Why we need to join forces
to make plastic more sustainable nES l E
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A circular and renewable plastics
economy is possible

Plastics are versatile materials that make things
better in many ways, from keeping food fresh to
enabling mobile and battery technology. They are
part of the complex value chains that underpin
our lives - and behind most of the life-saving
advances of modern medicine.

At the same time, poorly managed plastic waste

is choking the world’s oceans, piling up in landfil,
polluting the planet and putting people and wildlife at
risk. Around 500 billion disposable plastic bottles are
made every year', each of which takes 450 years to
decompose?. Plastic pollution has come to be viewed
as one of the greatest symbols of the negative impact
the human species is having on the environment.

Plastic also contributes to climate change. Most of
it is made from fossil resources and around 20% is
incinerated at end of life?, which releases the carbon
back into the atmosphere.

Plastics: the good, the bad and the ugly

1.15 Erillion

microchips made using
plastic 20214

5 Grillion

plastic bags used worldwide
every year®

of single-use plastic products
are produced from fossil fuel®

1. Habits of waste
2. WWEF Australia The Lifecycle of Plastics

From fossil-based to renewable and recycled
So is there a way to keep the benefits of plastic while
protecting the environment?

Technologies exist that can replace the fossil resources
in plastic with renewable and recycled materials.
Through new recycling technologies, more material
could be kept circulating in the loop, reducing the need
for virgin plastic production, fossil resources, landfill

and incineration, as well as turning waste plastic into a
valuable resource — all while also drastically reducing the
carbon impact.

Along with a more environmentally-conscious approach
to how we use and reuse plastic, these changes, if
adopted, could be transformative on a global scale.
But progress towards this transition is still too slow and
tentative.

The need for concerted action

This white paper from Neste looks at the problems
with plastic, the potential solutions, the business
opportunities in a circular and renewable future, and
how to overcome the barriers to change. As one
company among many, we understand that real
change is hard to achieve alone. That is why we are
inviting companies, consumers, and regulators to join
us on this journey — to move the dial on the chemicals
and polymers industry from being seen as part of the
problem to integral to the solution.

3. OECD (2022), Global Plastics Outlook: Economic Drivers, Environmental Impacts and Policy Options, OECD Publishing, Paris

4. World Semiconductor Trade Statistics organization
5. The World Counts
6. Plastic Waste Makers Index
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https://habitsofwaste.org/call-to-action/plastic-bottles/
https://wwf.org.au/blogs/the-lifecycle-of-plastics/
https://www.oecd.org/newsroom/plastic-pollution-is-growing-relentlessly-as-waste-management-and-recycling-fall-short.htm
https://www.semiconductors.org/global-semiconductor-sales-units-shipped-reach-all-time-highs-in-2021-as-industry-ramps-up-production-amid-shortage/
https://www.theworldcounts.com/challenges/planet-earth/waste/plastic-bags-used-per-year
https://sourceofplasticwaste.org
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The goalposts are moving:
we need to act now

Despite ongoing efforts to recycle plastic

and reduce its fossil content, it is still not
happening at scale. Less than 10% of all plastic
waste is currently recycled, with the majority
going to incineration or landfill’.

The vast majority of production is still virgin plastic,
made from fossil resources that contribute to carbon
emissions. Plastic is on track to make up 20% of
global oil and gas consumption by 20508,

A large majority of plastic items are single-use,
adding to the growing volumes of waste. Out of
more than 9 billion tonnes of plastic produced since
1950, around 7 billion tonnes has ended up as
waste®.

That volume can be expected to multiply as

global demand for plastic is projected to increase
dramatically in future decades. Based on historic
trends, primary plastic production is forecast to
almost triple, from 390 million tonnes a year today. to
1.1 billion tonnes a year by 2050°.

It is a big contributor to global emissions

1.34 2.8
gigatons gigatons
2030 2050

Source: Plastics and Climate: the hidden cost of a plastic planet.
Center for International Environmental Law, 2019

Global demand for plastic is growing
exponentially

1950 | 1.5 million tonnes
1989 . 100 million tonnes
2010 270 million tonnes

2021 390 million tonnes

0 200 400 600 800 1000 1200

Sources: Statista; UN Environment Programme

Most of global plastic waste is going to landfill or
incineration

9%
is recycled
19%
incinerated
49%
is sent
to landfill

22%
is mismanaged or
uncollected litter

Source: OECD

7. OECD (2022), Global Plastics Outlook: Economic Drivers, Environmental Impacts and Policy Options, OECD Publishing, Paris
8. Center for Inernational Environmental Law (CIEL) Fueling Plastics: fossils, plastics and petrochemical feedstocks
9. UN Environment Programme Law and Environmental Assistance Programme Plastic Pollution Toolkit

10. UN Environment Programme Beat Plastic Pollution
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https://www.ciel.org/plasticandclimate/
https://www.oecd.org/newsroom/plastic-pollution-is-growing-relentlessly-as-waste-management-and-recycling-fall-short.htm
https://www.ciel.org/news/fueling-plastics/
https://www.unep.org/plastic-pollution
https://www.unep.org/interactives/beat-plastic-pollution/
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Calls for change are growing

Increasing evidence of the impact of plastic waste on
oceans, ecosystems, food chains, and climate change
are ringing alarm bells. Environmental campaigners,
governments and policymakers are looking for ways to
limit the impact, while consumers and brands are also
taking more of a stand.

