instruments already adopted and with an imple
mentation timetable, are also incorporated into the business as usual 
(BAU) projection. The effect of policy instruments is calculated ac
cording to expected reductions in waste generated (e.g. in response to 
upstream instruments, such as item bans) or changes to the transmission 
factors for relevant plastic items (e.g. reflecting improved plastic waste 
management) (2.3.3). 

2.2.3. Step 3: Policy analysis and visualisation 
Firstly, PD estimates the impact of 18 waste and leakage reduction 

policy instruments that could all be implemented today by a national 
government (SM 4). These were identified through workshops with in
dustry and academic representatives during the development of PD 
(Common Seas, 2019a). Instruments range from upstream measures to 
reduce plastic production and waste generation, to downstream mea
sures to improve waste management systems and the capture of plastic 
litter before it reaches the marine environment. Policies focused on the 
recovery of plastic from the ocean are not included, to emphasise the 
need for preventing plastic reaching the ocean in the first place. Each 
policy instrument may target specific plastic items, or a range of items 
(SM 5). For example, a policy to introduce water refill schemes reduces 
the number of single use plastic (SUP) beverage bottles and caps, 
whereas a policy to increase provision of solid waste collection is applied 
to all macroplastic items within municipal solid waste. To indicate the 
potential effect that each instrument will have, each can be presented 
based on a ‘pessimistic’, ‘central’ or ‘optimistic’ assessment of situation. 
A set of key principles, drawn from a global literature, describe which 
instrument design parameters or enabling factors must be present to 
achieve the most optimistic effect. This supports the Engagement Group 
to consider the political, economic and socio-cultural capacity to 
implement policy within their jurisdiction. 

Secondly, subsets of these policy instruments of interest to the 
Engagement Group are identified, adapted as needed to align with local 
priorities, and applied over different timeframes as specific test sce
narios. The potential effectiveness of these instruments is modelled 
against the BAU in the same manner as calculated for adopted policy 
instruments (described in step 2). Any instruments applied within the 
same year are ordered to account for sequence-dependency effects. 
Policy instrument effects are visualised with the BAU by a stacked area 
graph (colloquially, ‘wedge diagram’). This provides an effective illus
tration of the potential projected impact of individual, and combinations 
of policy instruments (scenarios). 

2.3. Data inputs 

Across all inputs, data were compiled according to a set of data 
collection principles. Data mining first prioritised time-relevant data for 
the focus plastic item, within the jurisdiction of interest and from a 

reliable source. Where data were unavailable for a focus item, alterna
tive items or groups of items were used, where the nature and behaviour 
related to leakage was similar. Where jurisdiction level data were un
available, regional level data were apportioned to the jurisdiction level, 
or available data from an analogous jurisdiction (with similar geo- 
demographic characteristics and in the same World Bank income cate
gory) were used. Preference was given to the most recent data available, 
with data from the last 5–10 years also used where more recent infor
mation was unavailable. 

Data from recognised sources and national databases were used 
when available. Where these data were not available, estimates from 
peer reviewed literature, media reports (referencing original sources) 
and waste and sanitation data from the countries in question were uti
lised. Where published data could not be found, field observations were 
made and the Engagement Group and other experts identified through 
stakeholder mapping (Expert Group) were consulted, to make assump
tions based on their knowledge, e.g. of waste management and littering 
behaviours. 

2.3.1. Step 1: Baseline calculations 
A long list of focus macroplastic items was determined during the 

development of PD from beach litter reports (e.g. International Coastal 
Cleanup data) and consultation. From this, a short list of 23 items was 
created, which comprised ca.95% of all identifiable beach litter items 
(including single use food and beverage items, sanitary products, con
struction plastics and fishing gear). Secondly, microplastics for which 
sufficient data exist to estimate waste generation were also included 
(tyre and brake dust, clothing fibres, pellets, micro-beads). This resulted 
in 28 foci items (23 macroplastic and 5 microplastic) (SM 3). 

To ensure the context of the study nation is captured, foci plastic 
items are checked against the local dominant litter items identified 
through desk-top research and early Engagement Group dialogues. PD 
also explicitly documents an ‘other plastic’ category, which is calculated 
by i) estimating the total plastic fraction in municipal solid waste, and ii) 
subtracting the total weight of the explicitly identified plastic items. 

