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what

why

• build a new science and engineering field.

• create full-stack methodologies and standards to 

evaluate, optimize, and benchmark quantum 

technologies energy consumption.

• 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.

how

• QEI 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.

quantum-energy-initiative.org/ 

QEI 2025 (Grenoble) and 2026 (Barcelona)

https://quantum-energy-initiative.org/
https://quantum-energy-initiative.org/
https://quantum-energy-initiative.org/
https://quantum-energy-initiative.org/
https://quantum-energy-initiative.org/
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the initial call

prxquantum 3.020101

prxquantum 2.040335 arxiv 2112.04022

a first full-stack methodology

standardization

https://sagroups.ieee.org/qei/

a nascent research field

creating a scientific and engineering field

https://journals.aps.org/prxquantum/abstract/10.1103/PRXQuantum.3.020101
https://journals.aps.org/prxquantum/abstract/10.1103/PRXQuantum.3.020101
https://journals.aps.org/prxquantum/pdf/10.1103/PRXQuantum.2.040335
https://journals.aps.org/prxquantum/pdf/10.1103/PRXQuantum.2.040335
https://arxiv.org/abs/2112.04022
https://arxiv.org/abs/2112.04022
https://sagroups.ieee.org/qei/
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qubits

energy consumption sources

qubit control
electronics and photonics

classical computing

cryogenics
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accounting for all energetic costs
superconducting & spin qubitsions and neutral atomsphotons

dilution cryostat – 15mK to 1 K

4 K compressor cooling (water/air)

room temperature electronics and controls, including QPU interconnect
FPGA, ASICs, AWG, mux/demux, DAC/ADCs, tone pulses generation, direct RF synthesis

photonic circuits controls

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

low-temperature passive dissipative electronics
cables, attenuators, filters

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

ultra-vacuum pumps vacuum pumps

lasers

SLMs, AODs
CCD/CMOS 

sensors

cooling (water/air)

gate calibration, tuning control electronics and photonics

quantum level 
costs

classical part of quantum algorithms (qubit type independent)

pre-processing
• quantum circuit generation (data 

encoding, block encoding, ansatz).
• code compiling and optimizing or 

minor embedding in analog 
modes.

during processing
• qubit drive and readout.
• circuit shots drive.
• conditional circuit execution.
• error syndromes decoding (FTQC).
• classical optimizer (VQA).

post-processing
• collecting and processing circuit 

sampling results.
• quantum error mitigation & 

suppression (NISQ).
• any additional classical processing.

coherent gate 
operations
reversible

readout and reset
irreversible, increases 

entropy

engineered 
dissipation
controlled

uncontrolled losses
noise sources
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https://www.oezratty.net/wordpress/understanding-quantum-technologies/
https://www.oezratty.net/wordpress/understanding-quantum-technologies/
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first FTQC vs HPC power estimates
key messages

• Existing NISQ systems do not consume a lot of 

power (yellow).

• But FTQC systems where vendors are directly or 

indirectly disclosing power requirements may 

be spread across multiple orders of magnitude.

• in some cases, FTQC power may exceed (in red) 

the power of the largest HPCs in the world (in 

grey).

• So power consumption may become a real 

concern, and also an economic criteria for the 

selection of these systems.

• We as QEI will make this criteria visible.

• Marco : there is a broad range. Not depending 

on the modality. Numbers are not based from 

our own extrapolations. Communicated by 

vendors.

• Maybe remove the Chicago site. 

• Remove comparison on the top.

• Remove some HPCs.
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1,822 pages
published on September 28th, 2026

short version
42 pages

including a 23-page 
dedicated section on 
quantum energetics



8

get the slides 
now


	Slide 1
	Slide 2
	Slide 3: creating a scientific and engineering field
	Slide 4: energy consumption sources
	Slide 5: accounting for all energetic costs
	Slide 6: first FTQC vs HPC power estimates
	Slide 7
	Slide 8


   ⟨   …    |  quantum engineer   |  QEI cofounder  | …   ⟩

