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Preface

In recent years, an increasing number of studies and reports
have advanced the global understanding of the challenge
posed by ocean plastic pollution. But most leaders across
industry, government, and civil society have noted a critical
gap: an evidence-based roadmap to describe the pathways
available and to foster convergent action.

As a step towards building that roadmap, The Pew Charitable
Trusts partnered with SYSTEMIQ to build on previous research
and create this first-of-its-kind model of the global plastics
system, with results suggesting that there is an evidence-based,
comprehensive, integrated, and economically attractive
pathway to greatly reduce plastic pollution entering our
ocean. The findings of our analysis were published in the
peer-reviewed journal, Science on 23 July 2020.

The speed at which ocean plastic pollution has climbed up
the public agenda has been surprising. Yet, even as the world
starts to comprehend the enormity of the challenge, major
actors disagree on the solution. In preparing "Breaking the
Plastic Wave: A Comprehensive Assessment of Pathways
Towards Stopping Ocean Plastic Pollution,” we consulted

an extensive group of stakeholders from academia, industry,
government, and nongovernmental organizations, who
without exception shared the concern and demonstrated
willingness to act—but often offered contradictory solutions.

We then developed perhaps the most comprehensive
plastic system modelling tool to create a global analysis that
evaluates various strategies to reduce ocean plastic flows
and quantifies the associated economic, environmental,
and social implications of each pathway. The ultimate aim of
this work is to help guide policymakers, industry executives,
investors, and civil society leaders through highly contested,
often data-poor, and complex terrain. Our analysis includes
several key findings that could help define changes to the
global system that are necessary to stop plastic pollution
from flowing into the ocean.

The research supporting this report involved 17 experts

from across the spectrum of people looking at the

plastic pollution problem and with broad geographical
representation, and was undertaken by our two independent
organizations in collaboration with four partner institutions—
the University of Oxford, University of Leeds, Ellen MacArthur
Foundation, and Common Seas.

In addition, the project team drew upon major publications,
analyses, and reports, and consulted more than 100
independent experts, to develop and populate the model.
These experts represented the plastic supply chain,
academia, and civil society, and neither they nor their
institutions necessarily endorse the report’s findings.

"Breaking the Plastic Wave" follows two reports from the
Ellen MacArthur Foundation that established the vision

of a circular economy, aimed at eliminating waste and
encouraging the continual use of resources by reusing,
redesigning, and recycling. This concept has garnered
unprecedented support across the global plastics system.

4 BREAKING THE PLASTIC WAVE

By highlighting the systemic link between better plastic
design, reuse, improved recycling economics, and increased
collection incentives, these reports provided a central theme
for the challenge addressed in "Breaking the Plastic Wave”:
how to apply the concept of a circular economy—along with
increased reduction and substitution of plastics, and better
waste management—in a way that urgently addresses this
serious environmental challenge.

The modelis already being applied at the national level in
Indonesia under the public-private collaboration Global
Plastic Action Partnership. Our hope is that the results of
‘Breaking the Plastic Wave" can serve as a map for policy
leaders, decision-makers, and businesses in search of
solutions to stem the flow of plastic into the ocean. This
model can also be updated by stakeholders on an ongoing
basis to inform solutions to the plastics pollution problem.

The problem of ocean plastic pollution was created in a
lifetime, and we have reason to believe that it can be solved
within a generation, or sooner. But such a solution requires
political leaders, policymakers, business executives, and
investors to shift from incremental to systemic change.

Among our findings, one is particularly stark: On the current
trajectory, which we call Business-as-Usual, annual flows

of plastic into the ocean could nearly triple by 2040. What's
more, even if all current major industry and government
commitments are met, the world would see a reduction in
annual rates of plastic pollution flowing into the ocean of
only 7 per cent from the Business-as-Usual scenario.

Yet we also show that if the world were to apply and robustly
invest in all the technologies, management practices, and
policy approaches currently available—including reduction,
recycling, and plastic substitution—in 20 years there would
be about an 80 per cent reduction from the current
trajectory in the flow of plastic into the ocean. And the

new solutions recommended in this report would provide
consumers with the same services that plastic delivers
today—at a lower cost to society.

We hope that the "Breaking the Plastic Wave” concepts, data,
and analyses inform decision-makers who are responsible
for setting industry and government action. The report’s
most important message is that, with the right level of
action, tackling the problem of plastics pollution may be
remembered as a success story on the human ability to
rethink and rebuild systems that can sustainably support lives
and livelihoods while the environment thrives.

& =T DM

Martin R. Stuchtey Tom Dillon

Founder & Managing Partner Vice President & Head of Environment
SYSTEMIQ The Pew Charitable Trusts

Expert panel

This work was developed in partnership with an expert panel representing all relevant disciplines and geographies:

Richard Bailey
Professor of
Environmental Systems
University of Oxford

Mao Da
Executive director
Shenzhen Zero Waste

Jutta Gutberlet
Professor
University of Victoria

Ellie Moss
Senior adviser
Encourage Capital

2

Costas Velis
Lecturer
University of Leeds

Julien Boucher
Co-founder

Quantis and Shaping
Environmental Action

Enzo Favoino
Researcher

Scuola Agraria del Parco
di Monza

Edward Kosior
Managing director
Nextek

Daniella Russo
Co-founder and CEO
Think Beyond Plastic

Jill Boughton
Founder
Waste2Worth Innovations

Malati Gadgil
Independent consultant

Informal sector waste
management

3

Crispian Lao
Founding president
Philippine Alliance for
Recycling and Material

Sustainability

%

Ussif Rashid Sumaila
Professor

University of British
Columbia

>

Arturo Castillo
Research fellow
Imperial College London

Linda Godfrey
Principal researcher
Council for Scientific
and Industrial Research

Daniela Lerario
Triciclos Brazil

Richard Thompson
Professor
University of Plymouth

A Comprehensive Assessment of Pathways Towards Stopping Ocean Plastic Pollution



Endorsements

Inger Andersen, U.N. under-secretary-general and executive director, United Nations Environment
Programme (UNEP)

"Breaking the Plastic Wave: A Comprehensive Assessment of Pathways Towards Stopping Ocean Plastic
Pollution” comes at a critical time to inform global discussions and help decision-makers evaluate options that
will eliminate the long-term flow of plastic and microplastics into the ocean. By providing the evidence base
for a way forward, the study convincingly shows the need for system-wide change and urgent action across
the entire value chain. It inspires by demonstrating that projected plastic leakage can be reduced by 80% with
existing solutions. The next two years will be critical in getting the world on a zero-plastic pollution path. We
need to catalyse rapid transition; we need to act now!”

Marisa Drew, CEO, impact advisory and finance department, Credit Suisse

"Despite the awareness-raising and global efforts to reduce plastic production, consumption, and waste in our
oceans, the current trajectory points to a dire outcome without a concerted effort to mobilise industry, civil
society, and governments to address this critical environmental issue. This well-researched, peer-reviewed report
from The Pew Charitable Trusts and SYSTEMIQ provides a roadmap for the investment and innovation required
to tackle the challenge. The report also shows us that economically viable solutions exist today that

are implementabile if all relevant stakeholders across the value chain act with urgency.

Professor Juliet A. Gerrard, chief science advisor to the Prime Minister of New Zealand

“This is a seminal piece of work on a topic of global importance. It will guide countries to align and unite as we
move to conqguer the plastic problem.”

Von Hernandez, global coordinator, Break Free From Plastic

"Break Free From Plastic (BFFP) welcomes “Breaking the Plastic Wave" as a helpful addition to the global
conversation about this rapidly growing threat to human and ecosystem health. “Breaking the Plastic Wave"
demonstrates that no solution to the plastic crisis is possible without prioritizing urgent action to reduce the
quantity of plastic used and produced. The report makes clear that existing private-sector commitments and
public policies to limit plastic pollution are wholly inadequate and demonstrates that industry’s expansion
plans will produce even more staggering quantities of plastic pollution, greenhouse gas emissions, and
irreversible damage to the ocean. While we agree with the report’'s general recommendation calling for a
radical system change in how the world deals with plastic, we disagree that certain technologies analyzed
in the report—including incineration, chemical recycling, and plastic-to-fuel—are part of that solution, as
they will only perpetuate the problem as we see it. Above all, this report should serve as a wake-up call to
governments: They must step in to halt the expansion of plastic production. Only then can we begin to see
significant and sustained decline of plastic leakage into the oceans and to the environment.”

Her Excellency Ms. Thilmeeza Hussain, ambassador of the Maldives to the United States and permanent
representative of the Maldives to the United Nations

“This report is an important contribution to understanding the nature of the marine plastic pollution problem and
provides many important ideas and proposals that diplomats and other actors will need to consider in deciding
how the global community can effectively address this pressing problem.”

Ramon Laguarta, chairman and CEO, PepsiCo

‘Addressing the challenge of plastic waste is both urgent and complex and will require accelerated, collective
action and a transformation of the way society thinks about single-use plastics. This report calls for immediate
bold action in the global effort to stem the tide of ocean plastics. It makes clear that through increased
collaboration, across industries, we can help create systems change, build a circular economy for packaging,
and turmn the corner on ocean plastics.”

BREAKING THE PLASTIC WAVE

Dame Ellen MacArthur, founder and chair of trustees, Ellen MacArthur Foundation

"Breaking the Plastic Wave" brings an unprecedented level of detail into the global plastic system, confirming
that without fundamental change, annual flows of plastic into the ocean could nearly triple by 2040. To turn
the tide on plastic waste and pollution, we need to radically increase our efforts and speed up the transition
to a circular economy. We must eliminate the plastics we don't need, and drastically reduce virgin plastic use.
We need to innovate to create new materials and business models based on reuse and refill systems. And
we need improved infrastructure to ensure that all plastics we use are circulated in the economy and never
become waste or pollution. The question is not whether a circular economy for plastic is possible, but what
we will do together to make it happen.”

Grant Reid, CEO, Mars Inc.

“We applaud the depth and rigor of this report on what's necessary to stop ocean plastic pollution. Mars is
committed to being a part of the transformational system change that this issue requires. We're taking action

by removing packaging we don't need, exploring reuse models, redesigning what we do need for circularity,

and investing to close the packaging waste loop with recycling systems that work for business and communities.
We have much to do, so we must work together as a global community like never before.”

Erin Simon, head, plastic and business, World Wildlife Fund

‘If we're going to significantly reduce ocean plastic pollution, we need an innovative and rigorous approach to
ensure that the strategies we design are set up to delivering results. This research does exactly that. By identifying
a modelling approach that looks at plastic pollution holistically, we're able to better measure the environmental,
economic, and social impact of the strategies being considered, and call for a greater level of ambition and
Immediate action from all stakeholders. This deeper understanding will help companies, governments, and other
stakeholders to strengthen their efforts on plastic pollution. It will continue to be crucial to monitor and evaluate
strategies on the ground to ensure that we as a society are delivering against our ambition.”

Andrew Steer, president and CEO, World Resources Institute

“The ocean is being filled with plastic—hurting sea life and the billions of people who depend on the ocean
for food, livelihoods and recreation. This is entirely unnecessary and unacceptable. This new important report,
"Breaking the Plastic Wave" presents important solutions that can reduce plastic flows by 80% over the next
20 years. It is urgent that industry and government leaders follow these recommendations — starting today.”

Laura Tuck, vice president for sustainable development, World Bank*

“The plastic problem took a lifetime to create and could be solved in a generation. That's the stark message
of "Breaking the Plastic Wave,” a welcome and comprehensive look at what we need to do—at every layer of
society—to clean up the mess we are making. Its positive message is that we already have the solutions we
need to address the challenge. But we will need to step up with multi-stakeholder coalitions that can tackle
each element of the agenda as they are laid out here.”

* Retired from the World Bank as of April 1, 2020

Melati Wijsen, founder, Bye Bye Plastic Bags

‘Since starting to campaign against plastic pollution at 12 years old, [ have seen numerous efforts come and
go. Being born and raised in Bali, Indonesia, it was like watching the problem of plastic grow up with you. This
1s why we understood early on the importance of data and consistency. It is beyond exciting to hear that my
home country has already applied the model featured in “Breaking the Plastic Wave.” The only way forward is
collaboration and persistence; let's turn the tide on plastic pollution once and forever.”

A Comprehensive Assessment of Pathways Towards Stopping Ocean Plastic Pollution 7
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TEN CRITICAL FINDINGS

The flow of plastic into the ocean is projected to nearly triple by 2040. Without considerable action
to address plastic pollution, 50 kg of plastic will enter the ocean for every metre of shoreline.

Our analysis shows that a future with approximately 80 per cent (82 +13 per cent*) less annual
plastic leakage into the ocean relative to business as usual is achievable by 2040 using existing
technologies. This pathway provides benefits to communities, to governments, and even to
industry. However, it depends on the immediate, ambitious, and concerted global implementation
of solutions across the entire plastics value chain. This vision for system change represents an

attractive and viable way forward.

Plastic pollution in the ocean is a major environmental
challenge, yet a coherent global strategy to solve this
growing crisis remains elusive. Itis a by-product of
fundamental flaws in an essentially linear plastic system in
which 95 per cent of aggregate plastic packaging value—
USS80 billion-USS$120 billion a year—is lost to the economy
following a short first-use cycle*

Very different responses to the crisis have been proposed,
from eliminating plastic entirely to turning it into fuels, and
from developing biodegradable substitutes to recycling
plastic back into usable products. Each solution comes with
advantages and drawbacks. Understanding the effectiveness
of different solutions, and the related economic,
environmental, and social implications, is crucial to making
progress towards stopping ocean plastic pollution.

Here we lay out our report’s 10 critical findings, showing
that a path forward to a low plastic pollution future already
exists—now we have to make the choice to walk this path.

1

Without action, the annual flow of plastic into the ocean
will nearly triple by 2040, to 29 million metric tons per
year (range: 23 million-37 million metric tons per year),
equivalent to 50 kg of plastic per metre of coastline
worldwide.

Owing to four compounding trends—continued population
growth; increases in plastic use per capita driven in part by
increasing production of cheap virgin plastic; shifts to low-
value/nonrecyclable materials; and the growing share of
plastic consumption occurring in countries with low rates of
collection—annual plastic flows to the ocean are expected

to grow from 11 million metric tons (range: 9 million-14
million metric tons per year) in 2016 to 29 million metric

tons in 2040 (range: 23 million-37 million metric tons per
year), with consequences for communities, businesses, and
ecosystems. Under our Business-as-Usual (BAU) Scenario,
about 4 billion people are likely to be without organized waste
collection services by 2040, contributing significantly to the
expected mass of plastic leakage to the ocean. The cost of
inaction is high to businesses, communities, and ecosystems;
particularly stark is the USS$100 billion annual financial risk that
businesses face if governments require them to cover waste
management costs at expected volumes and recyclability.

* All figures stated in parentheses are 95 per cent confidence intervals, unless
otherwise specified. The range is given where distributions are not symmetrical.

A Comprehensive Assessment of Pathways Towards Stopping Ocean Plastic Pollution
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Governments and industry leaders are stepping up with
new policies and voluntary initiatives, but these are often
narrow in focus or concentrated in low-leakage countries.
By 2040, current government and industry commitments
are likely to reduce annual plastic leakage to the ocean by
only 7 per cent (+1 per cent) relative to the Business-as-
Usual Scenario.

A review of the key government initiatives worldwide—such
as the European Union'’s single-use plastics directive and the
growing number of national plastic policies—often reveals

a narrow focus on select items (e.g., straws, bags, cups,
stirrers, cotton swabs, and bottles), which severely limits the
reduction in total leaked plastic mass. Industry has also made
high-profile commitments, but these are primarily focused
on post-consumer downstream solutions and often in low-
leakage countries. Our results indicate that a far greater scale
of action at the system level will be needed to meaningfully
address the challenge of plastic pollution. Government
policies and leadership by consumer goods companies will
be critical in driving upstream action on reduction, reuse,
and redesign as well as downstream action to improve
collection and recycling. Governments and investors also
need to curtail the planned expansion in plastic production
capacity to prevent locking us deeper into the status quo..

6

There is no single solution to end ocean plastic pollution.
Upstream and downstream solutions should be deployed
together.

To date, much of the debate has focused on either
"upstream” (pre-consumer, such as material redesign, plastic
reduction, and substitution) or “downstream” solutions (post-
consumer, such as recycling and disposal). Our analysis
shows that this is a false dichotomy. Upstream solutions
that aim to reduce or substitute plastic use are critical and
should be prioritized but will need to be scaled carefully to
limit adverse social or environmental effects. Downstream
solutions are also essential but limited by economic viability
and the realistic speed of infrastructure development in the
face of growing plastic waste production. Moreover, given
the potential negative impacts on human health and the
environment of some downstream disposal technologies,
their use should be weighed against different trade-offs

and carefully controlled. Modelled on their own, no “single-
solution” strategies reduce annual leakage of plastic to

the ocean even below 2016 levels by 2040. An ambitious
recycling strategy, for example, with ambitious scale-up of
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collection, sorting, and recycling infrastructure coupled with
design for recycling, reduces 2040 leakage by 38 per cent
(+7 per cent) relative to BAU, which is 65 per cent (+15 per
cent) above 2016 levels. Similarly, an ambitious reduction
and substitution strategy, without massive expansion of
downstream infrastructure, reduces 2040 leakage by 52

per cent (+9 per cent) relative to BAU, 28 per cent (+5 per
cent) above 2016 levels. An integrated approach with new
ways to deliver the benefits of today's plastic is needed to
significantly reduce ocean plastic pollution.

(@
Industry and governments have the solutions today to
reduce rates of annual land-based plastic leakage into
the ocean by about 80 per cent (82 +13 per cent) below
projected BAU levels by 2040, while delivering on other
societal, economic, and environmental objectives.

Itis not the lack of technical solutions that is preventing
us from addressing the ocean plastic crisis, but rather
inadequate regulatory frameworks, business models, and
funding mechanisms. Although the technical solutions
exist, the incentives are not always in place to scale up these
changes fast enough. A reduction of plastic production—
through elimination, the expansion of consumer reuse
options, or new delivery models—is the most attractive
solution from environmental, economic, and social
perspectives. It offers the biggest reduction in plastic
pollution, often represents a net savings, and provides the
highest mitigation opportunity in GHG emissions.

As modelled in our integrated System Change Scenario,
annual land-based plastic leakage into the ocean can be
reduced by around 80 per cent (82 +13 per cent) by 2040,
compared with BAU, through the concurrent, ambitious,
and global implementation of multiple synergistic system
interventions:

Reduce growth in plastic production and consumption to
avoid nearly one-third of projected plastic waste generation
through elimination, reuse, and new delivery models.

Substitute plastic with paper and compostable materials,
switching one-sixth of projected plastic waste generation.

Design products and packaging for recycling to expand
the share of economically recyclable plastic from an
estimated 21 per cent to 54 per cent.

Expand waste collection rates in the middle-/low-income
countries to 90 per centin all urban areas and 50 per centin
rural areas and support the informal collection sector.

Double mechanical recycling capacity globally to 86
million metric tons per year.

Develop plastic-to-plastic conversion, potentially to a
global capacity of up to 13 million metric tons per year.

Build facilities to dispose of the 23 per cent of plastic that
cannot be recycled economically, as a transitional measure.

Reduce plastic waste exports by 90 per cent to countries
with low collection and high leakage rates.

Figure 1: Plastic fate in the System Change Scenario: a ‘wedges’ analysis
There is a credible path to significantly reduce plastic leakage to the ocean but only if all solutions
are implemented concurrently, ambitiously, and starting immediately

Million metric tons per year

450
Reduce:
Eliminate 130 (30%)
400
Reuse (consumer)
350 Reuse (new delivery models) Substitute:
paper 71 (17%)
300 Coated paper
Compostables
250 Mechanical recycling
—closed loop (CL)
Mechanical recycling
—open loop (OL)
200 Chemical recycling
—plastic to plastic (P2P)
Chemical conversion
150 —plastic to fuel (P2F)
Landfill
Incineration .
100 Mismanaged:
. Open burning 44 (10%)
50 Terrestrial pollution
Ocean pollution
0
2016 2020 2030 2040

This "wedges” figure shows the share of treatment options for the plastic that enters the system over time under the System Change Scenario. Any plastic that enters
the system has a single fate, or a single "wedge.” The numbers include macroplastic and microplastic.
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Roll out known solutions for four microplastic (<5mm)
sources—tyres, textiles, personal care products and
production pellets—to reduce annual microplastic leakage to
the ocean by 1.8 million metric tons per year (from 3 million
metric tons to 1.2 million metric tons) by 2040.

Taken together, these system interventions describe a
credible scenario for dealing with ocean plastic pollution.
Under the System Change Scenario, 30 per cent (range: 27
per cent-32 per cent) of BAU plastic demand is reduced,

17 per cent (range: 15 per cent-18 per cent) is substituted,
20 per cent (range: 18 per cent-21 per cent) is recycled,

23 per cent (range: 22 per cent-26 per cent) is disposed

of and 10 per cent (range: 9 per cent-12 per cent) remains
mismanaged, as shown in Figure 1.

(5

Going beyond the System Change Scenario to tackle
the remaining 5 million metric tons per year (range: 4-7
million metric tons per year) of plastic leakage demands
significant innovation across the entire value chain.

