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Article info Abstract
Keywords: Nowadays, the rapid growth in electricity demand and the high costs associated with
Removing-load infrastructure development have forced power transmission systems to operate close
the cost of load-disconnection, to their stability limits. Under such stressed operating conditions, the occurrence of
multi-objective optimization, contingencies such as generator outages, transmission line failures, and sudden load
genetic algorithm disturbances can significantly threaten system security. These events may trigger
» particle swarm optimization. voltage instability, frequency deviations, or even partial and widespread system
collapse if appropriate corrective actions are not taken in a timely manner. Therefore,
Article history: maintaining power system stability under both normal and disturbed conditions
Received: 16 01 2025 remains a critical challenge for modern power networks. One of the most effective
Accepted: 30 09 2025 emergency control strategies to prevent system collapse and restore operation to

acceptable limits is load shedding. Load shedding involves disconnecting a portion
of the system load to rebalance generation and demand, thereby improving voltage
and frequency stability. However, indiscriminate load disconnection can impose
severe economic and social costs. Consequently, load shedding must be performed
in an optimal manner by selecting loads with lower interruption costs while still
achieving the desired improvement in system stability. This creates a multi-objective
optimization problem in which system stability enhancement and minimization of
load disconnection cost must be addressed simultaneously. In this study, an optimal
load shedding strategy is developed that balances these two conflicting objectives. In
addition to controlled load reduction, the proposed approach considers relieving
overloaded transmission lines and improving busbar voltage deviations to further
enhance overall network performance. The objective is not only to stabilize the
system following disturbances but also to restore it as close as possible to its rated
operating conditions with minimal economic impact. To solve the resulting
optimization problem, two advanced metaheuristic algorithms are employed: the
Genetic Algorithm (GA) and Particle Swarm Optimization (PSO). These algorithms
are well suited for complex, nonlinear, and multi-objective power system problems.
The proposed load shedding model is tested on the IEEE 30-bus standard power
system under various contingency scenarios. Simulation results demonstrate that
both algorithms are capable of identifying effective load shedding schemes that
improve voltage stability, reduce transmission line overloads, and minimize load
interruption costs. The comparison also highlights the effectiveness of evolutionary
optimization techniques as practical tools for emergency control and stability
enhancement in modern power systems.
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Introduction

Voltage and frequency stability is one of the
fundamental principles in power systems. The control
systems in the network are responsible for regulating
and stabilizing the network voltage and frequency at
their nominal values. Various errors, load growth, lack
of generation, and other factors are serious threats to
system security and disrupt voltage and frequency
stability. Load shedding is one of the last control
measures to maintain the stability of the power system.
Therefore, when something happens to the power
system, unnecessary loads are separated from the
network. The load removed from the power system must
be distributed among the network load buses in such a
way that goals such as improving system stability
indicators and maximizing system stability under
current conditions are achieved, and also the lowest load
shedding cost is imposed on the operator. The load
shedding plan must be able to eliminate all overloads on
the network lines and place them within the thermal
stability range in terms of performance. The load
shedding plan must maintain the voltage of all network
buses within the permissible functional range. One of
the optimal load shedding methods in power systems is
the use of innovative algorithms, which are discussed
here. Two algorithms can be mentioned: genetic
optimization and PSO.