'€ uoigdes

Regulators: governments are developing initiatives
to promote non-fossil content in plastics and increase

the usage of sustainable and responsible raw materi-

als. In 2022, 175 countries backed a ground-breaking
UN resolution to stop plastic pollution. This is expected
to result in a legally binding, international agreement by
the end of 2024, aiming to make plastics more
sustainable''. Meanwhile the EU is setting up product-
level sustainability requirements for plastics including
mandatory recycled content. Plastics are also part of
the European Green Deal that sets a roadmap for be-

coming climate- neutral by 2050.
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Consumers: research shows that more and more
consumers want to find more circular and renewable
options where possible. GWI’s global Zeitgeist Study
in 2022 showed that 56% of consumers are trying to
cut their use of plastic packaging'. A recent survey
by the University of Pennsylvania in the U.S. showed
nearly 90% of Gen X consumers said that they would
be willing to spend an extra 10% for sustainable
products’®.
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Major brands: brand owners are recognising the
change in consumer behaviour. More large companies
are pledging to reduce plastic content and pollution,
for example by increasing their use of renewable and
recycled packaging, or reducing their dependence on
virgin fossil materials. Many are also making ambitious
pledges to cut their Scope 3 emissions, including from
plastics, and increase circularity. This accountability will
continue to grow as social and governmental pressure
to reduce carbon and plastic waste increases.

uoisn|ouo) |

11. UN Environment Programme Intergovernmental Programme on Plastic Pollution
12. Connecting the Dots: 2022’s biggest consumer trends
13. First Insight white paper The Sustainability Disconnect Between Consumers and Retail Executives 4


https://www.unep.org/news-and-stories/press-release/historic-day-campaign-beat-plastic-pollution-nations-commit-develop
https://www.gwi.com/reports/connecting-the-dots-2022
https://www.firstinsight.com/white-papers-posts/the-sustainability-disconnect-between-consumers-and-retail-executives
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The solutions exist but the
need to be adopted at scale

Reducing our use of plastics, particularly in packaging
and single-use items, is essential — as is moving away
from our throwaway culture to one that is focused

on reuse and recycling. That means increasing

the volumes of plastic waste recycled by current
methods and curbing the growth of single-use plastic
applications.

But those changes will not be enough to solve the
problems caused by plastics on their own. There are
still significant barriers — for example, many of the
plastic products made today are not recyclable in
practice. In additions of the existing solutions, new
recycling technologies can also increase circularity.

To achieve change at the scale that is needed,
the industry needs to embrace a wider range of
solutions and technologies.

Accelerating the move to more
sustainable plastic

Rapid advances in recent years have brought a

range of transformative technologies into play. For
example, using renewable materials such as biomass
to produce polymers, or breaking down waste plastics
into hydrocarbon molecules that can be used to make
virgin quality plastic that can be recycled again and
again. In the future, it may even be possible to extract

atmospheric CO2 and use it in combination with
hydrogen as a resource for plastics.

The industry needs to adopt and develop these
technologies at a much faster rate.

Delays pose risk for reputation and
bottom line

Many companies in the chemicals and polymers
industry, including Neste, are developing solutions.

Yet, given the scale of the problem, some feel the
industry is not acting with appropriate urgency, or with
the coordination, planning and idea sharing needed to
make a sea change. A delay in decisive action bears the
risk of losing the social license to operate.

Delays may also strengthen the perception of busi-
nesses prioritizing profits over change and benefits for
the society. If the industry is not seen to be taking re-
sponsibility for what goes into its products and for what
happens to them through their life cycle, claims that are
being made about the advances are being undermined
and could lead to accusations of greenwashing.
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What are the solutions?

Sustainable design

Design plastic items considering material efficiency,
reusability and recyclability. Reduce, reuse, refurbish and re-
pair whenever sustainable alternatives are available.

Recycle using conventional methods
Mechanical recycling: process plastic waste into

new plastic by mechanical means without changing its
chemical structure.

o0

Rethink recycling to close the
materials loop

Chemical recycling: break down existing plastics

at a molecular level, so they can be reused to make virgin
quality plastic time and time again. It can enable recycling
of difficult waste such as single-use packaging and supply
recycled plastic for demanding applications such as food
packaging and medical devices.

