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Agenda

09:30 Registration and coffee

10:00 Welcome

10:10 Keynote - Bridging the Gap

10:25 The Outer Loops: Materials & Resource Security, overcoming the Feasibility Gap
11:10 Coffee break

11:30 The Inner Loops: Value Retention, Life Extension & Standardisation

12:15 Networking Lunch

13:00 Solution focused workshops based around 4-5 challenge areas

14:45 Reflections and closing comments

15:00 Close
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Welcome

Prof Gosia Swadzba-Kwasny Beth McEvoy
DICE Network+ Co-Lead eFutures 4.0 Co-Lead
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Digital Innovation & the Circular Economy

CHALLENGE AREAS

Embed

Embedding sustainability & circularity
within the design & development of

Enable

Realising the potential of the digital
revolution to enable a circular
economy across sectors.
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digital & communication technologies.

THE ROLE OF DICE N+

DICE N+ accelerates circular economy adoption by
generating insights, funding innovation, & translating
research into practical solutions.

Our Network of Networks
We connect & convene communities.

Our key pillars of activity:
INSIGHT & EVIDENCE
CAPACITY BUILDING & KNOWLEDGE EXCHANGE
RESEARCH, IMPACT & LEGACY

INCLUSIVE COMMUNITY
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Our progress Q%%DICE

NETWORK+

| EE4 ECRCommunity
[5-5"' Members |

- Engaged with 380+ partners
& 20+ networks

- 80+ audience at Data Centre
World panel discussion

+ Launched Digital Traceability
Working Group

INCLUSIVE COMMUNITY

Underpinning all activity, we build and coordinate an inclusive DICE Network+
community to enable and empower collaboration across diverse user groups




With thanks to our collaborators
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Circularity at Source:
Can Semiconductor Manufacturin
Ever be Sustainable?

Professor Paul Meredith
DICE Network+ Co Lead

&5} DICE =

NETWORK+ &

tzl @ EFUTURES

Physical gonm SOLUTIONS TOMCRROW.
Rmuch(:ouncl




@connected

@ Swansea | Centre for Integrative Semiconductor
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Circularity@Source: Can Semiconductor Manufacturing Ever be Truly Circular?
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What I'm NOT Going to Discuss




Semiconductors —a $Tn industry 2030: Unstoppable

The Global
Semiconductor
market is $600Bn
(exc. Equipment)

Compound
semiconductors
enable critical
functionality in
many important
areas

Silicon

...Moore’s Law, more transistors, £
smaller and cheaper, processing &
storage

Fast Charging
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Why It's Important in South Wales

Cardiff Capital Region

. . Microchip
Swansea University CSA Catapult
MicroLink Devices UK
LY/
Cy
Csc
Cardiff University (') KLA
CARDIFF
MVERSITY IQE

CARDY

Welsh Government @ .
v

*Data from WERU CSconnected reports at: https://csconnected.com/resources/reports




Challenge 1: The Complexity of Semiconductor Devices

p-type n-type
PondrT) silicon silicon Cathode

o
Cathode

10°9m 10m




Challenge 2: The Complexity (&$) of the Supply Chain

SEMICONDUCTOR
» POST-FAB-GATE

PRE-FAB-GATE <

Wafer-Level-Epitaxy
(Compound)

Wafer-and-Component
Level Fab & Process

Back-end-Packaging-and
Test

Lithography
Etch

Deposition

Metrology




Challenge 3: Input Vectors — Energy, Water, Raw Materials

THE PERIODIC TABLE'S ENDANGERED ELEMENTS
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Facts

~1 MWh per 12” 3 nm node wafer (c.f. 2.5 MWh/yr UK <househo|d>)
3nm node fab 2 TWh/yr (c.f. -EAF 1M tonnes/yr ~ 0.5 TWh/yr) e ,
TSMC (2024) total consumption ~ 25 TWh (16.7 million households) == ===
25% of Taiwanese electricity use by 2030 i

D% ~30 million litres of water / day in a single fab
5 TSMC Phase 1 in Arizona ~ 18 million litres a day, 65% recycled




Challenge 4: Input & Output Vectors — Toxicity and Waste!

‘Arsine is an inorganic compound with the formula AsH;. This flammable,

pyrophoric, and highly toxic pnictogen hydride gas is one of the simplest
compounds of arsenic. Despite its lethality, it finds some applications in the

semiconductor industry ......