There are several ways to deal with any type of
instability by means of network protection and by using
information collected from different points of the
network and by having various control tools throughout
the network . Due to the competitive environment
created in the restructured electricity networks, electric
power and energy has become a commodity that must
be offered to the consumer at the cheapest price so that
its producer can have a profitable competition in the
electricity market. In the private structure of the
electricity industry, in addition to the price of electric
energy, its quality and capability indicators are also very
important. So that some consumers prefer to pay more
for the consumption of electrical energy with higher
reliability. The philosophy of designing and using
network protections is actually to detect and predict
controllable emergency situations that may cause the
instability of the power network.Some indicators of
quality and reliability include suitability
The values of the voltage range and frequency of the
network as well as the continuity of time of the energy
delivered to the consumer. Therefore, the design,
operation and protection of the power grid should also
be done in order to maintain the continuity of electric
energy by considering these criteria. The resulting
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network must act in a way that responds well to the
disturbances and continues to work within the
acceptable range or has the minimum possible deviation
from the acceptable conditions The proposed
adaptive UVLS method based on PTSI is suitable for
plans that are separate and non-integrated in one area.
Another load removal method proposed in the articles is
based on Ant Algorithm (ACO) his algorithm is
based on the concepts of the static limit of voltage
stability and its sensitivity value at the collapse point,
and voltage stability is modeled as a limitation in the
load shedding scheme. The proposed method has been
investigated on the IEEE 14-bus system and solved by
two heuristic methods, GA genetic algorithm and PSO
particle mass, and then the obtained results have been
validated with GAMS software using classical
mathematical methods. In another article, a comparative
article is presented between the proposed method called
adaptive load shedding based on PTSI technique and
two other methods named constant load reduction with
fixed delay FSFD3 and variable load reduction with
variable delay VSVD4 to avoid voltage collapse [4]. In
this plan, load reduction corresponds to the intensity of
disturbance. This intensity is estimated based on the rate
of change of frequency. The new method has been tested
in the HV network of Khorasan province in Iran. The
proposed method shows definite improvement
compared to conventional methods. A control and
monitoring scheme based on the SCADA system has
been presented by Parniani and her colleagues
Today, with the occurrence of total and partial collapses
in power systems around the world, the idea of using
network protection has been proposed. Network
protection, which was initially introduced under the
name of special protection plans, is actually the second
generation of power system protection [6]. The rate of
frequency change is useful in determining the overload
when disturbance occurs, and hence, it is used to
estimate the amount of load that should be reduced from
the network. This plan has overcome the shortcomings
of the adaptive UFLS plan. Load shedding voltage
relays are set to operate under low voltage conditions. A
system affected by a disturbance may maintain its
stability but the bus voltage is still low. As the voltage
reaches the limit of instability and collapse, even very
fast reactive power control schemes and it also has no
effect on the system and cannot prevent voltage
collapse. This voltage drop can be corrected by using
load removal algorithms and plans and reducing the
appropriate amount of load from each bus. Emrai and
Sadati have described an article about voltage load
removal that defined an optimal load removal algorithm
. Loads with a lower frequency balance factor are
prioritized for removal or reduction, and then loads with
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a high frequency balance factor are removed. Therefore,
loads with a lower balance factor will be prioritized for
removal by the load removal plan. Another scheme
considers frequency rate variation in the adaptive load
shedding algorithm in the paper written by Sidi et al [&].
Many low frequency load shedding schemes mainly set
relays to detect frequency changes. As soon as the
frequency drops below a certain value, a certain amount
of load will be reduced. If the frequency reduction
continues, the network load will be reduced again to a
certain amount. The amount of load as well as the
location of the load to be removed is predicted in
advance. Theresa and his colleagues have presented a
scheme about frequency load removal [9]. In the first
stage of this design, the frequency and range of
frequency changes are estimated with an algorithm. In
the second step, the range of disturbances will be
estimated with the simple generator oscillation equation,
and then the load removal values will be calculated
based on the range of frequency changes. The main idea
in the article proposed by Xiong is to include load
frequency balance factors in the load shedding scheme
[10].

In this method, two basic principles are considered. The
first principle is related to voltage stability. In fact, the
algorithm first calculates the sensitivity of the voltage
stability limit in each bus to the load changes in other
buses through sensitivity analysis. The second principle
determines the amount of load that must be removed
from the target bus. Determining the value of the
elimination load after selecting the target bus is done by
the Ant algorithm and solving the nonlinear
optimization problem by this algorithm. The
performance of this method has been investigated under
critical loading conditions of IEEE 30-bus system.