Waste generation data are gathered from diverse sources including 
published reports, market data, trade data, waste-management planning 
documents, local traders and Expert Group opinion. To allow compa
rability, when waste generation is provided as frequency data, they are 
converted into weight using standard values (SM 6). 

Transmission factors, used to determine the waste throughput level 
at specific nodes, are established by either i) using existing studies and 
data of relevance to the transmission factors (e.g. waste-water treatment 
or solid waste management systems), ii) consulting the Expert Group 
using a semi-structured interview (SM 7), or iii) making field 
observations. 

2.3.2. Step 2: BaU projection 
Waste and subsequent leakage growth rates for each plastic item are 

projected forward from the baseline year using growth forecasts and 
backwards from regression of historic rates between 2010 and 2018. 

2.3.3. Step 3: Policy analysis and visualisation 
Waste generation inputs and transmission factors are amended for 

each item according to policy instruments applied within the PD model. 
For each policy, the timeframe and immediacy of effect can be adjusted 
by the Engagement Group, and changes can be based on either a 
‘pessimistic’, ‘central’ or ‘optimistic’ assessment. 

2.3.4. Data reliability 
PD uses a systematic assessment (SM 8) of data reliability. This is 

documented with the data and permits users to track the state 
of knowledge, evaluate outputs and create priorities for future research. 
Each input is scored from 1 to 3 to reflect its (subjective) reliability. 
Quality level 1 refers to information from official and/or peer reviewed 
datasets specific to the jurisdiction and published within the previous 
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three years. It also includes evidence from technical specialists, man
agers or researchers operating within the jurisdiction with in-depth 
knowledge of the jurisdiction. Inputs with quality level 2 are data 
from older published sources and/or non-peer reviewed grey literature. 
They are also data apportioned from analogous jurisdiction data sets 
and/or evidence from members of the Engagement and Expert Groups. 
When local evidence does not exist, estimates and assumptions based on 
non-jurisdiction specific specialist opinion is used and considered 
quality level 3. 

3. Case study: Maldives 

3.1. Background 

The PD framework was implemented in the Maldives in September 
2019 by the invitation of Maldives’ Government. Maldives is an upper- 
middle income nation in the Indian Ocean with a mixed economy 
dominated by tourism (24.5% of GDP) and fisheries (18%) (National 
Bureau of Statistics, 2020). It controls a large exclusive economic zone 
(923,000 km2) and comprises 347 inhabited islands of which 132 are 
resort-only islands. 

With a small population (450,000 people), dispersed island geogra
phy and considerable distance from global recycling markets, effective 
waste management has been a challenge to the Maldives for several 
decades (Ministry of Environment, 2019). Waste management infra
structure centres around the non-engineered landfill located near the 
capital Malé on the island of Thilafushi. Waste is collected from Malé 
and resort islands and transferred by vessel to Thilafushi. Waste is also 
collected from some geographically central community islands, and 
while some of the organic waste is managed at the island level, many 
communities lack adequate infrastructure to store the remaining waste 
prior to transportation to Thilafushi, or lack resources to transport the 
waste to Thilafushi. This leads to extensive burning of waste on beach
fronts and dumping on land, both activities result in leakage of waste 
into the marine environment (Ministry of Environment, 2019). Burning 
also occurs at Thilafushi to ensure sufficient landfill capacity (Asian 
Development Bank, 2018). 

Plastic waste leakage into the marine environment, represents an 
important socio-economic burden (Rodríguez et al., 2020). It is a threat 
to Maldives as a high-end tourist destination with a perceived pristine 
environment and impacts fisheries through mechanisms such as pro
peller entanglement and damage to gear (Nash, 1992). Plastic waste 
therefore could impinge directly on GDP through tourism and fisheries. 

3.2. Plastic Drawdown implementation 

3.2.1. Step 1: Baseline calculations 
A review of data completed prior to field work provided an initial 

picture of the use of foci plastic items in the economy and how they were 
managed at end of life, both within, and outside of, formal waste man
agement systems. This was updated and supplemented with data 
collected from Maldives Customs (provided confidentially) and through 
meetings with the Engagement (SM 9) and Expert Groups. No alterations 
were needed to the list of foci plastic items. 