‘PFAS (per- and polyfluoroalkyl substances) are a large group of thousands of man-
made synthetic chemicals used in industry and consumer goods since the 1940s and . -
1950s. They are widely known as "forever chemicals" because their strong carbon- _— | i, %

fluorine bonds ... now used extensively in the semiconductor industry ..’ Sl gy
s %



Semiconductor Manufacturing Sector Circular Economy

Input Vectors:
- Energy (Electrical, Thermal, Chemical)
- Mined Raw Materials

- Synthetic Petroleum Products
- PFAS

- Process Gasses & Liquids

- Water (including DI)

Output Vectors:
- Devices

- Gas, Liquid, Solid Waste Streams
- F-gases, slurries, HF, PFAS, etc.
- Large thermal waste

CIRCULAR
ECONOMY

Particular Issues:

High embodied manufacturing energy
Some of the most toxic raw materials
on the planet (arsine, phosphine, etc.)
Toxic & high CO, equivalent process
materials (e.g. HF, SFg, organic
solvents, PFAS)

High water consumption and need for
ultra-pure water

Yields >99% crucial

$Bn assets with decadal depreciation
(semiconductor fabs are sticky)
Endangered periodic table!

Large manufacturing footprints with
complex services needs: ultra-stable
power (> 100MVA)

Fully packaged and difficult to recycle
component products (mixed material)
Industry ‘looks’ clean but is high
emissions




Sustainable Semiconductor Manufacturing Action

SEMI S23 - Guide for Conservation of Energy, Utilities and
Materials Used by Semiconductor Manufacturing Equipment

S Volume
Safety
Guidelines

I

s VQlume https://www.semi.org/en/standards-watch-2024-sep/energy-efficiency-standards-initiative

. \ REACH
E § - European https://www.europarl.europa.eu/RegData/etudes/BRIE/2026/791444/EPRS_BRI(2026)79 * %
= = Commission 1444_EN.pdf :
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*
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\\ Digital Product Passport



Centre for Integrative Semiconductor Materials — One of a Kind in the UK @CISM

1. Industry Ballroom Cleanroom 24x7x365

2. Islanded fab — on-site energy generation,
on-site gas production, on-site waste
handling. etc.

3. Fab-of-the-future — integrating across
semiconductor platforms for efficiency &
input material replacement

4. Fully monitored at the individual tool level
to measure electrical consumption per
process (SEMI S23 framework)




Semiconductor Manufacturing Sector Circular Economy (Opportunities)

Input Vectors:

Accurately monitor electricity
consumption (circuit and tool level) RESOURCES
Establish emissions baselines ‘
Electrify processes (dry etch)
Replace raw materials with earth
abundant &
Improve efficiency of processes CIRCULAR
Reduce process steps

On-site generation of power

Heat capture and use

On-site gas and solvent generation
and regeneration

No-site water purification and reuse

Output Vectors:

- Extended product lifecycle & design for recycle

- On-site waste treatment of all streams (efficient abatement)
- Carbon, capture and use

- Heat capture and use

- On-site gas and solvent generation and regeneration

- On-site water purification and reuse

General Strategies:

Intrinsically higher yield
processes & platforms

LCA sector specific
frameworks (e.g. SEMI S23)
core element of quality
measures

Larger, more efficient fabs
Larger wafer platforms
Focus on process
simplification

Focus on material innovation
Advanced heterogeneous
integration concepts

THE ISLAND FAB
CONCEPT
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Thanks for Listening &
Thanks to all our colleagues at CISM
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The Outer Loops:
Resource Security, overcoming
the Feasibility Gap

Chair: Professor Gosia Swadzba-Kwasny
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Closing the Rare Earth Loop:
Circular Hydrometallurgy from
Lab to Plant

Prof Peter Nockemann, Queen's University Belfast
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QUEEN’S UNIVERSITY . ‘, - 2 98
IONIC LIQUID - . S
LABORATORIES

QUILL

QUEEN’S

UNIVERSITY
BELFAST

) - ® _ “ /7 N o
Sustainable Rare Earth g" * . . - f

Separation for Recyclihg

of Permanent Magnetss" .

s ®
Research Group e
Prof. Peter Nockemann




QUEEN'S
UNIVERSITY
BELFAST

Research Challenge
a

Rare earth metals (REMs) are crucial for
clean energy technologies, but global
supply is concentrated in China, posing
risks

Traditional REM recycling methods are
often inefficient, costly, and do not
produce high-quality materials

A new, cleaner and more efficient
approach to REM recycling is needed to
ensure adequate supply for growing
demand