In 20 years, we can break the seemingly unstoppable wave
of plastic pollution, but the System Change Scenario still
does not go far enough. It leaves 5 million metric tons
(range: 4 million-7 million metric tons) of plastic flowing

into the ocean in 2040—which represents a 52 per cent (+8
per cent) reduction from 2016 rates. Achieving the vision of
near-zero ocean plastic pollution will require technological
advances, new business models, significant spending, and,
most crucially, accelerating upstream innovation. This
massive innovation scale-up requires a focused and well-
funded R&D agenda exceeding USS100 billion per year by
2040, including moon-shot ambitions, to help middle-/
low-income countries to leapfrog the unsustainable linear
economy model of high-income countries. Most crucial
will be solutions that focus upstream and can work in rural/
remote areas (where collection economics are challenging),
that replace multilayer and multimaterial plastics (e.g., new
delivery models or new materials), and that lead to new tyre
designs to reduce abrasion of microplastic particles while
maintaining safety standards. Innovation will also be critically
needed in financing and policy. The alternative is to greatly
increase the ambition levels above the maximum foreseeable
levels modelled under the System Change Scenario.

(6

The System Change Scenario is economically viable for
governments and consumers, but a major redirection of
capital investment is required.

The present value of global investments in the plastic
industry between 2021 and 2040 can be reduced from
USS2.5 trillion (+USS800 billion) to USS1.2 trillion (+USS300
billion), but the System Change Scenario will require a
substantial shift of investment away from the production and
conversion of virgin plastic, which are mature technologies
perceived as "safe” investments, to the production of new
delivery models, plastic substitutes, recycling facilities, and
collection infrastructure, some of which are less mature
technologies and perceived as riskier. This shift will require
government incentives and risk-taking by industry and

A Comprehensive Assessment of Pathways Towards Stopping Ocean Plastic Pollution

investors. The total global cost to governments of managing
plastic waste in this low-leakage System Change Scenario
between 2021 and 2040 is estimated to be USS600 billion
(range: USS410 billion-USS$S630 billion) in present value,
compared with the USS670 billion (range: US$450 billion-
USS740 billion) cost to manage a high-leakage system
under BAU.

7

Reducing approximately 80 per cent (82 +13 per cent)

of plastic leakage into the ocean will bring to life a new
circular plastics economy with major opportunities—and
risks—for industry.

Plastic pollution presents a unigue risk for producers and
users of virgin plastics given regulatory changes and growing
consumer outrage. But itis also a unique opportunity for
providers of new and existing circular business models and
materials. Embarking on the trajectory to get to about 80
per cent (82 +13 per cent) leakage reduction will create
significant opportunities for companies ahead of the

curve, ready to embrace new business opportunities that
unlock value from a circular economy that derives revenue
from circulation of materials rather than one based on

the extraction and conversion of fossil fuels. Large new
value pools can be created around better design, better
materials, better delivery models, improved sorting and
recycling technologies, and smart collection and supply
chain management systems. Our analysis shows that
through integrated application of upstream and downstream
interventions under the System Change Scenario, we could
fulfil the growing global demand for “plastic utility” in 2040
with roughly the same amount of plastic in the system as
today, and 11 per cent (+1 per cent) lower levels of virgin
plastic production, essentially decoupling plastic growth from
economic growth. However, in the meantime, hundreds

of billions of dollars are being invested in virgin plastic
production plants, locking us deeper into a BAU trajectory
every day and making system change ever more urgent.

(s

A system change would require different implementation
priorities in different geographies and for different plastic
categories.

Different regions of the world have fundamentally different
contexts and jumping-off points: different sources of
plastic leakage, waste composition, collection rates, policy
regimes, labour and capital costs, infrastructure, population
demographics, and consumer behaviour. Our model
highlights the most urgently needed interventions and the
unique set of outcomes projected for different geographies
under the System Change Scenario. High-income countries
should prioritize addressing microplastic leakage (which
represents 62 per cent [range: 29 per cent-76 per cent]

of leakage in high-income countries), technological and
policy innovation to incentivize reduction and substitution,
and further increasing recycling rates. Middle-/low-income
countries should prioritize expanding formal collection,
decreasing overall plastic consumption, investing in sorting
and recycling infrastructure, and reducing post-collection
leakage. However, universally, the top priority is reducing

11
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avoidable plastic—of which we estimate there will be 125
million metric tons (range: 110 million metric tons-142
million metric tons) globally by 2040 under BAU. Similarly,
we should universally prioritize solutions for the highest-
leakage plastic categories. Flexible packaging (bags, films,
pouches, etc.), multilayer and multimaterial plastics (sachets,
diapers, beverage cartons, etc.), and the microplastics that
we modelled account for a disproportionate share of plastic
pollution compared with their production, making up 47 per
cent (range: 34 per cent-58 per cent), 25 per cent (range: 17
per cent-34 per cent) and 11 per cent (range: 6 per cent-17
per cent) of the leakage mass, respectively.

(9)

Addressing plastic leakage into the ocean under the
System Change Scenario has many co-benefits for
climate, health, jobs, working conditions, and the
environment, thus contributing to many of the United
Nations Sustainable Development Goals.

Our analysis suggests that addressing the ocean plastic
pollution crisis helps reduce greenhouse gas (GHG) emissions
relative to BAU. The integrated System Change Scenario
results in 25 per cent (+11 per cent) lower plastic-related GHG
emissions in 2040; however, it still represents an increase

in emissions relative to today. As such, it will be vital to scale
up measures offering the greatest GHG savings and further
decarbonize energy sources. In the System Change Scenario,
peak virgin plastic is reached by 2027. In addition, net direct
employment in the value chain (including manufacturing,
collection, recycling, and new delivery models) increases

by 6 per cent (+1 per cent) relative to BAU by 2040. That's
equivalent to 700,000 jobs (range: 541,000-795,000),
redistributed among sectors and geographies, with almost all
of the job growth occurring in middle-/low-income countries.
The System Change Scenario also represents a positive social
vision for the global community of 11 million waste pickers,
who in 2016 were responsible for 60 per cent (range 56 per
cent-65 per cent) of global plastic recycling. To date, their
contribution to preventing ocean plastic pollution has largely
gone unrecognized and typically underpaid. An increase

in plastic material value through design for recycling can
contribute to social justice by increasing the retained value
for waste pickers and improving working conditions. Health
hazards are also significantly reduced under this scenario,
including the reduction relative to BAU of 109 million metric
tons per year (range: 108-111 million metric tons per year)

of open burning of plastic waste—a process that releases
airborne particulates, carcinogens, and other toxins.

(10

The time is now: If we want to significantly reduce

plastic leakage, we have the solutions at our fingertips.

An implementation delay of five years would result in an
additional ~80 million metric tons of plastic going into the
ocean by 2040.

All elements of the System Change Scenario exist today or
are under development and near adoption. A system-wide
implementation delay of five years would result in ~80 million
metric tons more plastic stock in the ocean by 2040. That is
equivalent to approximately half of today’s stock. Delays in
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implementing the eight interventions would likely take the
world off the path towards near-zero leakage. The next two
years will be pivotal for breaking the trend and implementing
a first horizon of change that will allow key milestones to be
met by 2025, including stopping the production of avoidable
plastic, incentivizing consumers around reuse, improving
labelling, and testing innovations such as new delivery
models. This work will lay the groundwork for the second
and third horizons of change to take place by 2025 and
2030, and enable the implementation of further systemic
solutions required in 2030-2040.

Achieving the outcomes modelled under the System
Change Scenario would require substantial changes in
the business models of firms producing and using plastics
and their substitutes; overhauls to the recycling and waste
disposal industries; transformation of the criteria used by
investors; and modification of consumer behaviour.

Although these changes are feasible, they are unlikely to
materialize unless governments create significant incentives
for more sustainable business models and remove the cost
advantage that virgin plastic feedstock has over recycled
materials. Policies that create a clear and stable set of
incentives and targets will make the conditions required
under the System Change Scenario possible.

Industry, at the same time, should stop placing avoidable,
single-use, and hard-to-recycle plastic on the market, invest
in material and business model innovations, and join with
governments to help finance waste collection and sorting.
To achieve an approximately 80 per cent (82 +13 per cent)
reduction in annual plastics leakage into the ocean by 2040,
public-private collaborations will be required to set higher
standards on materials, formats, reuse, and recyclability.
Fortunately, there are promising existing efforts to build on.
The Ellen MacArthur Foundation's New Plastics Economy
initiative, for example, has already united more than 400
organizations behind a vision for a circular economy

under a global commitment for plastic that is a good first
step towards pursuing the systemic changes identified

in this report. There are also early discussions regarding
strengthening an international agreement to prevent plastic
pollution that may help provide the global policy framework
for united government action.

Conclusion

Taken together, our findings on plastic pollution
substantiate catastrophic outlooks for the ocean if we
continue on the current trajectory. They also highlight
the economic exposure to the plastic industry in the
absence of resolute action. Yet our report gives us some
cause for optimism: It shows that an approximately 80
per cent (82 +13 per cent) reduction in projected plastic
leakage is possible—without compromising social or
economic benefits. Achieving the potential of such a
rapid and holistic pathway towards the goal of near-zero
ocean plastic leakage is within reach, but it will require
enhanced ambitions.

A fisherman in Sri Lanka hauls in fish caught in his synthetic net. Nets like these are sometimes
abandoned in the ocean, entangling marine life, leading to injury or death.
SmallWorldProduction/Adobe Stock
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A plastic bag floats underwater in France.
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INTRODUCTION

Ocean Plastic Pollution:

Challenges and opportunities in a complex system

Plastic was first invented in the 19th century, but it wasn't
until the 20th century that plastic production soared, going
from 2 million metric tons in 19502 to 348 million metric
tons in 2017,° becoming a global industry valued at US$522.6
billion.* Plastic’s low cost, light weight, convenience,
durability, and ability to be produced in different colours and
shapes for marketing have driven this proliferation. It is now
used across thousands of applications and many sectors,
ranging from packaging to automotive and construction. By
2040, production is expected to double yet again.®

As plastic production and use have surged, so too has plastic
pollution, and with it the amount of plastic in the ocean,®
which could already be as high as 150 million metric tons.’
From coral reefs®to deep sea trenches® and from remote
islands'°to the poles,™ plastic alters habitats, harms wildlife,
and can damage ecosystem function and services.*> More
than 800 species are already known to be affected by marine
plastic pollution, including all sea turtle species,** more than
40 per cent of cetacean species, and 44 per cent of marine
bird species.**

Plastic has also been identified as having human health
impacts throughout its life cycle, from the impacts of

raw material extraction and production on neighbouring
communities® to the chemicals in food packaging'® and the
health impacts of mismanaged waste.”” Plastic waste can block
rivers and drainage systems, causing flooding and trapping
stagnant water that exacerbates the spread of diseases in
impacted communities,'® while open burning transfers the
pollution burden to air and water, emitting toxic chemicals and
greenhouse gases (GHGs). In 2016, open burning of plastic
waste released an estimated 1 gigaton of equivalent carbon
dioxide (GtCO,e) of GHGs, a figure expected to grow to 2.1
GtCO,e under our Business-as-Usual Scenario.

Recent analyses based on beach clean-up data have
identified the predominant items contributing to
macroplastic pollution, namely single-use plastic items.*®
Single-use plastic is defined as products and packaging
made wholly or partly from plastic that is not conceived,
designed, or placed on the market to accomplish—within its
life span—multiple trips or rotations by being returned to a
producer for refill or reused for the same purpose for which
it was originally conceived.?® Abandoned, lost or discarded
fishing gear, often known as “ghost gear,” is also a significant
source and poses an elevated risk of entanglement for
many marine species.?* Microplastic sources are varied and
include both primary microplastic sources, such as tyre dust,
plastic pellets, and microfibres from synthetic textiles, and
secondary microplastics derived from the fragmentation of
larger, macroplastic items already in the environment.?

Plastic pollution is not only an environmental tragedy, itis
also economically imprudent— because billions of dollars of
economic value are "thrown away” after a single, short use—
as well as a social offence due to the health risks it creates.

What are the major challenges when
analysing solutions to plastic pollution?

« Afundamentally systemic problem requires a
systemic answer.
Plastic pollution arises from structural flaws in an
essentially linear plastic system— namely, that 95 per
cent of the aggregate value of plastic packaging is lost
to the economy after a single use cycle and that many
plastic products are placed in markets that lack the
capacity to collect and treat them economically after
use.?®* The low and potentially decreasing cost of virgin
plastic production relative to the cost of post-consumer
collection poses a fundamental economic challenge
to managing the material at end of life. Today, only
71 per cent of plastic produced is formally collected,
and less than 15 per centis actually recycled. To make
a real difference, solutions should take a systemic
approach and not only target the plastic leaking
into the ocean, but also the much larger quantity of
municipal solid waste (MSW) plastic produced every
year. Effective systemic solutions require collaboration
and accountability across the value chain (e.g.,
petrochemical producers, resin makers, converters,
brand owners, retailers, consumers and waste
management); across borders (to set global standards
for materials, trade, and reporting); between the public
and private sectors (to reduce investment risk and
develop infrastructure); and among the value chains of
different material types, to ensure a holistic approach to
resource efficiency and environmental sustainability.

»  Formal collection is underfunded, and expanding
informal collection entails economic limitations and
undesired social consequences.

Collection of waste is chronically underfunded and,
despite often being the single highest item in the
budgets of municipalities,? formal collection coverage
remains patchy. A significant share of plastic waste
collection is carried out by the informal recycling sector,
involving exposure to undignified labour conditions and
significant health risks.

»  Design and packaging choices do not account for
local infrastructure.
Many plastic products are designed for a global market,
with marketing and sales rather than end-of-life
sustainability as primary drivers of product design. There
are thousands of plastic applications, requiring different
solution sets, with little harmonization from region
to region over what is placed on the market, what is
considered recyclable, and what is actually collected
for recycling. Globalized supply chains of consumer
goods fail to account for the realities of the local waste
management infrastructure available to deal with them,
which can vary greatly from one municipality to another.
Fastinnovation cycles in product design outpace
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slow innovation downstream (waste infrastructure),
exacerbating the problem further.

» Alackof incentives discourages the adoption of new
solutions.
Today's markets are structured around the pervasive use
of plastic, particularly in packaging. Reducing single-use
plastics would require, in many cases, not just simple
material substitutes but entirely new business models,
providing an opportunity to providers of innovative
solutions but also posing a risk to existing companies.
There are currently few policy incentives to encourage
the adoption of alternative materials, delivery models, or
end-of-life technologies.

e Thedebateis data-poor.
Consistent definitions and conventions for plastic waste
data and metrics are lacking, and there is insufficient
transparency regarding the plastic being placed on
the global market (type, chemical additives, etc.), trade
flows, waste production, consumption, and post-
use patterns. In addition, there is a lack of field data
measuring plastic stocks and flows throughout the value
chain, and many parameters have high uncertainty.
The result is a very data-poor debate, often led by
opinions and preconceptions instead of facts. But there
is sufficient data to better inform decision-makers and
stakeholders about the outcomes of current policies
and proposed solutions: That is the goal of this report.

About this project: A global stochastic model

This report presents a feasible and meaningful pathway
towards collectively solving the ocean plastic pollution
crisis. Prepared by The Pew Charitable Trusts and SYSTEMIQ,
with a panel of 17 global experts, the University of Oxford,
the University of Leeds, the Ellen MacArthur Foundation,
and Common Seas, the report introduces a new model
designed to quantify key plastic flows and stocks in the
global plastic system, estimate the quantity of ocean

plastic pollution expected under six scenarios between
2016 and 2040, and assess the economic, environmental,
and social impacts of the principal known solutions and
technologies. We estimate the capital expenditure (capex),
operating expenditure (opex), direct employment, and GHG
emissions associated with each future scenario at a greater
granularity than previous studies. The analysis incorporates
all major land-based sources of ocean plastic pollution,
including both macroplastics (>5mm) and four sources of
microplastics (<5mm), and highlights the factors contributing
most strongly to plastic leakage to the ocean. Although our
focus is on ocean plastic pollution, this problem is clearly
connected to pollution of terrestrial environments, and
mitigation strategies should seek to address both.

In undertaking this analysis, we aim to provide a new
evidence base for decision-makers across government,
business, civil society, and academia as they navigate their
responses to this emerging global challenge, evaluate trade-
offs, and implement solutions. Our goal is that the direction
and conclusions of this analysis will inform the global
discussion and planning around this urgent challenge. We
found that through an ambitious, system-wide strategy, the
international community can stem the growing sources of
plastic pollution and stop it from reaching the ocean.

This study provides one of the most comprehensive global
fact bases and analyses available to date to quantify and offer
solutions to the ocean plastic pollution crisis. Specifically,
this project is designed to address seven strategic questions
that have not previously been answered:

e Are we on track to solve the plastic pollution crisis?

e How bad will it get for the economy, for the
environment, and for communities?
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¢ Do we have the technology to solve the problem?
¢ Whatis the way out?
¢ What will it cost and who will bear the burden?

¢ |sthe solution attractive for citizens, for businesses,
for governments, and for ecosystems?

e  Where do we start?

"Breaking the Plastic Wave” builds on a global body of work
by scientists, researchers, and institutions whose findings and
determination have served to raise plastic pollution to the
forefront of global debates, including the vision presented

by the Ellen MacArthur Foundation’'s New Plastics Economy.
And yet our project is unigue in the following ways:

« Quantitative analysis of solutions: There are existing
analyses of BAU projections of ocean plastic pollution,®
but we provide one of the first in-depth quantitative
analyses of the main available solutions and the
economic, environmental, and social implications
of each. Our study assesses both upstream and
downstream solutions in great depth.

e  Criteria-based comparison of solutions: \We develop
clear criteria designed to enable the comparison of very
different solutions along environmental (pollution and
GHG), economic, performance (health and safety), and
consumer acceptance dimensions.

»  Scientific rigour and diverse input: This analysis was
conducted with scientific rigour, in conjunction with a
panel of 17 experts representing diverse geographies
and the full value chain, and involving more than 100
additional experts. All assumptions and methodologies
have been extensively peer-reviewed and are available in
a detailed technical appendix.

«  First-of-its-kind system-wide perspective: Modelling
provides us with a method by which to project future
trajectories of ocean plastic pollution under different
scenarios. The system map at the heart of this work
(see Appendix B), and the stochastic model we
developed together with Oxford University, allowed

INTRODUCTION

us to better understand complex system dynamics
and the relationships and synergies among different
interventions in the system.

»  Broad scope: The analysis covers all geographies,
the entire value chain, and includes all municipal solid
plastic waste and four key sources of microplastics: tyre
abrasion, textile losses, personal care products, and pellet
losses. Maritime sources of leakage are also considered,
albeit qualitatively given constraints on data availability.

« Highly granular: The projectis global in nature, but
our analysis also distinguishes among eight different
geographic archetypes to understand their vastly
different characteristics and identify the most relevant
solutions. The archetypes are divided into four groups
depending on country income, according to World
Bank definitions: high-income (HI) economies; upper
middle-income (UMI) economies; lower middle-income
(LMI) economies; and low-income (LI) economies;
as well as according to United Nations urban-rural
classifications. Because the problem of plastic pollution
cannot be solved using a one-size-fits-all approach, the
model differentiates among three plastic categories,
due to their differing economics, applications and
recyclability: rigid monomaterials (such as bottles, tubs,
pots and trays), flexible monomaterials (such as bags or
films), and multilayer/multimaterials (which combine
different polymers and/or nonplastic materials, such as
beverage cartons, sachets and diapers).

In undertaking this project, we followed three guiding
principles:

»  Focus on prevention of leakage: Our work is
centred on preventing plastic from leaking into the
ocean rather than cleaning up what is there already,
although we estimate the volume of beach clean-
ups for completeness and to understand their relative
importance. Although new techniques to remove plastic
waste from waterways are positive developments,
strategies that rely predominantly on post-leakage
collection will not bring about the systemic change
needed. We focus on treating the problem at the source.

- Balance environmental, economic, and social
outcomes: To understand the potential for unintended
consequences, we model GHG emissions, costs,
and jobs to quantify and balance key environmental,
economic, and social outcomes of the interventions.
Future analyses should build on this to also incorporate
other outcomes, such as land use requirements, water
use, chemical pollution, and human health to help
ensure systemic and sustainable change.

* Incorporate equity in health and safety standards:
When modelling solutions or infrastructure
development, we assume that the same high level
of environmental, safety, and health standards for
technologies should apply globally, so we model costs
for infrastructure that meet strict environmental, safety,
and operational standards.

Taking a “wedges” approach

In undertaking this analysis, we aim to provide a new
evidence base for decision-makers across government,
business, civil society, and academia as they navigate their
responses to this emerging global challenge, evaluate trade-
offs, and implement solutions. Our goal is that the direction
and conclusions of this analysis will inform the global
discussion and planning around this urgent challenge. We
found that through an ambitious, system-wide strategy, the
international community can stem the growing sources of
plastic pollution and stop it from reaching the ocean.

Box 1: Where can managed plastic
waste end up? The four “wedges”:

@ REDUCE

Reduction of plastic production and consumption
without substituting to other short-lived materials.
Sub-wedges include eliminating plastic (e.g., product
redesigns, reduced overpackaging, and plastic bans),
consumer reuse models (i.e., switching from single-
use plastics to reusable items), and new product
delivery models (e.g., refill services, shifting products to
services, e-commerce, and dispensers).

@ SUBSTITUTE

Substitution with alternative materials that meet
functional requirements for specific applications
but are more easily recyclable or compostable after
use. Sub-wedges include paper, coated paper, and
industrially compostable or home-compostable
materials.

Recycling of products or materials. Sub-wedges
include mechanical closed-loop recycling, mechanical
open-loop recycling, and plastic-to-plastic chemical
conversion systems that produce new packaging,
products, or feedstock.