2.the proposed load removal pian

In this part, the load removal method for this article is
presented for network protection of the power system
after the occurrence. Today, with the increasing
importance of problems and the speed of finding
answers and the lack of answers, classical methods of
heuristic search algorithms such as the hereditary
algorithm, the colony algorithm of the Morjes, etc. have
grown significantly. In this section, we will describe the
algorithms used in this article to solve the optimization
3) Optimizing total bus voltage deviations: the amount
of voltage deviation in the network is calculated
according to the following equation:

Nbu\ V

— t ref i v
devmtwn z V ( )

i ref
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problem. The algorithms used are the genetic algorithm
and the bird community of severe incidents such as
outage soft rans mission and production lines.
Definition of optimal load removal problem and
objective function: The proposed objective function of
this thesis has 4 objectives, which include economic and
technical objectives of power system performance.

A) Economic purpose

1) Minimizing the amount of load interruption based on
the importance factor of each bus: In this part, an
importance factor is determined for each bus and the
cost of load interruption is defined according to the
following relationship:

NBuS
OF, =min: Za,-(PS[ —P[ﬁ.) ")
i=l1

In the above relationship, the loads with higher
importance coefficient have a larger value than the loads
with lower importance coefficient. The definition of the
importance factor above causes loads with a lower
importance factor to be prioritized for load removal.
where the active power of the load before and after the
output of the transmission line and the load removal of
the i-th bus are in the network, respectively

b) Technical objectives

2) Reducing the excess power passing through the
transmission lines: this goal is also modeled according
to the following relation in the objective function:

OF, = min:
max max
Z(|Stmns ij Strans ij lf Strans ij Strans ij
max
lf Strans ij — Strans ij
p

: : trans ij max
in which and Stmnsl.]. They are,

respectively, the power passing through the line after the
load is cut off and the maximum power passing through
the line

in which i ref Tnitial guess of bus voltage and
The bus voltage after load distribution is bus

is the number of tires. Therefore, the third goal, which
is a technical goal from the point of view of system

M
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studies, will be modeled according to the following
relationship in the goal function:

Npus 2
Viref—Vi
OF,; = min: E (—f) 4)
Vi ref
i=1

4) Minimizing system losses:

OF, =3P RyJf = (5)

= Y1 [VP+VP2V, cos(8; — 8)]Y; cos @y

in which b The number of system lines, Rl line
resistance, I1 current passing through the line,

Vi the size of the bus voltage, ¢ Bass voltage angle,
Yij The size of the admittance matrix and

@,

optimization problem has limitations that are

are its angles. Limitations: The mentioned

discussed below.1) limitation of equality and balance
between active and reactive power production and
consumption as well as losses of active and reactive

power of the network:
NBIA.\\

(P2 —Pg)-P; =0 Q)
3 (04 -05)-0r=0 ()

i=1

That in these

O/ i O/ K O/

Gi ¢ Active and reactive

relationships,

power are production, consumption and losses after
the possible event of transmission line outage and load
interruption, respectively

2) The voltage of all the busses in steady state after
removing the load should be within the operating
range

Vit < PP S VM = 1525..5n  (8)

In the above relationship Vimin’ ymaex

respectively
the maximum and minimum permissible value of the
bus voltage i and n is the total number of system buses

P
Vi Also, it is the voltage of the i-th bus after

removing the load in the system
3) Limitation of the production capacity of power
plants:

PO < P < PO )

05" <04 <0 ")

which include the minimum and maximum limits of
production and production power after load shedding.
4) Limitation of decision variables: every optimization
problem needs to form an initial population of decision
variables. In this chromosomal problem, which is
taken into account for the formation of the initial
population, it includes the production power of
generators and bus loads. The range considered for the

load in each tire is as follows:

min P 0

P, Di <P, Di <P, Di
min __ 0
PR =0.5xP;
0

In thisregard” P! Tire load before load removal plan

Q)

P
implementation, ~ P/ Tire load after removing the
min

loadand, ~ P! The permissible range of the load can
be cut by the load removal plan, which in the
considered problem, 50% of the load in each tire can
be removed. In addition, load removal in the system
will be done at a constant power factor, which reduces
network variables and simplifies calculations.

