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Abstract. Stability of both voltage and frequency in power systems is the basis of the electricity generation. Load shedding
is one the last strategies to stabilize a power system. However, the conventional load shedding schemes do not consider the
reactive power as a direct participation in load shedding, which is essential for the voltage stability. To fill this gap, we
propose a new combinational under frequency load shedding (UFLS) and Under Voltage Load Shedding (UVLS),
considering reactive and active power simultaneously, and using non-dominated sorting genetic algorithm (NSGA 11) in this
paper. The location of bus loads, the reactive power and the active power consumption at each bus are used as GA control
variables. This method is tested on the modified IEEE 39-bus system. The results of simulations validate the proficiency of
proposed method in stabilizing the frequency and voltage of the power system.

Keywords: Power system stability, Genetic algorithms, frequency load shedding, voltage load shedding

Genetik Algoritma Tabanh Izleme Reaktif Giiclii Bilesimli Yiik Atmasi icin Akilh bir
Yaklasim

Ozet. Gii¢ sistemlerinde gerilim ve frekansin dengesi elektrik iiretiminin temelini olusturur. Yiik atma, bir giic sistemini
stabilize etmek i¢in son stratejilerden biridir. Bununla birlikte, geleneksel yiik atma planlari, reaktif giiciin, gerilim kararlilig1
i¢in, gerekli olan yiik dokiilmesine dogrudan katilim olarak diisiinmemektedir. Bu boslugu doldurmak i¢in, ayn1 anda reaktif
ve aktif gii¢ dikkate alinarak ve frekans yiik atma (UFLS) ve Diisiik Voltaj Yiik Atma (UVLS) altinda yeni bir kombinasyonel
yontem Onerilmis ve bu makalede dominant olmayan siralama genetik algoritmasi (NSGA II) kullanilmustir. Veri yolu
yiiklerinin konumu, reaktif gii¢ ve her veri yolundaki aktif giic tiikketimi GA kontrol degiskenleri olarak kullanilir. Bu yontem,
degistirilmis IEEE 39-veri yolu sisteminde test edilmistir. Simiilasyonlarin sonuglari, gii¢ sisteminin frekansini ve voltajini
dengelemek icin Onerilen yontemin yeterliligini dogrulamaktadir.

Anahtar kelimeler: Gii¢ sistemi kararliligi, Genetik algoritmalar, frekans yiik atmasi, voltaj ylikii atmasi

1. INTRODUCTION

Increasing of large disturbances has resulted in incremental utilization of under frequency load shedding
(UFLS) and under voltage load shedding (UVLS) in comparison with the past [1,2]. Usually, these two
schemes work independently from each other, and are not designed in an integrated way to exploit their
combined effect on load shedding [3]. Combinational load shedding schemes cope with large
disturbances more effectively, as they use more controlling parameters of power systems [4,5].

The best method of load shedding in a power system is a technique to shed fewer burdens in a shorter
time to retain the transient constancy of the power system. This is what that the conventional load
shedding schemes are incapable of dealing with, for the reason that they are too dilatory and also they
may shed loads more than sufficient amount [6] and [7]. Intelligent networks are employed to recognize
the best shedding approach to optimize the time taking and the amount of load shedding. Genetic
algorithm (GA\) is one of the intelligent analytical methods that has been employed extensively in load
shedding [8,9]. Since the performance of the GA is based on the maximum/minimum amount of
adaptation of data to an objective function; it could play an effective role to reduce the number of load
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buses disconnection in a power system. In [10] GA is employed to minimize the shed load using under
frequency relays so that the shed load at the first stage is the largest amount and the shed loads at the
subsequent stages decrease gradually. In [11], utilizes GA to optimize load shedding and decide how to
restore power supply after its outage. In [12], GA is exploited to optimize the coordinated voltage control
in combinational hard conditions that tested on IEEE 39-bus test system. In [13], applies GA to control
load frequency owing the fact that it could be designed for non-linear parameters controlling in a power
system. However, reactive power information is employed rarely in load shedding plans, unexpectedly
in current intelligent and combinational schemes that leads to deficiency of load shedding strategies.