The amount of waste of each type was estimated from customs 
import data and market research (SM 10). In two cases, where item 
counts were unavailable for the Maldives, figures were taken from data 
previously collected from Indonesia. The Indonesia dataset was 
considered appropriate to use as a proxy for the Maldives, as Indonesia is 
an island nation with similar income level (Asian Development Bank, 
2020a), and within the same broad geographic region. Indonesian fig
ures were apportioned according to the most recent purchasing power 
parity and population estimates for Maldives. Data provided as item 
counts were then converted into weights (SM 6). Transmission factors 
were estimated using data on waste infrastructure and systems (SM 11). 

Maldivians categorise their country across three distinct 

geographies: urban Maldives (mostly Greater Malé area), inhabited rural 
islands and island resorts (Ministry of Environment, 2019). To calculate 
waste generation levels for each of these three territory categories, the 
following proportions were applied to the estimated total of waste 
generation: urban areas (49%), resorts (20%) and rural islands (31%) 
(Ministry of Environment, 2019). Demographic, waste management and 
economic Maldives-specific data (SM 12) were used to inform growth 
rates of plastic waste item generation and leakage over the timeframe 
modelled. 

3.2.2. Step 2: BaU projection 
Waste generation growth rates (SM 13) used to construct the BAU 

trajectory were based on historical data and market forecasts. Where 
available, market forecasts for individual items were sourced from 
commercial providers of data. No plastic policy instruments had been 
adopted in the Maldives at the time of analysis, so none were incorpo
rated in the BAU estimates. 

3.2.3. Step 3: Policy analysis and visualisation 
The potential for the 18 PD policy instruments to reduce plastic 

waste generation and leakage was calculated (Common Sea, 2019a). 
Graphical outputs from steps 1–3 (e.g. SM 14) were reviewed by the 
Engagement Group to identify priority policy instruments to target key 
polluting plastic items and leakage sources. Analysis revealed SUP bot
tles contributed the most to waste and leakage, and the Engagement 
Group identified this item type as a priority. As a consequence, a policy 
instrument to ban and/or tax SUP bottles within three use categories 
(water bottles, other beverage bottles, other SUP bottles, e.g. household 
cleaning products) was added to the PD analysis. 

Five policy scenarios were developed, which cumulatively added 
different policy instruments (Table 1). Scenarios 1–4 focused on specific 
SUP products and scenario 5 incorporated SUP-focused instruments 
alongside improved collection, transportation, storage and final disposal 
of solid waste (SM 15). 

Each policy instrument was modelled to start in 2021 and the 
timeframe for each policy to reach full effect was adjusted to reflect the 
financial and technical complexity of implementation. For example, 
implementing an SUP item ban or tax, is estimated to take two years to 
allow for appropriate public engagement and for the required legislation 
to be passed. By contrast, large scale infrastructure changes are pre
dicted to take 10 years. 

3.3. Results and discussion 

3.3.1. Step 1: Baseline calculations 

3.3.1.1. Waste generation. Projections from 2019 suggest Maldives 
would produce 22.1 kt of plastic waste in 2020, which is 7.5% of total 
municipal solid waste. Of this, approximately 8.8 kt is identifiable as the 
foci plastic items and the rest, 13.3 kt tonnes of plastics (60%), is 
identified as ‘other plastic’. The large relative proportion of this category 
highlights the value of research to further disaggregate the fraction. 

The relative proportion of plastic waste in the Maldives is congruent 
with that of analogous countries such as Sri Lanka (5.9%) and Fiji (7.9%) 
(Lebreton and Andrady, 2019). The proportion of ‘other plastic’ in the 
waste stream is relatively large. This is in part because the foci items 
within PD do not account for all types of plastic that contribute to plastic 
waste, and due to the inherent limitations within the available waste 
data used to calculate total and item-specific plastic waste generation. 
Although the exact composition of ‘other plastic’ waste is unknown, this 
category includes industrial plastic waste, business to business waste, as 
well as household waste items (e.g. toys, appliances and textiles). 