Controlled disposal of plastic waste in ways that
prevent leakage to the ocean. Sub-wedges include
sanitary landfills (out not dumpsites), incineration, and
plastic-to-fuel technologies.

Any plastic waste that is not included in these four
wedges is considered mismanaged waste; this
category includes waste that is open burned, or either
dumped directly into or leaked to land or waterways.
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Scenarios modelled

This analysis defines eight system interventions and

models the main economic, environmental, and social
implications of applying different combinations of these
changes to the system, at different ambition levels, and in
different geographic archetypes. Six possible scenarios for
tackling ocean plastic pollution, each comprising a different
combination—or lack—of system interventions are analysed
in this report:

1. Business-as-Usual
Assumes no intervention is made in relation to current
plastic-related policy, economics, infrastructure, or
materials, and that cultural norms and consumer
behaviours do not change.

2. Current Commitments
Assumes all major commitments already made by the
public and private sectors between 2016 and 2019 are
implemented and enforced. These include existing
bans/levies on specific plastic products, and recycling
and recyclability targets.

3. Collect and Dispose
Assumes ambitious global expansion of collection services
and increases in the global capacity of engineered and
managed landfills and incineration facilities.

4. Recycling

Assumes ambitious expansion and investment into
collection, sorting, mechanical recycling, and plastic-to-
plastic chemical conversion infrastructure.

5. Reduce and Substitute
Assumes dramatic reduction of plastic use through
elimination, ambitious introduction of reuse and new
delivery models, and ambitious introduction and
investment in plastic substitutes. This intervention would
require strong policy interventions to ban specific single-
use plastics and incentivize design for reuse and reduce.

6. System Change Scenario
Assumes that all eight system interventions are applied
concurrently and ambitiously for both macroplastics and
microplastics. This scenario benefits from the synergies
among upstream and downstream interventions, as it is
the only one that includes both.

The specific macroplastic system interventions modelled
in each scenario are shown in Figure 2. In addition, we
have modelled microplastic interventions for the integrated
System Change Scenario. Maritime sources of waste have
been analysed qualitatively only.

Integral to our approach is that the interventions are
constructed to deliver the same utility to consumers, in
which utility refers to the total satisfaction received from
consuming a good or service. Plastic utility is defined as the
services (including protection, food preservation, etc.) that
are provided by plastic under a Business-as-Usual Scenario.
In alternative scenarios, the goods and services provided deliver
the same utility to consumers in other ways with less plastic.

Figure 2: System interventions modelled under each scenario

@ Reduce @ Substitute

Baseline Downstream Upstream Intergrated
scenarios scenarios scenario scenario
Business-as- Current Collect & Recycling Reduce & System
Usual (BAU) Commitments  Dispose Substitute Change
System interventions
v v v v v
voov v v
v v v v v
v v v
v v v v v
v v
VII. Build safe disposal facilities V V
VIIl. Reduce waste exports 2V 4 v 2V 4 v RV 4

Modelled at current Maximum
V commitment level V foreseeable level

20 BREAKING THE PLASTIC WAVE

INTRODUCTION

Project scope

Our analysis quantifies leakage rates and solutions for
municipal solid waste plastic. This includes plastic packaging
and single-use products, diapers and sanitary waste, cigarette
butts, durable consumer products, household products,

and business-to-business packaging (see Figure 3). Excluded
from the project scope are medical waste; hazardous waste;
electronics; textiles; furnishings; agricultural waste; and
transportation, construction, and other industrial waste as
these do not typically enter municipal solid waste. We also
modelled four sources of microplastics (tyre abrasion, textile

Figure 3: Project scope

The project scope covers 64 per cent of plastic production, which
represents the vast majority of plastic pollution to ecosystems
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losses, pellet losses, and personal care products). Other
sources of microplastics, for example, artificial turf, paint,
microplastics generated by abrasion in food packaging,?® and
microplastic ingredients in other products such as fertilisers,
were excluded due to limited data availability. Of the 335 million
metric tons of plastic produced globally in 2016,% 215 million
metric tons was within the scope of our analysis, covering the
vast majority of land-based sources of plastic leakage to the
ocean. Maritime sources of leakage were also considered,
albeit qualitatively given constraints on data availability.

Rigid monomaterial
B Flexible monomaterial
B Muttimaterial/multilayer
I Out of scope

Out of scope

Share of global plastic production
36 per cent (120 million metric tons)

Leakage: Precise numbers unknown but estimated to be
a very small share given that these plastics are durable
and typically high value

Project macroplastic scope

Share of global plastic production: 64 per cent (215 million metric tons)

Estimated leakage in 2016: 11 million metric tons

The project scope shows the municipal solid waste macroplastic applications and their relative contribution to municipal solid waste globally. Total global plastic
production in 2016 was 335 million metric tons, of which municipal solid waste represented 215 million metric tons, or 64 per cent.

System map

At the heart of our analysis is a conceptual model that
highlights the main flows and stocks of the global plastic
system for both macroplastics (Figure B.1) and microplastics
(Figure B.2, Figure B.3, Figure B4, Figure B.5). We collected
data to set parameters for the size of each box and arrow

in the system map for each geographic archetype, for

each plastic category, and for each of the six scenarios.
Where data were unavailable, expert opinion was collected;

where expert opinion was unavailable, assumptions were
transparently made—the rationale for which is outlined in the
technical appendix.

To quantify the system map, we designed a stochastic stock
and flow model of coupled ordinary differential equations.
We used municipal solid waste data from the World Bank
“What a Waste v2.0" data set to estimate the total land-based
macroplastic input into the system with the potential to enter
the ocean as plastic pollution. We projected the growth in
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demand for plastic as a function of population size coupled
with per capita municipal solid waste generation derived
from country-level municipal solid waste generation data.
To set parameters for the potential scaling of the different
interventions, we estimated maximum foreseeable growth
and implementation rates based on historical trends.
Economic costs calculated include operating and capital
expenditures (opex and capex) where relevant, but do not
include taxes, subsidies, or externalities; all government
and private sector costs cited as outputs of scenarios are
reported in 2016 USS.

Due to the differences in data availability, quality, and
uncertainty of the data used in the analyses (e.g., plastic
flows across the system map, among geographic
archetypes, and plastic categories), we developed a data
pedigree scoring framework to standardize uncertainty
across all input variables. For each input variable, all data
sources were scored across four attributes: sample size,
uncertainty, accuracy and reliability, and date of publication
(see the technical appendix). This uncertainty is propagated
through to the model outputs using a Monte Carlo
simulation. The Monte Carlo simulation allows us to estimate
the variability in scenario outcomes, given the significant
uncertainty associated with many flows in the system maps
and the coupled nature of flow magnitudes. Using this
approach, we ran 300 simulations of each scenario, for each
archetype, over the years 2016-2040. In each simulation,
input values throughout the model were sampled at random
from a range of uncertainty defined by the data pedigree
framework. This stochastic approach to estimating stocks
and flows in the global plastic system produces a different
model result for each model run, which collectively forms
the range of potential outcomes for a given scenario.

By comparing the range of outcomes among scenarios,
robust trends emerge across scenarios, allowing us to draw
conclusions about effective strategies and interventions for
reducing ocean plastic pollution. Because there is no data
set that is sufficiently detailed for validating the model, we
conducted sensitivity analyses to assess the influence of
key variables and assumptions on the results, as well as to
identify the key drivers in the system. The analytical engine
for the model is constructed in Matlab and the code can be
run using freely available software. The Matlab source code
and all data gathered for this project are publicly available.
This project s less about providing one definitive answer
than about a decision support tool for facilitating the debate
on appropriate and effective strategies.

Taken together, our model and findings can help decision-
makers understand some of the economic, environmental,
and social implications of settling for BAU, and some of
the potential benefits and risks of key system intervention
strategies to reduce ocean plastic pollution. Moreover, our
model would allow stakeholders to evaluate these trends,
and benefits and risks, with their own data for their own
situation.

Model limitations

The quantity and global distribution of plastic pollution
depend on a complex set of human actions and system
components that are constantly in flux and unlikely to be
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measured—let alone modelled—with a high level of certainty.
Accordingly, we designed a series of scenarios to better
understand the extent to which near-term decisions affect
future plastic pollution and the conditions likely to minimize
this pollution. The analyses we present in this report allow
for the evaluation of major differences in the global plastic
system through the assessment of alternative futures.

Although modelled scenarios were designed by an expert
panel representing all relevant disciplines, and we used

the best available information to inform mass flows and
costs, the model does not capture all the components and
complexity of the global plastic system. Because gaps exist
in data on the generation, collection, recycling, disposal, and
leakage of plastic waste, the model is unable to accurately
measure all feedbacks in the system. Model design and
construction required expert judgment to fill data gaps and
estimate current and potential rates of change for the system
components, which were then used to generate scenarios.
As a result, the analyses include inherent assumptions and
are unable to determine system sensitivities to important
external drivers, such as the price of oil. In addition, a

global model has, by definition, limited granularity, and our
conclusions need to be applied carefully to local contexts.

Despite these limitations, the model results are informative
as long as they are appropriately contextualized. Outputs
from the Monte Carlo modelling approach should be treated
as a range of potential values that could be observed, and
individual numerical results should be treated as approximate
and part of a range of possible outcomes. Despite some
wide ranges, comparisons among scenarios can be robust,
particularly when the rank-order of scenario results is
consistent across Monte Carlo simulations. This means that,
rather than providing specific directions for government and
industry decision-makers to pursue at individual locations,
outputs should be viewed as a system-level assessment

of potential futures based on a broad suite of actions and
stakeholder priorities. By conducting a sensitivity analysis

to key assumptions, we found that the high-level findings
outlined in the report’'s executive summary are robust. For
example, itis evident that the plastic pollution crisis can
only be solved with significant reduction and substitution

of plastic in the system. Similarly, the economic limitations
of recycling described in the report hold true even when
different assumptions are made for some data inputs.

Uncertainty

All stochastic modelling results presented in the Executive
Summary include 95 per cent confidence intervals. In the
rest of the report, results are presented without confidence
intervals. For the details on uncertainty calculations, please
see section 5 in the technical appendix.

Additional information is available upon request.

The complete codebase, all input files, and raw outputs
for model runs are available at https://dx.doi.org/10.5281/
zen0do.3929470.
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THE IMPERATIVE TO ADDRESS THE OCEAN POLLUTION PLASTIC CRISIS

The plastic crisis is getting worse—fast—and neither business-as-usual,
nor the combined results of current commitments, nor any single solution,

will solve the problem. This situation poses a growing risk to ecosystems,
communities, businesses, and unaware investors alike.

Super growth: Business-as-Usual will have nearly three times
more plastic leaking into the ocean in 2040

We estimate that 11 million metric tons of plastic entered the ocean from land in 2016, adding to
the estimated 150 million metric tons of plastic already in the ocean.?® Plastic flows into the ocean
are projected to nearly triple by 2040 to 29 million metric tons per year. Even worse, because plastic
remains in the ocean for hundreds of years, or longer, and may never biodegrade, the cumulative
amount of plastic stock in the ocean could grow by 450 million metric tons in the next 20 years—
with severe impacts on biodiversity, and ocean and human health. The Business-as-Usual (BAU)
Scenario presents significant health risk to communities—with a three-fold growth in open burning
of plastics, increasing the release of persistent toxic chemicals, and a 2.4-fold growth in primary
microplastic leakage to the ocean. BAU is also incompatible with the goals of the Paris Agreement:
Without action, greenhouse gas (GHG) emissions associated with plastic production, use and
disposal in 2040 would account for 19 per cent of the total emissions budget allowable if we are to
limit global heating to 1.5°C. Businesses may also suffer financially under BAU, given that they may
in the future be required to pay a virgin plastic tax or extended producer responsibility fees to help
cover the cost of collection and safe disposal—a total financial risk of US$100 billion per annum,
equivalent to 25 per cent of turnover in a low-margin business.?® Industry also risks losing the social
license to operate, among multiple other risks.3°

Figure 4: Fate of all plastic waste under Business-as-Usual

Mismanaged plastic waste will grow from 91 million metric tons in 2016 to 239 million metric tons
by 2040

Million metric tons of plastic waste (macroplastic and microplastic)
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More mismanaged plastic means more
ocean plastic

Our model shows that the global mass of mismanaged plastic
under BAU could grow from 91 million metric tons in 2016 to
239 million metric tons in 2040; plastic leakage to the ocean
could therefore grow from 11 million metric tons in 2016 to 29
million metric tons in 2040, as shown in Figure 4. As a result,
an estimated 1.7 trillion-6.6 trillion (10%) pieces of macroplastic
waste and 3 million trillion (3x10%) pieces of microplastic
waste could be entering the ocean annually by 2040.

Total plastic waste generation could increase by a factor of

2 by 2040; with waste infrastructure not being able to keep
up with this exponential growth, plastic leakage to the ocean
will, without massive intervention, nearly triple. Under such a
scenario, the cumulative stock of plastic in the ocean is likely
to grow by a factor of more than 4 by 2040 (see Figure 5).

What is leaking into the ocean and where is
it coming from?
Figure 6 provides a detailed overview of the sources of

plastic leakage into the ocean in 2016, based on our analysis,
showing that:

*  Upper middle-income (UMI) and lower middle-income
(LMI) countries collectively contribute 9.5 million metric
tons (88 per cent) of total leakage.

Our analysis modelled the four main routes through
which land-based macroplastic waste enters the ocean,
as presented in Figure 7: 1) uncollected waste directly
dumped into water; 2) uncollected waste dumped on land
that makes its way to water; 3) collected waste deposited
in dumpsites that moves via land and air into water and;

4) collected waste dumped directly into the water by
collection trucks. Based on our analysis, 61 per cent of total
macroplastic leakage originates from uncollected waste,
and this share could grow to 70 per cent by 2040 in the
BAU Scenario as collection services fail to keep pace with
macroplastic waste generation.

The perfect storm behind Business-as-
Usual plastic leakage

Owing to four compounding trends—rapid population

growth, rising per capita plastic use, shifts to low-value/hard-
to-recycle materials, and disproportionate growth in markets
with low collection—plastic flows to the ocean are expected

THE IMPERATIVE TO ADDRESS THE OCEAN POLLUTION PLASTIC CRISIS

Figure 6: Main leakage points by geographic archetype and plastic category, 2016
Flexible monomaterials and multilayer materials have a disproportionate share of leakage
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. . . to nearly triple by 2040.
»  Rural areas contribute 4.7 million metric tons (43 per

cent) of total annual plastic leakage to the ocean. Trend 1: A growing global population

e Flexible monomaterials (such as films, wraps, and bags)
make up 5 million metric tons (46 per cent) of leakage,
and multilayer/multimaterial plastics (such as sachets,
diapers, and beverage cartons) make up 2.8 million
metric tons (26 per cent).

The world's population is expected to grow by 23 per cent,
from 7.5 billion in 2016 to 9.2 billion in 2040.% An estimated
84 per cent of the global population lives in middle-/
low-income countries, where most countries don't have
sufficiently high levels of waste collection.

»  Microplastics contribute 1.3 million metric tons (11 per
cent) of total leakage.

Figure 5: Business-as-Usual projections for critical plastic indicators
The next 20 years will see plastic waste generation double, plastic leakage to the ocean nearly triple,
and plastic stock in the ocean more than quadruple®!
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Trend 2: Rising per capita plastic consumption

Our analysis suggests that average global per capita plastic
consumption will grow by 58 per cent under BAU, from 29
kg per yearin 2016 to 46 kg per year by 2040. This global
increase is largely driven by urbanization and rapid economic
developmentin LI, LMl and UMI archetypes, where today’s
per capita consumption is much lower than the high-
income (HI) average of 76 kg per year. It is also caused, at
least in part, by the continued rise in the production and
supply of cheap virgin plastic and the transition over the past
generation to businesses using large amounts of single-use
plastic in place of reusable alternatives or other materials or
business models.

Taking trends 1 and 2 together, plastic waste generation
nearly doubles over the next two decades, with the highest
rates of growth occurring in LI, UMl and LMI archetypes at
260 per cent, 133 per cent and 127 per cent, respectively.

Trend 3: Shift to low-value, hard-to-recycle plastics

Rising waste generation could be exacerbated by an
anticipated "race to the bottom,” with a shift towards low-
cost/low-value, hard-to-recycle plastic materials. Because
low-value materials have significantly lower collection rates,
this would likely increase ocean plastic pollution.

Trend 4: Disproportionate growth in markets with
low collection

Our analysis indicates that the share of plastic waste
generated in middle-/low-income countries is expected

to grow from 58 per centin 2016 to 71 per centin 2040.
This is because these countries will experience the greatest
compounding effects from the first two trends. By 2040,

under BAU, we estimate that the mass of uncollected
macroplastic waste could triple, from 47 million metric tons
per year in 2016 to 143 million metric tons per year.

Microplastics

Another set of trends will contribute to greater levels

of microplastic pollution in the ocean. Four sources of
microplastic leakage are included in this analysis: tyre abrasion
from vehicle driving, plastic microfibres from synthetic textiles,
personal care products containing microplastic ingredients,
and pellet losses from plastic production and conversion
facilities. Leakage from these sources is less well understood
than macroplastic, but it is expected to increase by between
1.3 and 2.5 times by 2040 under BAU, driven by population
growth, more vehicles per capita, increased consumption
and production of plastic-based textiles, growing usage of
personal care products containing microplastic ingredients,
and rising plastic pellet production.

Our study quantifies primary microplastic leakage, i.e.,

waste that enters the environment as microplastic particles.
However, the breakdown of macroplastic already in the
environment into microplastic and nanoplastic particles is
also an important risk to address, as it is expected to increase
significantly as the stock of ocean plastic pollution grows. %3

The multiple risks and costs of inaction

Environmental risks

Adding 450 million metric tons of plastic stock in the
ocean would likely have severe impacts on biodiversity
and ecosystem services. More than 800 species are
already known to be affected by marine plastic pollution,
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Figure 7: Macroplastic leakage into the ocean globally by leakage route, 2016
In 2016, uncollected waste contributed 61 per cent of total leakage, while the remaining 39 per cent

was waste that was mismanaged after collection
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Leakage from Total leakage
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(uncollected) collection) only)

This graphic reflects our estimate of how much macroplastic enters the ocean through different routes (and excludes microplastics). These numbers have high

uncertainty and are highly sensitive to model inputs.

including all sea turtle species,* more than 40 per cent of
cetacean species and 44 per cent of marine bird species.*
Through ingestion or entanglement, macroplastics can
cause mortality,*® injury, and sublethal impacts such as
malnutrition.*” These impacts would be expected to occur
at a greater frequency, affecting more individual animals
and a greater number of species, as levels of plastic in the
ocean rise. The uptake and trophic transfer of microplastics
has also been observed in aquatic food webs, and laboratory
studies have demonstrated dose-dependent impacts on
growth, health, fecundity, survival, and feeding in a range of
invertebrate and fish species.*® Potential impacts on ocean
carbon sequestration have also been postulated.®® Although
we still lack methods for measuring the harm caused by
microplastics and nanoplastics in the natural environment, if
microplastic emissions to the environment remain the same
or increase, risk assessments indicate that the ecological
impacts may be widespread within a century.“?

Disturbances to the aquatic food web from plastic pollution
can also negatively impact the scientific and cultural value
of marine ecosystems and may degrade the function and
productivity of marine environments.“t Other studies show
that invasive species and diseases are being transported on
plastic debris to new locations where they can cause harm
to local populations.*

New research suggests that the impacts from ocean plastic
meet two of the three essential conditions for compounds
to be considered a threat under the planetary boundary
framework for chemical pollution. The framework defines
boundaries for some manmade disturbances, set at levels
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to avoid thresholds or shifts in the Earth’s functioning that
would create increasing risks for the public. One review
found that plastic pollution in the ocean is irreversible and
globally pervasive, but that there is inconclusive evidence to
determine whether it has disrupted Earth-system processes
or regulating capacities.* Filling these knowledge gaps
could allow a better understanding of the tipping points and
environmental thresholds for plastic pollution.

Following the BAU trajectory would also further jeopardize
our ability to mitigate climate change due to rising GHG
emissions arising from increased plastic production. The
goals of the Paris Agreement would be difficult to achieve,
with life-cycle plastic-related emissions doubling from 1.0
GtCO,e in 2016 to 2.1 GtCO e by 2040, accounting for 19
per cent (compared with 3 per cent today) of the total annual
emissions budget allowable if we are to limit global heating
to 1.5°C.#

Business risks

There are direct, physical risks from marine plastic pollution
to businesses that rely on a clean ocean. This pollution is
responsible for significant business costs to fisheries, tourism
and infrastructure operators, among others, estimated at
USS13 billion per year.*® Risks include physical damage

to ships and fishing assets, reduced fish catches from or
declining fish stocks, and reduced demand and higher
operating (i.e., clean-up) costs in the tourism industry. In
addition, there are indirect risks to businesses stemming
from the response to plastic pollution from regulators,
investors, consumers, employees, and the general public.
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In the event of a public backlash, businesses could face
significant supply chain disruptions, reduced demand for
plastic-intensive products, and reputational risk from brand
association with plastic pollution.#®

Our analysis suggests that the global cost of all MSW plastic
waste collection and management in 2040 will be US$100
billion under BAU, out of which governments will fund
USS60 billion, as shown in Figure 8. The remaining “funding
gap” of USS40 billion presents a risk to the plastic industry
in case itis required by government policy to fund that gap.
Moreover, the industry also risks being required to pay for
the USS60 billion funded by governments, through extended
producer responsibility or other schemes. Together, this risk
accounts for 25 per cent of the USS400 billion of the plastic
industry’'s turnover.*

Socioeconomic risks

The use of virgin plastics is not as cheap as the market
suggests. In fact, the current methods of (mis)handling end of
life for these products have large costs that are not reflected
in markets. Socioeconomic impacts include loss of land value
due to proximity to plastic pollution and reduced quality of
life for coastal communities. One estimate suggests a loss of
USS1.5 trillion per year from the ocean due to the reduction

in seafood, genetic resources, oxygen, clean water, cultural
value, and the reduced ability to regulate climate.“® Another
study models the social and environmental impacts of marine
plastic even higher, at USS2.2 trillion per year.*® Although
these specific estimates are contested, the socioeconomic
risks of a polluted ocean are clearly significant.

