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To start: Sustainability
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UK Government
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Take urgent action to combat
@ climate change and its impacts

n CLIMATE CHANGE

OUR WINDOW TO AVOID CLIMATE CATASTROPHE IS CLOSING RAPIDLY

[3] HM Government, Department for Business, Energy & Industrial Strategy, Prime Minister's Office, 10 Downing Street, (18 November 2020) ‘The Ten Point Plan for a
Green Industrial Revolution’ [Online]. Available at: https://www.gov. uk/government/publlcatlons/the -ten-point-plan-for-a-green-industrial-revolution (Accessed 02
February 2021)

[4] https://sdgs.un.org/
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The UK has high quality research institutions and innovative firms. The UK produced
57% more academic publications than the US and six times more than China, in per capita
terms, in 2020, and is a world leader in field-weighted citation impact (FWCI),? a benchmark
for research quality.*

The Industrial Strategy will focus on the sectors which offer the highest growth opportunity
for the economy and business. Eight growth-driving sectors have been identified: Advanced
Manufacturing, Clean Energy Industries, Creative Industries, Defence, Digital and
Technologies, Financial Services, Life Sciences, and Professional and Business Services. In
the next stage of development of the Industrial Strategy, the Government will prioritise
subsectors within these broad sectors that meet our objectives and where there is evidence
that policy can address barriers to growth. Ambitious and targeted Sector Plans will be
designed in partnership with business, devolved governments, regions, experts, and other
stakeholders, through bespoke arrangements tailored to each sector.

The UK has a world-leading track record of decarbonisation. Underpinned by the world-
leading Climate Change Act, the UK was the first major economy to halve its emissions,
cutting them by 50% between 1990 and 2022, while also growing the economy by 79%.2
The Institute for Public Policy Research suggests that the UK is already world-leading in
making one in three products vital to the Net Zero transition,® and there is evidence that
clean technology specialisms are spread across the UK. The Clean Energy Mission will




EU Advanced Materials Strategies

“ Today, we are proposing a strategy for a joint action in the
EU to boost our position in advanced materials, a key
technology area for the future of our industries. This strategy
will create new opportunities for EU companies and will equip
Europe with the necessary infrastructures and skills to remain
a strong player on the international scene. This is crucial for
our competitiveness, open strategic autonomy and economic
security. ”

lliana Ivanova, Commissioner for Innovation, Research, Culture,
Education and Youth

https://ec.europa.eu/commission/presscorner/detail/en/ip_24 1121

Horizon Europe, aiming at €500 million
of investments for 2025-2027

“The EU’s competitiveness relies on our technological edge
and steady supply of advanced materials for our green and
digital transitions. We must both support the development of
these materials and deploy them efficiently in a sustainable
way. Having listened to industrial stakeholders and national
authorities, we are proposing a way forward that is beneficial
to our long-term economic resilience. ”

Margrethe Vestager, Executive Vice-President for a Europe Fit for the
Digital Age




Advanced Materials: key to Net Zero

Net Zero UK current emission stats Key Trends What does that Cost of inaction
Energy use mean?
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UK Composites Waste forecast

Key stats
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Composites market > $70 Bn (Global) $S4Bn (UK) f%‘:m
Carbon Fibre market = $4.7 Bn (Global) %15" I
Carbon Fibre Global Demand / Production Capacity -%;100
=113.8 kt / 170 kt (2022) §

Year

From “Composite Waste Assessment” Dave Greenhill NCC Document Unpublished 2022

Key Material for
UK Offshore Blade waste

100 Bn renewables market with 250k jobs
£35 Bn aero, -
£18.6 Bn auto with 430k jobs combined |
£10 Bn Rail

110 Bn construction market

- £78 Bn Defence market with 370k jobs (1).

Carbon

https://www.nccuk.com/media/ulel5jap/suswind-annual-review-202 2-final.pdf

Robinson, Daniel. UK manufacturers' sales by product: 2022 results. Office for National Statistics

T Peijs, R Kirschbaum, P J Lemstra: Chapter 5: A critical review of carbon fiber and related
products: Advanced Industrial and Engineering Polymer Research, Vol. 5.




Key stats
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Proportional GWP for a reference blade (15MW offshore turbine)
from SusWIND peer-reviewed LCA
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Emission contribution on the carbon footprint of
a composite upper wing cover

Innovation in advanced materials, especially Carbon Fibre, represents the biggest opportunity to reduce emissions for manufactured products

https://www.researchgate.net /figure/Effect-of-electricity-generation-mix-on-the-




Potential for recycling to decrease UK GHG emissions Current Carbon footprint of recycling composites

using different technologies

Recycling potential on UK CO2 emissions Potential for UK CO2e. savings Glass fibre | Carbon fibre
Waste volume by fibre type enabled by composite recycling composites | composites
°00 0 Landfill
g ® GFRP .
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2021 2025 2035 2021 2025 2035 oxidation
GFRP recycling greater potential to CFRP recycling greater potential to Pyrolysis
reduce UK landfill burden reduce GHG emissions )
Solvolysis
These results are Developmental technologies are likely to:
*  Based on available reported data *  Efficiency increases through scale up
* Low TRL technologies *  Better utilisation of waste heat
*  Small lab/academic scale *  Potential to reuse reclaimed polymer
*  Not optimised for commercial operations *  Optimise for recycled fibre performance

Recycling of GFRP composite has a greater potential to reduce UK landfill burden and CFRP composite recycling has greater potential to reduce GHG emissions




Globally available carbon fibre reclamation and reformatting processes

Global and UK Supply chain for EOL Composites

TRL and Regional Locations of Composite Recycling Technologies

Higher TRL (9)

v Mechanical
W cement Kiln
W incineration
v Pyrolysis

Not available in the UK,
but available globally

Lower TRL (3-5)

WV Fluidised Bed
Pyrolysis

Steam pyrolysis

WV Microwave Assisted
Pyrolysis

W Solvolysis
HVF

Available in the UK
and globally

Supply Chain & Solution development are both required




Innovation Challenges
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NCC Carbon Fibre Circularity

CF Production
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NCC X-Sector Circularity — a focus on implementation

Aerospace Supply Chain for Composites

Developing plans for Industry consultation &
deep dive waste reviews SusWIND

e | == Annual Review

To build the business case to support
investment and usage of c supply chains

Process Flows — multi-sector

Fully circular

* Process maps for generic x-sector products

* I|dentify key roadblocks inhibiting circular supply
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Figure 2 Example industrial scenario for wind turbine reclamation industry based on current understanding

Example analysis (from SusWIND)
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