The largest individual category of foci items is SUP beverage bottles 
(21% of all plastic). Expert judgement indicated that these bottles pri
marily contained water. Bottled water is common across all Maldives 
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reflecting a preference for the taste of bottled water over tap and the 
reliance on bottled water by those who have limited access to potable 
water. The proportion of SUP bottles within total plastic waste gener
ated is much higher than the global average of 6% (Lau et al., 2020) but 
is similar to the analogous nation of Indonesia (20%, Common Seas, 
2019b). Other identifiable SUP items include diapers (4%), grocery bags 
(4%), other types of plastic bottles (e.g. cleaning products) (3%) and 
food wrappers (2%). 

While the overall contribution made by the Maldives to the global 
plastic waste crisis is relatively small, per capita the amount is sub
stantially higher than the European Union (0.03 kg person-1 day− 1). 
Urban areas, rural areas and resort islands contributed 10.8 kt, 6.8 kt 
and 4.4 kt to total plastic waste generation respectively. Although in 
absolute terms the resort islands contribute less plastic waste than urban 
and rural areas, resort islands generate almost twice as much plastic 
waste per capita compared to Maldivians (tourists 0.50 kg person-1 

day− 1 and Maldivian residents 0.26 kg person-1 day− 1). 

3.3.1.2. Leakage. Approximately 1.6 kt of plastic waste (7% of the total 
plastic waste generated) is estimated to enter the marine environment 
from the Maldives in 2020. The national landfill site Thilafushi is the 
major leakage source, comprising approximately 62% of all plastic es
capes within the country. This is primarily due to relatively poor waste 
retention at the landfill site. This is a well-known problem and there are 
currently active projects to improve management and end open burning 
at Thilafushi (Ministry of Environment and Energy, 2018). 

Dialogue with island community leaders and resort operators re
ported a practice of (illegal) waste dumping at sea from vessels that 
transport waste from rural and resort islands to Thilafushi. Further 
research is required into this practice and its contribution to overall 
plastic leakage, but conservative estimates from PD analysis suggest that 
it contributes up to 21% of the national leakage total. 

Analysis of the baseline results showed that, of the total plastic waste 
entering the aquatic environment, 12% originated from land based lit
tering. This comprises plastic waste that is dumped because there are no 

formal management options, and littered waste. This is particularly 
significant on rural islands where there are limited formal waste man
agement facilities. 

Notably, the relative contribution of SUP beverage bottles to the total 
amount of plastic entering the marine environment increases from 28% 
at baseline to 33% by 2030, suggesting that action on these items could 
result in an important decrease of plastic waste entering the marine 
environment. 

3.3.2. Step 2: BAU projection 
Total annual plastic waste generation in the Maldives under a BAU 

scenario is projected to increase approximately 39%, from 22.1 kt to 
30.7 kt between 2020 and 2030. In line with the increase of waste, PD 
analysis suggests that an additional 22 kt of plastic will leak into the 
marine environment from the Maldives over this ten-year period in the 
absence of any policy instruments. Analysis also reveals that the top six 
polluting plastic items will remain the same between 2020 and 2030 
(although the exact order differs between years), highlighting the long- 
term relevance and likely effectiveness of instruments that have direct 
consequences on these items. 

The analysis assumes that the proportion of plastic waste sent to, and 
remaining in, landfill (93% of collected waste, with 7% assumed to leak 
into the environment) remains constant throughout the 10 years to 
2030. Under this premise, PD estimates that approximately 8.3 kt of 
additional landfill capacity is needed for plastic alone, in order to 
manage the waste entering landfill for the period 2020–2030. This is an 
increment of almost 40% over 10 years. If this additional landfill ca
pacity is not developed, then plastic leakage rates are likely to grow and/ 
or levels of informal burning and associated CO2 and other toxic emis
sions would increase. Maldives is a highly land-constrained environment 
therefore providing additional landfill capacity is not straight-forward 
and not a long-term and sustainable solution for waste (Tammemagi, 
2000). Instead, waste-to-energy facilities are being proposed by the 
Maldives government, and one is under development (Asian Develop
ment Bank, 2020b). 