Health risks

There are numerous human health implications across every
stage of the plastics supply chain. Health risks associated
with virgin plastic production are often caused by volatile

organic compounds (VOCs, e.g., benzene, styrene and
propylene) and persistent bio-accumulative and toxic
pollutants (PBTs, e.g., lead, mercury and some polyaromatic
hydrocarbons [PAHS]).>° Long-term exposure in human
populations is believed to increase the risk of cancer and
reproductive health complications. Plastic products
themselves could also pose health risks due to the presence
of PBTs and endocrine disrupting chemicals.>> >3

Mismanaged plastic waste can undermine the psychological
benefits from coastal environments; it can block rivers and
drainage systems, causing flooding and trapping stagnant
water that exacerbates the spread of diseases in impacted
communities.>* Some of the most harmful health risks result
from open burning, which based on our analysis is expected
to nearly triple under BAU, from 49 million metric tons

in 2016 to 133 million metric tons in 2040. In addition to
GHG emissions, open burning releases a host of pollutants
known to negatively affect human health.> These pollutants
can increase the risk of heart disease, cancer, respiratory
infections and asthma, reproductive health complications,
and damage to the central nervous system.** The only real
remedy is to avoid open burning altogether. For more details
about the health implications of incinerating plastic waste,
see Box 14.

Microplastic leakage from land-based sources, which is
expected to increase by 2.4 times under BAU for the four
sources modelled, also has potential health impacts. Studies
have identified microplastics in foodstuffs, including in
shellfish, in bottled water, and in the tissues of terrestrial and
marine invertebrates, fish and humans.> However, thisis a
relatively new area of research, and microplastic exposure
levels and their potential long-term consequences are not
yet fully understood, as was concluded by the 2019 World
Health Organization report on microplastics in drinking
water, which calls for further assessment of the potential
impacts on human health.*®

Figure 8: Full plastic waste management cost versus government spending
Industry could face an annual US$100 billion financial risk by 2040—25 per cent of current
turnover—if required to cover global plastic waste collection and management
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Falling short: Current commitments are inadequate for the
scale of the challenge

Even if current government and industry commitments are fully implemented, plastic flows into the
ocean in 2040 would likely be only 7 per cent lower than under BAU. In the meantime, hundreds of
billions of dollars are being invested in new virgin plastic production plants, locking us deeper into
the status quo every day.

Mounting public pressure on ocean plastic pollution has led
many governments and businesses to make commitments.
These range from banning certain plastics and setting more
ambitious recycling targets to introducing product standards
and schemes, investing in recycling infrastructure, and

Union single-use plastics directive (which bans certain plastic
products and introduces consumption reduction measures
and collection targets for others),*® multiple national plastic
bag and straw bans—are implemented and enforced, leakage
to the ocean for the plastic categories modelled is still
imposing trade restrictions on plastic waste. The estimated expected to reach 27 million metric tons per year by 2040,
impact of this Current Commitments Scenario adds up to 19 7 per cent less than the BAU projection for 2040, as shown
million metric tons per year reduction in plastic production in Figure 9.

and consumption due to policy regulations by 2040 and 54
million metric tons per year increase in recycled content by
2025 due to commitments expressed by more than 400
companies (see the technical appendix).

Government aspirations are broad and, if fully implemented,
can have impact. However, most new regulations focus on
specific items rather than enacting system-wide policies
and setting system-wide standards, and do not address or
significantly curb the projected growth in plastic production.
This limited impact is further illustrated by the fact that, even
if legislation akin to the European Union single-use plastics
directive, one of the most ambitious regulatory initiatives

to date, was emulated by all countries and implemented
globally, it would still reduce plastic leakage to the ocean

by only 15 per cent compared with BAU by 2040. The

Good intentions

Although these current commitments represent very
welcome and vital first steps, and the potential beginning of
mutually reinforcing trends, our model indicates that even
if all major existing industry pledges and government plans,
targets and commitments—including the 2019 European

Figure 9: Land-based plastic leakage under the Business-as-Usual and Current
Commitments scenarios

Current commitments from industry and government policies achieve only a 7 per cent reduction in
plastic leaking into the ocean relative to Business-as-Usual
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collective impact of all current national and municipal
legislation regarding items such as straws, bags, stirrers,
cups, cotton swabs, and bottles simply does not add up to a
significant reduction in the overall quantity of plastic waste
generated and leaked globally. To compound this shortfall,
there has been insufficient growth in waste collection
infrastructure over the past two decades relative to plastic
waste generation, which we estimate has been growing at a
4-7 per cent compound annual growth rate. Governments
need to act now to curb the growth in plastic production;
set system-wide standards, targets, and incentives to drive
upstream reduction, reuse, appropriate substitution and
design for recycling; and invest in downstream collection
and recycling infrastructure.

Industry has made commitments through the New Plastics
Economy Global Commitment, the Alliance to End Plastic
Waste, and other vehicles. Itis focusing most visibly on
recyclability, recycling targets, and other downstream
solutions, but significant efforts are also needed on upstream
solutions. Business signatories to the Global Commitment
have pledged to adopt 100 per cent reusable, recyclable,

or compostable packaging by 2025 and to take action to
eliminate problematic or unnecessary plastic packaging and
move from single-use towards reuse models, but have not
yet committed to specific targets on elimination or reuse.

Although these initiatives can have an impact, they also

do not add up to a significant reduction in the quantity of
plastic waste generated and leaked globally. To achieve a
meaningful reduction in ocean plastic pollution, companies
that have not made any commitments (the vast majority),
should do so and ensure their implementation. Industry will

need to fundamentally redesign business models, products,
and materials at scale, and in ways that explicitly decouple
economic growth from plastic growth, significantly scaling
up its efforts on reduction, refill, and new delivery models.

In the meantime, the status quo is being reinforced every
day, with global plastic production expected to increase by
40 per cent over the next decade.®® Capacity growth is being
driven by major petrochemical companies worldwide, which
have announced large-scale investments in new refineries,
steam crackers and production plants. The United States
chemical industry alone is forecast to spend more than
USS$164 billion on 264 new plastic factories by 2023, with an
additional USS$140 billion being spent on 15 large projects in
China, and more than USS100 billion earmarked for projects
in Saudi Arabia.®* Globally, the ethylene market—one of the
main building blocks for plastic—is expected to grow at a
compound annual rate of 8.7 per cent between 2019 and
2026.%2 In effect, plastic production is becoming the new
engine of growth for a petrochemical industry potentially
facing declining demand for oil in transportation and energy,
raising concerns about the creation of a "plastic bubble”
whereby new investments risk becoming stranded assets.

Our analysis shows that even if all current commitments

are implemented, virgin plastic will likely continue to be a
cheap commodity, plastic production will remain high and
growing, and our dependence on the highest leakage plastic
applications will persist. Avoiding the creation of a "plastic
bubble’ requires redesigning the system—instead of tinkering
at the edges—and shifting ambitiously to circular solutions.

No panacea: Single-solution strategies cannot stop

plastic pollution

Many strategies have been proposed for reducing or even eliminating plastic leakage into the ocean,
but there is no single solution that can do so effectively by 2040. Our modelling shows that, by 2040,
none of the single-solution strategies can reduce leakage to the ocean below 2016 levels, let alone
achieve near-zero leakage, without hitting significant technical, economic, social or environmental
limits. Claims that we can combat ocean plastic pollution by focusing only on waste management or
only on reduction and substitution may sound appealing but at best tell only half the story.

To achieve the desired outcomes, we must combine solutions from all the different pathways.

Much of the current debate and strategizing on preventing
plastic pollution focuses on either upstream or downstream
solutions. Our analysis shows that this is a false dichotomy.
Upstream solutions that aim to reduce or substitute

plastic use are critical but need to be scaled carefully to

limit unintended social or environmental consequences.
Downstream solutions are also essential but are restricted

by the limits of economic viability, their negative impacts on
human health and the environment, and the realistic speed of
infrastructure development—especially in the face of growing
plastic waste production in middle-/low-income countries—

and must be coupled with upstream efforts on reduction and
reuse to maximize the efficient use of resources.

We modelled three single-solution scenarios that focused on
ambitious implementation of either upstream or downstream
measures—the Collect and Dispose Scenario, the Recycling
Scenario and the Reduce and Substitute Scenario. Each of
these scenarios was modelled using two approaches. In the
first approach, we defined economic, environmental and
social "red lines” for each scenario that are reflected in their
maximum foreseeable growth and implementation limits.
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To compare among solutions with very different environmental
(pollution and GHG), economic, performance (health, safety,
product protection), and consumer acceptance dimensions,
each potential solution was evaluated against four criteria,
and these informed the maximum foreseeable limits
modelled for each potential solution:

« Technology Readiness Level: Is a solution available
today?

e Performance: Does the intervention satisfy performance
and health requirements?

« Convenience: Is the intervention acceptable for lifestyle
and convenience?

«  Affordability: Are the cost implications of the alternative
acceptable?

In the second approach, we set the scenarios to achieve

a level of plastic leakage to the ocean similar to the

System Change Scenario, but without setting technical,
environmental or social limits. The difference between these
two approaches is described in Table 1.

Table 1: Description of the two scenario approaches

Approach 1:
Scenarios constrained by limiting factors

Collect & Dispose Scenario constrained by maximum
foreseeable:

« Collection rates by archetype, split by urban and rural regions
(Affordability & Performance limit)
« Scaling up of controlled waste management (Affordability limit)

Recycling Scenario constrained by maximum foreseeable:

« Collection rates by archetype, split by urban and rural regions
(Affordability & Performance limit)

» Separation at source (Convenience limit)

» Food-grade requirements (Performance limit)

» Technological improvements (Technological limit)

« Incentives for recycling/recycled content (Performance limit)

« Design for recycling (Performance & Convenience limit)

« Scale up of chemical conversion technologies (Technology,
Environmental & Affordability limit)

Reduce & Substitute Scenario constrained by maximum
foreseeable:

models (Technology limit)

» Performance and environmental impact of alternative materials
and reuse/new delivery models (Performance limit)

» User adoption of substitute materials and reuse models
(Convenience limit)

« Industry adoption of alternative materials and new delivery
models (Affordability limit)

« Technological availability of alternative materials and new delivery

Approach 2:
Unconstrained scenarios, set to achieve System

Change Scenario leakage levels

For each of the scenarios, we set the model to achieve similar
leakage levels as the System Change Scenario by not constraining
collection and landfill levels to maximum foreseeable political,
economical, environmental, or social realities.

Instead, we modelled that collection and landfill are scaled to the
extent necessary to bridge the gap between the remaining leakage
in each scenario under Approach 1 and that of the System Change
Scenario.

Results of Approach 1: Modelled scenarios with
technical, social, and environmental limits

Although all three scenarios represent a significant reduction
of plastic leakage to the ocean by 2040 relative to the BAU
or Current Commitments scenarios, as Figure 10 shows,
none of them offers a credible pathway to a near-zero
leakage future by 2040. For full assumptions and results by
scenario, see the technical appendix.

Itis important to acknowledge that attempting to solve

the ocean plastic challenge through waste management
alone would require closing a huge collection gap. Today,
2 billion people globally do not have waste collection
services.®® By 2040, the global population is expected to
grow by 1.7 billion (out of which 95 per cent are in middle-/
low-income countries), making the total number of people
who require being connected to collection services
approximately 4 billion by 2040. Closing this collection
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gap would require connecting about 500,000 people to
collection services per day, every day, until 2040. Most
people without waste collection live in middle-/low-income
countries, where funding is less available, and/or in rural
areas, where collection is more logistically challenging and
expensive. Considering the growth of plastic production and
consumption projected under BAU, collecting all plastic,
including in all rural locations, would come at the very

high cost of US$510 billion from 2021 to 2040. To make
matters more difficult, collection is a "bundled system’—in
other words, plastics cannot be collected in isolation; other
waste streams also need to be collected. As a result, the
actual government cost for waste management amounts to
USS3.1 trillion in present value for all municipal solid waste
to be collected in this period (see Box 7). Any solution based
only on waste management is therefore highly unlikely to
succeed in curbing plastic pollution unless accompanied by
a meaningful reduction of waste in the system.

THE IMPERATIVE TO ADDRESS THE OCEAN POLLUTION PLASTIC CRISIS

Figure 10: Land-based plastic leakage under different scenarios
The System Change Scenario would achieve about an 80 per cent reduction in annual plastic
leakage to the ocean relative to Business-as-Usual, exceeding all other modelled scenarios
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The graphic shows expected levels of plastic leakage into the ocean over time across different scenarios. It shows that although upstream-focused pathways
(Reduce and Substitute Scenario) and downstream-focused pathways (Collect and Dispose Scenario and Recycling Scenario) reduce annual leakage rates relative
to BAU, they do not reduce leakage below 2016 levels. Only the integrated upstream-and-downstream scenario (System Change Scenario) can significantly reduce

leakage levels

Implications of the Collect & Dispose
pathway

A strategy focused solely on collection and disposal would
likely still leave 13 million metric tons of plastic leakage to
the ocean per year by 2040, 18 per cent above 2016 levels,
and would cost governments US$130 billion more than
BAU in present value between 2021 and 2040.

One option, in theory, for dealing with all mismanaged
plastic waste is to scale up collection systems globally

and develop sanitary landfills and/or incinerators to
dispose of the waste. Landfills have been presented as a
potential panacea for their (perceived) affordability, ease

of implementation and generation of tax revenue through
landfill fees. Incineration with energy recovery has been
proposed as a scalable solution because it does not require
redesigning products or sorting waste; it makes plastic
waste "disappear,” generating electricity in the process.
Some countries, including China, are scaling up incineration
rapidly to reduce the need for landfills. Our analysis reveals
insurmountable limitations to this approach.

Economic implications: Attempting to address plastic
pollution through this scenario would cost governments
USS800 billion in present value between 2021 and 2040
for waste management (i.e., collection, sorting, and safe
disposal), relative to US$670 billion under BAU. The vast

majority of these costs would fall on middle-/low-income
countries. This pathway is very uneconomical (and very
unlikely) because landfilling is a net-cost solution that
generates no revenue (except for tipping fees, which are a
tax, not a revenue driven by economic value creation) and is
therefore not scalable through market forces. Like landfills,
incineration with energy recovery is also a net-cost solution
once collection costs are factored in, although—based on
local market prices for electricity—it is more economical
than landfilling. Investing in incinerators would also lock

us even further into carbon-intensive energy generation,
relying on a long-term, stable flow of plastic feedstock to
recuperate the hundreds of millions of dollars in capital costs
required to build each plant. Moreover, the value of heat or
energy recovery is persistently below collection costs. If we
accounted for the cost of carbon, even at low carbon prices
(e.g., USS50 per ton of CO,e), incinerators would no longer
have a business case.

Health and environmental implications: This scenario
would result in annual GHG emissions of 1.8 GtCO,e by
2040, making up 17 per cent of the total allowable annual
carbon budget if we are to limit global heating to 1.5°C.
Incineration emits 5.4 tons of carbon dioxide equivalent
(tCO,e) per metric ton of plastic, making it the solution with
the highest level of GHG emissions among all solutions
analysed (see Figure 12), as well as generating significant
health risks, as outlined in Box 14.
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Implications of the Recycling pathway

A strategy focused solely on recycling—including
ambitious design for recycling coupled with an ambitious
scale-up of collection, sorting, mechanical recycling and
plastic-to-plastic chemical conversion infrastructure—
would still result in 18 million metric tons of plastic flowing
into the ocean each year by 2040, 65 per cent above 2016
levels, and would cost governments US$140 billion more
than BAU in present value between 2021 and 2040.

Many envision a system with a high-quality, economically
viable mechanical recycling component (powered by the
improved design of materials, products, and recycling
technologies; high demand for recycled content; and new
automated waste sorting and separation technologies)
coupled with emerging chemical conversion technologies
that convert low-value plastic waste into chemical
feedstocks for petrochemical products.

Although scaling up recycling is critically needed, our study
finds that stopping plastic pollution by capturing all plastic
materials in the recycling process is neither technically nor
financially feasible. The utility of mechanically recycled
plastic is limited by the quality requirements of food-grade
plastic and the fact that most plastic is limited to two or three

recycling loops before quality deteriorates. Although this is
not a technological limiting factor in chemical conversion,
an emerging recycling technology that returns plastics to
their more basic molecular building blocks, we estimate

that 20 per cent of plastic could be eligible for chemical
conversion, as shown in Figure 11, because of contamination
or limited feedstock due to collection limitations.

Even though this scenario includes ambitious design for
recycling and investment in infrastructure, unless recycling
economics can pay for collection, it will recycle plastic
that would have been collected anyway. In other words,
recycling feedstock would be made up of landfill-bound
plastic, not ocean-bound plastic. Although diverting more
plastic from landfill to recycling is beneficial in terms of
resource efficiency, GHG emissions, and health implications,
significant plastic pollution will still flow to the ocean under
the Recycling Scenario because not enough is done to
reduce the amount of unmanaged plastic waste.

Economic implications: The total present value of the
2021-2040 costs amount to US$810 billion for governments
globally (21 per cent above the US$670 billion under BAU).
As the left side of Figure 11 shows, we estimate that even

in HI countries, about half (54 per cent) of plastic could be
economically recycled using mechanical recycling by 2040

Figure 11: Limitations of mechanical recycling and plastic-to-plastic chemical conversion
By 2040, mechanical recycling could deal with 54 per cent of the plastic waste stream economically
while plastic-to-plastic chemical conversion could deal with 20 per cent

1. Financial feasibility of mechanical recycling,
high-income (HI) countries only, 2040
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Left: By 2040, 54 per cent of plastic will be economically recyclable in HI, when accounting for design for recycling. Net profit is USS per metric ton of collected
plastic, which is calculated as sales price minus the cost of recycling for different material types. No taxes are included, and the costs of collection and sorting
have been excluded. Contamination is defined as the share of plastic that is not collected separately for recycling. This analysis represents HI, where the share of
uncontaminated waste is higher than in middle-/low-income countries. Commodity prices are assumed to remain stable.

Right: The scope of chemical conversion is limited to 20 per cent of total plastic waste. Mechanical recycling takes precedence over chemical conversion. The scale
requirements further reduce the chemical conversion potential by eliminating rural areas based on low feedstock availability. Of the remaining plastic waste, 50 per

centis assumed to be either contaminated or incompatible with a pyrolysis plant.
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(compared with 21 per cent today). This assumes that the
recycler does not cover the costs of collection and sorting,
which in HI countries are often absorbed by governments
or can be paid by industry through extended producer
responsibility schemes.

Health and environmental implications: This scenario
would result in GHG emissions of 1.8 GtCO,e per year by
2040, making up 17 per cent of the total allowable annual
carbon budget if we are to limit global heating to 1.5°C,
largely driven by the fact that chemical conversion uses
high levels of energy, as described in Figure 20. Chemical
conversion with pyrolysis also releases several harmful
pollutants that increase risks for cancer, respiratory
infections, kidney damage and neurotoxicity.®* More
information can be found in Box 11.

Although scaling up recycling is critically
important, stopping plastic pollution

by capturing all plastic materials in the
recycling process is neither technically
nor financially feasible.

Implications of the Reduce & Substitute
pathway

A strategy focused solely on reduction and substitution
would result in 14 million metric tons of plastic leaking
into the ocean per year by 2040, 28 per cent higher than
2016 levels.

Some organizations, government bodies and citizens have
proposed a dramatic reduction of plastic use through bans,
reuse and refill models, coupled with substitution of plastics
for other materials. Yet, while reduction and substitution

of plastic is critically needed, if carried out in isolation,

these strategies are unlikely to succeed in eliminating

plastic leakage by 2040 because there are many plastic
applications that are difficult to reduce or substitute within
social, political, environmental, and economic limitations
and within this time scale. Considering these limitations (see
System Intervention 1 and technical appendix for the scoring
framework used to determine limiting factors), our analysis
estimates that 47 per cent of BAU plastic utility demand can
be met by plastic reduction and substitution measures by
2040. This is equivalent to capping global plastic production
and consumption at 2017 levels, while continuing to provide
the projected total utility demands and lifestyle expectations
of a growing population through new delivery models and/
or alternative materials.

Reuse models can certainly reduce costs, and some reuse
solutions have already reached scale, such as soft drinks
and milk distributed in reused plastic or glass bottles, and
reusable crates and pallets used in business-to-business
packaging. However, expanding reuse to 100 per cent of
plastic may face significant barriers to consumer adoption in
certain applications, and many refill projects are small scale
and too new to have proved their long-term viability.%

Substitute materials also have their own environmental
impacts—on land and water use, GHG emissions, pollution,
etc.—and require investment in end-of-life collection and
processing infrastructure. Their use should therefore always
be considered with a holistic set of environmental indicators
in mind. Our scenario includes substituting nonrecyclable
plastics with recyclable paper and coated paper, or with
certified compostable materials in situations where suitable
home- or industrial-scale composting infrastructure is rolled
out. Our global analysis does not include substituting to single-
use glass, metal or drinks cartons due to our assessment of
social, economic, and environmental trade-offs, although in
specific cases and geographies, these may be suitable (see
section on System Intervention 2 for further details).

