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potential quantum computing benefits

• energetic advantage (NISQ).

• energetic acceptability (FTQC).

• computing faster than 
classical systems.

• solving problems inaccessible 
to classical computers.

• improving results quality: 
chemical accuracy, better 
heuristics, etc.

• reducing required training 
data, particularly for 
machine learning tasks.

• usefulness: which depends on the 
stakeholder (fundamental research, 
governments, industry).

or

or
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typical difficult problems

iℏ
𝜕𝛹(𝑥,𝑡)

𝜕𝑡
 = −

ℏ2 

2𝑚

𝜕2𝛹(𝑥,𝑡)

𝜕𝑥2
+ 𝑉 𝑥 𝛹(𝑥, 𝑡)

solving Schrodinger’s wave equation 
to simulate quantum systems

combinatorial optimizations

machine learning
and deep learning

solving partial differential equations

breaking asymmetric 
cryptography keys
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from science to industry applications
fundamental research business operations

condensed matter
physics

high-energy
particle physics

transportation

logistics
and retailtelecoms

financial services

manufacturing

energy utilities

astrophysics

applied research

drugsbatteries

fertilizer production material design

semiconductors climate modeling
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process engineering applications

chemical process engineering process systems engineering
modelize chemical reactions, and 

complete molecular pathways
modelization, optimization and 
control of complex processes

• ground state simulations.
• excited states simulations.
• virtual spectrography.
• chemical pathways simulations.
• molecular docking simulations.
• new catalyser simulations.
• corrosion simulations.
• new materials simulations.
• battery chemical simulations.
• …

• combinatorial optimizations under 
constraints.

• solving decision problems.
• machine learning based optimizations.
• LLM-based process designs.
• process flow optimizations.
• job shop problem solving.
• cable routing optimization problem 

solving.
• …
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what is a qubit?

two-level state controllable 
quantum object

basic unit of quantum information

vector in a 2-dimension complex 
numbers Hilbert space
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what is a quantum algorithm?

N
qubits

circuit depth D

two-qubit 
gate

temps

0
0
0
0
0
0
0
0
0
0
0
0
0
0

three-qubit 
gate

single qubit 
gate

initialization readout

quantum algorithm: decomposes a solution to 
solve some mathematical problem into a 
quantum circuit.

quantum circuit: series of operations (gates) 
acting on a quantum memory, on individual 
qubits (superposition) or with connecting them 
together (entanglement).

matrix computing: operating on a memory 
space of dimension 2N+1 real numbers.

mechanism: exploit various techniques like 
interferences to yield a value of interest in a 
series of classical bits.

classical computing: used to prepare the circuit, 
encore data, and extract useful result from 
multiple circuit runs.

https://algassert.com/quirk#circuit={%22cols%22:[[%22X%22,1,1,1,1,%22X%22,%22X%22],[%22Chance5%22,1,1,1,1,%22Chance5%22],[%22X%22,%22X%22,%22X%22,%22X%22,%22%E2%80%A2%22,%22X%22,%22X%22,%22X%22,%22X%22,%22X%22],[1,1,1,1,%22%E2%80%A2%22,%22X%22],[%22Swap%22,1,1,1,%22Swap%22,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,%22X%22],[1,%22Swap%22,1,1,%22Swap%22,1,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,1,%22X%22],[1,1,%22Swap%22,1,%22Swap%22,1,1,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,1,1,%22X%22],[1,1,1,%22Swap%22,%22Swap%22,1,1,1,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[1,1,1,%22Swap%22,%22Swap%22,1,1,1,%22%E2%80%A2%22],[1,1,1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[1,1,%22Swap%22,1,%22Swap%22,1,1,%22%E2%80%A2%22],[1,1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[1,%22Swap%22,1,1,%22Swap%22,1,%22%E2%80%A2%22],[1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[%22Swap%22,1,1,1,%22Swap%22,%22%E2%80%A2%22],[%22%E2%80%A2%22,1,1,1,1,%22X%22],[%22X%22,%22X%22,%22X%22,%22X%22,%22%E2%80%A2%22,%22X%22,%22X%22,%22X%22,%22X%22,%22X%22],[%22Chance5%22,1,1,1,1,%22Chance5%22]]}
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key differences vs classical computing

uncopiable data,
but transferable

need to (re-)learn linear algebra

 𝛹 |𝛹2⟩ = 𝛼 , 𝛽   
𝛼2
𝛽2

= 𝛼 𝛼2 + 𝛽 𝛽2

  𝑥 =   𝑥           , 𝑥   

 𝑥 +  =  𝑥 +            𝑥,    

probabilistic results, and repeated computing to 
generate a deterministic outcome

visual or Python scripted « circuits » programming
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from Hamiltonians to values of interest

• ground state energy.
• excited states energies.
• other Hamiltonian eigenvalues.
• spectrography data.
• index value.
• …

• problem decomposition.
• unitary approximation.
• circuit synthesis.

