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IC& S ICs are everywhere...
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This study

Integrated circuits (ICs) are the building blocks of ICTs supporting digital products and services.
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IC& S ICs require a specific focus

International Cooperation
On Semiconductors

GHG emissions [kgCO,eq]
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ICs represent a high share of the production impacts in existing LCA
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Carbon footprint of ICT

Malmodin
& Lunden (2015)

Belkhir
& Elmeligi (2017)
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[IPCC 2022],
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[Freitag, 2021])

Source : [Malmodin, 2018;
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a) Net global greenhouse
g0 gas (GHG) emissions

2019 emissions were

\[12%hi9herthan2010 Huge challenge:

- we are here .
Implemented policies

l.- i Nationally Determined N very few trials to get It
N ' Contributions (NDCs) . .
/-/ L range in 2030 right and short period of
40

time (<30 years)

20

- today’s actions are

0 —net zero J-E‘Q’)'n"rrg—(.0—1.smc_ Cl‘ltlcal

® Gigatons of CO,-equivalent emissions (GtCO,-eqg/yr)
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S Chip manufacturing and 1.5°C trajectory
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Scope 1 & 2 Projections

‘Do nothing’ Path
(8% growth)

‘Renewable Energy’

Path
(4-12% growth)

Path industry
should follow

(according to Paris accord)
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Implementing all known decarbonization measures will not get the
semiconductor industry on a 1.5°C trajectory by 2030.

Scopes 1and 2 CO,-equivalent emissions,' million tons

Scope 1: Processgas Ml Heat transfer fluid (HTF) M Fuel Scope 2: [l Electricity

183

47

o T m
T -1

89
=35
110

....................... [ (R . Near_term

target: b4

2030 Reduce Reduce Adopt Reduce Adopt 2030
Scenario 1 process gas HTF alternative energy renewable residual
emissions? emissions® fuel* intensity® energy® emissions”

"Public announcement of 20 key players; assume base year 2020 if not specified, “Install gas-abatement system (90% destruction efficiency) on 90% aof tools with
greenhouse-gas emissions (GHG); replace 8B0% nitrogen trifluoride (MF3) and 2 letrafluremethane (CF4) with zero global warming potential (GWP) gas; 2096
process gas emission is NF3, 50% is CF4 (average of industry reports), *Replace T0% HTF with low GWP alternative; reduce chiller leakage by 30%. *Replace
B804 fuel supply in EU and US with hydrogen/biomass. "Reduce energy consumption per wafer by 10% from 2020 level. "Renewable energy adoption: Europe,

B {industry average
calculation method offered by Science Based Targets initiative (SBTi it

. The 2030 goal of B4 million tons of CO.e is based on a cross-sector pat
assumes emissions reduction at a linear annual rate of 4.2% from 2020 base the long-term goal, which is based on the International Energy Agency's

ero Emissions scenario, reguires enargy and industrial-process CO, emissions to fall 95% between 2020-50, resulting in emissions of 4,7 million tons CO.e,
Source: CDP Worldwide reports; expert interviews; SBTi guidelines; SEMI World Fab Forecast; McKinssy waler capacity model; McKinsey analysis

McKinsey
& Company

Source : [imec, 2022;
McKinsey&Company, 2022] 6
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GHG emissions [MtCO2eq]

Insights from the academia ...

(Sub-set of ECMs in Taiwan)

Global CAGR : 7.5 % Total = scopes 1 and 2
TSMC's CAGR : 10,2 % Share of scope 2 in the total : 75.9-79.4 %
181 Other ECM's CAGR : 5.0 %
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Represent a sage operating space

[ J
Sa s, for Humanity
RS o
$§ 2%
S By . .
2° 3 boundaries are FULLY exceeded in
the high-risk zone
2%  §£5 * 2 boundaries are in the increasing-
3! T & . °
= < risk zone: climate change and land
I High risk change (deforestation)
i | . . 6:9;,, .................... ‘(y?'\\o
' Increasing risk oo gy e o‘;\‘(\q,v
M
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Not yet quantified
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Can we cope with the massive production of
integrated circuits (ICs) within environmental limits?

conflicting trends
will not be sufficient

currently fail

choice of environmental efficiency metrics
the climate targets at the EU scale

WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors
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* The Impact of Pursuing Advanced Scaling for Foundries
 The Issue with Environmental Targets in Industrial Roadmaps
 Environmental perspectives for the European Chips Act

 Take-aways
* Suggestions

WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors
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Our previous work on ...

