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Executive Summary

Purpose

This report benchmarks a hybrid quantum—classical approach to solving the Unit Commitment Problem (UCP) devel-
oped by JIJ, ORCA Computing, the UK National Quantum Computing Centre (NQCC), and bp. Reducing industrial
energy costs is a priority within the UK’s Industrial Strategy [1], particularly given that UK industrial electricity prices are
estimated to be around 50% higher than the IEA average [2]. In this context, the report evaluates whether quantum
computing could support large-scale energy optimisation and estimates when such approaches may become capable
of solving problem instances relevant to bp’s operations.

Key Findings

» The hybrid approach can solve instances of the UCP with 25,755 variables and 48,939 constraints on a real

quantum processor.
» The hybrid approach can obtain higher-quality solutions than standard classical solvers.

» The hybrid approach can produce a more robust optimisation strategy compared with classical day-ahead

scheduling.

» Projections indicate that the hybrid approach, operating on quantum hardware that will be available later in 2026,
could generate higher-quality solutions faster than the classical state of the art for industrially relevant

UCP instances.

1 Introduction

1.1 UK National Context

Reducing energy costs is central to the UK’s Industrial Strategy [1]. Industrial energy prices in the UK are currently
around 50% higher than the IEA average, ranking the UK 6th among G7 countries [2]. Lowering these costs is imperative
to maintaining the UK'’s attractiveness as a destination for investment. This imperative is especially true for attracting
investment to the energy-intensive sectors the UK is targeting in its Industrial Strategy, such as advanced manufacturing,
defence and life sciences. It will also be essential for the cost-effective operation of new Al data centres promised by
the likes of NVIDIA [3] and Microsoft [4], following the UK-US Technology Prosperity Deal [5].

To address this challenge, the UK’s Industrial Strategy and Clean Energy Industries Sector Plan emphasise the use of
advanced technologies to optimise energy production and consumption and cut costs for industry and households [2].
Published shortly beforehand, the UK’s National Quantum Missions [6] set out a parallel vision, including the devel-
opment of UK-based quantum computers capable of delivering advantages over classical supercomputers across key
sectors, including energy [7]. Together, these strategies create a timely opportunity to identify where quantum comput-

ing can most effectively improve efficiency and reduce energy costs.

In this context, JIJ, ORCA Computing, the UK’s National Quantum Computing Centre (NQCC), and bp have collaborated
to demonstrate a practical application of quantum computing in the energy sector by solving the unit commitment
problem (UCP) using a hybrid decomposition algorithm executed on a photonic quantum system. This collaboration
directly addresses this window of opportunity to chart a clear pathway to applying cutting-edge technology to a critical
national challenge.
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1.2 Unit Commitment Problem

The Unit Commitment Problem (UCP), outlined in Figure 1, is the challenge of scheduling power generator start-ups and
shutdowns to meet electricity demand while minimising operational costs [8]. Industrial instances of the UCP involve
upwards of hundreds of thousands of variables and constraints, making them computationally demanding for classical
solvers. It requires long-term planning, with many constraints either tied to individual time intervals or spanning multiple

time intervals. Figure 2 lists typical constraints and indicates their temporal scope.

Unit Commitment Problem
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Figure 1: Schematic overview of the Unit Commitment Problem: a fleet of generators must be switched ON or OFF to
meet the aggregate household and industrial demand at minimum cost.

The benchmarking undertaken in this project used the uni t _cal _7 dataset [9]. This dataset contains 25,755 vari-
ables and 48,939 constraints; it was selected by JIJ and verified as industrially relevant by bp’s digital research and

development team. Table 1 summarises the variables and parameters in the uni t _cal _7 dataset.

Our benchmarking work considers sub-instances of various sizes up to 25,755 variables. Though only the largest
instance is of an industrially relevant scale, the results obtained at smaller sizes provide information about how the
relative performance of the hybrid approach scales with increasing system size. This scaling analysis is presented in

Section 2.1.

Typical constraints for this dataset include

start-up logic Vgt  Ugt Ugt 1 8g; 8t
power balance g Pgit + 5t = d¢ 8t
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Symbol Kind Type Physical Meaning Units
Ug ¢ Variable Binary Generator commitment status (1 = genera- -
tor g is ON at time t, 0 = OFF)
Pg,t Variable Continuous  Power output produced by generator g at MW
time t
Vgt Variable Binary Start-up indicator (1 if generator g starts up -
at time t)
Wy ¢ Variable Binary Shutdown indicator (1 if generator g shuts -
down at time 1)
St Variable Continuous Load shedding variable representing un- MW

met demand at time t

dy Parameter Continuous  Electricity demand at time t MW

Cy.t Parameter Continuous  Operational cost variable associated with  Currency
generator ¢ production at time t

p;f“tx Parameter  Continuous  Maximum generation level when generator MW
gisonattimet

p;jg Parameter Continuous  Minimum generation level when generator MW
gisonattimet

Mgt Parameter Continuous  Spinning reserve provided by generator g MW
attime t

rug : Parameter Continuous Ramp-up variable controlling increase in MW
generation of generator g at time t

rdgyt Parameter Continuous Ramp-down variable controlling decrease MW

in generation of generator g at time t

Table 1: Variables and parameters in the uni t _cal _7 dataset.

The goal of the UCP is to minimise the total cost function

x X tart hut d
H stal u shu own .
min Cq(Pg;t) +Cg™" gt +cy Wgt 3

variables
subject to such constraints.

Constraints in the Unit Commitment Problem
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Figure 2: Constraints in the Unit Commitment Problem, classified by the temporal scope over which they act: per-time-
step constraints, transition/ramp constraints, duration constraints, and boundary conditions.
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