• problem embedding in a 
graph.

• QPU will search for an 
energy minimum.

analog QPU

gate based QPUproblem Hamiltonians

“small data”
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software challenges

algorithms and speedups software engineering

tensor networks competition

data loading

benchmarkingabstraction level

classical

machine language

assembly

C language

C++

Java, PHP, …

« no-code »

q
u

an
tu

m

Python frameworks

control electronics instructions

gate-code (after transpiling)

gate-code (before transpiling)

…

…

application specific environments

Python + apps frameworks

sa
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 g
at

es

bit

byte

arrays
strings

objects

objects

objects

qubit

qubit

qubit

qubit

qubit

pulse

data structures

user data

verification

code review white-box testing

validation

black-box testing

patterns review

documentation 
review

spotting errors 
in circuits is 

difficult checking output

output verification

tractable
not 

tractable

emulation debugging

projective measurement 
on ancilla qubits

for some 
algorithms

refactoring

inspiration: Data 
Encoding Patterns for 
Quantum Computing by 
Manuela Weigold et al, 
2020 and Towards a 
Pattern Language for 
Quantum Algorithms by 
Frank Leymann, 2019

uniform superposition 
aka Hadamard-Walsh Transform

basis 
encoding

amplitude 
encoding

oracle 
based 
algorithms

uncompute 
trick

amplitude 
amplification

phase 
shift and 
kickback

function 
table

state preparation techniques unitary transformations

measurement

…

…

arithmetic
+ - / x

log cos
sin tan

…

non-oracle 
based
algorithms

QPE, 
HHL, 
Shor…

other 
patterns

QFT, 
QSVT…

angle 
encoding

m
o
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n
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d
ed

d
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a

0

N bits

N or 2N reals

2N+1-1 reals

qRAM with
classical

data access

Quantum 
Associative 

Memory

classical
data

block-
encoding

unitary U 
based on A

classical
data

cl
as

si
ca

l
d

at
a 

an
d

 c
o

d
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o
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a

multiple shots 
sampling and classical

post-processing

Pauli strings for 
variational algorithms

quantum 
memories

modular
exponen-

tiation

variational
quantum 

algorithms

ansatz 
encoding

classical
data

cate cycle speed

qubits number
and fidelities

energetics

low-level
algorithms

performance

higher-level
algorithms

performance

randomized and  cross-
entropy benchmarking

QV

CLOPS

BACQ

crosstalk, 
entanglement

error per layered gates (EPLG)

algorithm

compilation

loading

launching

QEM

qubits 

topology

control

classical
electronics & 

computing

cryogeny

considersmetrics

Benchpress SDK speed, 
efficiency, memory

SDK, compilers, 
optimizers

nombre de qubits

calcul
classique

calcul
quantique

accélération
exponentielle

temps de calcul

accélération
polynomiale

Te et Tp

sont-ils compatibles 
avec les besoins 

utilisateurs?

Te

Tp

“prefacteurs”
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quantum speedup origin

space 
advantage

comes from N 
qubits handling the 
equivalent of  2N+1 

floating point 
numbers

time advantage
when the number of gates 

cycles scales slower than with 
equivalent classical algorithms

1. quantum computing is a form of in-memory processing.

2. exploiting engineered interference of amplitudes.

3. using arbitrary analog evolutions in the Hilbert space.

space/time 
trade-offs 

one can be improved 
at the expense of the 
other, like in classical 

computing 1. → code compilation is a variable cost vs input data.
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A typology of quantum algorithms by Pablo Arnault, 
Pablo Arrighi, Steven Herbert, Evi Kasnetsi, and Tianyi 

Li, Inria, Quantinuum, arXiv, July 2024 (60 pages).