Given existing market conditions and available solutions, it is
therefore not likely to be feasible to reduce or substitute 100
per cent of plastic in use by 2040. A Reduce and Substitute
Scenario in isolation would reduce ocean leakage by 58

per cent compared with BAU in 2040. However, without a
comprehensive set of downstream solutions being rolled out
at the same time, significant ocean leakage will still occur
because much of the plastic produced will fail to be collected
and managed, particularly in middle-/low-income countries.

Economic implications: The total present value of the
2021-2040 costs amount to USS$540 billion for governments
globally (20 per cent less than the USS670 billion under
BAU), driven by 90 million metric tons less waste needing
collection and processing. However, the cost to businesses
and consumers increases significantly, driven by the higher
production cost of paper and compostable packaging
compared with plastic. These extra costs of substitute
materials are to a large extent offset by the savings created

by reducing unnecessary plastics and moving towards reuse
and new delivery models. It is possible to increase the extent
of substitution further than in this scenario by using other
substitutes, such as glass or metal, but this could have further
negative impacts on product prices due to higher production,
recycling and/or shipping costs. Aluminium cans and glass
bottles are 33 per cent and 167 per cent more expensive than
PET (polyethylene terephthalate) bottles, respectively.®®

Health and environmental implications: This scenario
would result in GHG emissions of 1.7 GtCO,e per year by
2040, making up 16 per cent of the total allowable annual
carbon budget if we are to limit global heating to 1.5°C.
Caution is required in sustainably sourcing the paper and
compostable materials, and ensuring that they are recycled
or composted at end of life. If levels of substitution were
significantly higher than those modelled here, it would likely
exceed the availability of materials that could be sourced
and processed sustainably. The environmental footprint of
alternative materials depends on several factors, including
the length of supply chains, the rate of reuse and recycling,
and the availability of recycled content. For example, glass
has very high reuse rates in Latin America, and a lower GHG
footprint as a result,®” but it has a higher GHG footprint

in single-use applications in regions where there is a low
glass recycling rate. If supply chains could be shortened,
materials reused, or transport decarbonized, a variety of
substitute materials may perform well, but all options should
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be assessed on multiple criteria, including the likelihood of
leaking into the environment, water and land use, pollution,
and health risks from the use of unregulated chemicals or
recycled content. For detailed GHG emissions of specific
material alternatives, refer to Figure 20.

Results of Approach 2: Releasing feasibility constraints

The scenarios modelled above are all limited by technical,
economic, environmental, and political constraints to what
is feasible. We also modelled the implications of overriding
these constraints to quantify what the cost of the Collect
and Dispose and the Recycling scenarios would be if we
‘forced” them to achieve similar levels of plastic leakage to
the ocean by 2040 as under the System Change Scenario
(5 million metric tons per year). The present value cost to
governments of forcing the Collect and Dispose Scenario
and the Recycling Scenario is estimated at US$820 billion
and USS850 billion, respectively, compared with a cost

of USS600 billion under the integrated System Change
Scenario. Figure 12 compares the different scenarios on key
economic and environmental indicators. It shows that an
integrated System Change Scenario, as outlined in Chapter
2, outperforms all other scenarios across all dimensions.

In either approach—with or without enforcing technical
limits—the System Change Scenario produces superior
results across economic, environmental, and social
dimensions. The conclusion of this analysis is that a system-
wide problem demands system-wide change. Any of the
single-solution strategy approaches hit technical, economic,
environmental, and/or social limits. To solve the open plastic
pollution problem, we need a portfolio of both upstream and
downstream solutions—or system interventions. The next
chapter describes what such an integrated pathway could
look like—one that matches available solutions to different
plastic categories and different geographies, and estimates
the relative share of the ocean plastic problem that each
solution contributes towards reducing when they work in
synergy. These estimates aim to provide an indication of the
relative effort, investment and policy support to be allocated
to each system intervention to achieve the overall result of
the System Change Scenario.

Figure 12: Comparison of different scenarios on cost, plastic leakage, and GHG emissions
The System Change Scenario is the most affordable for governments

Cost to governments, in USS billions, 2021-2040 (net present value)
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Figure 13

Changing the plastics system: better for the economy,
the environment, and communities

Continuing on our current Business-as-Usual trajectory will nearly triple the annual flow of plastic into the
ocean by 2040, with severe environmental, economic, and social impacts. A cleaner, more sustainable future
is possible with concerted action starting in 2020 across the entire global plastics system, with lower costs
to governments and lower greenhouse gas (GHG) emissions.

BUSINESS-AS-USUAL 2040

COST TO BUSINESS 2 1
| |
GOVERNMENT COST $1o o BILLION
s 670 ] GHG EMISSIONS

TRILLION (tCO,e) VIRGIN

PLASTIC PRODUCTION

RO 400

MILLION METRIC TONS

PLASTIC LEAKAGE

29

MILLION METRIC TONS
3 MILLION METRIC TONS MICROPLASTIC /26 MILLION METRIC TONS MACROPLASTIC

SYSTEM CHANGE 2040

GOVERNMENT COST
BILLION

[ ]
s 6 o o TRILLION GHG(tE(n:gs:)lons e
BILLION 1 2 ’ PLASTIC PRODUCTION

m m ” Th@@ g-;\:N/RJOBS MILLION METRIC TONS

MILLION METRIC TONS
1 MILLION METRIC TONS MICROPLASTIC / 4 MILLION METRIC TONS MACROPLASTIC

A STRATEGY TO REDUCE OCEAN PLASTIC POLLUTION RATES BY 80 PER CENT

A viable pathway: An integrated circular strategy can offer
better economic, environmental, and social outcomes

Dramatically reducing the mismanaged waste generated by the plastic ecosystem is a complex
system-level challenge that requires system-level interventions. Our System Change Scenario

sets out a feasible pathway towards ending ocean plastic pollution while creating co-benefits for
climate, health, jobs, and the environment. To realize this transformation, the scenario applies eight
system interventions concurrently, ambitiously, and starting immediately.

Figure 14 summarizes the upstream and downstream system Some interventions rely on others to be effective; for
interventions that define the System Change Scenario, example, collection precedes recycling, landfilling and
according to the plastic categories and geographies for incineration; and design for recycling helps improve
which they are most relevant. To be successful, these the economic viability and scalability of mechanical

system interventions must be applied together and to both recycling. The synergistic impact of scaling all interventions
macroplastics and microplastics where possible. concurrently is shown in Figure 15.

Figure 14: System interventions relevance by geographic archetype and plastic category
System interventions need to be applied to the regions and plastic categories for which they are

most relevant
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Behind the BAU vs. System Change Scenario numbers

All costs reflect the present value of global costs incurred between 2021 and 2040 (capex and opex) using a 3.5 per cent discount rate.

Cost to government: Net opex and capex to governments for formal collection, formal sorting (material recovery facilities), incineration plants, and landfill facilities for plastic and
substitute materials (excluding the cost of nonplastic waste), excluding taxes and subsidies such as landfill fees.

Private costs: Net opex and capex of the plastics value chain (and substitutes) to the economy, including material production, conversion, informal collection, sorting, recycling,
landfilling, and incineration. Costs are net of any revenues generated, such as from recycling

Plastic leakage to ocean: Total mass of 2040 plastic leakage to the ocean (microplastic and macroplastic).

GHG emissions: Total 2040 life-cycle assessment emissions of all plastics (and substitutes), including production, conversion, collection, sorting, mechanical recycling, chemical
conversion, incineration, landfill, and open burn

Job creation: Number of livelihoods in 2040 directly connected to the plastics value chain or making a living by selling waste (waste pickers); includes formal and informal employment;
System Change Scenario likely an underestimate as new delivery models were assumed to generate the same jobs as the plastic it replaces.

Virgin plastic production: Total amount of virgin plastic production in 2040
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Figure 15: Plastic fate in Business-as-Usual versus System Change Scenario: a “wedges”
analysis

Mismanaged waste could be reduced from 56 per cent under Business-as-Usual to 10 per cent
under the System Change Scenario
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This figure compares the mass of plastic in each "wedge” under BAU, left, with the amount of plastic in each "wedge” under System Change Scenario, right, over
time. Reduced "wedge” refers to plastic utility that can be fulfilled without generating any plastic waste (details in System Intervention 1). Substituted "wedge” refers
to plastic utility that can be fulfilled with alternative materials (details in System Intervention 2). This figure shows that mismanaged waste can be reduced from 239
million metric tons under BAU to 44 million metric tons under the System Change Scenario, a reduction of about 80 per cent (82 +13 per cent). This is the same
level of reduction to annual plastic leakage mass by 2040 if the System Change Scenario is implemented.

Figure 16: Plastic fate in the System Change Scenario: a “wedges” analysis
There is a credible path to significantly reduce plastic leakage to the ocean, and it requires all
solutions to be implemented concurrently, ambitiously, and starting immediately

Million metric tons per year

450
\)sua\ Reduce:
400 .\(\35’5’as Eliminate 130 (30%)
Vo
® Reuse (consumer)

350 Reuse (new delivery models) Substitute:

Paper 71 (17%)
300 Coated paper

Compostables

250 Mechanical recycling
—closed loop (CL)
Mechanical recycling
—open loop (OL)
200 pen loop (OL)
Chemical recycling
—plastic to plastic (P2P)

Chemical conversion

150 —plastic to fuel (P2F)
Landfill
100 Incineration Mismanaged:
. Open burning 44 (10%)
50

Terrestrial pollution

Ocean pollution

0
2016 2020 2030 2040

This “wedges” figure shows the share of treatment options for the plastic that enters the system over time under the System Change Scenario. Any plastic that enters
the system has a single fate, or a single “wedge.” The Reduce wedge represents plastic utility that has been fulfilled without using physical plastic. The Substitute
wedge reflects plastic utility that has been fulfilled by alternative materials such as paper or compostable materials. The Recycle wedge accounts for the plastic that
is recycled in the system, either mechanically or chemically. The Dispose wedge includes plastic that cannot be reduced, substituted, or recycled but is managed in
a way that ensures that it does not leak into the environment. All other plastic is considered Mismanaged. The numbers include macroplastic and microplastic.
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Figure 16 shows that there is a credible and appealing
pathway to deal with ocean plastic pollution. This strategy
involves scaling up Reduce levers to 130 million metric tons
(30 per cent of Business-as-Usual plastic waste) to replace
avoidable plastic, growing Substitute levers to 71 million
metric tons (17 per cent), expanding Recycle levers to 84
million metric tons (20 per cent) and Disposing 101 million
metric tons (23 per cent) of the remaining plastic waste in
controlled facilities.

As Figure 17 shows, Reduce levers are the most attractive
from an economic perspective, often representing a net-
saving solution. Plastic elimination, such as through bans and
product redesign, is assumed to have zero cost; therefore,
each metric ton of eliminated plastic would save the full
cost of 1 metric ton of plastic in the Business-as-Usual (BAU)
plastics value chain, i.e., US$2,241. Mechanical recycling
offers a saving in low-income (LI), lower middle-income
(LMI) and upper middle-income (UMI) archetypes, but a
cost in high-income (HI) countries due to higher labour
costs. Although recycling solutions represent a net cost
today, they could become much more economical in the
future with scale, technological improvements, and policy
support, and could even represent a net-saving solution for
certain plastic categories in certain geographies (especially
if oil prices do not fall, driving down the value of recyclates).

Chemical conversion is estimated to offer a savings only in
LMI countries due to the relatively lower cost of collection.
Dispose options (landfill and incineration) cost between
USS$S92 and USS259 per metric ton (including collection),
depending on the technology and geographic archetype, and
always incur net costs to the system. Finally, substitution is the
most expensive option, not least because more than a metric
ton of paper is required to substitute a metric ton of plastic.
However, relative to the cost of the products themselves,
substitutes may be affordable for certain products and in
certain geographies, and, within GHG emission budgets, they
have a role to play in addressing the global plastic pollution
challenge. Mismanaged plastic has not been costed, but we
have assumed it to be the least desirable outcome.

The systemic shifts in the global plastics value chain brought
about by the System Change Scenario interventions

would make a major contribution to the 2030 Agenda

for Sustainable Development adopted by United Nations
Member States in 2015.%8 Reducing plastic production and
controlling unmanaged waste streams will help towards
achieving the Sustainable Development Goals (SDGs), with
the impact felt well beyond the specific target to prevent
and significantly reduce marine pollution, to include SDGs
related to poverty, health, employment, innovation, climate
change, and more, as shown in Figure 18.

Figure 17: Costs and masses per treatment type in the System Change Scenario, 2040
Reduce levers are often the most economical to implement while plastic substitutes are typically

more expensive
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The X axis of this chart shows the mass (million metric tons) of plastic waste per treatment type under the System Change Scenario in 2040. The Y axis represents
the net economic cost (USS) of that treatment, including opex and capex, for the entire value chain needed for that treatment type (for example, mechanical
recycling costs include the cost of collection and sorting). Negative costs (on the left) represent a savings to the system relative to BAU, while positive costs reflect

a net cost to the system for this treatment type. Costs near O mean that their implementation is near "cost neutral” to the system. Subsidies, taxes or other “artificial”
costs have been excluded; this graphic reflects the techno-economic cost of each activity. The costs shown do not necessarily reflect today's costs, but costs that
could be achieved after the system interventions are implemented, including design for recycling and other efficiency measures. Where costs in different archetypes
were similar, we combined the figure stacks for simplification and took a weighted average of the cost per archetype. The cost of mismanaged waste, such as plastic
in the environment, has not been factored in because we did not price the externalities that mismanaged waste causes.
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Figure 18: United Nations Sustainable Development Goals impacts by 2040 under the

System Change Scenario

The System Change Scenario is better than BAU for communities, for the economy, and for the environment
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The total global cost to governments of managing plastic
waste in this low-leakage system between 2021 and 2040 is
estimated to be USS600 billion in present value, compared
with the USS670 billion cost to manage a high-leakage
system under BAU. In other words, governments can save
USS70 billion globally, while also reducing plastic pollution
(although the cost in middle-/low-income countries will be
USS$36 billion higher under the System Change Scenario,
spread over 20 years). Costs are higher under the Collect and
Dispose and Recycling scenarios than under BAU, given that
those scenarios do not include a reduction in plastic mass.

Overall system cost and social welfare

The total system cost (for both the public and private sectors)
is comparable under the System Change Scenario relative

to BAU, making the new system economically feasible and
affordable for society. These similar costs, for equal plastic
utility, suggest that overall social welfare is comparable
between the System Change Scenario and BAU. However,
this assessment excludes externalities such as health, climate,
and the biodiversity impacts of plastics, which we have not
quantified. These externalities would likely make the System
Change Scenario substantially more economically and
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socially attractive to communities than BAU. The shift towards
reusable, sustainable products will also save consumers
money if reuse systems are well-designed and reach scale,
and if brands pass these cost savings on. On the other

hand, as shown in Figure 17, substitutes are more expensive
currently than plastic and these costs could be passed on

to the consumers for certain products. However, similarly,
the costs of using plastic could increase, such as through
extended producer responsibility schemes.

Although the total system costs under the System Change
Scenario (which include opex and capex and account for
annualized depreciation) are similar to BAU, the present
value of globalinvestments in the plastic industry between
2021 and 2040 (which includes capex only and indicates
the cash flow required to acquire or upgrade fixed assets
such as technology or buildings) can be reduced from
USS2.5 trillion to USS1.2 trillion under the System Change
Scenario, with a substantial shift of investment away from
the production and conversion of virgin plastic to the
production of new delivery models, plastic substitutes,
recycling facilities, and collection infrastructure.

Benefits and opportunities for industry

Plastic pollution presents a unique risk for producers and users
of virgin plastics given ongoing regulatory changes and rising
consumer outrage. But it also presents a unique opening for
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providers of new and existing circular business models and
materials. Embarking on a trajectory to achieve about an 80 per
centreduction in plastic pollution rates will create opportunities
for companies ahead of the curve: Consumer goods companies
and retailers can connect with their consumers in new ways,
and other suppliers in the value chain can provide alternative
materials, business models, technologies, and solutions to help
accelerate the change to a circular plastics economy. System
change will generate new business opportunities to unlock
value from a circular economy that derives revenue from the
circulation of materials rather than one based primarily on the
extraction of fossil fuels; large new value pools can be

created around better design, better delivery models, improved
recycling technologies, higher recycling demand, and smart
collection systems. Our analysis shows that through the
integrated application of upstream and downstream
interventions, we could fulfil the growing global demand for
plastic utility in 2040 with roughly the same amount of plastic
in the system as today, and 11 per cent lower levels of virgin
plastic production, essentially decoupling plastic growth from
economic growth.

Better for society

Under the System Change Scenario, 700,000 net new
formaljobs will be created by 2040 in middle-/low-income
countries to fulfildemand for plastic services, including

new delivery models and the production of compostables.
Crucially, the System Change Scenario represents a positive
social vision for the global community of 11 million waste
pickers who are currently responsible for 60 per cent of
global plastic recycling. To date, the huge contribution of the
informal sector towards preventing ocean plastic pollution
has gone largely unrecognized and is often underpaid. An
increase in the material value of plastic through design for
recycling, as well as the implementation of new technologies

and proactive efforts to improve working conditions and
integrate informal workers into waste management systems
in sensitive and mutually beneficial ways, can significantly
improve the lives of waste pickers.

Health hazards would also be significantly lessened under
the System Change Scenario. Among the key health benefits
would be a large reduction in the open burning of plastic
waste, which releases carcinogens and other toxins, from 133
million metric tons per year in 2040 under BAU to 23 million
metric tons per year.

Better for the environment

Plastic pollution

Under the System Change Scenario, about an 80 per cent
reduction in annual leakage rates can be achieved by 2040
relative to BAU. This reduction will significantly lessen the
impacts on ecosystems, habitats, and biodiversity. However,
5 million metric tons of plastic waste will still flow into the
ocean in 2040 and a cumulative 248 million metric tons of
plastic will have entered the ocean between 2016 and 2040.
Itis important that stakeholders strive to accelerate upstream
innovation and go beyond the maximum foreseeable levels
modelled under the System Change Scenario.

Climate change

The eight integrated System Change Scenario interventions
result in 14 per cent lower cumulative plastic-related
greenhouse gas (GHG) emissions relative to BAU over 2021-
2040 (and 25 per cent lower annual emissions in 2040), driven
by a reduction in both the production and conversion of virgin
plastic (together, currently responsible for 80 per cent of
life-cycle plastic emissions) as well as from decreases in open
burning. Different solutions have very different GHG profiles

Figure 19: Total government cost by income groups
The System Change Scenario can save governments USS$70 billion in present value between 2021 and 2040

USS billions, present value of 2021-2040

$670B
Low-income countries —— ?n—

Lower middle-income countries —

$600B
—m

241 67
Upper middle-income countries ——
278
High-income countries ——
Business-as-Usual System Change Scenario
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Figure 20: Greenhouse gas emissions of 1 metric ton of plastic utility
Different treatment options have vastly different greenhouse impacts
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1 Production and disposal emissions were based on how much less waste would be produced (65% less). “Disposal” in this lever includes all end-of-life emissions, including collection,
sorting, and recycling.
2. Valid for both closed-loop and open-loop recycling. This assumes 100 per cent recycled content, which entails the collection and sorting of a larger proportion of waste to account for losses.
3 The average life-cycle emissions of paper or coated paper packaging per metric ton, multiplied by an average material weight increase from plastic to paper of 1.5. Emissions differ
depending on how the paper is sourced. Disposing includes all end-of-life emissions including recycling, which we don't distinguish for this lever.
4 Valid for both closed-loop and open-loop recycling. This assumes 25% recycled content, which entails the collection and sorting of a larger proportion of waste to account for losses
The remaining 75% is fulfilled by virgin plastic production
5 Emissions include the repolymerization of naphtha as well as the pyrolysis process itself. It should be noted that data for GHG emissions for this technology are limited
6 Does not include the emissions from burning the fuel, as we assume that it replaces regular fuel with a similar GHG footprint. It should be noted that data for GHG emissions for this

technology are limited

7. NDM=New delivery models. Production and disposal emissions were based on how much less waste would be produced (88% less). "Disposal” in this lever includes all end-of-life
emissions, including collection, sorting, and recycling; use-phase emissions were assumed to be the same as traditional plastics, although in practice they could be much lower once

NDMs reach scale

8 Life-cycle emissions from polylactic acid (PLA) per metric ton.

9 The emissions for incineration are adjusted to reflect the emissions replaced from generating an equivalent amount of energy with average emissions

The GHG emissions associated with each pathway are calculated from the point at which plastic waste is generated to the production of 1 metric ton of plastic
utility. One metric ton of plastic utility is defined as the material/services required to provide the equivalent value to consumers as 1 metric ton of plastic.

(see Figure 20). Eliminating low-utility avoidable plastic through
bans and incentives is assumed to emit zero emissions; reuse
creates only 1.6 tons of CO,e per metric ton of plastic utility;
and compostables, incineration and open burn emit the
highest quantities at 5.2, 54 and 6.9 tons of CO,e per metric
ton of plastic utility, respectively, although emissions from
compostables could decrease significantly over time with the
correct sourcing and composting infrastructure.