... the environmental footprint of IC production

56 IEEE TRANSACTIONS ON SEMICONDUCTOR MANUFACTURING, VOL. 36, NO, 1, FEBRUARY 2023

The Environmental Footprint of IC Production:
Review, Analysis, and Lessons From
Historical Trends

Thibault Pirson™. Graduate Student Member, IEEE. Thibault P. Delhaye™. Alex G. Pip. Grégoire Le Brun,
Jean-Pierre Raskin™. Fellow, IEEE, and David Bol™. Senior Member, IEEE

The Environmental Footprint of IC Production:

o TNy " . . "
f S _ ‘ . ‘
L Meta-Analysis and Historical Trends
ESSCIRC W _
Thibault Pirsonf, Thibault Delhaye', Alex Pipf, Grégoire Le Brun', Jean-Pierre Raskin', David Bol®
HICTEAM Institute - IIMMC Institute, Université catholique de Louvain, Belgium

Embedded Tutorial Paper
Moore’s Law and ICT Innovation in the Anthropocene

David Bol, Thibault Pirson and Rémi Dekimpe
Electronic Circuits and Systems group, ICTEAM Institute
Université catholique de Louvain, Louvain-la-Neuve, Belgium

david.bol@uclouvain.be

From Silicon Shield to Carbon Lock-in?
The Environmental Footprint of
Electronic Components Manufacturing
in Taiwan (2015-2020)

Gauthier Roussilhe?, Thibault Pirsont, Mathieu Xhonneux', David Bol®
ERMIT, Royal Melbourne Institute of Technology, Australia
TICTEAM. Université catholique de Louvain, Belgium
Email: gauthierroussilhe @ protonmail.com
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... the environmental footprint of loT and 5G

Journal of Cleaner Production 322 (2021) 128966

Contents lists available at ScienceDirect

Journal of Cleaner Production

journal homepage: www.elsevier.com/locate/jclepro

Assessing the embodied carbon footprint of IoT edge devices witha £
bottom-up life-cycle approach
Thibault Pirson *, David Bol

Université catholique de Lowvain, ICTEAM/ECS, Lowvain-la-Neuve, Belgim

Technical and Ecological Limits of 2.45-GHz
Wireless Power Transfer for Battery-Less Sensors

Marco Gonzalez, Student Member, IEEE, Pengcheng Xu, Member, IEEE, Rémi Dekimpe, Student Member, IEEE,
Maxime Schramme, Student Member, IEEE, Ivan Stupia, Member, IEEE, Thibault Pirson, and
David Bol, Senior Member, IEEE

Annals of Telecommunications
https://doi.org/10.1007/512243-022-00932-9

Chack for
dates

Evaluation and projection of 4G and 5G RAN energy
footprints: the case of Belgium for 2020-2025

Louis Golard' @ - Jéréme Louveaux' - David Bol’

Received: 17 June 2022 / Accepted: 28 October 2022
© Institut Mines-Télécom and Springer Nature Switzerland AG 2022

Modeling the Carbon Footprint of Battery-Powered loT Sensor
Nodes for Environmental-Monitoring Applications
Pol Maistriaux, Thibault Pirson, Maxime Schramme, Jéréme Louveaux and David Bol

ICTEAM, UCLouvain, Belgium
{pol.maistriaux,thibault.pirson,maxime.schramme jerome.louveaux,david.bol}@uclouvain.be




