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TABSTRACT: Quantum computers are the carriers that support
high-performance quantum computing and its practical
application. They have unique operating characteristics, and to
exploit the advantages of quantum computing, it is necessary to
choose a scientific and feasible application method according to
the actual scenario and problem. Based on the optical quantum
computer, this paper first proposes a method for constructing a
quadratic unconstrained binary optimization (QUBO) model for
disaggregation optimization of distributed resources in virtual
power plants, and gives the conversion method of the penalty
terms of the QUBO model corresponding to the optimization
problem objective function, equality and inequality constraints,
which provides a feasible quantum computing paradigm for
applying optical quantum computers to solve power system
operation optimization problems. Then, a redundant constraint

identification method and a quantum bit sharing mechanism
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considering the operation characteristics of virtual power plants
are established, which can minimize the number of quantum bits
required for solving QUBO problems. Finally, relying on the
team’s self-developed optical quantum computer real machine,
application tests are carried out to verify the feasibility and
effectiveness of solving virtual power plant disaggregation
optimization problems with optical quantum computer real
machine. It realizes the breakthrough of solving power system
optimization problems with optical quantum computer real
machine, and also opens up a new path for solving large-scale

power system optimization problems in the future.

KEY WORDS : Quantum computing; optical quantum
computer; virtual power plants; distributed resources; quadratic

unconstrained binary optimization
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Fig. 3 Diagram of total energy value of Hamiltonian
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Tab.4 Computation results of six methods
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Quantum computers are the carriers that support
high-performance quantum computing and its practical
application. They have unique operating characteristics,
and to exploit the advantages of quantum computing, it is
necessary to choose a scientific and feasible application
method according to the actual scenario and problem.

Based on the optical quantum computer, this paper
first proposes a method for constructing a quadratic
unconstrained binary optimization (QUBO) model for
disaggregation optimization of distributed resources in
virtual power plants. It gives the conversion method of the
penalty terms of the QUBO model corresponding to the
optimization problem objective function, equality and
inequality constraints. Then, the QUBO model for
disaggregation optimization of distributed resources in
virtual power plants is stated as:

min H,+H, +i(H3,t +H, +Hg, )+ ) He,; +
= i (1
T N N
ZZ(Hn,t + H8,i,t)+zH9,i
t=1 i=1 i=1

This model and corresponding conversion method
provide a feasible quantum computing paradigm for
applying optical quantum computers to solve power
system operation optimization problems. Furthermore, a
redundant constraint identification method and a quantum
bit sharing mechanism considering the operation
characteristics of virtual power plants are established,
which can minimize the number of quantum bits required
for solving QUBO problems.

Finally, relying on the team’s self-developed optical
quantum computer, application tests are carried out to
verify the feasibility and effectiveness of solving virtual
power plant disaggregation optimization. The schematic
diagram of optical quantum computer is shown in Fig.1.
Also the computation results of six methods are given in

Tab. 4. It can be seen that the optical quantum computer
obtains the optimal results with minimum computation
time compared with other methods, which reflects the
high efficiency of optical quantum computer.

Fig. 1 Schematic diagram of optical quantum computer

Tab.4 Computation results of six methods

Methods Objective(Y) Time(ms)
Optical quantum computer 33600 1.17
Cplex 33600 175.30
Gurobi 33600 14.30
Simulated annealing algorithm 33600 7934.84
Tabu search method 33600 1676.62
Steepest descent method 31600 13.02

Overall, this paper presents the breakthrough of
solving power system optimization problems with optical
quantum computer and also opens up a new path for
solving large-scale power system optimization problems
in the future.