Reactive power tracing effect on determination of the power system stability along with assessment of
other parameters, suitable buses recognition, and minimum reactive and active power to be shed is
utilized in this paper to reduce the time and the amount of load shedding. The modified IEEE 39-Bus
system is employed to assess the proposed load shedding scheme. The results corroborate an optimal
efficient load shedding method. The structure of this paper is organized as follows: necessity of
utilization of a combinational load shedding is described in Section Il. The determination method of
Load shedding distribution is introduced in Section 111, while Section IV represents a Genetic Algorithm
employed in this paper. Section V gives a summarized description of load shedding distribution schemes
compared in this paper. Test system for the assessment of the proposed load shedding method is
introduced in Section VI, and Section VII depicts simulated results. Section VIII summarizes the
conclusions.

2. COMBINATIONAL LOAD SHEDDING

Traditional load shedding methods do not have the potential to deal with combined instabilities, as
discussed in [14] and [15]. Therefore combinational load shedding schemes are alternatively being used
[16] and [17]. Nevertheless, the existing methods for combinational load shedding still exclude
controlled reactive power from the direct participation in load shedding that results in an inefficient load
shedding [18]. Since the proposed load shedding scheme in this paper is based on simultaneous voltage
(reactive power) and frequency (active power) data analysis, the utilization of global triggers is
recommended. For this reason we consider Amin, fc and dfc/dt as the trigger with corresponding thresholds:

- Amin: the minimum eigenvalue of the Jacobian matrix smaller than zero; the bus voltage
magnitude limits are (0.95 pu, 1.05 pu) for the generator buses, whereas (0.9 pu, 1.1 pu) for the rest of
the buses [19].

- fc: out of the normal frequency range (59.5, 60.5) Hz;

- df¢/dt: the rate of change of frequency in the abnormal range of (-1.5, -0.2) Hz/s.

The rate of change of frequency is calculated as in Eq. (1) and Eqg. (2) as described in [16]:

N

AP— i=1 —_— = 1
f, at @)

df N df. /N
c=%H.S.-6 H..S, 2
dt 21 U dt 21 o )

where AP is total active power imbalance (pu.), Hi is inertia constant of the ith generator; S; is rated
apparent power of the ith generator; f, is rated system frequency (60 Hz); fei is frequency of the ith
generator; fc is frequency for the equivalent inertia center; N is the total number of generators. & is a
constant value:
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§=f£2iN:1Hi-Si (3)

3. IMPROVED POWER IMBALANCE ESTIMATION

In the classic system frequency response (SFR) model, only inertia constant of generator and frequency
information is considered [20, 21]. However, as discussed in [7] and suggested in [22], the load model
with voltage and frequency dependence should also be included in the design for UFLS in order to
achieve accurate active power imbalance estimation. Since the voltage variation is always much faster
and larger than the change of frequency [16] and [7], only the voltage dependence of the load model as
it is explained in (3), is applied to the load shedding scheme in [16] and [7]. Based on this load model,
the method proposed in [7] is adopted in this paper to improve both active power and reactive power
imbalance estimation. This amount of active power and reactive power can be employed as fundamental
loads that should be shed after each scenario.

2

2
Vi : V. .
Sy = (P ) +(Qy)° =\/ [PLO,j X(V_J)MJ +[Q|_o,j ><(—V J )'B'J] (4)
0.] 0.j

where Sy; is rated apparent power of the jth load bus; P.j and Qu; are the current active and reactive
power load of the jth load bus, respectively; Pioj and QLo are the initial active and reactive power load
of the jth load bus before the disturbance, respectively; P and Q. are the current total active and reactive
power load of all the buses, respectively; V;j is the current voltage magnitude of the jth load bus after the
disturbance; Vo, is the initial voltage magnitude of the jth load bus before the disturbance; ¢; and f; are
factors that depict the active and reactive power dependence of the load on voltage deviations, which
are set to 1 and 2, respectively, as introduced in [6]; M is total number of load buses. It is necessary to

stress that in reality, the factors @; and ﬂj are usually not zero and vary not only from one part of the

system to another but also from time to time. As mentioned in [16], the total active power imbalance of
all the generators considering the voltage dependent load modeling is defined as

M VJ_ «)
AP, = AP + Z{ PLO‘J. X V_ -1 (5)
j=

0.

where #p is the total active power imbalance of all the generators based on the classic SFR model,
neglecting the voltage dependence and frequency. Under the assumption that the power factor between

the total active power deficit AP, and reactive power deficit AQdeﬁcit is identical to the one between
total active power load P.o and reactive power load Q.o before load shedding, once Apdeﬁcit is estimated
by Eq. (4), it is proposed to calculate AQdeﬁcit as follows:
AQuy = 2 APy (6)
PLO
V-Q sensitivity at bus j can be computed by:

v
aQ,

(7)

VQs; =
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where Vj and Q; are voltage and reactive power at bus j, respectively. A positive value of the VQS;
presents that the relationship between the change of voltage and the change of reactive power is stable
at the bus and the voltage is more sensitive to reactive power variation as increases. A negative value of
VQS; represents an unstable operating condition.