Make plastics from renewable sources
Bio-based plastics: make plastics from sustainably
sourced waste and residue oils and fats, woody biomass
and renewable plant-based feedstocks such as corn and
sugar cane, providing a real alternative to fossil-based raw
materials. Drop-in biobased plastics allow maintaining the
same quality and perfomance than conventional plastics,
without compromising on safety, durability and recycability.

Find out more about sustainable plastics
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https://journeytozerostories.neste.com/plastics/bio-based-recyclable-biodegradable-your-guide-sustainable-plastics
https://journeytozerostories.neste.com/plastics/bio-based-recyclable-biodegradable-your-guide-sustainable-plastics#ae03d49f
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To solve the plastic challenge on a global scale, 3
everyone needs to play their part. Governments ®
and regulators need to create a level playing
field, incentivise the shift away from virgin fossil
resources. Brand owners need to be open to
change and new technologies. Consumers m_—n
need to vote with their wallets and embrace 38
sustainable solutions. 93
g 4
The chemicals and polymers industry is in a unique §
(%)

position. It can lead the change that is needed by
showing what is possible. The sector has the solutions
and technologies in its hands today that can accelerate
innovation and develop new greener business models.

By acting now, the industry can:

® seize an enormous business opportunity by
developing the plastics that everyone will want in
the future.

e shift supplies of raw materials and feedstocks away
from fossil sources, which are in decline and may
be restricted over time.

® increase traceability of raw materials throughout the
product life cycle and across the value chain —
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helping to reinforce sustainability claims and get 1
ahead of regulations coming down the road. § §
e reduce the carbon footprint in plastics and their S«
overall climate impact. Er_
S
The scale of the business opportunity
Moving towards circular and renewable plastics
now makes business sense. The global market for
bioplastics alone is expected to grow from $12.4 billion o
in 2022 to around $63.5 billion by 2032, a compound S
annual growth rate (CAGR) of 17.8%'4, while the %
market value of plastic recycling is set to almost double §'

from $39.6 billion in 2021 to $77.8 billion in 20317,

Early adopter companies that invest in these
technologies today will stand to gain the greatest
advantage as they become the industry norm.

14. Precedence Research: Bioplastics market forecast
15. Statista: Market value of plastic recycling worldwide from 2021 to 2031


https://www.precedenceresearch.com/bioplastics-market
https://www.statista.com/statistics/987522/global-market-size-plastic-recycling/
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Research suggests consumers are more likely

to support businesses that show environmental
responsibility — a 2023 study by McKinsey shows
products making ESG-related claims had greater
cumulative growth over the past five-years compared
to products that did not'®.

Change will also bring opportunities and benefits
throughout the value chain, from creating a stable
market for renewable feedstock crops to supporting
reuse and repair business models and sorting and
recycling infrastructure.

Plastic production in 2021 (in miliion tonnes)

5.9 Mt

32.5 Mt Bio-based plastic

Recycled plastic

352.3 Mt
Fossil-based plastic

The potential market is huge: recycled and bio-based plastics make up less than 10% of
current production.

The cost of not acting

As time goes on, companies will come under increas-
ing pressure to defossilise and take responsibility for
how they source raw materials through the supply
chain and for what happens to products at end of life.
These longer-term and hidden costs are not captured
in short-term price calculations.

Earning a voice in regulatory decisions
Showing leadership through early adoption of circular
and renewable solutions may also help the sector
gain some influence on the shape of regulatory
frameworks in areas such as product life-cycle and
end-of-life regulation, as well as pathways for industry
transformation.

16. McKinsey and Company: Consumers do care about sustainability — and back it up with their wallets
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https://www.mckinsey.com/industries/consumer-packaged-goods/our-insights/consumers-care-about-sustainability-and-back-it-up-with-their-wallets#/
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What is needed: more collaboration
across the value chain

Making change at the scale that is needed
requires more exchange, trust, and transparency.
Competition remains important as a driver of
innovation and transformation. But it can also
hold back development at an industry and global

level. Collaboration and co-creation are essential.

For a very long time, the mantra of the polymers and
chemicals industry has been every person for himself -
and it worked quite well. However, going forward and
to meet corporate and societal targets, this won't be
enough anymore. It will take a joint effort to accelerate
the transformation.

Through collaboration, risks can be shared and
reduced. Best practices can be shared, and everyone
can learn from each other. This will not only help us
more towards a circular plastics economy and reduce

climate impacts — it can bring real and lasting benefits
for all the businesses involved.

Creating win-win situations

The change that is needed is on a scale that cannot
be achieved by individual companies acting alone —
it needs joint ventures and partnerships. By joining
forces and sharing ideas, partners can advance new
technologies and ramp up capacity more quickly.
Everyone can gain from accelerated innovation and
sustainability improvements in the longer term.

