
Qarnot  ·  1

Qarnot: an introduction through 
sustainable and technical challenges

September 2024



Qarnot  ·  2

Charles Anteunis
Software Engineer
Promo 2021

Jérémie Spiesser
Software Engineer
Promo 2022



Qarnot  ·  3

September 2024

How carbon intensive is cloud computing ?

What are the levers to reduce it?

How is Qarnot helping?

A few technical challenges
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What is the cloud?
The cloud is composed of different services
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What is the cloud?
Are cloud infrastructures as light as this cloud?



Qarnot 

What is the cloud?

Terminals Networks Datacenters

Energy

Important infrastructures behind cloud services
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Internet cable laying vessel

Facebook datacenter in Texas, USA

Intel’s Fab42 factory in Arizona, USA

Aluminium factory in Dunkerque, FR

What is the cloud?
Important infrastructures behind cloud services
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Like every industry, digital has an impact

1,600 millions tons of CO2 per year 

emitted by the Information Technology 
Industry (ICT) 

4%+ of worldwide carbon footprint 
That’s more than the whole Aviation Industry

Growing 9% per year

Source: Lean ICT - Towards sobriety - The Shift Project - March 2019 

ICT also consumes scarce resources
(land, water,rare metals...)

https://theshiftproject.org/wp-content/uploads/2019/03/Lean-ICT-Report_The-Shift-Project_2019.pdf
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Communication from hyperscalers
“Switching from on-prem to the cloud will save 90% of your carbon footprint”
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Communication from hyperscalers
“The cloud is carbon neutral”
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Carbon footprint =
energy consumption x electricity mix
– energy double usage
+ manufacturing
+ end of life
– carbon offset
+ …

Carbon footprint of the cloud
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Carbon footprint =
energy consumption x electricity mix
– energy double usage
+ manufacturing
+ end of life
– carbon offset
+ …

Carbon footprint of the cloud
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Reduce energy consumption
Increase utilization rate
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Hot aisle enclosureTraditional cooling Free and evaporative 
cooling

Reduce energy consumption
Evolution of the cooling technology
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Direct Liquid Cooling

Reduce energy consumption
Evolution of the cooling technology

Immersion cooling
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Reduce energy consumption
PUE: a key metric for the energy efÏciency

PUE
Power Usage Effectiveness 



Qarnot 

PUE : impact de la métrique
DC efÏciency gains have flattened out, we need new perspectives
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Carbon footprint =
energy consumption x electricity mix
– energy double usage
+ manufacturing
+ end of life
– carbon offset
+ …

Carbon footprint of the cloud
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Electrical mix
Buying renewables certificates doesn’t help reaching Paris agreement targets
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Carbon footprint =
energy consumption x electricity mix
– energy double usage
+ manufacturing
+ end of life
– carbon offset
+ …

Carbon footprint of the cloud
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Carbon offsetting

Today In 30 years ???

Carbon offset is part of the solution but comes with a great deal of uncertainty
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Carbon footprint =
energy consumption x electricity mix
– energy double usage
+ manufacturing
+ end of life
– carbon offset
+ …

Carbon footprint of the cloud
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Manufacturing Usage

Carbon footprint of the cloud
Consider the full Life Cycle Analysis
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Carbon footprint of the cloud
Consider the full Life Cycle Analysis

USA France
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Carbon footprint of the cloud
Consider the full Life Cycle Analysis

Source : https://boavizta.org/blog/empreinte-de-la-fabrication-d-un-serveur
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DC initiatives

Scandinavian Datacenter Jean Zay supercomputer
heating IDRIS CNRS labs

Microsoft underwater datacenter
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DC initiatives

Scandinavian Datacenter Jean Zay supercomputer
heating IDRIS CNRS labs

Microsoft underwater datacenter Scandinavian Datacenter
Better

Reduced cooling
Better electricity mix?

Jean Zay supercomputer
heating IDRIS CNRS labs
Much better

Reduce used energy
Not reduced cooling

Microsoft underwater datacenter
Pure marketing

What about maintenance?
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Carbon footprint =
carbon footprint
+ water usage
+ abiotic depletion
+ …

Sustainability is not just about carbon

Abiotic depletion

Water usage

Source : 
https://datacenter-magazine.fr/la-hollande-soumise-aux-penuries-decouvre-que-les-dc-de-microsoft-ont-consomme-84-millions-de-litres-deau-potable/
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How carbon intensive is cloud computing ?
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A specific hardware solution : QB·1 and QB·X
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A specific hardware solution : QB·X
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Q·ware

Installing our servers where the heat is needed
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How do you manage in summer?

QB·x
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Carbon footprint =
energy consumption x electricity mix
– energy double usage
+ manufacturing
+ end of life
– carbon offset
+ …

Carbon footprint of Qarnot
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High-
carbon 
mix

Servers 

Qarnot
QB·x

Standard
French 

Datacenter

Standard
European 

Datacenter

Cooling

Servers 

Cooling

x 2,8
Low-carbon 

mix

x 12
Reuse heat

+
No cooling

Reused 

Carbon footprint of Qarnot QB.x
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Carbon footprint of a computation on QWare
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Computing boiler

Computing
Clients who need 
computing power

Building
Clients who need heat
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HPC use cases

3D ANIMATION MACHINE LEARNING BIG DATA MECHANICS

OPERATIONS RESEARCH BIOTECH FLUID DYNAMICSELECTRONICS WEATHER FORECAST

FINANCES
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How to launch a computation?

ConsoleSDKsAPI
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Software Architecture

QH·1 QH·1QB·1

api.qarnot.com

Q·Node

Q·Box Q·Box

Q·Node

Q·Box

QS·1

Datacenter

Building
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Software Architecture

network
(internet 

(FTTO/FTTH), 
leased lines, dark 

fiber)

QB QSQB QS
QHQHQH

QBox QBoxQBox

QNode QNode

Storage 
Service & API

Compute 
API

buildings
(Qboxes in 

technical room)

datacenters
(redundant, 
distributed, 

high-availability 
API endpoints, 
storage service 
and scheduling)

end users / 
organisation
(through internet 
or leased lines)

Compute 
API

Storage 
Service & API

Web 
dashboards

Web 
dashboards
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1 - Security

Sécurité Software
=> TPM
=> config kernel de l’OS (module USB désactivés etc.)      
“zero trust”

Approche distribuée : sécurité hardware ?
=> kill switch
=> données client en RAM
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2 - Parallel computation

Communicate and coordinate nodes effectively
To do this, we use the MPI (message passing interface) 
standard which defines an interface to communicate 
between nodes.
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Speedup

Speed up = 
Time single-process

Time multi-process
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RDMA, Infiniband and RoCE

RDMA  (Remote Direct Memory Access) : 
Direct access to resources through the network without 
passing through the OS layer and without intermediate 
copy (zero-copy network).

Infiniband :
Specification of a protocol and network buses that 
natively support RDMA

RoCE  (RDMA over Converged Ethernet) :
Protocol enabling RDMA by encapsulating Infiniband 
packets in UDP/IP frames (RoCEv2)
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RoCE recipe

mpirun -np 112 [...] \
-x UCX_NET_DEVICES=mlx5_0:1 \
[...]

NIC handling RoCE switch handling RoCE option MPI pour utiliser RoCE

Latency divided by 9 !
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Results

speedup

N° noeuds
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Questions?

charles.anteunis@qarnot-computing.com

jeremie.spiesser@qarnot-computing.com

jobs@qarnot-computing.com

Thank you for your attention!
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