The Impact of Pursuing
Advanced Scaling for Foundries



IC&

% The environmental footprint of IC production

International Cooperation
On Semiconductors

°
The Environmental Footprint of IC Production:
Review, Analysis, and Lessons From
Historical Trends
Thibault Pirson™, Graduate Student Member, IEEE, Thibault P. Delhaye™, Alex G. Pip, Grégoire Le Brun,
Jean-Pierre Raskin™, Fellow, IEEE, and David Bol™, Senior Member, 1EEE
Literature review — In-depth analysis — Historical trends
(Section II-A) (Section III) (Section 1V)
Goals (1) Identify key sources (1) Identify the scope of the sources' (1) Put results in a long-term perspectivel:*
2) Identify LCA data 2) Identify variation in LCA dataT’* (2) Foster systemic thinking
Methodology (1) Review 4 literature categoriesY (1) Define 10 objective features’ (1) Define 10 objective features’ T O D AY
(Section 1I) (2) Focus on 3 indicators™ (2) Normalize impacts per area® (2) Normalize impacts per area™
Outputs (1-2) 27 key sources identified® (1) Scope mismatch identified! (1) Lack of roadmaps and environmental targets’ ™
(+ 9 historical sources) (2) Environmental impacts per area™ (2) Limits of environmental improvements per area™

T : qualitative  x : quantitative > : energy consumption, carbon footprint and water consumption ¢ : 27 = 5+1+18+3, see Table III for more details
< : foundry reports, industry roadmaps, scientific literature, and commercial state-of-the-art LCA databases

A Focus on 3 environmental indicators: energy, GWP (this talk), water
Q All metrics are normalized by silicon area (cm?)

WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors
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S The environmental footprint of IC production
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GWP [kgCO,eq/cm?]

1.84
1.6
1.4
1.2
1.0
0.8
0.6
0.4

0.21

SMIC a A Foundry Data 2010-2020 |
\ X Roadmap Scope 1+2
\\
\“\\ ,A\
, h A
UMC a_ 7\ NN
\\“/ \\\ AN /// \"\ /"
\\ : \\‘,//"
.~
s“A\ ‘// \\“‘~~__
~ =" &——_ -
‘~ \“—_——r \‘————‘.\\si____‘- * -~‘\\\
~~. A
TSMC B———p \\\
~al N
GF doma T 3
~~‘/ \\\\ ______
& A ‘.~~~‘
F-GHG only
ITRS %-—-%———3%¢———%———3———%———x-—-—-X i
2010 2012 2014 2016 2018 2020 Foundries
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J The impacts per area either
(slightly) decrease over the period
2010-2020 for most of the
foundries, while they increase for
TSMC

 This is not due to a lack of effort
from the foundry to pursue
efficiency but rather to the
introduction of more demanding
processes such as extreme ultra-
violet (EUV) lithography for scaling
purpose

15
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Carbon intensity assumed to be 0.475kgC0O,eq/kWh

Share of scope 2 assumed to be 67% 1980-2010 2010-2020
& 3-07 7 outliers (>3.5 kgCO,eq/cm?) 1 M=1.08 |1 M=0.90
- 0=0.43 0=0.30
2 A , & i
o A A I -16.7%9
ﬂ;"“ 2.0- A ] A 16.7%
o
% 4 A : & 4 ‘ a4 A ‘f
ilO 111‘1‘*‘ 2*"‘1‘1 i
% ® Scientific literature * & & as
T . A Foundry 4 A

1980 1990 2000 2010 Historical This work
- WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors Source : [Pirson, 2022] 16
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Total silicon area [cm?]

®
1.81 wsamsung — 102 A A
ATSM N f CAGR: +3.6% _ _, ——-a-——- a-—-mETTTET A
1.6 SMc £50m 16nm e | Total &----a-----a--- 4 * Coverage: !
A5X AA9X V) | (worldwide) SEMI data ~14.5% (2011)}
2 Y= N
1.41 ié;m Ag?(m %‘?Bn;USion Ay Bionic A3 Bioni c of Worldwizd?elsfgéjgt?gz
1.2- fn ‘ D S - CAGR: 47.7%. S
' e Al Bonic ‘a” | = " +94.49
1.0 * A 280 opm  AP3Bomc a4 8 10! oA TSMC share: 48-52%
) * * A A10X Fusion 4 — | Total
32 28nm .
nm A 14nm  10nmA A © ] (this study)
0.8 Ab 20nm A9 A1l Bionic A 5nm D 1
. 32nm A8 7nm A14 Bionic © { TSMC
45nm ¥ 4¢ A12 Bionic
0.61 A4 5 1
* 32nm 8
A5 = o A " n
0.41 * @ | UMC A
0.2 Planar FET FinFET s 1071 GF
- > < > o ]
O ‘I T T _ T T T I' P | SMIC
2010 2012 2014 2016 2018 2020 2022 2010 2012 2014 2016 2018 2020