FTQC
QPE & QFT based

analog
QUBO

NISQ
VQE

QPE
HHL

QFT

QAE

main known 
quantum 
algorithms

QAOA

Grover

https://arxiv.org/abs/2407.05178


superpolynomial

potential quantum speedups

polynomial exponentialweakly superpolynomial

NISQ or limited quantum advantage requires FTQC QPUs

quadratic

unknown
(heuristics)

simulations VQE amplitude estimation Hamiltonian simulations, QPE (under specific conditions)

searches and 
combinatorial 
optimizations

QUBO

QAOA
quantum walks Grover search

Deutsche-Jozsa

Simon, Bernstein-Vazirani

machine 
learning

variational
QML 

variants

reinforcement learning

recommendation

supervised clustering

ensemble methods

Bayesian networks

PCA

SVM

k-means

convolutional networks

other QSVD
Quantum Monte Carlo

primality proofs
linear regressions

HHL based linear solvers 
(under specific 

conditions)

PDEs

QSLA

QFT

QSVT, QSP

Shor factoring & d-log

Gauss sums, Jones polynomials

speedups
classical 

reference
n = problem 

size

𝑂( (𝑛))

𝑂  𝑛 𝑘

0 < 𝑘 < 1 𝑂  𝑛 0.5

𝑂  𝑛 log log(𝑛)

𝑂 log( 𝑛 )

𝑂  𝑛 log 𝑛 𝑘

𝑘 ≥ 1
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https://www.oezratty.net/wordpress/2024/understanding-quantum-technologies-2024/
https://www.oezratty.net/wordpress/2024/understanding-quantum-technologies-2024/
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theoretical vs practical speedups
total computing time, linear scale

problem size (N)

classical 
computing

quantum 
computing

exponential or polynomial
theoretical speedup

the typical and naive way to illustrate 
quantum computing theoretical speedups. inspired by Opening the Black Box inside Grover's Algorithm

by E. Miles Stoudenmire and Xavier Waintal, PRX, November 2024.
(*) for a fair comparison, the classical computer can be as expensive and/or energy hungry as the QPU.

number of qubits

classical 
computing (*)

quantum 
computing

exponential
speedup

total computing time, log scale

polynomial
speedup

are Te and Tp

compatible with the 
use case constraints?

Te

Tp

“prefactors”

intractable 
(exponential) problem

Tq

Tc

https://journals.aps.org/prx/abstract/10.1103/PhysRevX.14.041029


NISQ variational quantum algorithms
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classical 
initialization

with 𝝍𝟎  
having 

energy 𝐄𝟎 

classical optimizer 

used to compute a new  Ԧ𝜃 to minimize cost function E(𝜃) 

containing N parameters, gradient descent for each 𝜃𝑗,𝑘
𝑖

in
je

ct
n

e
w
𝜽

𝜽𝟎

exit when 𝝐 is 
stabilized

expectation value 
computing post-processing

error mitigation 
post-processing

number of p layers 
depth, depending on the 

algorithm variant and 
ansatz expressivity

number of Pauli strings
𝑂(𝑛𝑀)

M=1 for QAOA and 4 for VQE

number of shots per 
Pauli strings
𝑂( Τ1 𝜖2) × 2N

1 million for VQE and 
chemical ground state 

computing

error mitigation cost
exponential with n or p

classical post-
processing cost

ansatz preparation cost
exponential with number of qubits

NP hard problem

n qubits

parameterized 
layer aka cost 

unitary

entangling 
layer aka 

mixer unitary



variational 
algorithms 
barren 
plateaus

source: Zoë Holmes, EPFL, 
presentation to the FTQC group from 
the French Academy of Technology, 
October 14th, 2025. 



all quantum algorithms are hybrid

problem Hamiltonian 𝐻
encoding in unitary 𝑈
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example of a 
quantum phase 

estimate (QPE) to 
compute the ground 

state of a Hamiltonian 
in some chemical 

simulation

on a classical computer, often an HPC, 
developers create a quantum circuit 
with significant pre-processing and 

post-processing (green)

classical computing time scale
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AI & quantum computing

https://arxiv.org/abs/2505.23860

https://arxiv.org/abs/2505.23860
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main qubit types

quantum states atom 
energy level

electron spin 
orientation

photon polarization,
or other property

atoms and ions electron spins photonssuperconducting

physical aspect

anharmonic oscillator 
current phase and energy

 0

 1
e-
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how qubits are controlled?

