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The ongoing miniaturization in classical microelectronics, once guided by Moore’s Law, has
reached physical and energetic constraints that motivate the exploration of fundamentally new
computing paradigms. Among them, quantum computing emerges as a promising solution, not only
for achieving computational speed-ups but also for addressing the escalating energy consumption in
large-scale simulations and artificial intelligence tasks. This presentation focuses on the energy
profile of quantum computers, with an emphasis on superconducting ,photonic and trapped ions
platforms, currently among the most mature and scalable architectures.

Superconducting quantum processors operate at ultralow temperatures (~20 mK) using dilution
refrigerators, enabling initialization in the quantum ground state and suppression of thermal noise.
However, this comes at the cost of significant cryogenic power overhead, particularly due to the
need for thermal attenuation along microwave lines and the multi-stage cooling of control
electronics. We analyze the energy requirements for performing basic quantum gates such as the X-
gate, where the interplay between Rabi frequency, gate duration, and decoherence dictates both
power consumption and fidelity.

Then, we’ll move on to photonic quantum computers. A photonic quantum computer is a type of
quantum computer that uses photons as carriers of quantum information. It performs computations
by manipulating the quantum states of photons using optical components such as beam splitters,
phase shifters, and detectors. Photonic systems are particularly promising due to their low noise and
ability to operate at room temperature.This presentation will focus on the energy consumption
involved in operating such a platform. Three main components will be examined. First, the photon
source will be analyzed, as it acts as a pump to enable operations on a photonic chip. Then,
although it does not directly consume energy, some basic photonic chip operations will be presented
to illustrate the power required for computation. Finally, photo-detection will be analyzed along
with the cryogenics it requires, which represent the most energy-consuming part of this type of
computer.

Finally, trapped-ions platform will be studied. Trapped-ion quantum computers leverage chains of
laser-cooled 1ons confined in radio-frequency Paul traps, using narrow optical or Raman transitions
to implement high-fidelity single- and multi-qubit gates via carrier and sideband Rabi drives that
couple each ion’s internal states to a shared vibrational “bus” mode.[1]

Although the intrinsic energy per qubit flip is only on the order of picojoulese, the full experimental
setup—including RF trap amplifiers, laser heads and modulators, vacuum pumps, control
electronics, and environmental stabilization —draws on the order of one to two kilowatts
continuouslys.. State preparation (cooling and optical pumping), coherent control (Raman or optical
gates plus error-correction overhead), and state readout (fluorescence detection and associated
hardware) each contribute several hundred watts, with overall dissipation dominated by trap RF and
vacuum infrastructure. When compared with superconducting and photonic platforms, trapped ions
exhibit very low pulse-energy requirements but incur higher system-level overhead.
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