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important to adapt to variability in energy production and consumption, as well as to improve the accuracy of real-
time simulations. The application of genetic algorithm for power system optimization represents a new research
approach. This method allows for efficient exploration of multiple energy distribution options, taking into account
multiple variables and complex relationships. The developed method has a high degree of adaptability to various
scenarios and changes in the structure of the power system. This makes it a promising tool for application in various
contexts and scenarios, such as the introduction of new technologies or changes in consumer behavior.
Comprehensive optimization of the power system mode is the task of maximizing energy efficiency, minimizing
losses, ensuring system stability and meeting consumer needs. To solve this problem, various algorithms and
methods can be used. The algorithm for complex optimization of the power system mode begins with the collection
of data on the current state of the power system, including energy production, con ion, network structure, and
technical characteristics of equipment. Then mathematical models are developed resent the components of the
power system, such as generators, transformers, transmission lines, energy stor: cilitigs, . The target function
that needs to be optimized is determined. These may be functions related to resou y, loss minimization,
voltage and frequency stability, and demand satisfaction. Constraints are set that e observed during the
optimization process. These may be technical restrictions on equipment, legal regu
optimization method is selected that will be used to find the optimal values of the syst iables, taking into
account the objective functions and constraints. Methods can range from classic timizatiol ds to heuristic
algorithms and artificial intelligence. The selected optimization method j
system variables. The results obtained are assessed taking into account t]

are introduced into a real power system. This may include changing
control system and other measures [4-9 ] .

MATERIALS

For the mathematical model of complex optimi S , the following notations are
used:
Decision Variables:

P().
0

Energy production by the gen,

- Energy consumption b

o, B()+ >, B,CXD)+ > y,E, (1) —> min m
N %

Restrictions:
Dynamic energ; e equations:

> EO=X C0+X E® @
i J k
Production restrictions:
B@) < B0 @) 3)
Consumption restrictions:
020042-2

Genetic Algorithm for Complex Optimization of Power
System Mode

D T Muhamediyeva'® and L U Safaro

!Tashkent Institute of Irrigation and Agricultural Mechanization Engineers, Natj
Tashkent, Uzbekistan
’Samarkand State University of Veterinary Medicine, Livestock and Biotechnologies, Sa

earch University,
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Abstract. Power systems facing dynamic and nonlinear characteristic:
ensure stability, efficiency, and controllability. This paper proposes a
genetic algorithm that takes into account complex relationships in the
provides a flexible and versatile means for global optimi: i
system dynamics. The method was applied to optimi.
nonlinear characteristics of the power system. Experj
demonstrating energy balance and high accuracy wi
research is required to improve the method, includi:
and consideration of additional uncertain
system optimization and provides a basj
dynamic energy environments.

ion techniques to
r systems using a
genetic algorithm
a and adaptation to
take into account the
ess of the proposed method,
system characteristics. However, further
of the influence of algorithm parameters
uable insights into the field of power
ive control techniques in complex and

for optimizing
infrastructure,

es to ensure sustainable, efficient and cost-effective energy
gement is a key component to achieving these goals. This

number of energy consumers , effective management of the power system is required
to ensure stab e cy and cost savings. With dynamic changes in the energy market, such as price

take into account dynd d nonlinear characteristics. In this context, the development of effective methods for
optimizing power syste es necessary to ensure sustainability, efficiency and economic feasibility. New
technologies such as gene gorithms provide tools for solving complex optimization problems considering
multiple variables and constraints, making them relevant for applications in the field of power system control. The
purpose of this study is to develop and apply an optimization method to achieve energy balance in the system. We
strive to minimize the cost of energy production and consumption, taking into account the dynamic and nonlinear
characteristics of the power system. We use a genetic algorithm as a tool to solve the optimization problem. This
method allows one to take into account many variables, nonlinearities and dynamic aspects of the system [1-3].

This paper presents the mathematical formulation of the optimization problem, the solution algorithm, the results
of experiments and a discussion of the results obtained. The findings can be used to optimize the operation of power
systems and increase their efficiency. The novelty of this research lies in the development of an optimization method
that systematically takes into account the dynamic and nonlinear characteristics of the power system. This is

11l International Scientific and Practical Symposium “Materials Science and Technology” (MST-11-2023)
AIP Conf. Proc. 3154, 020042-1-020042-6; hitps://doi.org/10.1063/5.0201324
Published under an exclusive license by AIP Publishing. 978-0-7354-4916-9/$30.00
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RESULTS

The following power system optimization problem is solved
fori=2-7=2,k=1 & =0.1, &, =0.15 » =0.01,

The entire set of constraints and the objective function form a constrained optimization problem, and it can be
solved using optimization techniques such as genetic algorithms.

Using a genetic algorithm, optimal values of the variables were obtained . 5, G, G, B , ensuring energy
balance and cost minimization. [13-5011,-12.5848,20.0580, 49.5453, 24.3855] represents the values of
variables obtained as a result of executing a genetic algorithm for a power system o, ation problem.

Energy production by generator 1 (13.5011). This is the amount of energ; generator 1 produces. This
generator is the optimal choice for energy production in this situation.