superconducting topologicalvacanciessilicontrapped ions photonscold atoms

electrons controlled spin and microwave cavitiesatoms photons

initialization

readout

optical or electromagnetic 
tweezers

single photon 
sources and 
polarizers

laser and CCD 
detected fluorescence

single photon 
detectors

quantum gates
laser pulses 
microwaves 

RF signals

interferometers, 
polarizing beam 

splitters, ...

microwave pulses

microwave reflectometry 
and quadrature analysis

microwave pulses 
and/or DC current

optical

laser and CCD 
detected fluorescence

optical and/or 
microwaves

DC current

microwave 
reflectometry 

and quadrature 
analysis

optical photons microwave photons other signals
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>80 QPUs industry vendors!

superconducting topologicalvacanciesannealing silicontrapped ions photonscold atoms

electrons controlled spin and microwave cavitiesatoms photons

       
                 

       
                 

Z-Axis Quantum 
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13
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15

16



24photo credit: IBM
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inside a typical quantum computer
qubits control electronics

microwave generators, readout 
systems and various electronics

computing
servers, network,

software, data

cryogenic installation
helium 3 & 4

gas pumps and compressor

quantum chipset

« chandelier » in cryostat
where quantum stuff happens!

QC in a cryostat but a 
lot of other components 
are outside, and always 
a classical computer 
driving the QC.15mK

(c
c)

 O
liv

ie
r 

Ez
ra

tt
y,

 2
0

2
3

HDAWG Arbitrary Waveform Generator
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Instruments
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Instruments
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Instruments

Quantum Analyzer
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Signal Input Signal Output Trigger Aux output
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Instruments

Quantum Analyzer
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HDAWG Arbitrary Waveform Generator
2.4 GSa/s 16 bits

HDAWG Arbitrary Waveform Generator
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PQSCZurich
Instruments

Programmable
Quantum
System
Controller

for superconducting or electron spin qubits

helium 4

water
vacuum
pump 4K

compressor

pumps
filters

external
compressor

helium 3

liquid 
nitrogen
gas filter
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hardware challenges

qubit quality

error correction interconnection

electronics, cabling, cryogeny

quantum memory
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algorithm fidelities requirements

desired error rate <
𝟏

𝐍×𝐃

each operation in blue adds errors that accumulates during computing
and damage results quality, but idle operations also add errors.

N
qubits

computing depth D

two-qubit 
gate

time

0
0
0
0
0
0
0
0
0
0
0
0
0
0

three-qubit 
gate

single-qubit 
gate

initialization readout

e.g.
10 qubits × 100 gate cycles = 1000 => 99.9% fidelity
100 qubits × 100 gate cycles = 10K => 99.99% fidelity

https://algassert.com/quirk#circuit={%22cols%22:[[%22X%22,1,1,1,1,%22X%22,%22X%22],[%22Chance5%22,1,1,1,1,%22Chance5%22],[%22X%22,%22X%22,%22X%22,%22X%22,%22%E2%80%A2%22,%22X%22,%22X%22,%22X%22,%22X%22,%22X%22],[1,1,1,1,%22%E2%80%A2%22,%22X%22],[%22Swap%22,1,1,1,%22Swap%22,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,%22X%22],[1,%22Swap%22,1,1,%22Swap%22,1,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,1,%22X%22],[1,1,%22Swap%22,1,%22Swap%22,1,1,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,1,1,%22X%22],[1,1,1,%22Swap%22,%22Swap%22,1,1,1,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[1,1,1,%22Swap%22,%22Swap%22,1,1,1,%22%E2%80%A2%22],[1,1,1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[1,1,%22Swap%22,1,%22Swap%22,1,1,%22%E2%80%A2%22],[1,1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[1,%22Swap%22,1,1,%22Swap%22,1,%22%E2%80%A2%22],[1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[%22Swap%22,1,1,1,%22Swap%22,%22%E2%80%A2%22],[%22%E2%80%A2%22,1,1,1,1,%22X%22],[%22X%22,%22X%22,%22X%22,%22X%22,%22%E2%80%A2%22,%22X%22,%22X%22,%22X%22,%22X%22,%22X%22],[%22Chance5%22,1,1,1,1,%22Chance5%22]]}
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the qubit fidelities challenge

viable NISQ zone in a 
quantum advantage
regime without QEM
(hard to obtain)

quantum error 
mitigation NISQ 
utility window

goodbad

route to FTQC, 
requiring a large 
number of quality
qubits

what can be done here?