1 The average die area is roughly constant for Apple’s A-processors although technology node
shifted from 45 to 5 nm = ever increasing functionality

[ The total silicon area produced over time keeps increasing, faster than the reduction in
environmental impacts per area = rebound effect

WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors

T. Pirson, UCLouvain
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_10? -
fas) i SAGR #3.6% ___pomarmmmmanom AT R
U N !-jif é ;I;\?ot/‘/dv\//dc) SEMI data N14‘SC% (20?1')
environment ‘s ~20.5% (2020)
of worldwide production
a) Net global greenhouse programme 5 Ao £7.7% P
1 1 = 94.4% .
s gas (GHG) emissions B10' 1o TN e TonC shorer 5520
. . o (rhisstuM
2019 emissions were © TSMC
\[ 12% higher than 2010 Emlss'°ns Gap S /r—-———"/"_‘_/
N - Report 2019 | oM. = :
= Implemented policies 5100 o
60 e — — s SMmIC

i Nationally Determined 2010 2012 2014 2016 2018 2020

l__ I' Contributi (NDCs)
| range in 2030 > -7.6%/year _
f/ N o/y > The production (cm?2)

(if started in 2020) to meet is increasina of about
the 1.5°C target .|.3_60/og/year

A4

® Gigatons of C0O,-equivalent emissions (GtCO;-eqg/yr)

20
[ D —— ... This would therefore requirea, =
°1.5% reduction of the GWP/cm? Tv=1.08 |{ M=0.90

0=0.43 || 0=0.30
HEN | -16.7%

&

Historical This work

close to 11- 14%/year to reach
-2 this pathway ..

2000 2020 2040 2060 2080 2100

BUT ... =16.7% (1980->2020)

About -1%/year ... (if 2015-1995=20 years) 18
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Quick summary
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®
Table ESH5S  Facilities Technology Requirements

INTERNATIONAL

INTERNATIONAL TECHNOLOGY ROADMAP ;T.fﬁfp‘i::ﬂm Faciines Technology Remirenenss [ zon [ 7o [ o5 [ s [ 0 [ 7o [ s [ wom [ oow [ oo [ oo [ e [ s | mem [ om [ on
'FOR ;::;;::35@ Meetestablished goal and metries.
TECHNOLOGY ROADMAP SEMICONDUCTORS —_—
FOR e
2007 EDITION e e 111 & e = = &
SEMICONDUCTORS G o e

1mportant

2001 EDITION ENVIRONMENT, SAFETY, AND HEALTH T e

Total b energy wage (kWhica)

NenEWV| 10 10 10 0 s
Ew, 12 12 12

mportant

Waste

:azarons waste (g per em™) (1] Important E T3 EE] 72 72 5] [ T3 T 3 T T

[ Emizmon:
THE ITRS 15 DEVISED AND INTENDED FOR TECHNOLOGY ASSESSMENT ONLY AND IS WITHOUT REGARD TO ANY Vol Orzanic Comspounds (VOCs) (g per cax”) [1] 0.08 = [ e = 0.05 0085 0.085 0,085 0085 0.045 0055
COMMERCIAL CONSIDERATIONS PERTAINING TO INDIVIDUAL PRODUCTS OR EQUIPMENT. mportant

ENVIRONMENT, SAFETY, AND
HEALTH

INTERNATIONAL TECHNOLOGY
ROADMAP FOR SEMICONDUCTORS .
INTERNATIONAL

2003 Eprmion TECHNOLOGY ROADHAP IMPORTANT:

FOR
SEMICONDUCTORS 2.0

e 1. No target for GHG emissions/cm?

