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ICs are everywhere…

Integrated circuits (ICs) are the building blocks of ICTs supporting digital products and services.

Source : [Pirson, 2021]
T. Pirson, UCLouvain
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ICs require a specific focus

ICs represent a high share of the production impacts in existing LCA

Source : [Pirson, 2022]
T. Pirson, UCLouvain
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Carbon footprint of ICT

Malmodin
& Lunden (2015)

Belkhir
& Elmeligi (2017)

GreenIT‡

(2019)

GeSI‡

(2020)

2.1-3.9 %
of global

GHG emissions
(wrt. 59 GtCO2e

in 2019 
[IPCC 2022], 
+ accounting 

for truncation error 
[Freitag, 2021])

Production Use

Devices includes TVs 
and printers

‡ Sources not peer-reviewed

MtCO2e

1265

1571

1400

1260

Source : [Malmodin, 2018;
Belkhir, 2018;  GreenIT, 

2019, GeSI, 2020]T. Pirson, UCLouvain
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GHG emissions reduction pathways

Huge challenge: 

very few trials to get it 

right and short period of 

time (<30 years)

→ today’s actions are 

critical

we are here

Source : [IPCC, 2023]
T. Pirson, UCLouvain
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Chip manufacturing and 1.5°C trajectory

Source : [imec, 2022;
McKinsey&Company, 2022]

T. Pirson, UCLouvain
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Insights from the academia …

Source : [Roussilhe, 2022;
Wang, 2023]

T. Pirson, UCLouvain

(Sub-set of ECMs in Taiwan)
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Planetary boundaries

• Represent a sage operating space 
for Humanity

• 3 boundaries are FULLY exceeded in 
the high-risk zone

• 2 boundaries are in the increasing-
risk zone: climate change and land 
change (deforestation)

Source : [Steffen, 2015]
T. Pirson, UCLouvain



WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors
Name , Institution

9

1. Clear conflicting trends are already identified for GHG emissions (Paris Agreement)
2. The minimization of the environmental impacts per cm2 will not be sufficient 
3. Roadmaps currently fail in defining environmental targets
4. Issue with the choice of environmental efficiency metrics
5. The EU Chips Act adds difficulty for reaching the climate targets at the EU scale

Can we cope with the massive production of 
integrated circuits (ICs) within environmental limits?

T. Pirson, UCLouvain
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• Context

• 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

T. Pirson, UCLouvain
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Our previous work on …

… the environmental footprint of IC production … the environmental footprint of IoT and 5G

T. Pirson, UCLouvain

TODAY
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The Impact of Pursuing 
Advanced Scaling for Foundries
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The environmental footprint of IC production

❑ Focus on 3 environmental indicators: energy, GWP (this talk), water

❑ All metrics are normalized by silicon area (cm2)

TODAY

Source : [Pirson, 2022]
T. Pirson, UCLouvain
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The environmental footprint of IC production

1. Foundry reports (N=5)

2. Industry roadmap (N=1)

3. Scientific literature (N=18)

4. Commercial databases (N=3)

TODAY

Source : [Pirson, 2022]
T. Pirson, UCLouvain
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The Impact of Pursuing Advanced Scaling for Foundries

❑ 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

Source : [Pirson, 2022]
T. Pirson, UCLouvain
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Historical trends

Source : [Pirson, 2022]
T. Pirson, UCLouvain
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Rebound effect

❑ 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

Source : [Pirson, 2022]
T. Pirson, UCLouvain
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Conflicting trends

18
About -1%/year … (if 2015-1995=20 years)

… This would therefore require a 
reduction of the GWP/cm2

close to 11-14%/year to reach 
this pathway …

BUT … (1980→2020)

→ -7.6%/year

(if started in 2020) to meet 
the 1.5°C target

→ The production (cm2) 
is increasing of about 

+3.6%/year
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Quick summary

▪ Rebound effect are observed at the hardware level
→ The minimization of the environmental impacts per cm2

will not be sufficient 

→ Clear conflicting trends between massive production of 
ICs and GHG reduction pathways (Paris Agreement)

T. Pirson, UCLouvain
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The Issue with Environmental 
Targets in Industrial Roadmaps
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Long-term analysis of ITRS roadmaps

Source : [Pirson, 2022]

IMPORTANT: 

1. No target for GHG emissions/cm2

(only for F-GHG)

2. No quantitative data after 2015

T. Pirson, UCLouvain
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Long-term analysis of ITRS roadmaps

Source : [Pirson, 2022]
T. Pirson, UCLouvain
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Long-term analysis of ITRS roadmaps

Source : [Pirson, 2022]
T. Pirson, UCLouvain
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Long-term analysis of ITRS roadmaps

Source : [Pirson, 2022]
T. Pirson, UCLouvain
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Long-term analysis of ITRS roadmaps

Source : [Pirson, 2022]
T. Pirson, UCLouvain
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Long-term analysis of ITRS roadmaps

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)

Source : [Pirson, 2022]
T. Pirson, UCLouvain
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Need for a fundamental reset

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.”