Table 1 
List of policy scenarios identified by stakeholder and government representatives during the consultative process, and their associated mapped policy instruments 
within Plastic Drawdown. SUP = single use plastic.  
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3.3.3. Step 3: Policy analysis and visualisation 
Using the five different policy scenarios (Table 1), identified by the 

local Maldivian Engagement Group, PD estimated that approximately 
13.5 kt of plastic waste leakage could be prevented over the 10-year 
period 2020–30. This would reduce leakage into the marine environ
ment to approximately 0.4 kt per year in 2030 (Fig. 3), a 61% reduction 
in leakage compared to the BAU projections. Potential reductions in
crease over time; with 51% less plastic leakage by 2022 and 85% by 
2030, these figures broadly align with global analysis of plastic waste 
leakage (Lau et al., 2020). PD analysis suggests that substantial re
ductions in plastic leakage in the Maldives can be achieved through a 
relatively small number of carefully selected policies, thereby focusing 
limited resources and attention where it can be most effective. 

The relative contribution of each policy instrument to plastic pollu
tion reduction changes across the timeframe of the analysis (Fig. 4). 
Overall, the policies that contribute most to reducing plastic leakage are 
initiatives that address the use and disposal of all types of SUP bottles 
(scenario 3). This scenario reduces plastic leakage by 6.9 kt from the 
2020–2030 BAU trajectory, and would achieve 51% of the total amount 
of potential leakage reductions possible. The largest effect is likely 
within 3–4 years. Improved waste management could, by 2030, provide 
a similar contribution to all plastic leakage reduction (~5 kt over 10 
years) but most of this takes place at the end of the period because of the 
time required to finance and implement new infrastructure. Therefore, 
this combination of policy instruments has the potential for greater 
impact past 2030. 

The priority policy instruments identified by the Engagement Group 
do not target fishing gear or microplastics which are on the list of foci 
items. Although these pollutants contribute a relatively small proportion 
of plastic waste leakage, they do present specific challenges. Fishing 
gear pollution is highly impactful on marine life, with ghost fishing ef
fects being widely documented (Gilman et al., 2016). Due to their size, 
microplastics are considered to pose different threats to those of mac
roplastic items (Bucci et al., 2020). To reduce both microplastic and 
fishing gear environmental leakage, specific policy instruments are 
required (Eriksen et al., 2018). 

3.3.4. Impact of PD in the Maldives 
PD provided evidence and a framework for Maldives government 

decision-makers to act. The outcomes of PD analysis and Engagement 
Group consultation were presented as a confidential white paper 
‘Maldives plastic phase-out strategy’ to the Government. A target to 
phase-out single-use plastic by 2023, was announced at United Nations 
General Assembly by the Maldives President in 2019 and this was 

directly informed by the evidence generated, policy guidance and action 
plan derived from PD. The plan was endorsed by cabinet and contained a 
holistic portfolio of policy instruments, including import bans, tariffs 
and deposit-return schemes, as well as increased provision for educa
tion, data collection and alternative materials. The first step was the 
ratification of the 18th Amendment Bill to the Export-Import act of the 
Maldives (Act No. 31/79) in December 2020 to ban importation of some 
SUP items. At the same time, several island resorts and community or
ganisations have undertaken specific actions to reduce the use of plastics 
and improve waste management under the Namoona Baa initiative in 
partnership with the Clean Blue Alliance (Outlook, 2020). 

4. Discussion 

Using a relatively straightforward modelling framework, simple 
visualisations and cost-effective data collection strategies, PD produced 
a clear picture of the current plastic waste and leakage in the Maldives, 
estimated how this would change by 2030 and demonstrated the po
tential impact of specific policy instruments. The evidence, action plan 
and convening generated from PD resulted in policy commitments and 
subsequent action by the Government, which are expected to result in a 
substantial reduction of plastic waste leaking into aquatic environments 
in the Maldives. 