Although the System Change Scenario represents a
significant improvement over BAU, it still uses 15 per cent of
the 2040 carbon budget, compared with the plastics value
chain contributing 3 per cent of global emissions today. This
five-fold increase in the share of the carbon budget is driven
by a combination of a 54 per cent growth in annual plastic
life-cycle GHG emissions under the System Change Scenario
in 2040 compared with today, and a reduction in the annual
carbon budget allowable by 2040 under the Paris Agreement.
These increases are projected despite our assumption that
the energy used throughout the plastic life cycle (notably, in
mechanical recycling and chemical conversion) would be
provided by a rapidly decarbonizing energy sector. For this
calculation, we followed the International Energy Agency
projections for a 2° C global heating scenario based on a
radical transformation of the global energy sector.®®

Given thatthe GHG emissionsin 2040 under the System
Change Scenario are higher relative to today, it will be critically
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importantto look beyond the interventions modelled in the
scenario and identify ways to scale reduction and reuse beyond
the levels modelled to reap the potential CO, savings; advance
technologies thatdecarbonize the production of plastics and
substitutes beyond the assumptions in our model; limit the
expansion of carbon-intensive end-of-life technologies, such
asincineration and chemical conversion; and focus on broader
systemic change, including reduced consumption, sourcing
locally, and decarbonizing transport. Analysing these potential
GHG emissions reduction solutions are outside the scope of
this report. We caution that when choosing the appropriate
portfolio of interventions, all decision-makers must carefully
consider the trade-off between GHG emissions and preventing
plastic from entering the ocean.

Use of natural resources

Our analysis shows that, by 2040, it is possible to fulfila
doubling of demand for the services that plastic provides
with 11 per cent less virgin plastic than in 2016, through
reduction, substitution and switching to recycled plastic.
The composition of feedstock under the System Change
Scenario would be transformed from the 95 per cent virgin
plastic we have today to only 43 per cent of plastic utility
fulfilled by virgin plastic in 2040; with 44 per cent of plastic
utility replaced by reduction and substitution and 8 per cent
by recycled feedstock. Under the System Change Scenario,
peak virgin plastic production would be reached by 2027.

A STRATEGY TO REDUCE OCEAN PLASTIC POLLUTION RATES BY 80 PER CENT

emissions relative to virgin plastic production, reduces
the need for the extraction of virgin materials, and helps
achieve a circular economy.

Prioritizing solutions discussed in this report

Under the System Change Scenario, the overall reductionin
plastic leakage into the ocean depends on the condition that all
system interventions are applied ambitiously and concurrently;
deviation from the levels set for any modelled intervention
couldyield a different outcome. In practice, where government
funding and investment dollars are limited, guidance on
prioritization can be helpful. How the different solutions and
system interventions could be prioritized depends on the
desired outcome, such as cost reduction, plastic pollution
reduction, GHG emission reductions, implementation speed,
technology readiness or feasibility, and the acceptable trade-
offs. Although the plastic system is complex, our model design, +  Plastic-to-plastic chemical conversion allows feedstock
coupled with a criteria- and evidence-based approach, to be reintroduced into the petrochemical process
allowed us to evaluate which solution applies to different to produce virgin-like plastic, reducing the need for
materials and geographies. And, in turn, we were able to extraction of virgin materials, which helps achieve

derive some general guidance on prioritization: a circular economy. Furthermore, it could create

an economic sink for low-value plastic where other
solutions do not work. However, for the time being,
chemical conversion has not been proved at scale.
Compared with mechanical recycling, it has higher costs,
energy requirements and GHG emissions. Although its
viability at scale should be developed and evaluated, its
expansion should be contingent on the decarbonization
of energy sources, and natural lead times and limitations
of emerging technologies must be recognized.

»  Substitution of plastic with alternative materials should
be evaluated on a case-by-case basis depending on
the desired application and geography. Substitutes are
typically more expensive than plastics and their carbon
impact could be better or worse depending on the
specific material/geography in question. Designing
products for reuse is preferable to simple substitution
with another single-use material. Yet, where this is not
possible, certain materials may be very effective for
certain applications (see details in System Intervention 2).

» Areduction in plastic production—through elimination,
the expansion of consumer reuse options or new
delivery models—is the most attractive solution from
an environmental, economic, and social perspective.
It offers the biggest reduction in plastic pollution, often
represents a net savings, and provides the highest
mitigation opportunity in GHG emissions.

»  Mechanical recycling is more attractive than chemical
conversion or substitute materials from an economic, »  Controlled disposal (e.g., landfill, incineration and
climate, technology readiness and regulatory point of plastic-to-fuel) should be a last resort given that it is not
view. To be viable, plastic should and can be designed a circular solution and hence has a high resource and
for recycling and, importantly, be mechanically long-term environmental footprint. Its economic costs
recycled wherever that is possible (see details in System are also high if full system costs, e.g., collection, and
Interventions 3 and 5). Each metric ton of mechanically externalities, e.g., land-use change and emissions, are
recycled feedstock offsets 48 per cent in GHG properly accounted for.

Figure 21: Virgin plastic demand under Business as Usual and the System Change Scenario
By 2040, virgin plastic demand could fall by 11 per cent relative to 2016 under the System Change Scenario
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Today, 95 per cent of plastic demand is fulfilled by virgin plastic. By 2040, we expect the demand for virgin plastic to reduce by 11 per cent relative to today due to
the significant reduction by Reduce and Substitute as well as an increase in recycled feedstock. This calculation includes only plastic in Municipal Solid Waste (MSW).
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System change and the future of plastic products

Changing the plastic system would secure a world in which many of the single-use plastic
products we know and use today would be eliminated or replaced by reusable items and
new delivery models. Nonrecyclable and hard-to-recycle plastics could be substituted to
paper or compostable materials, with the remaining plastic waste being recycled at much
higher rates, resulting in much less plastic polluting the environment.

% of Business-as-Usual demand of the following products:

@ Reduced @ Substituted Recycled

Disposed @ Mismanaged

Monomaterial films (e.g. cling film, flow wrap, pallet wraps)

Carrier bags (e.g. grocery bags, shopping bags)

10%

Bottles (e.g. water bottles, drinks, cleaning products)

.. -

Sachets and multilayer films (e.g., condiment and shampoo single-portion
sachets; coffee, chips, and sweets packets)

44% 7%

Household goods (monomaterial and multimaterial plastic objects, e.g., pens,
toys, combs, toothbrushes, durable goods, buckets)

«a

Five product
types/applications
contribute to 85% of all
plastic leaking into the

ocean today. Taking action

across the global plastics
system would lead to
many of these plastic

product types/applications

being removed,
substituted or recycled
by 2040.

58% of monomaterial films
can be avoided through
reduction measures and
substitution to paper and
compostable alternatives.

45% of bags can be avoided
through bans, incentives, and
reuse models.

The recycling rate of rigid
monomaterial plastic would
double compared with today.

In 2016, 48% of these plastic
products were mismanaged.
Under the System Change
Scenario, the mismanaged rate
for these products could
drop to 12%.

The recycling rate of household
goods nearly quadruples
compared with today.

J
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A woman cuts the labels off of plastic bottles that are collected by Project STOP in Muncar, Indonesia.
SYSTEMIQ

A workable agenda: Eight synergistic system interventions can
break the cycle of ocean plastic pollution

All the solutions presented under the System Change Scenario already exist, and theirimplementation
is technically feasible, economically viable, and socially acceptable. It is not a lack of technical
solutions that is preventing us from addressing the ocean plastic crisis, but rather inadequate
regulatory frameworks, business models, incentives, and funding mechanisms. If we overcome these
challenges, we can realize the full potential of the integrated pathway demonstrated by the System
Change Scenario and achieve about an 80 per cent reduction of annual leakage by 2040.

The System Change Scenario integrates the main available Upstream and downstream solutions have very different
system interventions for land-based sources of plastic leakage pasic requirements. The former will require more responsible
across both macroplastics and microplastics. For several use of plastic and is about valuing plastic as a resource,

of the system interventions, the analysis is divided between using plastic strategically, and putting less and higher-value
various ‘levers,” specific methods with different assumptions plastic waste into the system; the latter will require more
related to feasibility, costs, emissions, and jobs. We also responsible management of plastic waste and is about
present a qualitative framework for addressing maritime linking up the entire plastic life cycle from design to disposal
sources of plastic pollution, as this can be a significant and increasing the capacity of waste management systems.
source of ocean plastic pollution, but the current lack of data

precluded a quantitative analysis. Qualitative insights on how

to reduce maritime sources of plastic are presented.
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Macroplastic system interventions

SYSTEM INTERVENTION 1

Reduce growth in plastic production and
consumption to avoid one-third of projected
plastic waste generation by 2040

INTERVENTION SUMMARY

Itis socially, technically, and economically feasible to
reduce BAU plastic consumption by 30 per cent by
2040—reducing 125 million metric tons per year of
avoidable macroplastic waste—before considering
switching to single-use substitute materials.

This proposal decouples economic growth from
plastic growth, so that global plastic consumption
per person remains approximately flat, rather than
the 60 per cent increase expected under BAU. Global

demand for plastic still increases overall nevertheless,

driven by a 23 per cent increase in population.

Reductions include eliminating unnecessary items
and over-packaging (an 8 per cent reduction in
plastic); expanding reuse options that can replace
the utility currently provided by plastic, including
products intended for consumers to reuse (4 per
cent reduction); and new delivery models such as
refill systems (18 per cent reduction). See definitions
in Table 2.

Focusing on six key applications—multilayer/
multimaterial flexibles, business-to-business
packaging, films, bottles, carrier bags, and food
service disposables—can achieve 86 per cent of the
avoidable growth in plastic waste. Other products,
such as multimaterial household goods, have fewer
feasible solutions.

Low- and middle-income countries have an
opportunity to leapfrog to low-waste solutions
that appeal to consumers, reduce costs, and avoid
exacerbating their already overburdened waste
infrastructure.
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Il Highly applicable [l Somewnhat applicable [ Not applicable

Most relevant geographic archetypes

UMI LMI

Urban Urban Urban Urban
UMI LMI
Rural Rural Rural

HI: High-income LMI: Lower middle-income
UMI: Upper middle-income LI: Low-income

Most relevant plastic categories

Main responsible stakeholders

e Consumer goods brands

¢ Retailers
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The first system intervention is dedicated to reducing the
amount of plastic waste generated (substituting plastic with
alternative materials is covered in System Intervention 2).
The focus is on the transition away from plastics that have
only a short period of use, such as packaging and disposable
items, which are low-value applications and a key driver of
ocean plastic pollution. Our analysis is constrained by design
to deliver the same or equivalent utility as BAU, meaning

that any solutions must adequately replace the services
currently provided by plastic, such as food preservation and
protection. This intervention does not demand a reduction in

general consumption, but rather an elimination of avoidable
plastic and a shift towards products and services based on
reuse. After an initial transition period, this intervention offers
significant cost savings across the board, both by cutting
spending on single-use packaging and by decreasing the
burden on waste management systems.

To calculate the maximum potential reduction achievable by
2040, we analysed three Reduce levers, i.e., solution options:
(a) eliminate; (b) reuse-consumer; and (c) reuse-new delivery
models, as laid outin Table 2.

Table 2: Definition and examples of the three modelled Reduce levers

Eliminate Policy interventions, innovations,
consumer behaviour shifts and
incentives that lead to reduced
material demand or product redesign
for low-utility avoidable plastic, and
that do not require a replacement.

Definition ‘ Examples

Redesign overpackaging such as double-wrapping plastic film and
excess "headspace,” develop packaging-free products, decrease
consumption and production of avoidable bags and films, increase
utility per package, extend life of household goods. (Note: Does
not include light-weighting or shifting from rigids to flexibles as
this commonly reduces the end-of-life value and can increase the
likelihood of plastic leakage in middle- and low-income countries).

Reuse (consumer) | Replacement of single-use products
and packages with reusable items
owned and managed by the user.

Reusables owned by consumers (e.g., water bottles, bags for life),
or owned by institutions (e.g., cutlery, crockery, plastic pallets).

Reuse (new Services and businesses providing
delivery models) | utility previously furnished by
single-use plastics in new ways, with
reduced material demand.

Refill from dispensers (e.g., bottles, multilayer/multimaterial
flexibles and sachets), subscription services, concentrated
product capsules, take-back services with reverse logistics and
washing, package-as-a-service models (e.g., shared ownership
of takeaway containers).

Figure 22: Utility demand in 2016 and 2040,
the System Change Scenario

and how it is met by the three Reduce levers in

Avoidable plastic accounts for 30 per cent of total plastic waste generation in 2040 under Business-as-Usual
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This figure shows plastic utility demand (in other words, plastic waste generated under BAU) in 2016, 2040, and in 2040 after the Reduce levers are applied.
The respective per cent of plastic waste in 2040 that is reduced by each lever is 8 per cent, 4 per cent and 18 per cent, for a total reduction of 125 million metric

tons or 30 per cent of projected 2040 utility demand.
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Figure 23: A four-criteria framework was used to determine the maximum feasible uptake of

each Reduce solution

A B C
Technology Performance Convenience

Yes: Technology
Readiness Level

(TRL) 9, available Yes Yes
in multiple
locations
qos Mostly Mostly
Only at pilot: (but not for all (some
TRL 5-8 S
applications) challenges)
Only in labs: Pa_rt_ially Par_tially
(limited (niche
TRL1-4 L
applications only) consumers)

Affordability

(net savings or
acceptable cost)

Mostly
(but not for all 3 20% 50%
applications)

Partially

consumers)

D

Yes 4 50% 80%

(niche 2 1% 10%

This framework was used to determine the maximum foreseeable uptake of Reduce solutions. In this context, a solution is one of the three Reduce levers, applied to one
of 15 product subcategories. Each solution was scored against four criteria labelled A-D, with its lowest score determining its “limiting factor” of 1-4. Each limiting factor
was assigned a corresponding market penetration potential at 2030 and 2040, based on an analysis of the speed of historical socio-technical shifts (see the technical
appendix). For example, combinations with a limiting factor score of 3 out of 4 were assumed to reach 20 per cent market penetration by 2030 and 50 per cent by 2040.
The same scoring framework and limiting factor market penetration assumptions are also applied to the Substitute intervention described in a later section.

To estimate the potential to reduce plastic waste, we divided
the waste stream into 15 plastic application subcategories
and assessed the applicability of each reduction lever to
each subcategory based on existing businesses, policies,
available technologies, environmental trade-offs, and
consumer trends. Each combination of plastic application
subcategory and Reduce lever was scored against four
criteria laid out in Figure 23—technology readiness level,
performance, convenience, and cost—with the lowest
score determining this combination’s “limiting factor” and
maximum foreseeable uptake rate over time.

We applied the three Reduce levers in order of priority in
terms of costs and environmental impact, with each lever
resulting in reductions as laid out in Figure 22. First, for each
plastic application subcategory, we assessed how much
avoidable plastic could be eliminated, through redesign,
policy, and consumer incentives. The eliminate lever avoids
the need for producing materials in the first place and is
assumed to offer 100 per cent cost savings on eliminated
plastic without unacceptably reducing utility.
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Second, we analysed how much of the remaining plastic
could be reused by consumers, such as with reusable bags
(which accounted for 53 per cent of the waste reduction
under this lever), water bottles, and crockery for sit-in
restaurants. This lever delivers system cost savings of 40 per
cent compared with disposables, as multiuse products are
initially more expensive but generally deliver cost savings
over time. Key barriers to this lever are consumer and
business convenience, which are not quantified but could
be significant if reuse systems are poorly designed or have
insufficient policy and financial incentives.

Finally, we applied the reuse-new delivery model lever,
which is the most effort-intensive of the three levers, as it
requires new services and infrastructure to be rolled out

and sometimes water resources for washing, but offers the
largest reduction potential. This lever is responsible for more
than half of all avoided waste under the Reduce intervention.
It delivers 23 per cent cost savings compared with single-use
plastic when new delivery models reach scale, including the
cost of purchasing reusable packaging and operating reverse
logistics and washing.
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Scoring was conducted separately for the HI archetype and
the other archetypes to reflect differing constraints, such
as access to clean water in LI, LMI, and UMI countries. We
recognize that differences in transportation systems, food
systems, cultural practices, and more will affect the portfolio
of solutions that are most suitable for rural areas. However,
there are many cases in which Reduce levers work very
effectively in rural settings. For example, there are glass
bottle refill schemes that have operated economically even
in the most remote locations, and many essential products
are already refilled or sold without packaging in local village
markets.

In HI countries, because per capita plastic consumption is
already high and the expected further growth in demand for
plastic utility is slower than in the rest of the world, our analysis
suggests that plastic waste per capita could be decreased
through the Reduce intervention alone, bringing plastic waste
generation per person down from 76 kg in 2016 to 68 kg in
2040. In contrast, average per capita plastic across the LI,

LMI, and UMl archetypes grows from 20 kg to 26 kg per year
despite ambitious reductions in key items (see Figure 24).

An increased focus is needed on reduction
strategies for avoidable sachets and
multilayer flexibles, business-to-business
packaging, monomaterial films, and bottles

Many plastic reductions implemented to date have focused
on the Eliminate lever, largely by light-weighting packaging,
and regulating bags, straws, and other small-mass items. Our
analysis suggests that greater reductions could be achieved
by focusing on the six plastic applications projected to
account for 86 per cent of the total reduction achievable

in 2040 (see Figure 25). In terms of the absolute mass of
plastic avoided, sachets and multilayer/multimaterial flexibles
(such as for shampoo and condiment portions, chips,

and sweets packets) have the highest reduction potential

at 26 million metric tons per year plastic waste avoided,
followed by business-to-business packaging such as crates
and pallet wrap, monomaterial films, bottles, carrier bags,
and food service items. Currently, national and subnational
product bans and regulations overwhelmingly focus on
carrier bags and food service items,”® two applications that

Figure 24: Change in total plastic waste generation and plastic bag consumption per capita
in the Business-as-Usual Scenario and after Reduce interventions are applied
Most plastic reductions in the System Change Scenario are in high-income countries
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Per capita waste generated decreases from 2016 to 2040 in HI countries after the Reduce levers are applied, as this archetype starts with high waste per capita.

In contrast, in LI, LMI, and UMI countries, plastic waste increases slightly even after the Reduce intervention, as these archetypes start from a much lower level

per person. The chart also highlights specific results for single-use carrier bags in each scenario as an example of a product application for which the Reduce
interventions cause rapidly decreased consumption across all archetypes. Single-use plastic bag mass excludes the weight of reusable bags (not shown). Note: Per
capita waste for LI, LMI, and UMl is a weighted average across the archetypes; the actual 2016 per capita waste for each is 28 kg for UMI, 15 kg for LMI, and 12 kg for LI.
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together make up just 10 per cent of the entire plastic waste A reduction of plastic production—
stream and 16 per cent of potential reductions from this . : . B
intervention. The other four applications represent a huge, through ellmlnatlon/ the éxpansion
untapped opportunity. of consumer reuse options, or

new delivery models—is the

most attractive solution from

Sachet packaging is an iconic single-use, multilayer/
multimaterial waste item in LI, LMI, and UMI countries; it makes
up approximately 10 per cent of plastic waste in the Philippines,

for example.”* After consumption, these low-value plastic environmental, economiC, and social
materials are often not collected and are a major source of

ocean pollution. In some countries, such as India, our market perspectlves. It offers the blggeSt
observations suggest that full-size bottles are currently more reduction in plastic pO"utiOﬂ,
expensive per use for consumers than buying sachets, but .

regulations such as extended producer responsibility with full often represents a net savings, and
end-of-life cost recovery could make recyclable rigid plastic provides the highest mitigation

packaging less expensive than sachets in the future. Our . . . .
analysis suggests that new delivery models could also offer a opportumty In GHG eémissions.

better alternative for delivering products to consumers in these
countries; new delivery models on the market today offer

30 per cent savings to consumers compared with bottles,”
bringing them in line with sachet costs—with radically less
waste and plastic flow to the ocean per use (see Figure 26).

Figure 25: Annual mass of plastic reduced compared with Business-as-Usual, and remaining
material demand after Reduce intervention applied, for top six applications ranked by
absolute mass reduced, 2040

Six product applications represent the vast majority of avoidable plastic

Million metric tons of plastic waste

0 10 20 30 40 50 60 70 80 90 100 110 120 130

. ianlTite;§:rmf?exibles ® _ 44%
2. B2B packaging _ 59%

3. Monomaterial films ‘

4. Bottles - 43%

5. Carrier bags _ 45%

ot Ol s5%

7. Other o I 4

. Mass reduced under System Change Scenario relative to BAU

Remaining plastic material demand after Reduce intervention
but before Substitute intervention and before design for recycling

. Plastic waste in 2016

Numbers by the bars reflect per cent of BAU plastic in 2040 of each product category that is reduced under the System Change Scenario. The remaining material
demand, in light blue, is before the Substitute intervention is applied (see System Intervention 2) and before design for recycling is applied (see System Intervention
4). Business-to-business packaging includes both flexible and rigid packaging; bottles include water, food, and nonfood bottles; other includes pots, tubs, and trays;
household goods; other rigid monomaterial packaging; laminated cartons and aluminium; and diapers and hygiene products
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Figure 26: Implications of different packaging options to consumers and the environment
New delivery models can generate less plastic waste, cost consumers less, and bring less leakage to
the ocean

Average cost to consumer in Average plastic leakage to the ocean
Average plastic waste middle-/low-income countries in middle-/low-income countries
Grams per 1,000 uses USS per use Grams of plastic leakage to the ocean
per 1,000 uses

- -
f'N New
] delivery
model
T T T T 1 T T T 1 J

i T T T T 1
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The data suggest that shampoo delivered via new delivery models (light blue bars) could reduce waste and plastic pollution without increasing consumer cost per
use compared with sachets or bottles. Due to small sample sizes, this analysis should be considered illustrative only. Primary data on the consumer cost and mass
of bottled shampoo and sachet-packaged shampoo, per 8 gram serving, was provided by direct measurements in India’® and Indonesia.”* New delivery model costs
and mass were based on an existing business case study.” Leakage was calculated using average leakage probability in BAU 2016 for middle-/low-income countries,
for the rigid plastic category (for bottles and new delivery model bottles), and for the multilayer/multimaterial plastic category (for sachets).

