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INCREASED USE OF ELECTRICAL COMPONENTS AND
SYSTEMS (ECS)




BY 2030, THE WORLDWIDE SEMICONDUCTORS (SC)
INDUSTRY MANUFACTURING CAPACITY SHOULD NEARLY
DOUBLE AS OF TODAY

Semiconductor Industry Revenue ($B)

2030

Semi forecast =$1T

EU Semicon
capacity
Increase by

T factor of 4-5!

Machine generated data surpasses
human generated data

2002 — Semi revenue = $466B
First BlackBerry

Smartphone Introduced
Semi revenue = $170B

P ala

400 1990
Global PC sales
surpass 25M units ERA 3 : Mobility

Semi revenue = $50B

Emissions &
waste & energy
need increase

accordingly!

ERA 2 : PC + Internet
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TWO PROBLEMS: EMISSIONS AND E-WASTE

Unsustainable Materials == Unsustainable Practices = Cause for Concern

Amount of E-waste Generated and Collected

Nd
7,248

Re @
357 [}
o
o, &1
2 £
Er ® 22

37 Ge

53

Global E-waste Global E-waste Global semiconductor
production: recycling rate: lifetime CO, footprint

=~ 62 Mt = 22.3% =~ 500 Mt




THE EUROPEAN CLIMATE LAW SETS AMBITIOUS GOALS:

A 55% REDUCTION IN GREENHOUSE GAS EMISSIONS BY 2030 AND CLIMATE NEUTRALITY BY 2050

Sustainability Agenda 2030: Towards Green ECS

4 N\ N
UN 17 Sustainable hD Carbon Footprint
. Development Goals 7~  GHG-Protocol
EU Green Deal CIY]D) Climate neutral 2050

: : \_ lrJ-)

[ 9R Framework () Circula.r Economy [ Fit for 55 U J
7 Action Plan
ECO-Design C107) Life-Cycle Assessment (LCA) ]
Product
| Environmental Footprint

EPoSS: ECS Sustainability & Environmental Footprint (https://zenodo.org/records/11487615)
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https://zenodo.org/records/11487615

SEMICONDUCTOR FAB EMISSIONS
COME MAINLY FROM PROCESS GASES AND ELECTRICITY CONSUMPTION

CO,-equivalent emissions for typical fab profile,' % share

Scope1 Scope 2 Scope 3 upstream
" 100
| -.
A MID-SIZED Share T
FOUNDRY USES scope N
ABOUT AS MUCH s
TOWN OF 10,000
O—/ PEOPLE!
0 40 B0 80 100
“ Share by scope > MCKinSEY
¥ tream. Emissions averaged across 200-millimater (mm) and 300-mm semiconductor fabs. & Cﬂmpﬂn'}’
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ENVIRONMENTAL IMPACT OF KEY PROCESS GASES

Global-warming potential, CO,-equivalent emissions,' multiples of CO,*

23,500%
1 sox  31ox  B90 6,600% 9,200 HOO0
u | [
CO; HFC-41/ N,O HFC-32/ PFC-14 PFC-16/C,F; HFC-23/ NF; nitrogen SF, sulfur
CH.F CH,F, perfluora- perfluoro- CHF, trifluoride hexafluoride
methane ethane

CHIPS JU 2024 Focus Topic (PFAS)
Lifetime in atmosphere, years IHI 2025 Call10: Topic 3: PFAS ...in
the healthcare sector

3,200
5-200 3 120 5 . 160 500
[ : u . .
- - McKinsey
CD, HFC-41/ N,O0 HFC-32/ PFC-14 PFC-116/C,F; HFC-23/ NF, nitrogen SF, sulfur & Cc:nmpan}f
CH.F CH,F, perfluoro- perfluoro- CHF; trifluoride hexafluoride

methane ethane
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REDUCTION OF GREENHOUSE GASES VS
IMPLEMENTATION COSTS

Abatement potential compared with cost of abatement’ MW Scope? W Scopel  Abatement lever
4 ] | f (=
1. Installed solar power . Installing ga ent
— ms I (14 OFf
2, Gas abatement with existing tools; process-gas emissions for
gas abatement with new tools new/existing tools
3. Improved gas abatement 3. Improving design of abateme
crstems ano NN (=] =
4, Renewable sourcing ! '
5. New tools el e
Abatement l inmrarinedranlaming mld famnfe
6. Upgrading/replacing old tool
lUﬂUICOQ ':. — ywidr? FIiC e L y=c ILICHIE QY IES
equivalent 6. Energy efficiency 6. Improving building energ)
7. Process optimization :
] I Kl o [} |
. 8. Heating, ventilation, and air-conditioning to reduce power consumptior
CHIPS JU 2024 Focus Topic oLED
10. Smart control systems -
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UNDERSTANDING WHAT TO IMPROVE:
LIFE-CYCLE ANALYSIS

i — Life Cycle
RESOURCES  _\Wf,u Degrade ©J Analysis
* dir

“ h / ‘ \] Ecosystem Impacts Resource Depletion
* Climate Change * Ozone Depletion
EXtraCt * Acid Rain * Particulate Matter
* Eutrophication * Smog

* Land Use Change * Human Toxicity &
* Solid Waste Carcinogens
* Eco-toxicity * lonizing Radiation
Repurpose C’}
TURNS OUT,
NOTHING IS EASY QUANTIFYING THIS
WHEN THERE'S 18 STUFF IS HARD!