• understanding and optimizing qubit operations and readout.
• many qubit-type specific optimizations.
• improving manufacturing processes for quantum chips.
• faster chips design-to-test cycles.
• autonomous error corrections (e.g. cat-qubits).
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physical qubit

logical qubits

error rates ≈0.1%

error rate ≈10-4 to ≈10-18

logical qubits and FTQC

fault tolerance (FTQC)
• implement logical gate 

correction.
• avoid error propagation and 

amplification.
• implement a universal gate set.
• fault-tolerant results readout.
• correct correlated errors.

tens to thousands physical 
qubits per logical qubits

error correction code
threshold, physical qubits 

overhead, connectivity 
requirements, syndrome 

decoding and scale

+
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QEC/FTQC key components

logical memory 
qubit

single-qubit 
logical  gate

two-qubit 
logical  gate (*)

magic-state 
preparation (T) 

and teleportation

qubit connectivity

real-time error syndrome detection

leakage error 
correction

correlated 
errors 

correction

qubit physical gate fidelities >99.9% at scale

scaling QPU with interconnect and gate teleportation + circuits partitionning

blue QEC basic component.
green FTQC component.
grey QEC hardware enablers.

qubit fast measurement

code switching

calibration

(*): not using post-selection 
which doesn’t scale to deep 

circuits.
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NISQ FTQC

100-128 4,728

logical qubitsphysical qubits

10-200

error
rate in 
(power 
of 10)

-1 -2 -3 -4 -6 -7 -8 -9 -10 -11 -12 -13 -14 -15 -16 -17 -18 -19 -20 -21 -22

# 
qubits

928 7,925 

catalysts for 
nitrogen fixation

corrosion-resistant 
materials

8,763

725K

incompressible 
CFD

“1000s to 100Ks”

-23 -24

vendors
roadmaps 

2028 - 2033

10 100 1,000 10,000 100,000 1M

Shor on 
RSA-2048

pricing 
derivatives

11K

amyloid beta 
binding

15K4K

VQE, QAOA, QML, 
QUBO

with potential 
quantum advantage

VQE, 
QAOA, 
QML, 

experiment

100

Stage 1
NISQ

Stage 2
early stage FTQC

Stage 3
utility-scale FTQC
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2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

200

100M
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150 300 4-36 60-180 240-720 600-1800 2400-7200

1K 5K 40K 100K 1M

96 192 1000s

~ 50 ~100 ~100s

30

3K

100

>10K

>10

8K

>100

40K

2
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box color codes

QEC overhead circuit depth

logical qubits fidelities
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quantum computing cloud offerings

no need to own a QC.

you can use those who are in 
the cloud.

on-prem is not required for 
experiments.

not a lot of data sent to QC.

 ma on and  icroso t don’t 
have (yet) their own QC.

(c
c)

 O
liv

ie
r 

Ez
ra

tt
y,

 2
0

2
5

56 qubits

hybrid
computing

centers

em
u

la
ti

o
n

q
u

an
tu

m
 c

o
m

p
u

ti
n

g

84 qubits

36 qubits 25-32 qubits

127, 133
& 156 qubits

40 qubits
40 qubits30 qubits34-50 qubits

11 qubits

84 qubits

100 qubits (analog)

…

100 qubits (analog)

1 cat-qubit

20 qubits

256 qubits (analog)

Qiskit on 
your own
hardware

20 qubits
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who

where

what

why

• build new science and engineering.
• create full-stack methodologies to 

evaluate, optimize, and benchmark 
QT energy consumption.

• ICT energy consumption is growing 
in an uncontrolled way.

• energetics are usually an 
afterthought, like with LLMs.

• it’s time to work on this as quantum 
technologies are being designed.

• 4 cofounders.
• 14 scientific board members.

• academic and industry QEI 
workshops: Singapore (2023), 
Grenoble (2025), Barcelona (2026).

• APS 2025, ICQE 2025, France 
Singapore Symposium (Paris, 2025), 
Q2B Paris and Santa Clara (2025).