To consider active and reactive power information jointly in the determination load shedding
distribution strategy, two indices, the load shedding distribution factor for active power (LSDFP) and
load shedding distribution factor for reactive power (LSDFQ) for the load buses, are defined. LSDFP
and LSDFQ can be obtained by Eqg. (7), which is proportional to the total active and reactive power
imbalance, respectively, as indicated in Eg. (8). As observed in Eq. (7), information about frequency
and active power are included in LSDFP, while voltage and reactive power information are calculated
together for LSDFQ [16].

Af P
LDSFP, = —p—t
ijl(Aij 'Pj)
©)
VQS..Q,
LDSFQJ. — MQ—JQJ
1L (VQS,.Q)
APLJ. = APy - LSDFPJ.
©)
AQLj = AQdeficit . LSDFQJ

where Afy; is frequency deviation to the rated frequency (60 Hz in this paper) of the jth load bus.
4. SECOND EDITION OF MULTI OBJECTIVE GENETIC ALGORITHM

The second edition of Non-Dominated Sorting Genetic Algorithm (NSGA-II) is a multi-objective GA
that is employed for load shedding adoption and identification of the weakest load buses of the test
power system, in case of disturbances, which is using a set of solutions (Pareto Front), instead of a single
one. A main objective function and a sub-function are determined to optimize the load shedding scheme
using NSGA-I11. The main objective function is considered as in Eg. (9), and the sub-function is defined
by the equation Eq. (10), as described in [10]:

Foain :_Ngl Pezo,i + Qéo,i _Z:: (PGCE)2 + (le)z (10)
Fan = 8" 20, ([Pl = PS1+[Qu, ~QFD (a1

where G, L and C are generator, load and contingency indices, respectively; PGOJ and QGOJ are the pre-
disturbance active and reactive power generation of the ith bus; pS andqg are the current active and

reactive power generation of the ith bus, related to the cth contingency; PS and Qf,— are the current

active and reactive power load of the jth load bus, related to the cth contingency; § is a constant
parameter to make Faux as close as possible to Frain; o is the importance index computed so that the
greatest amount of load shedding belongs to the weakest load buses. According to Eg. (3) the weakest
load buses are the ones that are highly affected by a specific disturbance. (i.e. there is the most difference
between the current voltage magnitude of the jth load bus after the disturbance and the initial voltage
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magnitude of the jth load bus before the disturbance). a” is defined as Eq. (11); where yis the difference
between the absolute value of the current voltage magnitude of the jth load bus after a disturbance to the
initial voltage magnitude of the jth load bus before the disturbance and number 1.

0<y<02

1
3, 02<y<05 (12)
6 , 05<y<0.8
8

aj =

08<y<1

The selected weakest load buses for the first stage of load shedding and the amount of both active power
and reactive power that must be shed from these load buses are defined as GA controlled variables. A
summary of NSGA-II performance to recognize the weakest load buses and the amount of active power
and reactive power of the jth load bus that must be shed from the selected weakest load buses is described
in Fig. 1.

Initialization
population of » G=1 Front=1
control variables T

Simulating cth

C(?cnctlllrr]rg:::g Identify non- | Ny Was
dominated control population
T variables set classified?

l

G=G+1 Assign rank Lo
@ value
l Selection of
3 opulation usin
First pareto front NO Front= o%jgcti\-‘e ﬁmcﬁogn
which includes Front + 1
control .
variables values

YES Is G the Reproduction
maximum crossover and
generation? mutation

Fig. 1. Basic steps of the NSGA-11 employed to minimize the combinational load shedding problem [13].