FIGURES OF MERIT...

N wil v fim R

L EC3

Aeneas @z LW inside




SUSTAINABLE MANUFACTURING

Conventional
Manufacturing

Chemicals Material
Waste Instrument
Reagents Operation
Subtractive P
Single-Use Control
Waste
Water

L EC3

Env. friendly
Chemicals

PFAS
alternat.

Env.frien
solvents

Reuse
materials

Greener
Manufacturing

Emissions

/ Waste Renewable

Next. Gen energy
Equipment Change

NextGen. lighting
Processes

Abatement
systems

Water
Recycling

Better
filtering

Better
monitoring

Lower waste
Less
emissions

Mid/high
performance

Classical
processes

Cons

Still energy
consuming

Still make
waste

Reduced
performance
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SUSTAINABLE MANUFACTURING

Conventional
Manufacturing

Squeegee
Paste Screen
—
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Substrate
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Alternative
Manufacturing

m Cons

Low waste

Toxic Energy
Chemicals Material Use
Waste Instrument
Reagents Operation
Subtractive P

Envir.

Single-Use
Equipment

Waste

Water

:;,E‘[SGHEHT

Inkjet Printing
(1IP)

, Less energy Gaatall
= consuming Materials
. Adaptable integration
— Designs Reduced
Flexible performance
Substrates
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https://eitrawmaterials.eu/supersmart-innovation-project-to-scale-up-printed-electronics-and-recyclable-smart-materials/

SUSTAINABLE MANUFACTURING

Conventional/Greener Alternative — Hybrid
Manufacturing Manufacturing — Electronics
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https://www.cesma.de/en/applications/micro-and-power-electronics/printed-electronics.html
https://onlinelibrary.wiley.com/doi/10.1002/adma.201905279

PATHS FOR IMPROVING SUSTAINABILITY OF ELECTRONICS

Eliminate non-

critical components
Eliminate bulky reader
Switch comms & power to phone

Reduce and
miniaturize

Simplify system to only essentials
Minimize # of components

Switch to greener

materials and methods

Switch to sustainable packaging
Print antennas & sensors

Design for rnglucometer - 609
disassembly, reuse

Make reusable parts easy to
recover and recycle

Ty e
‘ ACCU-CHEK >%a%
Accu-CHEK >l

Design for

disposability

Make non-reusable parts safe
and easy to discard

:,,E‘ESGHEHT
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HE& CHIPS JU PROJECTS ON SUSTAINABLE ECS

Functional electronics

E-waste/Circularity - ] Printed electronics

‘ -Sust DYCs A2 SUSTAIN
\ 4 NICORN Sunkh g USTFONNCS A PRINT

o ClRC-UlTS TREASURE ‘}f
PFAS alternatives New biomaterials @ o
14AMI SSbD4CheM CircEL-Paper " Green manufacturing
o - . |
e PFAS sensing Blg>ensel ~AST|ANE~
¢
ZER O F Wﬂ CHIPS JU 2024 Focus Topic:
REEPRO{JCE PRECVC""Q GENESIS

Recycling

BATTERY 21
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GREEN ELECTRONICS @ CHIPS JU ¢ &hipsgy
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EECONE
SUSTRONICS EECONE GENESIS
Circular electronic devices Reduce, Reliability, Generate in EU a
Sustainable manufacturing Reuse, Repair, Refurbish, sustainable industry for
for electronics Recycle for zero e-waste. semiconductors
Environmentally Wearable patches,
compatible single-use Recyclable batterie,
electronics PCBs,...