Energy production by generator 2 (-12.5848). The value is negative, which ma;
optimal in this context. It may make sense to reduce your use of this generator or con

Energy consumption by consumer 1 (20.0580). This is the amount of energy tha consumes. Perhaps
consumer | requires more energy due to a change in consumption patterns or other factors.

Energy consumption of consumer 2 (49.5453). Consumer 2 consumes_li@ie . y be due to
increased consumer demand or other changes in the system.

Energy storage charge level (24.3855). This can be a key factor in op
smooth out load peaks or store energy during periods of low demand.

The developed method ensures that the energy balance in the systel pstsihave shown that the
total energy production by generators is equal to the total energy cons| i
the energy storage facility. Comparison of optimization results with t ed that the proposed
genetic algorithm demonstrates higher efficiency when takimgmimto acco i linear characteristics.
The method successfully demonstrates adaptability to

at generator 2 is not

optimization method that is used t y ed optimization problem with a quadratic
objective function andglimear or qua i ¢
i obtain the next approximation of the optimal solution. This method
jective function and constraints are smooth and quadratic. In the

guess can sped ¢ vergence of the method. Constraints must be well defined and consistent with the task [14
-16].
To solve the op on problem using the sequential quadratic programming (SLSQP) method, the following

production cost and storage
energy storage).

Energy production by generator 1 (13.7191). This is the amount of energy that generator 1 produces.

Energy production by generator 2 (-19.0948). The value is negative, which may indicate that generator 2 is
consuming energy rather than producing it.

Energy consumption by consumer 1 (9.9780). This is the amount of energy that consumer 1 consumes.

Energy consumption by consumer 2 (28.8922). This is the amount of energy that consumer 2 consumes.

Energy storage charge level (7.9829). This is the charge level of an energy storage device that is used to store
energy or balance supply and demand.

'while satisfying given constraints (energy balance for generators, consumers, and

020042-4

C,0O=C,.,® (4)
Restrictions on the charge level of energy storage devices :
E 0= E (O ©)

Including nonlinear characteristics in the equations can improve the accuracy @fthe simulation of the actual

behavior of the system.

Nonlinear dependence on generator production level ? :

EM)=aP’ (D+bP _()+c, (6)
. . a, b c . .
In this equation, the parameters ', ', and ' represent nonlinear cog 1 ing on the
specific generator type and operating conditions.
Non-linear dependence on energy storage charge usually mea uction or
consumption depends on the amount of energy that is currently stored mgth eiThis relationship can

be described by a nonlinear mathematical function that takes into a
charge level.

(7

. d e . .
In this case, the parameters ', 7, s that take into account the influence of
the energy storage charge on energy

Nonlinear dependence on the pr

In(1+C,,., () +h,. ®)

coefficients reflec the nonlinearity of the dependence of current consumption

the power system optimization problem may include the following steps [ 10 -1 3 ]:
e population of vectors of variables.
iduals for reproduction using the selection operator.
dividuals to create new offspring.
operator to new descendants to introduce diversity.
Assessment of the # of each individual, taking into account the target function and restrictions.
Replacement of the cutrent population with new individuals based on their fitness.
Repeat steps 2-6 for several generations.
Extracting optimal values of variables after completion of the algorithm.
This algorithm provides a methodology for finding optimal solutions that match the energy balance of the system
and minimize overall costs.

.
L]
L]
e Applying the md
L]
L]
L]
L]
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Genetic algorithms (GAs) and sequential quadratic programming (SLSQP) are powerful tools for optimization,
but they have different advantages and disadvantages that may depend on the specific type of problem. Genetic
algorithms are good at global optimization, and their random exploration approach can detect global optima, even in
the presence of complex, multimodal functions. The SLSQP method is focused on local optimization and may be
limited to finding local minima, especially in complex functional landscapes. Genetic algorithms can easily handle
large search spaces, making them suitable for problems with a large number of variables or parameters. In some
cases, SLSQP may have difficulty dealing with the high dimensionality of variable space. Genetic algorithms, using
a random selection mechanism and population diversity, can overcome local minima. The SLSQP method does not
always guarantee exit from local minima. Genetic algorithms are easily adaptable to different types of problems,
including those where functional constraints or objective functions may be comp, LSQP is more suitable for
problems with linear or quadratic constraints and objective functions. Genetic alg s use heuristics and random
processes, which can be useful in complex, poorly structured search spaces. SLS inistic optimization
method and can face difficulties in finding optimal solutions in some problems [7-

using the proposed
method helps to improve the stability and reliability of the power system, especially i of variations in
production and variable consumption. The experiments and results indicate i the developed
method in real operating conditions of power systems, which confirmsg igni ese results
highlight the effectiveness and promise of the proposed optimization m control
that considers dynamic and nonlinear aspects [ 21 —23 ].

CONCLUSION

In this study, a method for optimizing a power system
This method was developed to take into account the
energy systems. The use of a genetic algorithm
advantages, including global optimization, resis
scenarios. The genetic algorithm is effective when

ems provides a number of
versatility and adaptability to various
of data and adapting to the dynamics of
rethod ensures the energy balance in the
also demonstrates high accuracy when

system, minimizes the costs of energy
i er, it must be recognized that there are

taking into account complex charas

algorithm, introducing more complex models to take into account
different types of energy systems. Overall, the proposed method
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