The PD methodology is an intentionally straightforward process that 
encourages the full engagement of stakeholders from across the plastics 
value chain, to include national and local Government, waste manage
ment, plastic producers, private sector and academic stakeholders with 
varied technical literacy. Simplifying a system is commonly used in 
other modelling environments (e.g. ecological and oceanographic 
models), where it is important to capture main patterns and processes 
within complex systems (May and Oster, 1976). Whereas overreliance 
on technical accuracy can introduce prohibitive costs and delays in 
producing useable results, especially in data-limited situations (National 
Research Council, 2005). 

PD provides a transparent process to identify and consolidate data 
from varied sources and data pedigrees. By providing a single compre
hensive analysis of the plastic pollution problem and solutions, backed 
by credible data, the PD analysis facilitates consultation and consensus 
building between decision makers. PD presents data through simple 
visualisations, which is recognised as a powerful tool to engage diverse, 
non-technical audiences with complex research, in order to facilitate co- 
design of the research itself and of the policy responses to it (Otten et al., 
2015). As demonstrated in the Maldives, visualising different potential 
policy effects as the stacked area graph (Fig. 3) provided an intuitive 

Fig. 3. The potential impact of scenario 5 developed by the Engagement Group to reduce plastic leakage using the intermediate assessment. SUP = Single use plastic.  
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way for decision makers to understand where the areas of greatest 
impact and priority lay. This is particularly important when technical 
literacy varies greatly between stakeholders (e.g. Nikas et al., 2017). 
This visualisation permitted PD to help develop a common conceptual
ization of the problem across the entire plastic value chain and waste 
management system, and between groups with different experiences 
and agendas (Dryzek, 1993). Accessible visualisations also provide 
transparency across process steps, from illustrating the challenge 
through to depicting the potential impact of policy instruments. This 
creates an opportunity for civic alignment (Shafir, 2013). 

A key strength of PD was used was its ability to facilitate dialogue 
between members of the Engagement Group to tackle plastic leakage. 
Knowledge silos are widely recognised within Governments and orga
nisations across the world (Ardichvili et al., 2003). Ultimately, by 
providing both a clear structure (in what can seem an overwhelmingly 
complex policy area), and data visualisation (to allow a wide group of 
stakeholders to engage), PD enabled effective collaboration between 
different stakeholders and the co-creation of an action plan that holds 
greater legitimacy; thus fulfilling the objectives of a boundary spanning 
tool (Cash et al., 2003). The power of this engagement-embedded 
approach was demonstrated in the Maldives where local actors had 
expertise in one component of the local plastics value chain, but no in
dividual had a complete overview of the structure across all sectors. The 
PD framework documented the full plastic waste system, providing 
policymakers with knowledge to make decisions across institutional 
boundaries and scales. This approach is often considered as a leading 
indicator of good public policy making (Clark et al., 2016b). 

Careful consideration of focal region for PD analysis is required. In 
the Maldives, the plastic life cycle of entire country was evaluated, but 
different island archetypes were identified, to capture differences in 
waste generation, waste management infrastructure and waste behav
iours. The scale of available input data and jurisdiction of decision 
makers must match to permit the required analysis to be done, infor
mation to be share and pathway to impact to be successful. For example, 
a large country may be best analysed at a sub-national level, with areas 
defined by factors such as geographic area or socio-economic archetype. 

PD helped focus attention on a few key policy instruments that could 
result in 97% (13.5kt) of projected plastic leakage being avoided. This 
directed policymakers to the instruments that are likely to be most 
effective and provided message clarity to support wider stakeholder 

engagement. Analysing national and sub-national regions separately 
also revealed that a diverse set of drivers were operating to generate 
plastic waste and plastic pollution across the Maldives. It revealed a high 
proportion of SUP water bottles in waste, almost four times as high as 
the global average, and was able to differentiate the patterns of waste 
and leakage across island types. 

Application of PD in the Maldives demonstrates its potential to 
motivate a system-wide response to addressing plastic pollution, and 
inform a suite of policy instruments that target specific priority items 
within that geography. In this way PD can help to address some of the 
key limitations that have been identified within current policy making to 
address plastic pollution (Karasik et al., 2020, Lau et al., 2020). 