5. CLASSIFICATION OF LOAD SHEDDING METHODS

Conventional load shedding distribution schemes do not consider reactive power information in the load
shedding directly. In this paper, we compare the load shedding distribution method using power flow
tracing to identify the active and reactive power imbalance denotes (M1), which it was introduced in
[16] as the best load shedding method, and the proposed load shedding distribution method using GA to
identify the weakest buses denotes (M2). These two methods in addition to all the necessary information
for each load shedding distribution method are summarized in Table 1. M1: corresponds to distribution
method as defined in Eq. (7) and Eq. (8), proposed in [16]; M2: corresponds to the distribution method
as mainly defined in Eq. (9)—(11), proposed in this paper.
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Table I .Classification of methods for load shedding.

Factors in load shedding distribution
LSDFQ

L.S. method No.

LSDFP
Active power of j" bus (computed

Reactive power of ji bus (computed by

ith
M1 by power szjw) o bus frequency power flow), j™ bus frequency deviation
eviation
Active power of j bus according to Reactive power of j" bus according to
M2 (Vi/Vo,)™ (computed by GA), j bus (VilVo,)* (computed by GA), j bus

frequency deviation frequency deviation

6. SIMULATION RESULTS

As a typical transmission network with multiple generators and loads, IEEE 39-Bus test system (New
England network) is selected for the test system in this paper. According to [16], seen from Fig. 2, a
small modification is applied to divide bus 39 into bus 39 with a load and bus 40 located with a generator,
which are connected by a transmission line with low impedance, while the small load in bus 31 is
neglected. A short summary of the network characteristics is represented in Table 11. According to [19]
the nominal generation of the active power and reactive power is 7066.65 MW and 1694.22 MVar,
respectively, while the maximum active power and reactive power output are 8625 MW and 5345.3
MVar respectively; nominal active power consumption is 7011.66 MW and nominal reactive power
consumption is 1620.22 MVar. The base power of the test system is 100 MVA.
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Fig. 2. Topology of modified IEEE 39-Bus system [1].

Table I1. The description about modified IEEE 39-bus system [1].

Number of buses

Number of lines

Number of loads

Number of transformers

Number of generators

40

35

18

12 10

100
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Two different scenarios are applied to the test system to evaluate the proposed load shedding scheme in
this paper (M2): (1) simultaneous trips of generator 3 and transmission line (5,6), at t=0.3s and (2)
tripping of generator 3 at t=0.3s and then tripping of generator 10 at t=0.9s. The subsequent tests are
carried out for comparison purpose between M1 and M2. It is considerable that there are many voltage
signals according to 40 buses— could be scrutinized in each scenario. Therefore, all voltage signals will
be analyzed at first and after that we concentrate on the weakest load buses that are highly affected by
each scenario.

A. Scenario No. 1
A-1. Test system collapse with no protective load shedding method

Voltage and frequency of the test system buses undergo a slight fluctuation, after the disturbance, as
observed in Figs. (3-a) and (3-b). Controlling devices such as turbo-governors, Automatic Voltage
Regulators (AVR’s) and Load Tap Changers (LTC’s) damp the fluctuations for approximately 10
seconds since the disturbance occurs. After this time, both the system frequency and voltage experience
a severe oscillation owing to the disability of the controlling devices to cope with large disturbances. As
a result of this fact, both frequency and voltage of the test power system collapse at t=14.44s. Some of
the weakest load buses extremely affected by the first scenario are indicated in Fig. (3-C).

i H:

Frequency [p.u.]

; 0 3 6 9 12
Time [sec.] Time [sec.]

(@ (®)

0 3 6., 9 12 14.44
Time [sec.]

(©

Fig. 3. Observation for the system collapse process after the first scenario without load shedding, (a) Voltage collapse of all
buses, (b) Frequency collapse, (c) Extremely affected buses.
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A-2. Test system stability after M1 method activation

The test power system voltage of bus 32 drops to zero point immediately and voltages of other buses
experience a fluctuation approximately 0.05 pu after the disturbance as observed in Fig. (4-a). In
addition, frequency of bus 32 vibrates seriously and other buses frequency undergoes a slope of 0.06
(Hz/s) as seen in Fig. (4-b). M1 method is triggered under this condition. Although, the system voltage
magnitude falls down to 0.896 pu at t=0.88s, it stays at this value of voltage for only 0.04 seconds. As
represented in Fig. (4-a), after this time, the rising trend of the voltage is commenced and it passes 0.9
pu, which it is the lowest allowable limit of voltage, at t=0.925s. Fig. (4-b) reports the test system
frequency response after M1 scheme activation. Frequency drops seriously at t=0.3s; however it goes
upward at t=6s after employing M1 method and the fluctuation magnitude of frequency decreases
gradually so that it is only 0.004 pu at t=17.5s. It is considerable that the frequency never passes its
magnitude limits owing to M1 method. Fig. (4-c) confirms that the voltages of the critical buses come
into the permissible range subsequent to applying M1 method at t=0.925s and never pass this limit after
this time.
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Fig. 4. System stability after the first scenario employing M1 method, (a) VVoltage stability of all buses, (b) Frequency stability,
(c) Voltage stability of the critical buses, (d) Details of voltage stability of the critical buses