AR, 29, (\Y)

P 0

The range considered for the production of each

generator is as follows:
j P
Pii" < P < PG
PM™ = 1.2 % PY; (\Y)

P = 0.8 % PY,;
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0 p
that Gi and” Gi

production of the power plants before and after the

They are according to the

accident and load cut.
3.The proposed method
Solving the multi-objective optimization problem
using meta-heuristic algorithms
Consider the following function, which is a bounded
multi-objective function:

Min (fl(x)fz(x),...fM(x))
h, =b (V9)

Subject to - k
4 {x (£) <x Sx(U]

where the first adverb is the equality adverb and the

. . w)
second adverb is the variable range X and

L
x* They are the upper and lower limits of the x

variable, respectively. In order to obtain the optimal
answer of this problem, we turn it into an

unconstrained optimization problem:

Min (wyfy (), wao fo(x), ..., Wi fu () + A(b —
hie) + Ay 2 (A5)? (15)

in which w; «w,....and w,, The weight coefficients of
the multiple objectives of the problem are arbitrarily
determined according to the importance of each of the
objectives of the problem

and A, and A There are penalty coefficients, which

are considered large fixed numbers to meet the

constraints of the problem.

Ax ={X—x(u) if x > x®
XO—x if x<x®

By placing equation (15) in the merit function of the

(16)

used algorithms, the optimal answer is obtained. In
order to solve the problem, according to the materials
presented in this section, genetic algorithms and bird
community have been used. search algorithm, which
is known as the PSO algorithm.

The protection plan has been implemented as a
proposed method in the environment of the article,
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which after receiving the numbers of productions and
lines removed, determines the amount and optimal

location of the load removal due to the removal of the

Formation of
the initial

v

Population assessment and
calculation of competency

Merit is slightly
better than

A

No

Merit is slightly
better than
merit.p-best

NO *4

Change the particle
speed

!

Change the position
of the particle

No

Stopping
condition is
met.

Figure-1 Flowchart algoritm

transmission and production line to remove the load.
In this software package, genetic algorithms and PSO
are used to obtain optimal load shedding.
Implementation of load shedding in sample networks
The process of implementing the algorithm to solve
the problem is as follows (Figure 1):

At first, the load distribution is taken from the system
and the performance values of the objective function
are calculated (for use in normalizing the performance
of the objective function).

The initial population is formed based on the
maximum and minimum values of the variables given
in the previous chapter.
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The merit of the population is calculated based on the
following objective function:

Object
K —— a7
= 1 N us
Zizbl ai pgi
0,
+ Kz 0 max) ; 0 max
Z(|Stransl-]- — Stransj ) if Strans;; > Strans;;
0 if S transg- < Stransji¥
03 02
+ K3 - + Ky 5—+ ApAP + A, A0
Npus _ 2 Pross
(Vi ref Vi)
E v
=1 i ref
+ Ay AV

in whichK; = 0.3<K, = 0.2<K; = 0.3 and K, = 0.2
The weight coefficients of the desired objectives of the
unloading problem.

Ap¢ 4o and A, The penalty coefficients are related to
the constraints of the objective function, which are
considered 10.

Determining the best member of the crowd. Applying
algorithm operators and forming a new population to
participate in the next iteration of the algorithm loop
Checking the loop exit condition Print the results. In
order to implement the load shedding scheme
proposed in this article, the IEEE 30-bus network is

used.