Source : [ITRS, 2022]
T. Pirson, UCLouvain
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Quick summary

▪ Systematic relaxation of the environmental targets (a-
posteriori)

▪ Lack a standardization across the ITRS/IRDS roadmaps

→ Roadmaps currently fail in defining environmental 
targets as manufacturing processes become more and more complex for 

advanced technologies.

T. Pirson, UCLouvain
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Environmental perspectives for 
the European Chips Act
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The European Chips Act

Resilience (geopolitics)

Green growth

T. Pirson, UCLouvain
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Green deal

• “No net emissions of 
greenhouse gases by 2050,

• economic growth decoupled 
from resource use,

• no person and no place 
left behind.”

Green growth

Local … not global

Source : [EU]
T. Pirson, UCLouvain
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Is “green growth” possible? 

• Green growth = the absolute decoupling 
of GDP growth from the ecological footprint 

• Can only be studied at the global world scale
because of [Parrique, 2019]: 
▪ 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

T. Pirson, UCLouvain



WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors
Name , Institution

33

Cost shifting issue

Annual CO2 emissions of Belgium

Consumption-
based

Production-
based

Production-based

Consumption-based
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Source : [Friedlingstein, 2022]
T. Pirson, UCLouvain
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Citizen protest

T. Pirson, UCLouvain
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Environmental concerns …

T. Pirson, UCLouvain
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Prospective GHG emissions for EU chips

Green Deal target

Assumptions:

• In 2020: 10% of 100 MtCO2e 
(SEMI data) with 1.5× uncertainty

• Global market: CAGR +8% +/-4%

• Complexity:  CAGR +5% +/-2%

• Fixed abatement schemes

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

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

Semiconductor
production 
in the EU

T. Pirson, UCLouvain
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Prospective GHG emissions for EU chips

• The European Chips Act targets the supply chain sovereignty 
(increase resilience) …

• … at the cost of 3-10× 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

T. Pirson, UCLouvain
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Let’s focus on the world scale …

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

Replacing existing products
EU Chips Act = opportunity 

for climate 
(depends on electricity mix)

Deploying new products
EU Chips Act = threat 

for climate

Substitution Accumulation

T. Pirson, UCLouvain
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Current initiatives (megafabs only)

Company Location Market Tech. node

Intel Magdeburg, DE ? 7-5nm

TSMC Dresden, DE ? 28/22nm ?

ST & GF Crolles, FR Automotive & 6G 22-18nm

European Chips
Act plan

Automotive, 6G, 
Quantum, AI

12/10nm
+ 3/2nm ?

T. Pirson, UCLouvain
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Substitution or accumulation ?

T. Pirson, UCLouvain
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Quick summary

▪ At the world scale, two options:
• opportunity: replacement of carbon-intensive capacity somewhere 

else in the world (substitution)

• threat: additional capacity for new markets (accumulation)

▪ At the EU scale, one more difficulty for reaching the 
climate targets

T. Pirson, UCLouvain
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Take-aways
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1. Clear conflicting trends are already identified for GHG emissions (Paris Agreement)
2. The minimization of the environmental impacts per cm2 will not be sufficient 
3. Roadmaps currently fail in defining environmental targets
4. Issue with the choice of environmental efficiency metrics
5. The EU Chips Act adds difficulty for reaching the climate targets at the EU scale

Can we cope with the massive production of 
integrated circuits (ICs) within environmental limits?

T. Pirson, UCLouvain
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Suggestions
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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

45

Suggestions

T. Pirson, UCLouvain
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➢ Levers for aligning the sector emissions on climate targets:

✓ savings in other sectors (caution: requires proper science-based evaluation including 
negative enabling effects 
+ political guidance to arbitrate the targets between sectors),

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

✓ efficiency #2: lower energy intensity of the fabs + GHG abatement, 

✓ efficiency #3 + sobriety #1: reduce die size,

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

46

Suggestions

T. Pirson, UCLouvain
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www.icos-semiconductors.eu

http://www.icos-semiconductors.eu/
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T. Pirson, UCLouvain
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