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the quantum energy initiative

quantum-energy-initiative.org/

QEI 2025 (Grenoble) and 2026 (Barcelona)

why

what

most quantum technologies will add an incremental
energetic cost to existing ICT.

it is time to work on this as quantum technologies
and applications are designed.

build a new science and engineering field.
create full-stack methodologies and standards to
evaluate, optimize, and benchmark quantum
technologies energy consumption.

QEl workshops (2023 in Singapore, 2025 in Grenoble,
2026 in Barcelona, 2027 in Lisbon).

QEI IEEE standards Working Group.

~30 industry partners including IBM, Quandela, etc.
EIC Pathfinder Challenge, etc.
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creating a scientific and engineering field

the initial call a nascent research field
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energy consumption sources

classical computing

qubit control
electronics and photonics

cryogenics



accounting for all energetic costs

photons ions and neutral atoms superconducting & spin qubits
o classical part of quantum algorithms (qubit type independent)
=
= pre-processing during processing post-processing
£ ¢ quantum circuit generation (data ¢ qubit drive and readout. « collecting and processing circuit
S encoding, block encoding, ansatz). « circuit shots drive. sampling results.
© * code compiling and optimizing or « conditional circuit execution. ¢ quantum error mitigation &
% minor embedding in analog  error syndromes decoding (FTQC). suppression (NISQ).
quantum level b modes. « classical optimizer (VQA). « any additional classical processing.
(8]
costs
gate calibration, tuning control electronics and photonics
coherent gate
operations S room temperature electronics and controls, including QPU interconnect
reversible =i FPGA, ASICs, AWG, mux/demux, DAC/ADCs, tone pulses generation, direct RF synthesis
S photonic circuits controls
o
S lasers photonic lasers low-temperature active electronics
uncontrolled losses @ circuits JPA, TWPA, HEMT, cryo-CMOS, SFQ/RQL, mux/demux
noise sources = singl SLMs, AODs
gle ion ;
photon photon traps ccb/cmos low-temperature passive dissipative electronics
sources detectors sensors cables, attenuators, filters
readout and reset
irreversible, increases - cooling (water/air) dilution cryostat — 15mKto 1 K
entropy E
o 4 K compressor for dilution, vacuum chambers, photon sources, photon detectors
S
engineered = . .
dissipation 4 K compressor cooling (water/air)
controlled

vacuum pumps ultra-vacuum pumps vacuum pumps

Understanding Quantum Technologies by Olivier Ezratty, as of Septemnber 2026.
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first FTQC vs HPC power estimates
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estimate base power for various FTQCs and actual for existing largest HPCs WW and NISQ QCs. HPC source: TOP500 and Nvidia. FTQC
sources: vendor data or data reconciliation. PQ: physical qubits, LQ: logical qubits, MQ: megaquop (logical operations), TQ: teraquop.

source: Understanding Quantum Technologies 2026, Olivier Ezratty, September 2026
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5.4 Energetics

The main motivation for creating uantum computrs
is their potential capacity to solve intractable problems
in non-exponential times, or at Jeast with simifcant
acceleration in practical cases, even thongh not being
exponential. This should make it possible to solve prob-
lems that are inaccessible to conventional HPC and the
largest supercomputers. In some other cases, like with
some NISQ architecture using quantum error mitigation,
what faster or sometimes, pro-

ide better results, like with quantum machine learning
or some many-body quantum physics simulations

How this computing capacity translates in terms of en-
ergy consumption is a key open question, particularly as
ICT (Information and Communication Technologics) en-
ergetic costs are skyrocketing, being currently amplificd
by the broad adoption of LLM-based consumer online
tools,

This opens a Pandora’s box of questions that we'll try
to address in this part

ICT lessons. What milar and similar bo-
veen clieal computing ond quantum computing
when learning from History? What can we learn from
the data? What went wrong, particularly with AI?
Also, what is the real size of the AT power surge?

« First assessment. Have we already reached
some energetic quantum advantage with the quan-
tum supremacy experiments, starting with Google
Sycamore in 20197 Contrarily, should we worry
as some industry vendor roadmaps have started to
build enormous systems, way larger than the first
mainframes in the 19405, or even, larger than the
most. powerful deployed exaflops supercomputers?
O should we believe other vendors like D-Wave, on
the opposite side, who claim that their systems are
energetically frugal? Do we have an idea of the po-
tential encrgy consumption of large scale quantum
computers, the one that will deliver on the promise
to extend the reach of computing?

« Cost vs value. What can we do to estimate the
size of the energetic problem or benefit of uantn
computers? What will be their use cas

stion

related market size? The qu fnterined with
the broad applications promises, the expectation to
see the advent of some quantum “ChatGPT moment”
and grandiose market forecasts. Responding to these
questions deals with a mix of science and tecl\uolozv
applications and software, and economics. Sizing the
market potential depends on the viable lephr’\(lollh
that will be rxmu‘d in the future and the volume
of end-user orgay ms who will need it. Market
volume estimates range between a subset of the su-
percomputing malket and a lnge chunk of the cloud
server segment!

+ Quantum computing energetics. How is this dis-

Quantum computing cngineering

cipline organized with its quantum level (with quan-
tum thermodynamics and quantum energetics) and
all macroscopic energetics, with enabling technolo-
gies? What are the scaling challenges with FTQC?
How to assess the first energy resource estimates
published, mostly in academic papers?

« Energetic advantage. What is the real source of 4

potential energetic advantage with quantum comput-
e Prsallcisntion? Entangloment? Roversibili?
Will quantum (ompung generate some potential en-
ergetic advantage for use eases that are still workable
Vith cassenl seutions? Wil e coses beyond that

e a reasonable amount of energy, partic-
of logical qubits?
We do not yet have the answer. It is a new rescarch
area worth the effort. How will we benchmark and
optimize the energy consumption of quantum com-
puters?

ale con

ularly when they need tho

« Power resource

stimates. How do you estimate
the energy consumption of existing and future quan-
tum computers and define a potential energetic ad-
vantage? That's a tricky question for fature systems
which are only designed “on paper”. And it must
also consider the significant cost of the classical sy
tems that are necessary to run these QPUs. What is
the current outcome from the academic world with
regards to analyzing, estimating, and optimizing the
energetic cost of quantum computers?

* Qubit types differences. Will there be some dif-
ference between the various qubit types and quan-
tum computing paradigms like analog and gate-based
quantum computers’

« Actions. What can be done to limit the pitfalls
encountered with other technologies like AI? This
is the realm of the Quantum Energy Initiative that
1 cofounded in 2022, Tt is still in its infancy. How
scientists from the academic and industry vendor
space are collaborating in this domain?

5.4.1 ICT lessons

The energetic footprint of all digital tools (information
and communication technologies) is already significant.
Tt was 5.3% of global electrici ity consunption in 2022
cluding manufacturing costs. The 6.1% for 2026 and 7%
for 2030 are forccasts which combining various sources
[2118, 2119] (Figure 1323)
ergeic [\!uLprm\ Lendn 10 be focused on looking
gt i of products while they are
. T can o co plo\od ot grecnbonse
s o A'uolpum analysis, which is embedding the
ehole lifecycle of ICT products [2126]. It leads o the
concopt of - athon pricing” which encompasses a whole
Lop-to bottom Hifoeyclo analysis of 10T products.

Since quantum computers are serverlike systems, we'll
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