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What is the ICT (Information and Communication 
Technologies) part in the global carbon impact?
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Electricity mix, device lifetime, complex manufacturing 
processes, ICT perimeter, …
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“The real climate and transformative impact of ICT: A critique of estimates, trends, and regulations’’, 
C. Freitag, M. Berners-Lee, K. Widdicks, B. Knowles, G. Blair, A. Friday, Patterns, 2021. 




Paris Agreement: 1.5°

Objective in 2019: reducing global greenhouse gas emissions by 8% each year
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My scientific context

• Energy consumption

• Large-scale distributed sytems 

• Computing and networking parts

• Use phase


Started with Grid computing some years ago…
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The Cloud
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Wrong idea #0 – the good
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Cloud computing is carbon neutral.
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Wrong idea #0 – the bad
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”Carbon neutralities” of ICT companies, Anne-Laure Ligozat, https://ecoinfo.cnrs.fr/2022/07/05/carbon-neutralities-of-ict-companies/, 2022.

Net electricity use still growing.
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https://ecoinfo.cnrs.fr/2022/07/05/carbon-neutralities-of-ict-companies/


Wrong idea #0 – the ugly

Carbon footprint : 3 scopes 

- Scope 1: emissions resulting directly from the company’s 

activities, such as internal electricity generation, air 
conditioning refrigerant gas emissions, etc.


- Scope 2: emissions resulting from the company’s energy 
consumption, typically purchased electricity and heating.


- Scope 3: everything else! i.e. purchases, business travel of 
employees and commuting, waste management…


In 2021, partial GHG assessment for Microsoft indicates 
that at least 77% of their impact belong to scope 3.


https://download.microsoft.com/download/7/2/8/72830831-5d64-4f5c-9f51-e6e38ab1dd55/Microsoft_Scope_3_Emissions.pdf 
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https://download.microsoft.com/download/7/2/8/72830831-5d64-4f5c-9f51-e6e38ab1dd55/Microsoft_Scope_3_Emissions.pdf


First rule: measuring for real
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Wrong idea #1
Idle server consumes nothing or little.
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Wrong idea #1
Idle server consumes nothing or little.

Pidle

Nova node: 2 x Intel Xeon E5-2620 v4, 8 cores/CPU, 64 GiB RAM, 598 GB HDD (2016)

Anne-Cécile Orgerie 14



Wrong idea #2
This server model consumes that amount of power.
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Wrong idea #2
This server model consumes that amount of power.

10% difference in idle and more at maximal consumption.

10%
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No chance for naive modeling

Best configuration for power consumption ? 

It depends.

5 x Pidle + 8 x Pprocess = X Watts

5 x Pidle + 8 x Pprocess = X Watts
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Naive model:
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Need for wattmeters and sound experimental campaigns

• To understand

• To build robust models 

• To get solid instantiations

• To obtain realistic algorithms

Energy consumption: a complex 
phenomenon
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Performing measurements
Intel’s RAPL (Running Average Power Limit) interface 
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Knowing what you measure
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Knowing what you measure
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Warning: RAPL counters ignore a large 
part of power consumption of servers.

Power consumption of Taurus-12

Big

difference



Wrong idea #3
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The relation between power and CPU load is  linear/quadratic/cubic.



Wrong idea #3

17% difference in consumption for applications fully loading the server. 

[Cluster 2017]

Anne-Cécile Orgerie 21

17%

The relation between power and CPU load is  linear/quadratic/cubic.

Taurus node: 2 x Intel Xeon E5-2630, 6 cores/CPU, 32 GiB RAM, 300 GB HDD (2012)



Wrong idea #4
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Low power processors consume less energy.



Wrong idea #4

Anne-Cécile Orgerie
[ISCC 2021]
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Low power processors consume less energy.



Anne-Cécile Orgerie 23

Wrong idea #5 (and much more)
Improvement in energy efficiency will never stop.
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[Source : Karl Rupp, https://github.com/karlrupp/microprocessor-trend-data]

Moore’s law: the number of transistors in a dense integrated circuit 
doubles about every two years. • Increase the 

processor’s 
frequency


• Increase the 
number of 
cores per 
processor


• Increase the 
fineness of 
processor 
engraving
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Physical limits.

Wrong idea #5 (and much more)
Improvement in energy efficiency will never stop.
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Simulating energy consumption
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Models and simulation tools for what?
Capacity and energy planing 

What-if scenarios

Algorithm analysis

Estimating VM energy 

consumption

Estimating end-to-end 

energy consumption

Closing doors
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[FGCS 2018]

Tradeoff between:

- Performance

- Application accuracy

- Energy consumption

It depends.

Power consumption of IoT
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Cooling

Power generators

Batteries

…

Unused servers

Overprovisioning

Redundancy 

… 

Wasted energy at all levels of data centers

Power non-proportionality 

Dark silicon

Unused components

…
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ICT for Green  Green ICT≠
• ICT for Green


• Use ICT technologies to reduce the environmental 
footprint of other processes and sectors


• E.g. smart grids, climate simulations, etc.


• Green ICT

• Reduction of the ICT’s environmental footprint

• E.g. energy-aware data centers

• 3 ways: measurement, efficiency, sobriety
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Increasing energy efficiency  
 reducing consumption≠

Energy 
optimization

Resource cost 
reduction

Usage 
increase

Energy 
consumption 

increase
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Underlying trends:

- Acceleration of equipment renewal rate

- Explosion of uses and consumption of data

- Digitization of all sectors, without prior study of environmental 

impacts
Beware of rebound effects!



ICT impacts
• Direct effects at each stage of the life cycle 


• Extraction : pollution, destruction of ecosystems, armed 
conflicts, depletion of resources


• Transport

• Use : electricity mix 

• Waste : insufficient collection, limited reuse, limited recycling


• More or less positive indirect effects


• Optimization of other sectors

• Obsolescence

• Rebound effects

• Interdependence linked to ICT

• Digital divide, health (myopia, addictions, etc.)
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More and more traffic
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[Source: Marché des communications électroniques en France - Année 2019, ARCEP]
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In Q4 2021 : 

• 80.4 million SIM cards in France (prepaid and subscription)

• average monthly data consumption per SIM card: 10.4 GB/month 


In Q4 2011 : 

• 65.9 million SIM cards in France

• 0.1 GB/month (x100 in 10 years per user)




Can we save ICT…

Anne-Cécile Orgerie
… without changing users’ habits?
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Things more and more indispensable

Anne-Cécile Orgerie “Les impacts du smartphone”, ADEME, 2019

70 MATÉRIAUX POUR FABRIQUER UN SMARTPHONE
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Life cycle of end devices

Anne-Cécile Orgerie 36Source: Product environmental report, Apple, 2018.

4 years of use



Numerous other environmental impacts

Source: Life Cycle Assessment for Mobile Products, Samsung, 2018.
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Carbon footprint of astronomical 
research infrastructures 
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Studying environmental impacts of ICT

https://ecoinfo.cnrs.fr Anne-Cécile Orgerie 39



Opportunities

To think differently

To propose new things

To build differently

To design a sustainable future

Anne-Cécile Orgerie 40

Sobriety

Resilience

Low-tech

Sustainable computing

Computational sustainability



Thank you for your attention

http://people.irisa.fr/Anne-Cecile.Orgerie