Furthermore, PD can facilitate the holistic approach to understand
ing and reducing ocean pollution recommended by others (Jambeck 
et al., 2020; Lau et al., 2020), linking the reduction of plastic waste and 
leakage to solutions of other societal challenges. It highlights linkages 
between drivers of plastic waste and other public policy priorities, such 
as public health (e.g. provision of potable water) and climate change (e. 
g. waste incineration). In PD Maldives, SUP plastic water bottle policies 
were timed to align with initiatives to increase potable water systems on 
rural islands, to ensure that reducing SUP bottles would not undermine 
rural communities’ access to drinkable water and that both actions 
contribute directly to SDG 6 and SDG 14 and indirectly to SDG11. This 
underscores the value of the PD process including the establishment and 
active participation of the Engagement Group, which incorporates a 
range of Government departments and perspectives. Diverse participa
tion helps to breakdown internal solos and develop an integrated 
response to plastics, that aligns with other jurisdictional policy 
objectives. 

PD can challenge the current understanding of policymakers or 
highlight the importance of factors currently out of the scope of policy 
discussions. For example, in Maldives it highlighted that dumping of 
waste from transport vessels was an important source of plastic leakage. 
Previously, although acknowledged by stakeholders, it remained outside 
the discussion of plastic mitigation because of a lack of structured evi
dence. Furthermore PD can also be used to monitor changes over time, 
by reassessing data input and the subsequent analyses when new data 
become available, and can inform further data collection efforts. 

Fig. 4. Relative impact of policies with different focus on overall plastic waste leakage between 2020 and 2030.  
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4.1. Outlook & future focus 

As well as proven effectiveness in the Maldives, PD has been used in a 
variety of other contexts. This includes application in different coun
tries, across a range of national income levels to support national action 
plans, assist the development of international toolkits (e.g. Common
wealth Clean Ocean Alliance) and analyse Government strategies (e.g. 
the United Kingdom’s Resources & Waste Strategy, Common Seas, 
2019a). This further demonstrates the adaptability of PD and the value 
of its wider adoption as a consistent framework for comparing plastic 
waste generation, flows and leakage, and assisting decision making 
through the prioritisation of plastic leakage minimisation strategies. 

Lessons learnt through the application of PD in the Maldives and 
other contexts also provided new insights about the support that deci
sion makers need when developing strategies to prevent plastic pollu
tion, particularly in countries with limited available waste systems data. 
It highlighted the value of enhanced strategic guidance and knowledge 
exchange to support the process of contextualising, adapting and 
implementing PD policy instruments. By engendering a deeper under
standing of the antecedent social, financial, and environmental factors 
that influence the effectiveness of a plastic mitigation policy, PD could 
further ensure that instruments are designed and implemented to 
maximise intended effects and mitigate unintended consequences. 

5. Conclusion 

We have shown PD strikes a balance between generating data driven 
results and connecting with the culture and practices of policymakers 
and local stakeholders (Nguyen et al., 2017). It can be used to investi
gate the significance of different plastic waste flows, clearly visualise a 
country’s plastic pollution challenge, investigate the potential effec
tiveness of the different policy instruments available to decision makers, 
and monitor change over time. In doing so, PD highlights the need for a 
holistic, system-wide approach combining both short- and long- term 
instruments to reduce plastic waste generation at source, as well as 
ensuring downstream management, (e.g. solid waste management) is in 
place. 

As a boundary spanning tool, PD is proven to provide a framework 
for the equitable engagement of government representatives and 
stakeholders in a dialogue on plastic waste, leakage and instruments. 
PD’s application in the Maldives demonstrates how it provided in
stitutions and stakeholders with a mechanism through which to create 
shared goals and solutions, which gave the Maldives’ Government the 
evidence base and confidence to set an ambitious target to phase out 
single-use plastics by 2023. It shows the importance of embedding data 
and modelling approaches within an engagement process when con
ceptualising and discussing ‘wicked’ problems. It also demonstrates the 
importance of effectively disseminating knowledge to enable robust and 
context-appropriate decision-making processes. 

PD provides an ideal framework to enable these processes and it is 
anticipated that this framework could play a key role in determining 
effective and efficient solutions to reducing marine plastic pollution. 
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