Figure 27: Illustrative examples of attractive Reuse solutions and New Delivery Models that are
available today in high-income countries, maintaining lifestyles with much less plastic waste
Solutions that avoid plastic already exist, and are growing

8a.m. 8a.m. 9a.m. 4 p.m. 5p.m. 6 p.m.
Morning routine On-the-go Packaging-free meals
6a.m.  Use concentrated capsules to 8a.m.  Packreusable water bottle and 7p.m.  Fastfood served on real
top up household cleaners,? bag crockery for a quick sit-down
b inc k
soaps® and soda fountain 9a.m. Coffeeinareturnable coffee meal
7a.m. Fresh food delivery, in cup” 8p.m.  Top up the pantry with some

returnable box and containers.

Leave refillable packaging on dispensers' and fresh produce
the doorstep for collection,® and 5p.m.  Return reusable to collection from the plastic-free aisle, all
diapers for centralised washing® point placed in a reused bag

4 p.m. Refill at soda fountain dispenser’ basics bought from bulk

8a.m.  Tooth brushing using ’ 6p.m.  Atthe gym, top up on sports
concentrated toothpaste tabs' drink in an edible seaweed

and hair washing with “bubble”
a shampoo bar?

Each of the examples are of solutions already emerging today, as per the following example businesses: a) RePlenish, b) Splosh, ¢) SodaStream, d) GoodClub,
e) Tidee Didee, f) Signal, g) Lush, h) CupClub, i) Pepsi, j) NotPla, k) Rethink Disposables, |) MIWA.
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Box 2: Waste and emission reductions from reuse levers

Data on existing consumer reuse and new delivery models was leveraged to calculate the significant waste savings that both
models can offer: 65 per cent mass reduction for reuse-consumer and 88 per cent for reuse-new delivery models. The reusable
packaging can be made from glass, metals, new materials, or plastics, depending on the best trade-offs of GHG emissions and
performance. For the reuse-consumer lever, it was assumed that GHG emissions savings would be proportional to the mass
reduction achieved, as only a minority of the reuse would require significant additional emissions, such as from washing. For the
new delivery model lever, as most models involve GHG emissions from transportation and reverse logistics, we conservatively
assume that new delivery models emit the same amount of CO_e by mass as using single-use plastic, although this could change
in the future with low-carbon transportation and renewable energy powering reverse logistics.

Box 3: Is plastic really necessary to protect our fruits and vegetables?

Plastic can play an important role in increasing the shelf life of perishable food. Approximately 40 per cent of plastic packaging is
used for perishable food and drinks.”® With one-third of all food produced currently ending up as waste, contributing 7 per cent of
global GHG emissions,” it is important that action taken to reduce plastic packaging does not inadvertently increase food waste.
We take that into account in our analysis, and 29 per cent of the total reductions we modelled relate to packaging for perishable
foods. This intervention assumes that packaging for perishable food and drinks can be reduced by 27 per cent compared with

packaging mass in 2040 under BAU, which is a moderate increase in mass compared with today's levels.

Avoidable plastic: Our model suggests that much of the projected growth in plastic food packaging can be avoided by
eliminating the packaging that is not playing an essential food preservation role. For example, packaging used for branding
purposes or to incentivize purchasing multipacks or large quantities can encourage people to buy more than they need, driving
up food waste. Spoilage can also be prevented in other ways, such as improved cold chains, digital trackers, shorter supply chains,

reusable business-to-business packaging, and misting.

Health impacts: Although many consumers believe that packaged products are safer, the link between plastic packaging and
health is complex. In most cases, fresh produce either has a peel or skin providing a natural barrier to contamination or that can
be washed by consumers before eating. Plus, reducing plastic usage for food and beverages in general could reduce human
exposure to chemicals and additives in plastic.”® However, new legal and regulatory safeguards will be required to ensure that
reuse and refill systems satisfy food safety standards and reassure consumers.

Design and scaling innovations can enable
substantial reductions in material demand,
and catalyse a leapfrogging to attractive
low-waste alternatives

Beyond plastic product bans, itis possible to achieve
large waste reduction outcomes by scaling up attractive
alternatives that produce radically less waste, particularly
through the new delivery models lever. In middle-/low-
income countries, in particular, there is an opportunity to
leapfrog directly to a low-plastic-waste system, reducing
both environmental pollution and the massive burden on
waste management systems without constraining lifestyle
aspirations. Products would increasingly be delivered
through services rather than increasing amounts of single-
use packaging, either leveraging traditional delivery routes
such as local markets, street vendors, and glass or plastic

bottle refill schemes, which already have large market reach,

or using new digitally enabled technology and services (see
Figure 27). As HI countries are starting from higher plastic
consumption levels, they can make even greater reductions
per capita using the types of models emerging today, as
shown in Figure 27.
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Enabling conditions

Policy, economic, and innovation drivers required to
accelerate this intervention include:

» Adoption of standards or regulatory requirements for
plastic packaging that focus on elimination of avoidable
packaging and product redesign, alongside regulation
on uses of plastic with a high likelihood of leakage.

»  Global uptake by multinationals of innovative models
and commitments to long-term quantitative goals to
eliminate and reuse packaging, companies leveraging
their global reach and R&D budgets to facilitate change
across geographic archetypes.

«  Regulatory and/or voluntary standards, consumer
education, and reusable packaging targets to facilitate
reuse and address hygiene concerns regarding food
contact materials.

«  Policies that shift the burden of waste generation onto
producers and so ‘level the playing field” for new business
models and zero-packaging solutions, for example,
extended producer responsibility schemes, a tax on
single-use plastics, and landfill or incineration fees.

« Innovation in system design, such as seasonal food,
shortening supply chains, e-commerce, digital trackers,
and choice editing (reducing the need for packaging to
differentiate products).

kyrychukyitaliy/Adobe Stock
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Macroplastic system inte_rvention'__s-

SYSTEM INTERVENTION 2

Substitute plastic with paper and compostable
materials, switching one-sixth of projected
plastic waste generation by 2040

INTERVENTION SUMMARY

In the System Change Scenario, paper, coated
paper, and compostable materials can substitute
17 per cent of plastic waste generated by

2040, equivalent to 71 million metric tons of
plastic, without fundamentally decreasing

the performance, affordability, or social and
environmental acceptability of packaging and
single-use items.

Ninety-five per cent of this potential substitution
comes from six key product applications for which
known material alternatives already exist at some
level of scale: monomaterial films; other rigid
monomaterial packaging; sachets and multilayer
films; carrier bags; pots, tubs, and trays; and food
service disposables.

All substitutions need careful management at end
of life and have varied environmental impacts.
They create opportunities, risks, and trade-offs
that must be carefully managed and assessed on a
case-by-case basis.

The Substitute system intervention has 1.7-2
times higher production costs than virgin plastic
per metric ton of plastic utility, so substitutes
were selected only when they replace plastic that
cannot be reduced or mechanically recycled. The
intervention plays an important role in minimizing
ocean plastic pollution and could help reduce
overall GHG emissions.

Il Highly applicable [l Somewnhat applicable [ Not applicable

Most relevant geographic archetypes

Hi UMI LMI LI
Urban Urban Urban Urban
UMI LMI LI
Rural Rural Rural

HI: High-income LMI: Lower middle-income
UMI: Upper middle-income LI: Low-income

Most relevant plastic categories

Main responsible stakeholders
e Consumer goods brands

¢ Retailers
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CHAPTER 2: CHANGING THE SYSTEM

After implementing both the Reduce and Substitute system
interventions, our analysis indicates that plastic waste
generation could be capped at approximately today's global
levels by 2040 without unacceptable compromises on cost,
utility, or performance (see Figure 22), despite increasing

The analysis of this system intervention is based on

three selected substitution material levers: (a) paper; (b)
coated paper with a maximum 5 per cent by weight of
plastic coating, which is acceptable to recyclers;”® and (c)
certified and appropriate compostable materials, including

A STRATEGY TO REDUCE OCEAN PLASTIC POLLUTION RATES BY 80 PER CENT

Table 3: Substitute material levers selected, and examples of substitutions modelled

Substitute Definition and rationale

material lever

Examples of plastic products
with available substitutes

populations and economic development. This equates to compostable plastic and nonplastic materials (see Table 3). ; ; ; : :
: : : : . . Paper Substitute with recyclable paper, or other pulp-based or fibre-based Plastic fruit and vegetable
an absolute decrease in plastic waste in HI countries (-27 per Compostable materials make up the largest proportion of ) ) o i o ] }
cent) and an absolute increase in plastic waste from middle-/ substituted plastic (see Figure 28). m‘atenat, ensuring that it is sustainably sourced. Paper recycling is punnets, d|s.play trays, shrink
low-income countries compared with today (average +26 vwdespreaql globally; fpr example, 85 per ;ent of paper angl c;rdboard vvraps on drinks,® paper
per cent), driven by population growth as per capita plastic The three material substitutes were selected because they packagingis recycled in the European Umo.n compared with J.ust 42 . substitutes for polystyrehe
production and consumption remain at today's levels, We are the most prevalent ones available today for replacing per cen.t of plastlwc packagmg?o Pape.r subs’utute§ are undergomg rapid foams,BZ paper food service
estimate that 17 per cent of plastic waste can be substituted problematic plastic films and multilayer flexibles, which innovation, leading to improved barrier properties and cost/weight items (plates, cutlery, straws),
in 2040, relative to BAU: 4.5 per cent to paper, 3.5 per cent have low recycling rates and high leakage rates, particularly performance. For nonfood applications, high recycled content is paper wet-wipes
to coated paper and 9 per cent to compostable materials in LI and LMI countries. We also analysed glass, aluminium, possible in current market conditions.
(see Figure 28). That is equivalent to 71 million metric tons and aseptic containers as possible substitutes for rigid
of plastic waste avoided annually. monomaterial plastics, such as bottles, but these alternatives Coated paper Substitute with paper lined with a plastic coating acceptable to paper | Confectionery wrappers, e.g.,
- ‘ betitut verialwill involve sianificant were not selected for modelling for two reasons: first, recyclers. Coatings improve the barrier properties of paper, making recyclable paper packaging
euse 9 any SL,J stitute ma e”? withinvolve S|gm cgn because rigid monomaterial plastics are less problematic paper substitutes relevant to a wider packaging segment, particularly for snack bars® and sachets
economic costs in both production and end-of-life disposal, than flexible plasti they h tively high food applications. Plastic coatings of a maximum 5 per cent of weight for powdered drinks®
as well as environmental impacts and other trade-offs to an fexible p astic a8 ey Nave comparaively igh. . ' o3 .
. . Lo . collection and recycling rates and, second, because single- are considered tolerable to recyclers today® but should be easily
balance. The Substitute intervention is therefore applied L luminium, and ti rton re found t removable, with weak adhesives to facilitate acceptance in paper
only to the plastic in each of the 15 plastic subcategories Us€ glass. a U i ] and asephic .Ca onswere fou . .O ) ) . P P p.
. . have potential negative trade-offs in costs, GHG emissions, recycling streams. Our scenarios would add <0.3 per cent coatings by
that remain after the three Reduce levers have been applied. nd r ling rat mbared with rigid monomaterial dav's alobal ducti £ 409 mil i o
Substitutions were made only with materials expected to al t.ecyg ‘rg arsslco lpri'i' \g: \mg| ndo lo ka)ett‘ta ma;s to today's global paper production o million metric tons,
be less likely to leak into the environment in 2040, focusing DraSB';?S- rO e:ta nz ?:637U r' 'Um ;a rS a 9:?5 ti ETDET yvlfnch we assumg would be tolerable to recyclers, but further research
on substituting nonrecyclable items, monomaterial flexible z ettl pre ce t'a o lfhe ceh " ore expz)e sn{te blaf 1S ne.ed.ed to cc.)mﬁr.m maximum allowable volumes of C(?atéd.paper..
plastic, and multilayer plastic, which have high leakage rates. ottles, respectively,” althougn they may e suitable ror Rapid innovation is occurring that could replace plastic linings with
dissolvable, compostable or other ephemeral barrier coatings that could
further increase coated paper recyclability and improve coated paper
Figure 28: Utility demand in 2016 and 2040, and how it is met by the Substitute levers in the performance and suitability for new applications. Coated paper excludes
System Change Scenario laminated materials such as aseptics, beverage cartons, and coffee
The Svst ch S iosh 17 t of plasti ducti bstituted with alt ti cups, for which the lamination weight or double-sided application mean
. ;Oisoem ange scenario snows per cent or plastic production substituted witn atternatives they are only recyclable in a specialist recycling facility.
y
Compostables Existing materials and new formats under development (including Banana leaves for
@ Reduce @ Substitute nonplastic compostable materials—cellulosics, alginates, banana leaves, | takeaway food, fibre-based
edible and ephemeral packaging as well as compostable plastics) that compostable-ready meal
are approved to meet relevant local compostability standards (for trays,®” seaweed pouches,®®
450 - example, industrial composting standard EN 13432 where industrial- compostable chips packets®
,,,,,, equivalent composting is available and effective). These materials and tea bags®
400 | should be capable of disintegrating into natural elements in a home or
industrial composting environment, within a specified number of weeks,
2 350 | 125 leaving no toxicity in the soil. Compostables are most relevant where
5 18 composting infrastructure exists or will be built, and for substituting thin
O
Z oS0 B .. — 14 plastic films and small formats. Substitution with compostable materials
2 _
P . [ [ is most appropriate for products with low plastic recycling rates and
° 250 n high rates of food contamination, making co-processing with organic
IS 200 T e WOE T waste a viable option.
§S)
3 _
€ 150
9 | reusable packaging. For these reasons, no clear picture conservative, as further plastic replacement options could be
> 100 emerged to indicate that these other substitutes would derived from other materials, either already existing or thanks
decrease the amount of material leaked to the ocean to new innovations. In a globalized system of food production
50 7 globally without creating unacceptable economic, social, or and consumption, the GHG emission savings offered by
environmental outcomes. lightweight plastic materials are important. However, if supply
0 - — _ _ chains are shortened, transport is decarbonized, or reuse and
{as%i(();lu6tilit laszti?l?titit intzfx(/j:rft‘\eon Paper C()aatee;j Compostables Rerga;tniwcng The t.hr.ee substitutes modelled should hot be cons@er@d . recycling rates are high, other substitute materials, such as
p i y P e Yy pap Svaste predictions of change or recommendations, but as indicative glass and metals, may perform well.

of the possible future scaling of substitutes that already exist
in the market. The potential mass of plastic substitution
estimated in the System Change Scenario could be considered

generated ) ) .
To avoid unintended consequences, local authorities,

This figure shows plastic utility demand in 2016, 2040, and in 2040 after the Reduce and Substitute levers are applied. brands, and manufacturers should consider the local
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Table 4: Global substitution potential of plastic in 2040 for the six plastic subcategories
with the largest substitute potential by mass

Plastic subcategory

Coated paper

A STRATEGY TO REDUCE OCEAN PLASTIC POLLUTION RATES BY 80 PER CENT

Box 4: The case for substitute materials

» Doesn't plastic lower transport emissions?

Compostables

Per cent of plastic subcategory substituted in 2040; million metric tons of plastic substituted in 2040

Explanatory notes

Plastic is lightweight, but transport GHG emissions are overwhelmingly driven by both the weight of a package’s
contents and the amount of space that goods occupy in trucks or crates. The substitutes we modelled, if applied
astutely (see Box 5), overall have a lower GHG footprint in the production and end-of-life disposal phases than
plastic, which would create emission savings. Therefore, adding 30-50 per cent more weight by switching to paper
or compostable packaging should not significantly increase overall emissions. For much heavier substitutes, such as
glass, managing emissions trade-offs requires reducing transport distances, decarbonizing transport, or switching to
reuse models. Ultimately, more localized supply chains and seasonal consumption could drive down emissions and

1. Monomaterial films ©.5%; 7 million 9%, 10 million 25.5%; 28 million Paper/coated paper where water
metric tons metric tons metric tons barrier properties not necessary;
A41%: 45 million compostable plastic, cellulosics,
metric tons or alginates where transparency is
essential or food contamination risk
is high
2. Otherrigid 18.5%; 7.5 million 0% 4.5%; 2 million Subcategory does not require food
monomaterial metric tons metric tons contact; paper and compostable
packaging substitutes readily available for
expanded polystyrene and other
23%?_9«5 million protective packaging
metric tons
3. Sachets and 2%; 1 million 3%; 2 million 2% 1 million Coated paper and compostable
multilayer films metric tons metric tons metric tons alternatives available today with
adequate performance for dry or
7%: 4 million short-life goods
metric tons
4. Carrier bags 3%, 1 million 0% 10%; 3 million Compostable bags where water
metric tons metric tons resistance required (for meat, fish,
13%; _4 million etc.); paper bags widespread today
metric tons
5. Pots, tubs, and trays 5.5%; 1 million 6.5%; 2 million 0% Paper punnets for fresh produce;
metric tons metric tons coated paper for other
12%; 3 million
metric tons
6. Food service 4%: 0.5 million 4% 0.5 million 9%. 1 million Widely available alternatives, e.g.,
disposables metric tons metric tons metric tons bamboo cutlery, paper/coated paper
clamshells and cups, banana leaf
17%; 2 million wraps
metric tons
Column total 18.5 million 14 million 35 million
metric tons metric tons metric tons
(out of a total (out of a total (out of a total
19 million metric 14 million metric | 38 million metric
ton paper ton coated paper | ton compostables
potential) potential) potential)

Columns may not sum to column total due to rounding of decimals.

conditions and trade-offs of any substitute materials before
making any switches, such as by using full life-cycle analysis
conducted by neutral bodies to recognized standards. Local
considerations include the sustainability of sourcing raw
materials; capacity for collection, recycling or composting;
GHG footprint; and likelihood of the materials leaking either
now or in the future.

Quantifying the potential for plastic substitution followed

a similar method as the Reduce intervention, scoring

each solution for each product application according to
technology readiness, performance, convenience, and
cost (see Figure 23). Our analysis shows that 95 per cent of
the potential material substitutes for plastic are for just six
plastic subcategories (see Table 4). The largest subcategory
is monomaterial plastic films, an estimated 41 per cent of
which could be substituted by 2040 without sacrificing
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performance. This is a significant finding because plastic
films contribute more than half of the plastic entering the
ocean today.

In the System Change Scenario, paper,
coated paper, and compostable materials
can substitute 17 per cent of plastic
waste generated by 2040, equivalent

to 71 million metric tons of plastic,
without fundamentally decreasing the
performance, affordability, or social

and environmental acceptability of
packaging and single-use items.

packaging amounts even further.

« Do plastic alternatives have the same barrier properties?

Plastic does have important barrier properties (especially for food preservation), so we applied substitutes to products
that have long shelf lives, that can be produced locally or with shorter supply chains so as to lessen the preservation
required, or for which substitute materials with adequate barrier properties are already available or being brought

to market. Our estimates could be conservative because we did not, for example, substitute any cheese or meat
packaging due to strict barrier requirements, although even meat trays have recyclable cardboard alternatives (with a

peel-off plastic layer) that do not increase food waste.

»  Won't food costs skyrocket without plastic?

Our analysis substitutes only 17 per cent of packaging, making it theoretically possible to implement the entire
Substitute intervention on only nonfood packaging. However, where producers do choose to substitute food
packaging, it represents only a small fraction of the overall product cost. For example, the price of a plastic drinks
bottle is less than USS0.07,%2 typically less than 10 per cent of the overall product price. In the future, if producers
are charged through extended producer responsibility schemes for full end-of-life costs, alternative materials could
become even more cost-competitive. For reusable packaging, metal and glass could be even cheaper options per

use, due to their nonporosity and durability.

»  Will consumers accept substitutes?

Convenience does not need to be sacrificed. In fact, in some markets, consumers prefer nonplastics.®® Achieving the
projected level of material substitution cannot rely on eco-conscious buying behaviour alone: The transition must be
accelerated by innovation, business leadership and marketing of alternatives, consumer education, and policy.

*  Would we be creating new streams of waste?

Paper collection and recycling are already widespread. The acceptability of coatings on paper to recycling facilities
outside HI archetypes is unclear; recyclers may need to adapt their practices, or paper coatings may need to be better
optimized for recycling, to mitigate this risk. Compostable packaging could introduce new formats of waste and
require scale up of higher standard and compatible composting systems worldwide (see Table 5).

« Are substitutes safe for food contact?

There are risks for both plastic and nonplastic materials; food safety is an area that will require better regulation and

further research.

If managed carefully, it is possible to
meet the material requirements of the
Substitute intervention, but unintended
consequences need astute monitoring

In selecting any substitute material, it is important that

a broad range of environmental and health impacts are
assessed holistically—from land and water use to GHG
emissions and pollution—and that any life-cycle assessment
also takes into account human health and end-of-life
impacts on biodiversity.