=

Figure2- Flowchart of the implementation of the proposed
4. Results

The network of 30 buses includes 6 generators, 21
consumers and 41 transmission lines. The single-line
diagram of the standard network is shown in Figure 3.
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Figure 3- Network diagram of 30 IEEE buses

Table 1- Loads on the buses after the implementation of the genetic algorithm with the
same importance coefficients

Bass 1 ) 3 4 5 6 2 8 9 10
number
bass o 187 |2 |38 |471 |00 | s | 200 ] 0045
power
s n ol | lu s | | |® P
number
bass o [ oo |ss |an [an |as |20 [P
power
2
Bass 1o oo |23 |24 |25 |26 |27 |2 |2 |30
number

bass g5 |00 |16 | 435 |00 |15 | oo |90 |38
power

After implementing the proposed method written
based on the presented multi-objective function, the
results are obtained as follows. In the first step, we set
the importance factor of all the buses to cut the load
equal to one.

Cost of load shedding: 4/283
Voltage deviation: (p.u) 0.053811

Total excess power passing through the line (MVA):
3.539

Casualties (MW): 79/695

After the accident, because the load has not yet been
cut and the importance factor of all buses is the same,
the cost of cutting the load is 283.3. By implementing
the genetic algorithm, the loads on the buses with the
same importance coefficients will be as in Tablel.

The results related to the implementation of the
objective function after the implementation of the
genetic algorithm in the case of the same coefficients
are as follows:

Cost of disconnection: 110/8
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Voltage deviation: (p.u) 0.066134

Total excess power passing through the line (MVA):
45/489

Casualties (MW): 16/642

590

bestopar
2 & 8

Generation

Figure 4 -Convergence diagram of the genetic algorithm in the case
of the same importance coefficients

Table 2- Load distribution results after cutting lines 1-2 and 2-5 in
the genetic algorithm with the same importance coefficients
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W[ 1 |53 30 50| | 1O ) I = T

The results of Table 2 show the ability of the presented
method to cut the load. Also, Figure 3 shows a good
convergence towards the optimal response, the results
show the improvement of the bus voltage and also the
reduction of the power passing through the lines.
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By implementing the genetic algorithm in the case of
buses with different importance coefficients, the loads
on the buses will be as shown in Table 3. In this case,
we set the importance coefficient of basses 23, 24, 26,
29 and 30 to 3, and we consider the importance
coefficient of the rest equal to one in different
importance coefficient.

Table 3 -Loads on the buses after the implementation of the genetic
algorithm

Bas 3 ERE
a2 s |4 [a [s |7 0
T [0[%
2o (1 [o]s |2 o |03
g s 1|5 |60 |0 |13
Bass 18 |1 |2
mm |1 |1 |11 15 1 & 210
ver 1|2 |34 s |
— 71212
ool (2 fs]e ]2 |62
PV 1o s |o & |1 |5
Bas R 23
mm (2 (2|2 ]2 2 | . 9 |o
vr |1 |2 |33 [F |5 |7
N ER D
v o lole|e|o [2]o]o |1]6
PV s o |24 [0 [2 |0
594
592+ B
590 i
5 5881 -
g 586 .
5841 i
5821 4
580 l l | l l
0 10 20 30 40 50 60
Generation

Figure 5- Convergence diagram of genetic algorithm with different
importance coefficients

Figure © shows the convergence diagram of the
genetic algorithm in the case of different importance
coefficients, which represents a good convergence
towards the optimal answer. By implementing the
particle assembly algorithm in the case of buses with
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the same importance coefficients, the loads on the
buses will be as shown in Table 5.