ENVIRONMENT, SAFETY, AND HEALTH

T o O R KU N o S S M W it e (On Iy for F-G HG)
2. No quantitative data after 2015

WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors
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—»— ESH 2001
: : 25 100
15.0 (a) PEF assumed to be 25 (electricity only!) (b) — (C) NO target zone % %
% S
12.5- _ 20 ‘B‘ 80 X
(o] o~ 4r_UJ
= i ) wn
E. 75 x X x — 8
=) % 10 @ 40
E 5.0 g X X X §
L i 51, O 201,
2.5 | Direction : | Direction Q Direction
lof best performance : NO target zone i l of best performance NO target zone o T of best performance
0 . : ‘ : 0 . i — 0 . 5 .
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors 27
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—»— ESH 2001 <« ESH 2003

; : 25 ; 100
15.0 (a) PEF assumed to be 25 (electricity only!) (b) — (C) NO target zone % %
i : X
12.5] _ 20y ~ 80 X
S o ©
LEJ]_OO E]_S_ ] - 60 ./—x—»/(_x_x
= i 3 : n
= 75 E = | :
0 % 10+ % 40
& 5.0 = % : S
: i = >
o : Q 51, . : O 201,
2.5 | Direction : | Direction : Q Direction
lof best performance : NO target zone i l of best performance NO target zone o T of best performance
0 . : ‘ : 0 . i — 0 . 5 .
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors ’3
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—»— ESH 2001 <« ESH 2003 —< ESH 2007

_ 25 ; ; 100
15.0 (a) PEF assumed to be 2. 5 (electricity only!) (b) : — (C) NO target zone % X
_ S
12.5- _ 20 ‘B‘ 80 X
NE NE I d* E ./_)(_)/‘—"—X 3¢
S 10.0 target relaxedgt? S 151 . target relaxe 1] o 601
= U = | =
E. 7.51 ; — s e L
o £10- < 40]
a 5.0 g e ﬁ
L 51, O 201, .
2.5 | Direction : | Direction Q Direction
lof best performance : e ! l of best performance NO target zone o T of best performance i
0 . % ‘ | 0 . i =] 0 . 5 .
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors 24
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—»— ESH 2001 <« ESH 2003 —< ESH 2007 —< ESH 2015

| 25 ; ; 100
15.0 (a) PEF assumed to be 2. 5 (electricity only!) (b) : — (C) NO target zone % o
12.51 20 %‘ 801 X ‘ :':::target relaxed
& NE 1\ ™ /_N_)/‘_"_" ¥ '
e 10.0 target relaxed:k S 151 . target relaxedg 300mm | — 60
ﬁ X 3 H 200mm | A
= 75 . | o
0 % 10+ % 401
5.0 : | = % % g
L 51, O 201,
2.5 | Direction : | Direction Q Direction
l of best performance : e ! l of best performance NO target zone o T of best performance
0 . f ‘ : 0 . : . 0 . 5 .
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors )5
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g-term analysis of ITRS roadmaps

—— ESH 2001 ESH 2003 —< ESH 2007 —< ESH 2015 .u.. Intial target (W rt ESH) e
: 25
15.0 (a) PEF assumed to be 2. 5 (electricity only!) i (b) @
-
12.5 5-7.\ 207
NE 10.0- target relaxedéb: = é 154 target relaxedé*:__ 300mm 5
ﬁ | & 3 200mm |y
= 75 el ey "
a) : % 10+ =
a 5.0 s | = 5 =
2.5+ l Direction g =) Direction §
of best performance NO target zone | & l of best performance : N0 taraet sone =
0 : : ‘ : 0 : : . i
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020

100

== me== Final target (w.r.t. ESH)

(C) NO target zone

X X

— 80+ i target relaxed

_8 H

© /_)(_/—X—X

o 601

)]

-

Q

< 40

2 o

9 g

8 201 Direction §

[ T of best performance =
0 . 5 :
2000 2005 2010 2015 2020

Environmental targets are at best reaching the targets from the ESH 2001 roadmap

(in the meantime, more transistors are fitted on a given square cm.

Yet, the total area produced keeps on increasing)

WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors
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S Need for a fundamental reset

<IEEE

Advancing Technology
for Humanity

INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS

INTERNATIONAL
RoADMAP
FOR
E}ICES AND SYSTEMS

™

2022 EDITION

EXECUTIVE SUMMARY

THE IRDS™ IS DEVISED AND INTENDED FOR TECHNOLOGY ASSESSMENT ONLY AND IS WITHOUT REGARD TO ANY
COMMERCIAL CONSIDERATIONS PERTAINING TO INDIVIDUAL PRODUCTS OR EQUIPMENT.