A key concern when switching to paper is whether the
additional material requirements can be met sustainably.
On average, 1 metric ton of plastic packaging needs to be
replaced with 1.5 metric tons of paper,®* meaning that the
Substitute intervention requires 45 million metric tons of
paper per year by 2040. Globally, this represents an 11 per
cent increase above 2016-17 paper production.®

The primary risk is that the benefits of paper would be
negated if this increase causes deforestation, highlighting the
importance of sustainable forest management, especially

in specific middle-/low-income countries where paper
demand is a driver of deforestation today.’® To minimize the
risk of deforestation, our analysis indicates that a strong effort
in paper recycling makes it possible to meet the additional
paper needed for the Substitute intervention globally without
expanding virgin paper input. This step requires increasing
paper’s global average recycled content from today's 56 per
cent” to 60 per cent. Southeast Asia already surpasses this
level of recycled content;”® other regions must follow suit.
Avoiding deforestation will also require careful selection of
the applications where virgin paper is absolutely necessary
for food contact safety to avoid chemical migration into
food from recycled sources,” increasing recycled content

in all other paper applications where possible, and tackling
inefficiencies in paper recycling.1%®
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Sourcing compostable materials could also trigger land use
change if not managed holistically. Today, approximately

2 million metric tons of bio-based plastic (plastics made

in whole or partially from renewable biological resources)

is produced using less than 0.01 per cent of arable land.**
Our model requires 52 million metric tons of compostable
material substitutes per year, be they compostable plastic
(sourced from fossil fuels or from biomass) or nonplastics
such as fibre- or leaf-based packaging. However, options exist
to expand biomass availability without unsustainable land
use. These include the use of by-products and discards from
the timber and agricultural industries, and alternative fibre
sources from plants grown on marginal land. For example,
compostable plastic is already being created from waste
methane!®? and food waste % Table 5 summarizes other
considerations when expanding compostable packaging.

Substitute materials come with higher
costs, but could have lower emissions

On average, substitute materials come with higher
production costs (up to two times more for compostables),
but different stakeholders bear the costs and garner the
savings. Some of the cost differential is due to government
subsidies or perverse incentives, such as extraction subsidies
on fossil fuels, that drive down the price of plastic. There is
a netincrease in end-of-life collection and disposal costs
because of the heavier mass of substitute materials. But the
Substitute intervention could produce an overall reduction
in GHG emissions compared with BAU by 2040, driven

by switching to sustainably sourced paper (see Box 5).
Emissions will vary depending on location, and substitutes
should be assessed on a case-by-case basis, considering the
likelihood of recycling and composting and trade-offs such
as chemical use (see Box 6 on health concerns), sourcing,
land use, and energy and water requirements involved in
paper manufacturing. Efforts must be made to bring the
GHG emissions of substitute materials down over time, for
example, by sourcing from waste or recycled content and
expanding composting. For estimates of GHG implications
of each substitute, please refer to Figure 20.

Table 5: Expanding compostable packaging—opportunities and obstacles

Opportunities

e Composting provides a circular end-of-life treatment
option to return nutrients and food waste to the
system. Compostables could be suitable where
a plastic application is unlikely to be recycled or
collected.

e Where high food contamination is likely to make food
packaging nonrecyclable, compostables provide a
solution and could boost the diversion of organic
waste away from residual waste.

e Insome HI countries, incentives towards separate
organic waste treatment means access to composting
is increasing and is cheaper than landfill.1*4

e Composting could bring cost savings in middle-/low-
income countries via decentralized community-based
composting that avoids collection costs, making it
particularly suitable for rural and remote locations
with high plastic leakage rates. A directional estimate
suggests that this could be done for USS$20 per metric
ton, which is cheaper than landfill. Substituting 9 per
cent of plastic with compostable packaging would
contribute only 6 per cent to the organic waste stream
globally, which should not damage key performance
indicators of the composting processes, which have
been tested with levels up to 25 per cent compostable
packaging.l®

Obstacles and mitigation measures

Lack of definitions, standards, and consumer
confusion around the term "bioplastics” and
"biodegradable,” which includes noncompostable
plastic .1

Compostable materials should meet strict national
standards according to the end-of-life processing
technologies that exist in the country, and safe,
effective standards need refinement, for example, to
ensure soil fertility.

Considerable investment and policies are needed

to expand organic waste collection and processing
facilities that can accommodate and safely process
compostable packaging, particularly in middle-/low-
income countries.

There is a risk that compostable plastic could be
perceived as acceptable to litter’®” and that it could
contaminate conventional mechanical recycling,*®
making distinctive labelling, consumer education, and
appropriate collection and composting infrastructure
essential.

In high-leakage archetypes, leakage risks should

be considered. Some compostable plastic may not
biodegrade under certain environmental conditions,'%®
so nonplastic alternatives are lower risk. As industrial
composting is not typically available in low- and
middle-income archetypes, home-compostable
materials suitable for decentralized composting are
required; industrially compostable materials (such as
PLA [polylactic acid]) would not be suitable.
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Box 5: A careful use of substitutes could save GHG emissions, if key impact

considerations are well-managed

» Packaging weight considerations

Comparing different life-cycle analyses of GHG emissions is notoriously challenging, due to different boundary
conditions. Some studies assume that plastic is replaced with materials such as glass that weigh many times more
than plastic, driving up transport emissions. However, the lower weight substitutes we have modelled minimize this
effect because they weigh only up to 1.5 times more than plastic on average. Applications such as paper bags require
much more weight, as paper lacks tensile strength; our assessment has therefore switched only 3 per cent of all
plastic bags towards paper. Our approach suggests that making carefully considered plastic substitutions with paper
or compostable materials could offer GHG savings. This assessment excludes the transport emissions of packaging;
however, these are expected to be insignificant compared with the emissions savings of moving from a fossil fuel-

based product (plastic) to a largely renewably sourced one.

e Sustainable sourcing

Emissions estimates vary widely according to how a material is sourced, processed and treated at end of life. Sourcing
can be from fossil fuels, from waste, or from sustainably sourced biomass or recycled paper. End-of-life treatment
varies widely by country, with higher recycling rates decreasing emissions. Paper has one of the highest recycling rates
in the world, with a global average of 58 per cent.''® For paper, our assessment of emissions per metric ton of plastic
substituted is based on HI paper emissions per metric ton, where it is sourced sustainably, and paper production often
uses renewable energy. If not managed correctly, paper emissions could be higher in some geographic archetypes.

» Technological advances

Our analysis suggests that, under certain assumptions, emission savings could be achieved from paper substitutes.
Emissions from early-stage compostable plastic is assumed to be slightly higher than traditional plastic today but
could be expected to improve over time. For example, some improved manufacturing processes decreased emissions
~50 per cent in just three years through improved manufacturing processes. Emissions could decrease further if
manufacturers source from waste materials, decarbonize energy use, or if composting infrastructure is scaled.™? For
example, in Europe, the life cycle of compostable materials could offer 65 per cent emissions savings compared with

plastic if the optimum end-of-life treatments were used.**

Enabling conditions

Policy, economic, and innovation drivers required to
accelerate this intervention include:

« Economic incentives that help level the playing field
pbetween plastic and other materials across the life
cycle, such as the removal of extraction subsidies for
oil and gas, taxes on virgin plastic content, or extended
producer responsibility-type schemes with modulated
fees for different packaging formats.

«  Funding for innovation in new materials, packaging
designs, and barrier coatings.

*  Policies and voluntary commitments to accelerate the
expansion of paper collection and recycling, increase

recycled content in paper, reduce contamination, and
scale separate organic waste treatment that can accept
compostable packaging.

Standard-setting that defines acceptable compostable
materials according to locally available waste
infrastructure and provides clarity around definitions of
terms such as “biodegradable.”

Certification of sustainable sourcing of biomass, and the
adoption of strict criteria by brands and producers to
ensure that substitutes contain recycled content and are
sourced responsibly.

Commitment from brand owners to transfer innovations
and new materials across geographic archetypes.

Box 6: Substitutes also have health concerns that present key areas for innovation

e Paper production and recycling are associated with the release of particulate matter (PM), nitrogen oxides (NOx),
sulfur oxides (SOx), wastewater containing chlorine for bleaching paper, lead, and dioxins/furans.** Technologies
such as chlorine-free bleaching and “DryPulp” could mitigate the risks from wastewater that is not properly treated.
Recycled content in paper can also lead to health concerns for food-contact packaging, such as from mineral oils in
dyes.’> Coated paper, in which the coating is plastic, poses the same chemical migration concerns for health as any
other plastic packaging, and PFAS coatings may be of concern 1

«  Compostable materials generally have fewer known pollutants or risks ¥ However, compostable materials vary widely,
from fossil fuel-based to bio-based feedstocks, and continued research and regulation are required to ensure the food
safety of new materials, additives, and coatings.'*® New materials should be thoroughly assessed to ensure that their
introduction does not generate more serious environmental and health problems.
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Macroplastic system interventions

SYSTEM INTERVENTION 3

Design products and packaging for recycling
to expand the share of economically recyclable
plastic from an estimated 21 per cent to 54 per

cent by 2040

INTERVENTION SUMMARY

Flexible and multimaterial plastics currently make
up only 59 per cent of plastic production but

are responsible for 80 per cent of macroplastic
leakage, highlighting the urgent need to target
these formats through redesign.

Only 15 per cent of plastic is currently recycled—
and this figure varies significantly by type;
designing plastic for recycling can help increase
this percentage through two separate but
synergistic benefits: 1) increase the share of
recyclable plastic; and 2) improve the economics
(and hence likelihood) of recycling.

Design for recycling interventions can increase
both the yield and value of recycled plastic,
improving the economics by US$120 per metric
ton and virtually doubling recycling profitability;
a shift from multimaterials to monomaterials
plays a fundamental role in increasing material
recyclability.

Removing pigments from plastic can increase their
recyclate value by approximately 25 per cent.
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Il Highly applicable [l Somewnhat applicable [ Not applicable

Most relevant geographic archetypes

HI UMI LMI LI
Urban Urban Urban Urban
UMI LMI LI
Rural Rural Rural

HI: High-income LMI: Lower middle-income
UMI: Upper middle-income LI: Low-income

Most relevant plastic categories

Main responsible stakeholders

¢ Consumer goods brands
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Many plastic items are designed in ways that make recycling
difficult, uneconomical, or even impossible. This problem

is exacerbated by the centralized design and production of
mass consumption products for all global markets, which is
incompatible with the local waste management systems into
which these products are introduced after use.

Design for recycling can increase recycling rates worldwide
by raising the yield and value of recycled plastic, thereby
improving the profitability of the mechanical recycling
industry. Only 21 per cent of today's plastic is economically
recyclable, and therefore of higher value, and current
industry trends show that, going forward, this share is
expected to decrease under BAU.*® Both the formal and
informal recycling sectors target plastic with the highest
market value, often leaving the low-value materials to go
uncollected or be mismanaged if collected.

The low value of discarded items is dictated by their
inherent lack of recyclability, their degradation during

use, and the limited demand for their reuse. The mix of
polymers, additives, and dyes that make up low-value
plastic dilute the quality of the recycled output and limit
its viability as recycled content in many applications.
Designing plastic for recycling in local settings is the easiest
way to increase its inherent value while improving the
profitability of the mechanical recycling industry. Boosting
the uptake and quality of recycled content also reduces
the need for virgin plastic input and thereby cuts GHG
emissions from virgin plastic production.

Low-value flexible and multilayer plastic currently contribute a
disproportionate amount of leakage to the ocean: They make
up 59 per cent of production but constitute 80 per cent of
macroplastic leakage (see Figure 29). This finding highlights
the urgent need to target these formats through redesign.

The inherent design of many plastic products makes
recycling difficult and costly, but streamlined changes

to improve the quality of the output will strengthen the
secondary market while reducing costs in the recycling
process. For materials for which recycling economics are
already almost profitable, design for recycling can help make
them profitable through a combination of levers.

We identified five principal design for recycling levers to
achieve this goal:

1) Switch 50 per cent of multimaterial flexibles to
monomaterial flexibles by 2030 and 100 per cent by 2040

Multimaterial flexibles often exist to meet the toughest
packaging requirements but are not mechanically recycled
due to poor economics. Reduction and substitution
solutions are available for some of this packaging type in the
System Change Scenario, but for the remaining multimaterial
flexibles that cannot be reduced or substituted, we have
applied an ambitious design for recycling intervention.
Research is already gathering speed in this area, with one
industry expert reporting that technical monomaterial
solutions are in development that could meet 100 per cent
of barrier property requirements of multimaterial flexibles as

Figure 29: Global production, collection, and leakage rates by plastic category, Business-

as-Usual, 2016

Flexible monomaterials and multilayer/multimaterials represent 59 per cent of plastic production
but contribute 80 per cent of plastic leakage to the ocean

59%

. Multilayer/multimaterial
— . Flexible monomaterial

. Rigid monomaterial

—80%

Plastic Formal Informal Leakage into
production collected for collected for the ocean
recycling recycling

Flexible and multilayer plastic make up 59 per cent of plastic production, while collectively contributing to 80 per cent of the plastic leakage. The plastic that is

collected for recycling by both the formal and informal sectors is predominantly rigid.
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soon as 2030.1°° We therefore assume that it is possible to
switch 100 per cent of the multimaterial flexibles that remain,
which will increase the proportion of recyclable plastic waste
and its value, driving higher recovery and recycling rates. We
have not modelled replacing single-use flexibles with single-
use rigid packaging as this would increase packaging weights
significantly, but this could be suitable in some instances
after holistically assessing cost and environmental trade-offs.
A switch towards monomaterial flexibles must go hand in
hand with an expansion in their collection.

Example: One brand owner has
developed a resealable monomaterial
pouch that could be recycled
alongside polyethylene (PE) films
once collection and sorting has
scaled. Currently itis recyclable
through store take-back.**

2) Switch 5 per cent of multimaterial rigid household
goods to monomaterial rigids by 2030 and 10 per cent by
2040

Shifting multimaterial household goods to monomaterials is
more challenging due to the unique performance properties
required. Switching 10 per cent of rigid household goods
from multimaterial to monomaterial will further increase

the proportion of recyclable plastic waste, driving higher
recovery and recycling rates.

Example: Household items such as
brushes, combs, brooms, cases, and
spatulas could transition towards
recyclable monomaterials such as
PP if the switch would not decrease
the longevity of products. Some
items require multiple material
components, which could be
designed for disassembly.

3) Redesign (or remove) dyes, plastic pigments, and
additives

This is a vital transition as it represents one of the biggest
barriers preventing recyclers from creating recycled quality
that can compete with virgin output. Plastic often contains
additives, from colourants to stabilizers and flame retardants.
These additives are difficult to trace or remove and can
contaminate plastic or make it unsafe or unusable in new
products. Colour is typically used for marketing purposes,
but this results in two conflicting problems. First, the post-
consumer plastic available for recycling is made up of

many colours, creating a complex mix that is impossible

to separate into single colours. Second, the demand is for
recycled plastic in neutral colours (similar to virgin plastic). To
create a circular loop between plastic and products, many
more items need to be made from unpigmented plastic

and new marketing approaches need to be developed,

such as using recyclable inks and labels. Through design for
recycling, more plastic material can be profitable to recycle
(for example, clear PET recyclate has a 25 per cent higher
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sales value than coloured), while other improvements to
streamlining will reduce the cost of closed-loop recycling as
sorting losses decrease.

Example: A soft drinks company
operating in Latin America is using
one clear bottle design for its full
range of multibranded products and
distinguishing among them using
paper labels. Bottling facilities are
equipped to take back bottles, wash
off paper labels, then clean, refill, and
rebrand bottles with fresh labels.*>

4) Increase homogeneity and cleanliness of recycling inputs
and eliminate problematic polymers and packaging formats

There are currently thousands of different plastic types
(even under a single-polymer name) and multiple formats,
which inhibits the quality guarantee of the recyclate. By
eliminating hard-to-recycle polymers that would otherwise
contaminate the rest of the plastic waste stream (such as
PVC, PS, EPS) and by reducing the number of polymers
used, both the sorting and recycling of plastic will be
improved. These changes will decrease the complexity

of sorting (for both consumers and sorters) and simplify
recycling processes, ultimately increasing recycling yields
and reducing costs.

The type of plastic is a key factor in determining what is
economically recyclable, but specific format types and the
scale at which they are placed on the market and collected
are also important for any mechanical recycling. Certain
packaging formats are particularly problematic and should
either be fundamentally redesigned to allow them to be
economically collected and recycled at scale, or eliminated
through reduction and substitution mechanisms. Examples
include small format packaging such as sachets, which also
have a high propensity to leak into the environment and are
difficult to economically collect at scale.

Example: With all components made
of the same plastic type, not only

is this design made of 100 per cent
recycled plastic, butitis also 100 per
cent recyclable %3

5) Improve labelling

The purpose of labelling is to help both the consumer

and the sorter to place products into the correct recycling
stream. Labelling should therefore conform to clear national
or international standards that take the practical recyclability
of the materials into account. The packaging industry should
also ensure that “labelling for recycling” is intuitive, especially
when multiple polymers are used, to maximize recycling
efforts from consumers, pickers, and sorters, as well as from
recyclers themselves. For example, a box made of high-
density polyethylene (HDPE) with a lid made of low-density

A STRATEGY TO REDUCE OCEAN PLASTIC POLLUTION RATES BY 80 PER CENT

polyethylene (LDPE) should have each component labelled
separately, as opposed to the current practice in which, for
the sake of aesthetics, HDPE and LDPE are both mentioned
on the bottom of the box.

By improving labelling practices, the complexity of sorting
and recycling processes will decrease, which will ultimately
increase the share of waste collected for recycling, increase

recycling yields, and reduce costs during sorting and recycling.

Taken together, the five design for recycling levers outlined
above could significantly expand the share of plastic that

is economically recyclable mechanically. In high-income
countries, an estimated 54 per cent of plastic waste could
be economically recyclable within system restraints by
2040, up from 21 per cent today, as shown in Figure 30 (this
assumes that collection and sorting costs are not paid for by
the recycler but by the government, local authority taxes, or

covered by extended producer responsibility schemes, as is
usually the case in HI countries).

The five design for recycling levers also improve the
economics of recycling by US$120 per metric ton,?* virtually
doubling recycling profitability (see Figure 31).

In addition to economically benefiting the recycling

system, this intervention is expected to deliver social and
environmental benefits. The first benefit is greater profits

for the informal collection sector through both increased
collection and the sale of higher-value products. The second
benefit relates to lower levels of air and water pollution from
unknown chemical compounds as a result of increased
standardization of additive and polymer use. Moreover,
increasing recycling and offsetting the use of virgin plastic
reduces GHG emissions by 48 per cent relative to depositing
plastic in landfills (and even more relative to incineration),
which is equivalent to a reduction of 1.9 tCO,e per metric
ton of plastic recycled (see Figure 20 for details).

Figure 30: Mechanical recycling economies for different material types in high-income

countries, 2016 versus 2040

The share of plastics that is economically recyclable mechanically could grow from 21 per cent in

2016 to 54 per centin 2040
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In 2016, the share of plastic that is economically recyclable is estimated to be 21 per cent. By 2040, we estimate this figure can expand to 54 per cent. The analysis
represents the System Change Scenario, thereby including Reduce and Substitute, design for recycling and improvements in collection. Net profit is “USS per metric ton
of collected plastic,” which is calculated as sales price minus the cost of recycling for different material types. Cost of recycling factors in mass losses in sorting (20 per
cent) and recycling (27 per cent). No taxes are included, and the costs of collection and sorting have been excluded given that these are often covered by governments.
Contamination is defined as the share of plastic that is not collected separately for recycling. This analysis represents high-income countries, where the share of
uncontaminated waste is higher than in middle-/low-income countries. “No end market” includes PVC, PS and EPS. Commodity prices are assumed to remain stable.
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Enabling conditions «  Shifting consumer preferences driving higher demand - [ : ;
for recycled content and higher recyclability of plastic
Several enabling conditions can help accelerate the design- products. MacroplaStlc SyStem Interventlons

for-recycling system intervention and help achieve its full

potential. These include: »  Voluntary commitments by producers and retailers to

increase recyclability and integrate recycled content in
e Strong policy interventions that promote the use and plastic products.
increase the value of recycled polymers and incentivize
producers to develop products with end-of-use
considerations. Examples include fee modulation based
on recyclability in extended producer responsibility There are also barriers to scaling up design-for-recycling
schemes; design for recycling standards; recycling targets; solutions that need to be considered and overcome, for
minimum recycled content targets; taxes on the use of example:

SYSTEM INTERVENTION 4
Expand waste collection rates in middle- and
low-income countries to 90 per cent in all urban

Limiting factors

virgin plastic feedstock; regulatory mandates on certain
pigments, polymers and additives; disclosure mandates;
and the regulation of recycling labelling practices.

e Greater industry collaboration and engagement, including:

—  Development of new polymer production and
packaging designs in coordination with recycling
and sorting technology companies.

—  Collaboration with ink manufacturers over the
development of re-extrudable inks and new printing
processes to enable brand differentiation without
the contamination associated with inks, additives,
and mixed polymer use.

- Harmonization of materials and packaging formats
across companies. Coordination to improve and
standardize recycling bin designs.

e Increased public- and private-sector R&D investment
into design for recycling and associated technology,
including:

- Investments in products that meet recycling
specifications without sacrificing product safety,
stability, or purity.

—  Support for further innovation in sorting technologies
to address pigments, additives, inks, and labels.

Product differentiation is often established through
multiple levels of packaging and labelling. New product
branding devices will be needed.

Some applications need multilayers because they
currently have no technical alternatives, although this
represents a small proportion.

Some consumers may prefer smaller format packaging
due to limited space or because they can only afford
smaller volume products. For such products that are
unlikely to ever cross the barrier to becoming collected
at scale and profitable to recycle, solutions may lie in
new delivery models, at an equi