• online seminars, website.

• 500+ community in >90 countries.
• >30 industry and academic partners.

https://www.oezratty.net/wordpress/wp-content/Qnami-logo.jpg
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how

IEEE P3329 Quantum Energy Initiative (QEI) 
Working Group (2023-*)

BACQ benchmarking project (2023-*)

putting quantum 
technologies energetic in 
the EU Quantum Strategy 

agenda (ongoing).

OECQ flagship project with EDF, Quandela, 
Alice&Bob, and CNRS (2023-*)

first methodology (2023)

FTQC energetics paper (in preparation).

QEI roadmap
(in preparation).
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superconducting & spin qubitsions and neutral atoms photons

dilution cryostat – 15mK to 1K

4K compressor cooling (water/air)

room temperature electronics and controls, including QPU interconnect
FPGA, ASICs, DAC/ADCs, AWG, mixers, tone pulses generation; lasers, SLMs, AODs, CCD and photonic circuits controls

4K compressor for dilution, vacuum chambers, cryopumps, photon sources, photon detectors

error syndromes detection and QEC drive (FTQC) and/or quantum error mitigation & suppression (NISQ)

code compiling (or minor embedding in analog modes) and run-time execution drive (including number of shots)

low-temperature passive electronics
cables, attenuators, filters

low-temperature active electronics
JPA, TWPA, HEMT, cryo-CMOS, SFQ, mux/demux

ultra-vacuum pump vacuum pump

lasers

SLMs, AODs
CCD/CMOS sensors, ion traps

photon sources
and detectors

classical part of quantum algorithms
ansatz preparation, data loading, block encoding, cost function computing, data access, networking, post-processing

cl
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 v
ac

u
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m

laser cooling (water/air)

gate calibration, tuning control electronics

full-stack energetic costs decomposition

quantum physics &
quantum energetics

qubit gates and 
readout 

operations

cost of fighting 
noise with error 

correction

engineered 
dissipation

…

estimate power baselines, and then look for reductionist + holistic energetic optimizations
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QPU vs HPC power scale guesstimates

acceptability threshold hypothesis

largest WW supercomputers

4K logical qubit QPU estimates

estimate base power for various QPUs and actual for existing largest HPCs WW. HPC source: 
https://www.top500.org/lists/top500/2024/06/. QPU sources: official and unofficial vendor data.
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(cc) Olivier Ezratty, 2025.

https://www.youtube.com/watch?v=rUcPLZeZxG0&t=3048s 

https://www.top500.org/lists/top500/2024/06/
https://www.youtube.com/watch?v=rUcPLZeZxG0&t=3048s


3939

QPU energetics knowns and unknowns
knowns

• need to better understand the 
energetics of qubits operations.

• an energetic advantage could appear 
before a computational one.

• 1-to-1,000 QPU power consumption 
ratios guesstimates.

• agreeing on how to measure QPU 
energetics and power is key.

• benchmarking QPU energetics is a 
new discipline to create.

• reductionist and holistic energetic 
optimizations will be needed.

• some optimizations will be at the 
system level, and other will be 
applications dependent.

known unknowns

• correlation or anticorrelation between 
power estimates and technology 
viability: will only the fittest survive?

• total cost and scale of classical 
computing driving QPUs.

• QPU interconnect energetics.
• useful algorithms, particularly for 

business operations.
• error correction advances.
• will quantum noise be contained at 

scale?

• QPU total carbon footprint.
• QPU business value across verticals.
• market size and externalities.
• global QPU energy consumption sizing.
• will energetics become a key vendor 

differentiation factor?
• on-premise vs cloud usage?

unknown unknowns

• quantum noise at large scale.
• Lieb-Robinson limit effects in large 

physical scale distributed QPUs.
• can quantum algorithms progress 

change the energetic landscape?
• …

economics
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industry vendors ecosystem

le tissu industriel 
quantique français qui se 
densifie. 

rôle clé des technologies 
habilitantes.

faiblesse dans le logiciel.

computing software cybersecurity sensing

cryogeny

photonics

electronics
manufacturing materials

(c
c)
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5

       
                 

       
                 

https://www.oezratty.net/wordpress/wp-content/Secure-IC.jpg
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2025, 1,522 pages
free PDF download

2025, 36 pages
free PDF download
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discussion

get the slides!
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