T4 QUEEN'S
4 UNIVERSITY
BELFAST

Sustainable Metal Recycling

¥a) K]
Sc g Y
Scandium Yitrium

Light Rare Earth Elements (LREE) Heavy Rare Earth Elements (HREE)
[ Developing new highly selective extractants for the separation of rare earth elements ]
Aqueous
=, (W ~Nd
@g\;' Nd rﬂﬁ Nd
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® dependent ®
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Separation Factors (Nd/ Dy) > 25 x higher
Patent: W0O/2019/239149A1

EU & Industry funding

Organic




QUEEN'S
UNIVERSITY
BELFAST

Impact achieved

Patented technology for the separation and purification of rare earth magnets going commercial
T ==
\ 4 | I

==y
BEERRIRiZiing

* Seren Technologies acquired by lonic Rare
Earths in 2022; built a REM recycling plant in
Belfast using QUB's patented process

* The plant has been operating continuously
since Jan 2024, cementing UK's position in
securing alternative REM supply

e e e GGSS. e High-purity separated REMs produced,

Belfast magnet recycling plant supporting the UK's EV and clean energy

i - i—— sectors and reducing reliance on China

e * Environmental benefits through increased

recycling vs. mining; economic benefits
through new skilled jobs in Belfast

e Hiring of QUB graduates at lonic Technologies
strengthens the local REM supply chain




jonic .
technoloqgies

ADVANCED
' PROPULSION
CENTRE UK

Technical Developer
Accelerator Program

P4 QUEEN'S
% UNIVERSITY
() BELFAST

2022 2022
Lab Scale Pilot Scale

1. Facility Render, planned construction expected to be completed late 2027, subject to financing and approval being received.

Path to Commercialisation

. ADVANCED |
PROPULSION nnovate
CENTRE UK UK

Scale-Up Readiness
Validation & CLIMATES

2023/24
Demonstration Plant
10tpa REO capacity

~~. ADVANCED
PROPULSION
CENTRE UK

DRIVE35 Collaborate
CirculaREEconomy

2025/28
Supply Chain Validation

‘capacity

|




Transforming E-waste
Management in Malaysia
* Malaysia's e-waste = :
projected to reach 1.4 million LAl A A | Pressorted -
tonnes by 2030 A WAtz foeds
* Only 25% currently
undergoes formal recycling

Environmental & Economic

Impact

* Creation of green
technology jobs in formal
recycling sector

* Improved worker health
and safety

* Economically viable
processes designed for local
implementation

Pilot scale
processing

Circular Economy Benefits

* Reduced dependency on imported raw materials
* Lower carbon footprint compared to virgin material extraction

* Support for clean energy technologies requiring critical minerals

WP2/2

DES-assisted
Mechochemical
Leaching

WP4:
Economic
and Environ-
mental
assessment

Plastic waste
recycling

juswauyRY
A8un|jeawolpAH

Mild organic
acid / DES

s g -~

Mixer-settlers

.-

Cutting-Edge Recycling Solutions

* Hydrophobic deep eutectic
solvents replacing hazardous
acids

* Supercritical fluids for plastic
separation without toxic
emissions

* Novel flowsheets maximising
critical metals recovery

* Pilot-scale demonstration for
pre-commercial validation

Supporting Malaysia's
Sustainable Development
* Addresses development
challenges in upper middle-
income DAC-listed country
* Engages government,
industry and communities
* Training programs for
sustainable practices
adoption

* Contributes to UN
Sustainable Development
Goals



Industrial Symbiosis: the
easiest route to net zero

Jacqueline Gibson, Industrial Synergies
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International ° ° ° °
What is Industrial Symbiosis?

An industrial ecosystem where
unused or residual resources from
one company are used by another.

Resulting in increased
'\0} H . .
<{)> business opportunities

275 business collaborations

And reduced SME don’t \/Time | Money
&2 environmental impact have Resources!
@% operating costs




International

Synergies

SYNERGie

Advanced Resource Search

UK

Category

Category

Distance

0

(o]
o T

v Northern Ireland v Any v
Site Classification From Workshop
Site Classification Any Workshop
Latitude Longitude
0 0

