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Keywords: Abgract: Nowadays, with an increasing demand for
integral of the absolute time error electrical energy and the high penetration of renewable
maximum frequency deviation range energy sources, frequency fluctuations pose a significant
interconnected two-area power system  challenge to power system operators. In this paper, the

frequency-load control frequency-load control problem based on the measures of (i)
TID controller peak overshoot of frequency deviation and (ii) integral of
genetic algorithm time-weighted absolute error is explored from a new
wind and solar renewable energy perspective for an interconnected, two-area power system.
sources To this end, the proposed interconnected two-area power

system includes thermal, gas, and hydro power generation

sources as well as wind and solar renewable energy sources.

Additionally, and from a technical perspective, nonlinear

Original Research Article factors including dead-band governor and generation rate
constraints are also taken into account for the newly

L developed interconnected two-area power system. To control
gec§1v§d. 10/03/2024 the frequency, a fractional-order TID controller is widely
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Accepted: 01/07/2024 employed due to its simple structure and high accuracy, the
coefficients of which were optimized by a well-adjusted
genetic  algorithm. For comparison purposes, the
performance of the suggested TID controller is compared
with a PID controller in terms of dynamic parameters such as
frequency deviation range, settling time, and stability speed.
Simulation of the proposed interconnected two-area power
system in the MATLAB/SIMULINK environment indicates
that under various operating conditions the proposed TID
controller exhibits better effectiveness and efficiency
compared with the PID controller in terms of improving
dynamic parameters.
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Introduction

Technically speaking, after a contingency occur, a
balance between generation and load demand must
be maintained in order to return the power system
frequency to a predetermined reference value. This
function is known as load frequency control (LFC).
In recent years, due to the increasing complexity of
power systems and the growing load demand,
frequency fluctuations have increased. This has

resulted in special importance of the LFC.
Additionally, and more importantly, with an
increase in openetration of renewable energy

sources, the power system’s inertia constant reduces
as these sources inherently have significant
fluctuations and uncertainties. As a consequence,
frequency deviations will escalate, impacting power
system’s stability. With that in mind, modern power
systems face not only challenges of imbalance
between generation and load demand but also new
concerns stemming from the high penetration of
renewable energy sources, which affect the security
and stability of power systems. Therefore, the LFC
is recognized as a promising solution for stabilizing
power system frequency. The frequency will remain
constant, when there is a balance between
generation and load demand. To mitigate the
mismatch between the power generation capacity of
sources and the power consumption of loads,
automatic operation of turbine valves in power
plants is widely utilized. This function, based on the
LFC, tracks power system load variations in real-
time, controls the generator output based on these
variations, and, thereby achieves one of the main
objectives of power control in the system, that is to
maintain frequency within a specific range.
Accordingly, in this current paper, the frequency-
load control problem according to the measures of
(i) peak overshoot of frequency deviation and (ii)
integral of time-weighted absolute error is explored
from a new point of view for an interconnected two-
area power system. The proposed interconnected
two-area power system consists of thermal, gas, and
hydro power generation sources as well as wind and
solar renewable energy sources, aiming at a diverse
energy mix. Additionally, from a technical
standpoint, nonlinear elements, including both dead-
band governor and generation rate constraints are
considered in the newly designed interconnected
two-area power grid. For frequency regulation, a
fractional-order TID controller is designed and used
for its uncomplicated design and precise results,
with its fine-tuned parameters using a well-
optimized genetic algorithm.

Results

Broadly speaking, the simulation results of the
newly developed interconnected two-area power
system in the SIMULINK environment of
MATLAB platform demonstrated that the TID
controller, had better performance and accuracy,
compared with the PID controller. The use of this
controller also mitigated the settling time and the
output frequency deviation range of the
interconnected two-area power system while
increasing the speed of reaching stability.
Additionally, and from another perspective, the TID
controller was able to dampen effectively the
frequency oscillations caused by the penetration of
renewable wind and solar energy sources. As a
result, the optimal design of a TID controller may
provide an applicable model for frequency control
purposes.

Discussion and Conclusion

This paper initially employed a PID controller to
achieve the goals of minimizing the frequency
deviation range, to increase the speed of reaching
stability, and to reduce absolute errors in an
interconnected two-area power system. To attain
these targets, a trial-and-error method was applied
under multiple scenarios to reach the optimal
control conditions for the frequency control of the
interconnected two-area power system. In each
scenario, the controller coefficients and system
control parameters were optimized using a genetic
algorithm. After finding the best control conditions
with the PID controller, the proposed TID controller
was consequently suggested. Through iterative
simulation steps and executions, the simulation
results illustrated that the TID controller
outperformed the PID controller and was capable of
optimizing the frequency deviation range up to
97.85 %, speed of reaching stability up to 77 % in a
better way.
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8. Genetic Algorithm (GA)

9. Governor Dead Band (GDB)

10 .Generation Rate Constraints (GRC)
11. Communication Time Delay (CTD)
12. Integral Derivative-Tilted (ID-T)
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. Load Frequency Control (LFC)

. Renewable Energy Sources (RESs)

. Automatic Generation Control (AGC)
. Flyweel Governor

Tilt

. Proportional-Integral-Derivative (PID)
. Fractional Order (FO)
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2 Reheat
3. Transient Droop Compensation (TDC)
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1. Tilted Integral Derivative (TID)
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2. Step Load Perturbation (SLP)
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1. Integral of Time-weighted Absolute Error (ITAE)
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