The advances made by the industry working as a
whole will far outstrip those businesses can achieve
individually. It can create win-win situations where
by helping others, you also increase your own
competitiveness. In this respect, cooperation and
competition are not contradictory.
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Thinking more circular, less linear

The industry needs to go beyond linear supplier- That means being open to new things: for example,
company-customer relationships and consider a taking a step toward waste management so that

wider range of stakeholders and longer-term life waste materials can be recovered, moving closer to
cycle impacts. To gain the deepest benefits from genuinely closed material cycles. It is important to
collaboration, businesses must engage more with understand all parties who are part of the value chain
companies and industries with which they do not have from polymerisation to cracking, from waste managers
direct business relationships, but which are part of the to brand owners. What are their goals and needs?
same circular economy. And how can they break down barriers to collaboration?

An illustration of the continuous flow of materials in a circular economy, maintained by cross-industry
collaboration.

RENEWABLES FINITE MATERIALS
REMEWABLES FLOW MANAGEMENT STOCK MANAGEMENT

W

PARTS MANUFACTURER

| +

PRODUCT MANUFACTURER

NG/COLLECTION'

BIOCHEMICAL
FEEDSTOCK

REGENERATION BIOSPHERE l ¢

SERYICE PROYIDER

—

BIOGAS

AMNAEROBIC

DIGESTION
COLLECTION COLLECTION

EXTRACTION OF

BIOCHEMICAL

FEEDSTOCK®
1 Hunting and fishing
2 Can take both post-harvest and post-consumer waste as an inpus
SOURCE . )
:jllcn MacArthur Fourdation - . .,
Circular economy systems diagranm (February b) .' MINIMISE SYSTEMATIC -,
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Drawing based on Braungsrt & McDorough, EXTERMNALITIES DA

Cradle to Cradle (C2C)

Source: Ellen MacArthur Foundation
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Collaboration in action
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Increasing trust in mass balancing certification 2
through digital supply chain tracking system °
A total of 10 chemicals and polymers companies came together
with International Sustainability and Carbon Certification (ISCC) and
sustainability software platform Circularise in a joint project that has
increased the integrity of mass balancing certification for everyone in the ——m
industry. 38
g8
Mass balancing is a system that allows manufacturers in a multi-tiered & “
supply chain to achieve measurable and traceable sustainability from %
source to products. The 10 companies collaborated to test a new
blockchain system that makes it simple and more efficient to audit
businesses, while also strengthening the integrity of certified data,
increasing trust in the certification process.
—H o
5> 0
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Replacing fossil raw materials Making McDonald’s plastic cups 87
with renewables more sustainable £
Polycarbonate and polyurethane manufacturer Neste RE™ works with a range of industry partners &g

to support McDonald’s clear cups pilot program,
providing renewable feedstocks for test cup
manufacture.

Covestro is replacing some of its fossil raw materials
with renewable alternatives in a collaboration

with Neste RE™ and its partners Borealis and SK
geocentric.

The test cups are made from post consumer plas-
tic material and biobased materials on a mass bal-

i uoigoes

As a result of the joint project:

Covestro’s high performance polycarbonate,
which is used to manufacture car headlights,
LED lights and electronic devices, is now
produced with part-renewable phenol.

The company’s rigid polyurethane foam, which
is used as insulation to help save CO? emissions
and reduce energy consumption, can now be
manufactured using part-renewable benzene.

COVESTRO

ance method, including McDonald’s used cooking
oil. This test is one of many steps that will help
McDonald’s meet its goal of sourcing 100% of
guest packaging from renewable, recycled, or cer-
tified sources by 2025.

MCDONALD’S
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Conclusion: let’s work together to

make it happen

For all their amazing properties and uses, plastics
have become a bad news story. And on current
trajectories, with production, waste and carbon
impacts continuing to rise, the public perception
of plastics is only going to get worse.

The chemicals and polymers industry has solutions at
hand that could make plastics more sustainable and
change some of those negative stories into positive
ones.

It can be part of the transition to a circular economy
by producing plastics from renewable and recycled
materials and making it possible to recycle them more
often, creating a closed materials loop with less plastic
waste.

But the sector needs bolder action to get there.
Companies need to think more circular, less linear.

To solve the global plastics crisis demands a new level
of ambition. A willingness to embrace new technologies,
collaborate and share ideas and data, and work with
partners outside the industry, to accelerate progress at
the speed and scale that is needed.

Neste is committed to making this transition. We are
open to partnering and working with anyone who
shares our aim to create a sustainable future for plastic.
We would love to welcome you on the journey.
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NesSTE

Change runs on renewables

® O


www.linkedin.com/company/neste
www.twitter.com/NesteGlobal