00 FEDC R THE INTERNATIONAL RoADMAP FOR DEVICES AND SysTEMS: 2022
SUTFRC @ CoPYRIGHT © 2022 IEEE. ALL RiGHTS RESERVED.

WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors

40 Roadmap Process and Structure

The IRDS International Focus Team on More than Moore. as listed in the acknowledgments section has generated the content of
this chapter. Extensive use has been made of the NEREID NanoElectronics Roadmap for Europe.*

2.2.12. ENVIRONMENT, SAFETY, HEALTH AND SUSTAINABILITY (ESH/S)

The Environmental, Safety. Health. and Sustainability (ESH/S) chapter was not updated for 2021 IRDS given the many changes
that have occurred within the industry and externally, which require a fundamental reset in how ESH/S emerging challenges are
addressed from a teclmoloey 1oad1nap per specm e. However, a white paper w ill be pubhs.hed in the 2022 TRDS as a result of re-
il HI.J‘_LU.-".".. lJ.J.C J.J. J. CJJ.UJ. L J. Lo ’CJ.J.’CL-[].\ ’CJ._‘; LI-CJ.LIIC el l.l.l.\.-ﬂl. J.‘}‘}'.I’C.‘.‘A uuu =dpra. d Ul. Uﬂuﬁi aprpl UﬂLll I.U LU].].J.IJ'].C]J.'CIIU- U.I.'C Wvelal Ll.ll.l.l.c".".. 1131\-3
upstream from the supply chain. within the semicondufi s manufacturers and downstream to key customers in microelectronics
will require a systems integration approach to ensure s linkage and alignment with key stakeholders.

2021 & 2022 IRDS executive summary:

“the ESH chapter has not been updated for 2021 IRDS given the many
changes that have occurred within the industry and externally, which

require a fundamental reset in how ESH/S emerging challenges
are addressed from a technology roadmap perspective.”

27
T. Pirson, UCLouvain



IC& S

International Cooperation
On Semiconductors

Quick summary

WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors

T. Pirson, UCLouvain

28



Environmental perspectives for
the European Chips Act



IC& S The European Chips Act

International Cooperation
On Semiconductors

Y E—
Europe needs a Chips Act!

Our aim is to jointly create a state-of-the-art European chip ecosystem, including

production. We need to link together our world-class research, design and testing
capacities.|This is a matter of tech sovereignty.l Resilience (geopolitics)

Green growth

Europe’s objectives includes:

To put in place an adequate framework to increase substantially its production
capacity by 2030

To address the acute skills shortage

To develop an in-depth understanding of the global semiconductor supply
chains

WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors
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* “No net emissions of
greenhouse gases by 2050,
A European Green Deal * | economic growth decoupled
Striving to be the first climate-neutral continent from resource use,
* no person and no place
left behind.”

Green growth

The first climate- At least 55% less 3 billion
neutral| continent net greenhouse gas emissions by additional trees to be planted in the
by 2050 2030, compared to 1990 levels EU by 2030

Local ... not global

WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors
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|CS Is “ereen growth” possible?
A

* Green growth = the absolute decoupling Q

of GDP growth from the ecological footprint (90
* Can only be studied at the global world scale fOOt @enta/

because of [Parrique, 2019 Fingt

= rebound effects, >

" problem & cost shifting issues.

* Absolute decoupling has never been observed so far at global scale [Jackson,
2009][Parrique, 2019][Hyckel and Kallis, 2020]

* Betting on green growth for carbon neutrality is a risky strategy
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Annual CO, emissions of Belgium
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P S — Production-based
based
150 million t 2 0.
R
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100miliont P roduction- c
based o
o 11
50 million t @)
©
>
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1990 2000 2005 2010 2021 < 04
Source: Our World in Data based on the Global Carbon Project (2022) 1 9]60 19I80 20I00 20l20
OurWorldinData.orgfco2-and-greenhouse-gas-emissions « CC BY Year
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Water resources: 800 people demonstrate in front
of STMicroelectronics in Isere
4/1/2023, 2:08:54 PM ‘

