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Environnemental impacts

[1] Etienne Lees Perasso, Caroline Vateau, et Firmin Domon, « Etude Numérique et Environnement - Analyse prospective 2030 et 2050 », Étude réalisée pour le compte de l’ADEME et l’Arcep par : LCIE Bureau 

Veritas, IDATE, janv. 2023.

[FRANCE]
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Wireless standard evolution
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Wireless mobile traffic

4G 4G + 5G

> 20% Q3-2023 Q3-2024
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Spectrum (today)
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Spectrum (tomorrow)
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100-300 GHz

Satcom
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Toward high 
frequency2

9



Disposition : Titre seul

Technology and Design to address up to 300GHz
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InP for Next Generation communication

InP: What Impact on Technologies and the Environment?

How to address “Sustainability” in addition to current 

research project ?

1

2
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InP for Next Generation communication

InP: What Impact on Technologies and the Environment?

How to address “Sustainability” in addition to current research project ?

No available data on InP

wafers environmental impacts
Environmental 

issue:

Evaluation of the 

environmental impacts

At substrate level, 

Collaboration with InPACT to 

share data and evaluate 

commercial InP wafers
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InP for Next Generation communication

InP: What Impact on Technologies and the Environment?

How to address “Sustainability” in addition to current research project ?

No available data on InP

wafers environmental impacts
Environmental 

issue:

Evaluation of the 

environmental impacts

Semiconductor manufacturing is 

energy and resource intensive

Development of new technology: InP

based HBT transistor at CEA-Leti

At substrate level, 

Collaboration with InPACT to 

share data and evaluate 

commercial InP wafers

At device level (early R&D stage) 

potential help to make better 

technology choice
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InP for Next Generation communication

InP: What Impact on Technologies and the Environment?

How to address “Sustainability” in addition to current research project ?

On-going Publication, submitted Nov 2024

No available data on InP

wafers environmental impacts
Environmental 

issue:

Evaluation of the 

environmental impacts

Semiconductor manufacturing is 

energy and resource intensive

Development of new technology: InP

based HBT transistor at CEA-Leti

Indium is classified as 

critical raw material for 

the EU

At substrate level, 

Collaboration with InPACT to 

share data and evaluate 

commercial InP wafers

At device level (early R&D stage) 

potential help to make better 

technology choice

Absolute impact with 

deployment scenario 

for 6G application
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InP substrates: some results

Indium 6N

electricity

chemicals

Wastewater treatment

French electricity mix
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InP substrates: some results
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InP substrates have 

more impacts than

Si substrates
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InP: From Wafer to transistor

Hotspot #1: InP wafers

Options to decrease impacts :

 Increasing wafer size (for instance MOCVD 

tool is compatible with 300mm² substrates)

 Building InP on Si substrates to avoid bulk InP

/!\ Even if impacts decrease, global impacts will

increase with production volume! (desired

rebound effect, as new ways to build InP on Si 

will allow large scale production)

Hotspot #2: InP HBT device processing

Options to decrease impacts :

 Process and infrastructure electricity

consumption optimization (including epitaxy)

 Abatement for fluorinated gases
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InP resource

 Since there is no pure indium deposit, the metallurgical production of indium is heavily dependent on zinc 

extraction.

 China (59% of global production), and more broadly Asia (88% of global production), dominate indium 

production."

Indium for 6G Application 

> ~40 tons  / year (Annual production 900 tons) 
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Network 
densification
2030 6G in lower band

2
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6G Band

Source NOKIA

5G 6G

x 2

x 5

x 159

20



Disposition : Titre et contenu

Symposium sur l'électronique & le numérique durables. Dec 2024

6G Band

Source NOKIA

5G 6G

Increasing EIRP is not an option

Increasing density

x 2

x 5

x 159
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Increasing density

Users

APs

Can densification be sustainable ?

Future ?
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Methodology - overview

RF simulationsUse-case scenario

Impact model

Parameters

Daily demand

Validation ?

Metrics & 

benchmark

Results

Multi-criteria analysis & 

Recommendations
Main impacts

Influencing parameters

(Planetary boundaries)

𝐼𝐶𝑖,𝑢𝑠𝑒 = 𝐷 𝐶𝐹𝑒𝑙𝑒𝑐,𝐶𝑖න
0
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𝐼𝐶𝑖,𝑚𝑎𝑛𝑢𝑓 = 

𝑗

𝑒𝑙𝑒𝑚𝑡𝑠

𝐼𝐶𝑖,𝑚𝑎𝑛𝑢𝑓,𝑗
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RF Power, densification
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• Results only valid for the above model and associated scenario and perimeter.