Ol ceoena

Eco-design, additive

Implementation of 6Rs
for electronics design,
based materials Design for Disassembly

@% Chips JU 2022 Chips JU 2022 Chips JU 2024
~

Materials, processes,

manufacturing, bio- .
monitoring, abatement

@hips‘ju Aeneas c‘, 55555 : DI rrrrr de



LT 4
46 partners from 11 countries =SustrOnics
30 industry partners throughout value chain )

3 Years starting 1.6.2023 A
il Shipsgy

Croordirri{gfror’: Phlllps Technical manager: VTT

SUSTRONICS

Sustainable and green electronics
for circular economy

Ecosystern demonstrating how electronics industry can
benefit from sustainability and circularity

3 use cases, 10 pilots, led by industry

Circular electronic Sustainable Environmentally
devices manufacturing for compatible single-
electronics use electronics
Statusat 18

« First prototypes of pilots integrated and their environmental
impact calculated
« Development of circular business models on-going to
support commercialisation
; : TSUSTRONICS consumer study
« New sustainable materials, processes, components and (1800 consomersFom S conntries)

devices available 2SUSTRONICS LCA calculations

&EESGHEHT @hipSJU Aeneas s




EECONE — EUROPEAN ECOSYSTEM FOR
GREEN ELECTRONICS

L EC3

Technologies developed in EECONE EECONE 6R list
s "! g
b e o It <
g £
Fe . W —t——r T =
) r+ AR P44 e 20 P4
o N - - St ts
EECONE ol PrEEIP hadl Il Bt b4
(7] 12- Eco-desi Is for ECS _ ol
- Eco-design tools for
NN H— o
11- Al for lifetime increase
* ——
10- LCA-based EoL mngmt of ICT eqpt
— %
0 9- Monitoring of remaining value
. ol Ty
8- High reliability magnetic components
" ——
7- Li battery mat. and recycling process 2%
6- Min. waste in NRJ harvesting systems
£ —% *
S- Substrate for power electronics 2
- @ 4- Ease of removal in PE
* *
3- PCB in Cu thickness 3 *®
2-IC Packaging
1- Printed circuitry “
4l % £ H—x

Relations between Technologies and FTL

Relations between
UCs and KAA

Relations between UCs and 6R

Relations between EECONE
Technologies and UCs

Relations between
Technologies and 6R

% %3

@EE®®E®®E D

Fundamental Technology Layers (FTL) Key Application Areas (KAA)
o System of System (@ ~ Mobility
e ( ) Energy
@ Embedded Software and Beyond (,_,) /' Digit:
i) = igital Industry
@ Components, Modules and Systems Integration /..\ € ) Health and Wellbeing
P Technol Equi t Material d (), Agrifood and Natural Resources
rocess Tec .nn logy, Equipment, Materials an — l‘) Digital Society
Manufacturing l

* Over 50 partners

* 16 countries

« 3 years starting 01.07.2023
» Coordinator: Infineon

Guided by the 6R principles we
develop the technology for a
zero-waste future of electronic
components and systems.
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INDUSTRY FOR SEMICONDUCTORS

* 60 partners from 12 countries
» 32 industrial and 12 SME partners
« 9 RTO and 7 academic partners

* 3 Years

« Coordinator: CEA-LETI Support: CSEM

- Improve the entire manufacturing sustainability chain value

Fab level : process & equipment SubFab & facilities

GASES & CHEMICAL PROCESS WASTE MONITORING & AIR EMISSIONS FINAL TREATMENT
TREATMENT

" P.FAS free materials L] Tec;hn_olog;n-r = By-products & u Recz!uge gas " Rec.luc;.e aqueous
(litho, bonding, sustainable wastes sensing & emission emission
lternatives 9
eqpt) a monitoring = Abatement =  Water abatement
* Low GWP gas (etch (FEOL- BEOL - . Filtrati q = H2 gas carrier re- » Develop CRM
Packaging) iltration an _
& clean) adsorption solutions use (MOCVD) recycling &
(PFAS...) valorization solutions

= Reuse
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EPOSS WG GREEN ECS

a R o Standards
Materials Processes ERpo Intggra Rel.labl Ec? Software Repair &
nents tion lity Design regulations
é N\ /. é AW 4 N/ AW 4 AW 4 AW 4 )

AW )
& Tynda . cea = Fraunhumi _— = CSem SIEMENS microTEC
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Centro Nacional de Microelectronica  IMB
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SELECT PROGRAM

SUSTAINABLE ELECTRONICS PROJECTS AT CSEM

CSEM internal
e EFORE ('23) & ENFRED (‘24) - LCA of PCB and whole loT device

e SUMON (23-25) - Disposable AND sustainable
e GREENPOCKET (23) & COPPERFIELD (‘24) - Feasibility of sustainable AM

Swiss academic and industrial partners
e GREENSPACK (EMPA, EPFL) - Fully biodegradable alternatives

e ELUSIVE (HEArC, Sonceboz) - Triggerable PCB decomposition

EU partners
e SUSTRONICS - Disposable and sustainable alternatives

e EECONE - Hybrid re-use / disposable alternatives
e TESLA - Fully biodegradable alternatives



: CSEM)

FACING THE CHALLENGES OF OUR TIME

Dr. Erika GyOrvary
Lead of EU Affairs
Erika.Gyoervary@csem.ch
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