R—

WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors
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A Europe Technology
aC€> Policy Committee

Capsule Conclusion

COMMENTS OF THE
ACM EUROPE TECHNOLOGY POLICY COMMITTEE Europe TPC supports the Commission’s intention to promote European digital
ON THE PROPOSAL FOR A REGULATION ESTABLISHING A sovereignty, but also see its Proposal for a Regulation Establishing a Framework
FRAMEWORK OF MEASURES FOR STRENGTHENING of Measures for Strengthening Europe's Semiconductor Ecosystem as an impor-
EUROPE'S SEMICONDUCTOR ECOSYSTEM tant opportunity to improve the sustainability of semiconductor technologies and
applications. With this goal in mind, we raise a number of environmental consid-
i erations that would need to be accounted for, noting that at present the Chips Act

fails to address the substantial probability that it will produce “rebound” effects
potentially significant enough to wholly negate efficiency savings or even induce
net energy and emissions increases (aka “backfire”). The Framework should thus
be amended to expressly identify, quantify, and mitigate such impacts, with a
view to aligning semiconductor innovation with the technological and environ-
mental objectives of the Green Deal.
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Assumptions:

103 3 Total carbon footprint of the EU E ’ I(rS1E2I\(/)II2((;: io)% (')tfhlfOS MtCOZi -
F ] ata) wi .5x uncertainty

Green Deal target —
* Global market: CAGR +8% +/-4%
10° £ Semiconductor opeal chips Z _
production Y - -~ i * Complexity: CAGR +5% +/-2%

—
- - —-—
-

* Fixed abatement schemes

* Carbon intensity of electricity mix:
CAGR -2%/year

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

* Chip production: 5-33% of the
total EU carbon budget !

WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors 36
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* The European Chips Act targets the supply chain sovereignty
(increase resilience) ...

e ...atthe cost of 3-10x higher GHG emissions for the EU semiconductor
fabrication sector (BaU scenario targeting 20% market share in 2030)

= At the EU scale: one more difficulty for reaching the climate targets

_ WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors 37
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Substitution Accumulation

Replacing existing products Deploying new products
EU Chips Act = opportunity EU Chips Act = threat
for climate for climate

(depends on electricity mix)

What would be the additional chip production capacity
fostered by the European Chips Act for ?

WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors 33
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Company Location Market Tech. node
Intel Magdeburg, DE ? 7-5nm
TSMC Dresden, DE ?
ST & GF Crolles, FR Automotive & 6G  22-18nm
European Chips Automotive, 6G, 12/10nm
Act plan Quantum, Al +3/2nm ?

WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors 39
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Substitution or accumulation ?
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Can we cope with the massive production of
integrated circuits (ICs) within environmental limits?

conflicting trends
will not be sufficient

currently fail

choice of environmental efficiency metrics
the climate targets at the EU scale
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» Develop a clear and transparent methodology for reporting environmental targets = insights and suggestions provided in
[Pirson, 2022] and [Roussilhe, 2022]

» Foster coherency between CSR reports and ITRS roadmaps terminology

» Evolution of relative efficiency metrics through time should be (better) monitored and reported

» Carbon tuneling should be (systematically) avoided (already partially the case is ESH ITRS reports)

» Include explicit environmental regulations in te Chips Act, together with in-depth reporting of environmental indicators

» Investigate the potential of low-throughput resilient and economically viable production lines in Europe = important
change in current semiconductor business models

» Using backcasting instead of forecasting for designing roadmaps for European IC manufacturing = focusing on absolute
cumulative GHG emissions rather than relative environmental efficiency improvements

WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors 45
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» Levers for aligning the sector emissions on climate targets:

v’ savings in other sectors (caution: requires proper science-based evaluation including
negative enabling effects

+ political guidance to arbitrate the targets between sectors),

v’ efficiency #1: sourcing low-carbon electricity
(location matters, beware of preemption mechanism !),

v’ efficiency #2: lower energy intensity of the fabs + GHG abatement,
v’ efficiency #3 + sobriety #1: reduce die size,
v

sobriety #2: planned degrowth of production volumes through:
longer service lifetime, circular economy and sober innovation!
- deep changes for the semiconductor industry business models
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