Table 4. Loads on the buses after the implementation of the
algorithm of particle assembly with the same coefficients

Bass A N )
number
baSS ARIA} .l o
power
Bass A oy
number

Y o Al
baSS ol ARVAS ol NI Al YN o
power

YA Ya |-
Bass
number

v\ Yy Yy A Yo \td Yv

e VA o
baSS AlYo .l \lid fivo .l VIVo .l
power

Table 5- Results of load distribution after disconnection of lines 1-
2 and 5-2 of Parangan community algorithm with the same
coefficients

[

D 7] i T

The results related to the implementation of the
objective function after the implementation of the bird
community algorithm in the same and different mode
are as follows:

Cost of disconnection: 11/116

Voltage deviation: (p.u) 0.074782

47

Total excess power passing through the line (MVA):
23/35
Casualties (MW): 14/44

The results obtained in this part show that the particle
assembly algorithm subtracts more loads from the end
buses than the genetic algorithm and the remaining
load on the initial buses is more than before.
Meanwhile, the total overload on the lines and losses
of the entire system shows a significant reduction, and
the network is in a good state in terms of voltage, while
the cost of disconnection shows a slight increase. All
this shows the high ability of the particle community
algorithm to reach the optimal answer (Figure 6).

W 1 1 1 1 1
b ..J....l.--.L...J....L--.-
| | | | |

- .IJII.I‘IIIIL.I.J.I.IL..I-

pq--J----‘----L---J----L----
| | | | |

blIIJ-..l‘...IL..lJ-.IIL..l-

| | | | |
Bl ..'I...J"..‘IIII'I..I‘I...'

- I.'III.J....‘I...'I..I‘....I

Figure 6- Convergence diagram of the particle community
algorithm

By implementing the particle assembly algorithm in
the case of buses with different importance
coefficients, the loads on the buses will be as shown in
Table 7. In this case, we set the importance factor of
basses 23, 24, 26, 29 and 30 to 3 and consider the
importance factor of the rest equal to one.

The results related to the implementation of the
objective function after the implementation of the bird
community algorithm in different modes are as
follows:

Cost of load shedding: 9/152
Voltage deviation: (p.u) 0.087053

Total excess power passing through the line (MVA):
126/71
Casualties (MW): 16/754
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According to the results obtained in this section, the
amount of reduced load on the basses with a higher
importance factor has been reduced compared to the
previous state. But the cost of load shedding, the total
extra power passing through the lines and losses have
increased compared to the previous situation, which
seem reasonable (Figure 7).

Table 6. Loads on the buses after the implementation of the
algorithm of particles with different coefficients

Bass N - - ]

sumber

) 02 Y1) iE]
by 12 4 &1 [sox| oo |iza]!
power

Basw 2 - 1¢ - I8 9 0

sumber

[ i = . 23 )

power

Bass R - N N . N - % 9 0

sumber

s 09 | 23191 | 10253
b L gons2 oo |2mes1 |4ae2s | oo |25 | 0w

power

Table 7- Results of load distribution after cutting lines 1-2 and 5-2
of the particle assembly algorithm with different coefficients
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Figure 7- Convergence diagram of particle assembly algorithm

5- Conclusion

The proposed load shedding method is implemented
on IEEE 30-bus network. For this purpose, a suitable
proposed method has been written in the MATLAB
environment, which, having system information
including the active and reactive power consumption
of the buses, the production power of the generators
and the structure of the power network, determines the
optimal amount and place of load removal in such a
way that all the restrictions are met. As much as
possible, less important loads are separated from the
system. The results obtained from the written
proposed method show the ability of the presented
method to be used in the appropriate solution of the
problem of load shedding. The results obtained from
the particle assembly algorithm are more suitable than
the results of the genetic algorithm. The studies
conducted on sample networks show that using the
method proposed in this article removes less important
loads from the system and reduces the outage cost. In
order to further investigate the problem of load
removal, steady state analysis or transient state
analysis can be used. In this artical, the load removal
technique was investigated using steady state analysis
and static analysis, and a suitable proposed method
was prepared for this purpose. But to complete the
discussion, it is appropriate to add transient stability
analysis software and consider generator controllers
and especially motor loads modeling, the answer
obtained from the static analysis evaluated the removal
of the load in the transient mode, and if the response
of the transient mode was not suitable, another design
was selected.
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