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SUTAINABLE DEVELOPMENT GOALS
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SUTAINABLE DEVELOPMENT GOALS

Figure 2: Proportion of 
population with access to 
electricity, 2010 
and 2020 (percentage)

Figure 3: Progress needed
in energy efficiency



« Smart grid management is  a cornerstone of modern 
infrastructure, supporting the development of resilient 
infrastructure by enhancing the grid’s ability to adapt to 
real-time supply, demand  fluctuations and integrate 
various energy sources.»
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«Quantum computers may offer a way to find 
high-quality windfarm. configurations faster
or more accurately than classical approaches.»

O P E N  Q U A N T U M  I N S T I T U T E  P R O J E C T S

Smart Grid Management Layout of Turbines in a Wind Farm
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FACILITY LOCATION-ALLOCATION PROBLEMS
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FACILITY LOCATION-ALLOCATION PROBLEMS

Figure 4: Flow between facilities and their locations
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FACILITY LOCATION-ALLOCATION PROBLEMS

Figure 4: Flow between facilities and their locationsFigure 5: Flow between facilities and their locations map as a 
QUBO problem
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FACILITY LOCATION-ALLOCATION PROBLEMS

Figure 4: Flow between facilities and their locationsFigure 5: Flow between facilities and their locations map as a 
QUBO problem
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FACILITY LOCATION-ALLOCATION PROBLEMS

“Only problems which can be mapped onto an Ising model or a quadratic 

unconstrained binary optimization (QUBO) formulation as in Eq. (2) can be solved on a 
D-Wave system.”

(2)
(1)

From Classical discretization… …To quantum description 

cost of transporting one unit of energy from location i to location j

number of units of energy to be transported from 
plant p to plant q
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QUANTUM ANNEALING

Adiabatic Theorem: 

«A physical system remains in its instantaneous eigenstate
if a given perturbation is acting on it slowly enough and if there is a gap between 
the eigenvalue and the rest of the Hamiltonian's spectrum.»

Theoritically: 
-Hamiltonian of a Anneling problem going from a easy initial state to the desired state

https://en.wikipedia.org/wiki/Eigenstate
https://en.wikipedia.org/wiki/Perturbation_theory_(quantum_mechanics)
https://en.wikipedia.org/wiki/Eigenvalue
https://en.wikipedia.org/wiki/Hamiltonian_(quantum_mechanics)
https://en.wikipedia.org/wiki/Spectrum_of_an_operator
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U N I T
C O M M I T M E N T

Large-scale mixed-integer nonlinear non-convex NP-hard 

optimization problem

+ eg minimum up time
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P RI ORI TY-
L I ST  

S CHE ME S
X N O T  O P T I M A L

DYNAMIC 

PROGRAMMING 

(DP)
X EXPONENTIAL IN NUMBER OF UNITS

LAGRANGIAN

RELAXATION
– POTENTIALLY INFEASIBLE

MILP SOLVERS
BUT SLOW FOR LARGE SYSTEMS

2305.08482

https://arxiv.org/pdf/2305.08482


QUA NTUM  SOLUT ION
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Nonlinear mixed-integer non-convex optimization problem

QUA NTUM  P ROB LEM

+ embed constraints as penalties 

Continuous variables must be made integer –
a) Naïve: discretise p by bit representation complexity 
explosion ref
b) New paper: ref

Quadratic unconstrained binary optimisation (QUBO)

https://arxiv.org/pdf/2003.00254v1
https://www.sciencedirect.com/science/article/pii/S037877962401006X


QUA NTUM  S OLUT I ON

Master problem - QPU Subproblem - CPU
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1) Proposes a u                         -> Answers with p… else “infeasible”

2) new constraint, proposes a u     ->      Answers with p… else “infeasible

3) Done when upper bound = lower bound

90%
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RE S ULT S

after 2 iterations
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- 6.1% optimal solution with 70 qubits

- “In this experiment, about 15% of the samples are 
concentrated in the interval with the lowest energy solution, 
and  about 50% of the samples fall in an interval with the 
lowest energy and an interval near the lowest energy”
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