Showing 1to 20 of 3161

S—

S, boy

Contact Us

8 @ 20 e

Search returned 3,161 results

an Humphreys

Swateved

3 <@

Search returned 259 results

A

)llite

Castlederg

Killen
i c =D E F
i Drumquin
: Resource Name Description Site Name |c Cod SIC Description Addresz 1
| ABS welding wire reclz ABS welding wire reclz collected from TERECO LIMITED " 38320 Recovery of zorted materials 286 Drumnakilly Road
| Alternative reeyeled 3ggreg Alternative recycled sggregates 3z int Adman Civil Projects 7 42220 Conztruction of utility projectz for ¢l and tel; k Way Eazt, | 7 L—
Aluminium Tribydrate Aluminium Trihypdrate ReeyCo " 38110 Collection of non-hazardous waste 102 Barony Rd C
| Animal Feed waste Out of date & out of zpec productz  ReeyCo " 3810 Collection of non-hazardous waste 102 Barony Rd
A ion Soluti lutionz for moving pros Telestack Ltd © 286990 Manuf of other spacial-p hi nec. Bankmore Rd
_| Bagz Polypropylenc - 1Ton RecyCo * 3810 Collection of non-hazardous vnne 102 Barony Rd Penigo
_| Baled cardboard Baled cardboard RecyCo " 38110 Collection of non-hazardous waste 102 Barony Rd
_ Baled Cardboard (Egg Box RecyCo - NI " 38320 Recovery of zorted materisls 102 Barony Rd Ed
B - Steel Telestack Ltd 728930 Manufacture of other zpeciak-purp: hinery n.e.c. Bankmore Rd erney
I and fit Bath and fittings from Hozey Gardening Sclm- B1300 Landzcape service activities 13 Glemelly Gardens 1abl ney .Kesh
| | Cable recls and timber palle Cable reels :nd timber pallets from mz Adman Civil Projects b " 42220 Construction of utility projects for ¢l and tels ‘Way East, , En Dromore
materialz, ¢wrently dizpozed of in
general waste.
Solution :
Segregate and offer For potential
rebate to specializt timber, plastics
Cable reclz, various zizez an and cardboard recycling companics  JMG Spztems 27300 Manuf of other clectrical £6-654 Derry Road
canzimetals Autometive 1111103 RecyCo - NI T 38320 Recovery of zorted materislz 102 Barony Rd
: Capacity to supply Capacity to zupply new snd uzed card Cardbosrd Boxes NILt” 82920 Packaging aetivities 3 Golan Road
_| Capacity training room for t GLOBAL HORIZOM SKIL™ 55590  Other education n.e.c. 24
Capacity waste management RecyCo " 3810 Collection of non-hazardous waste 102 Barony Rd

Newtownstewart

Q

Knockmoyle

GlllygooISQ

Omago

oruutstanaing

Natural/Beauty.
Gortin. Rousky. Glenhull
Greencastle
Mountfield
vrlogher

Drumnakilly Tyrone

Beragh

GortacLQ




International

Synergies
=ynergengdl [

2007 - 2025 i

The Invest NI Resource Matching Service is the longest
running facilitated industrial symbiosis programme in the
world. It has been delivered by International Synergies NI Ltd

since inception in 2007 and to date our team have worked

with over 3000 NI companies to achieve significant impact. v

Cost Additional Private Jobs Virgin Material  Waste diverted CO2
Savings Sales Investment Savings from landfill Savings

& & M &= i1 o

£32m £18m £2.3m 130 308,000 T 405,000 T 439,000 T




From Scarce to Sufficient:
Synthesis Rules for Resource-
Secure Nanomaterials in Energy
Conversion

Dr Shalini Singh, University of Limerick
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Panel Discussion

Prof. Peter Nockemann Jacqueline Gibson Dr. Shalini Singh Professor Paul Meredith

Queen’s University Belfast International Synergies University of Limerick DICE Network+ Co Lead

Swansea University
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Coffee break
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The Inner Loops:
Retention, Life Extension &
Standardisation

Chair: Diego Bermudez, PhD
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Fireside chat

Josh Watts

Sustainable Ventures

DIGITAL % ‘
INNOVATION ‘

& CIRCULAR Engineering and

NETWORK+ | economy Frysics Sovnon

Alastair Winner

TechBuyer

Cormac O’Prey

Kestrel Technology
Consulting / BSI

EFUTURES
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SOLUTIONS TOMORROW.



Networking Lunch

Restart at 1pm
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Solutions-focused workshop

Led by Relig
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How might
we build
scalable
urban mining
supply
networks?
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How might
we design
electronics to
enable
circularity?




How might we
esian elecbronits to
- e.v?qbk circwlax \H?




How might we
make electronic

recovery
pathways
commercially
viable?




In ¢ sitvation af

How mi e 53.:, B mMe i on
make dcotrqfio rwv“tr wf‘ 2
padiviays commervially viable ! Value cokical
elements




N
L. @{ \éfgn

Thank you for joining us JICE

Please share your reflections 'NETWORK

DIGITAL INNOVATION
& CIRCULAR ECONOMY

Q

Connect on |8
LinkedIn ]

Sign up to our
newsletter
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QUEEN S umversxtyof University of

Physical Sciences Prifysgol Abertawe
Research Council

Engineering and Swansea University
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