• Figures represent 10 years of use and consider the daily mobile demand profile

• Electricity mix : EU 

• Model precision is limited (cf exclusions and limits)

• We do not know yet if densification is feasible from a technological point of view, and no 

deployment are existing so far.

• Those results cannot be extrapolated to other situations

Symposium sur l'électronique & le numérique durables. Dec 2024

Disclaimer
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Tendencies on total global warming

• Going toward right side = densifying the network

• A wide range of possibilities

• Saturation zone : while K, L, M, P ↗ => impact ++ & perf ++

• Optimal zone : limited number of environmentally relevant parameters 

K=1 K=2 K=3 L ↗

Saturation 

zone

K #users / time slot

L #APs (Access Points)

M #Antennas /AP

P Transmitted power /AP

Optimal 

zone

Empirical optimal combinations in 

case of optimal zone for carbon indicator
Global warming of the CF-mMIMO network, 10yrs, EU mix

Compromise to find between 

impacts and performances

210 tCO2e

à 6 tCO2e

0,2 Mbps – 1800 Mbps

L 1-22 6-16 12-31 13-87

K 4-15 10-13 13 15

M 4 16 16 32

𝑷𝑹𝑭 (dBm) 20-23 23 23 20

Rmax network 

(Mbps)
25-460 460-750 750-980 980-1800

Rmax/user (Mbps) 6,2-31 46-57 58-75 65-120

W 1-3 3-16 6-16 13-87

tCO2eq 8-27 27-42 27-62 62-210
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Intensity metrics

• We observe a U-shape

• On the left : densification for more efficiency 

• On the right : densification leads to higher datarate
performance but poorer efficiency

• The U-shape is indicator-dependent (see table), but 
also €, others impact categories and use-cases.

K L M 𝑷𝑹𝑭 (dBm) value

Best EIb

(kWh/Gbit)

15 37 [23-40] 4 20 4,2E-4

Best Cib

(kgCO2e/G

bit)

10 [10-13] 8 [8-12] 16 23 2,5E-4

Best 

material/GB

15 [10-15] 2 [1-4] 32 26 [23-26] 6,4E-5

Intensity metrics of the work (averaged based on daily demand)

K #users / time slot

L #APs (Access Points)

M #Antennas /AP

P Transmitted power /AP

In bold the best value, in brackets [] the range of the 10 best values.

• There is an efficient zone for every situation

• Focusing only on energy cannot lead to the best 

sustainable solution (other indicators existing)

Parameters matching with best intensity 

metrics

Efficient 

zone
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Grenoble use-case
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• Grenoble dense urban area 0,13 km²

• 9000 pers/km² => 1200 pers

• Data plan 2025 : 29,3 GB/month/pers

• Data plan 2029 : 48,9 GB/month/pers

K #users / time slot

L #APs (Access Points)

M #Antennas /AP

P Transmitted power /AP

In 2030, the estimated needs will not reach 

the efficient zone. Deployment would just be 

starting with many other bands available.

2025

(12 tCO2e)

2029

(17 tCO2e)

2040 ?

2025 (0,00036 kgCO2e/GB)

Efficient 

zone

2029 (0,00030 kgCO2e/GB)

2040 ?

27



Disposition : Titre et contenu

• Historical infrastructure => will 6G come on top or be replacing previous technology ?

• If on top, this will only increase the impacts

• If replacing partially the current network => what are the impacts ? On what conditions this is

sustainable ? 

Symposium sur l'électronique & le numérique durables. Dec 2024

Grenoble use-case

• New archtecture could be a candidate to fit with the demand evolution

• But there is a high risk of rebound impact

• Choice of deployment is of prior importance

28
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Concluding remarks4
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Towards reduction of environmental impacts of ICT

Part of the problem ?

• Accumulation of networks

• Rebound effects

Will the 6G be …

Part of the solution ?

• More energy efficient 

per GB w.r.t 3G, 4G, 5G
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Wireless mobile market

Average monthly mobile data usage per

smartphone is expected to reach 56 GB in

2030, rising from 21GB at the end of 2023.

[1] Etienne Lees Perasso, Caroline Vateau, et Firmin Domon, « Etude Numérique et Environnement -

Analyse prospective 2030 et 2050 », Étude réalisée pour le compte de l’ADEME et l’Arcep par : LCIE 

Bureau Veritas, IDATE, janv. 2023.
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October 2024

New consumption peak record in France
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October 2024

New consumption peak record in France

Update Call of Duty
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Wireless mobile market
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