A-3. Test system stability after M2 method activation

Both the test system voltage and frequency suffer some serious fluctuations after occurrence of the first
scenario that causes M2 method be triggered. Subsequent to M2 method activation, voltage stays in 0.91
pu at t=8.73s for 1.5 seconds, afterwards it has an advancement to the steady state point so that never
passes its limit margin as demonstrated in Fig. (5-a). As observed in Fig. (5-b) the test system frequency
experiences some vibrations after the first scenario and then it will be stable at t=7.5s applying M2
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method. The considerable fact about the test system frequency is that it never departs its permissible
range actuating M2 method. Fig. (5-c) illustrates the voltage comportment of the critical buses after M2
method activation. It is considerable that the voltage magnitudes of the last mentioned buses settle under
one per-unit after applying M1 method. While on the contrary, by means of actuating M2 method, the
voltage magnitudes of the critical load buses come into contact with levels greater than one per-unit
several times. This is a good reason why M2 method has a better performance when it confronts the first
scenario. Fig. (6-a) depicts the employed total Pareto Fronts in order to select the weakest load buses to
start load shedding from, while Fig. (6-b) represents the set of Pareto Fronts for shedding of active and
reactive powers, after M2 method activation following the first scenario.
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Fig. 5. System stability after the first scenario employing M2 method, (a) VVoltage stability of all buses, (b) Frequency stability,
(c) Voltage stability of the critical buses, (d) Details of voltage stability of the critical buses
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Fig. 6. The total Pareto Fronts after the first scenario utilizing M2 method, (a) Selecting of the weakest load buses to commence
load shedding, (b) Estimation of active and reactive powers to be shed from the selected load buses.
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B. Scenario No. 2
B-1. Test system collapse with no protective load shedding method

The voltage of the test system drops approximately 0.15 pu subsequent to the trip of G3 at t=0. 3s;
consequently, controlling devices are activated to compensate this fall in a short time. As represented in
Fig. (7-a), after G10 outage, the test system experiences another voltage drop one more time. The
Controlling devices prevent the test power system from collapsing for only 0.3 seconds after G10 outage
that results in the second voltage drop at t=1.2s, and eventually the total voltage collapse occurs at
t=3.43s. The test system frequency deviates after both G3 and G10 trips as observed in Fig. (7-b).
Frequency fluctuation magnitude is restricted in the preset range utilizing controlling devices at t=1s.
Although, the persisting disturbance leads to increasing fluctuation magnitude at t=2.2s once more and
ultimately, the test system frequency collapses at t=3.43s. Considering the test system collapse condition
after the second scenario, it is a demanding challenge that M1 and M2 methods will have to confront
with. Voltages of some most affected buses are shown in Fig. (7-c).
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T T
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Fig. 7. System collapse after the second scenario without load shedding, (a) Voltage collapse of all buses, (b) Frequency
collapse, (c) Extremely affected buses.

B-2. Test system stability after M1 method activation

M1 method is activated after G3 outage, and commences to shed loads according to Table | to achieve
the power system stability once more. The first load shedding stage of M1 method prevents the voltage
magnitude reduction after 0.3 seconds. G10 trip causes the voltage magnitude to decrease one more time
at t=0.9s that triggers the second stage of load shedding of M1 method. M1 method is not capable of
stabilizing the test system in the first stage of load shedding, due to the short interval between G3 and
G10 trips. For this reason the further voltage fluctuation starts at t=6s. As considered in Fig. (8-a), the
voltage magnitude meets 0.816 pu at t=10.9s despite M1 activation. Notwithstanding M1 method
struggle to increase voltage magnitude at about 11 seconds after G10 outage by means of progressive
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load shedding, it requires approximately 20 seconds to augment bus voltages up to 0.9 pu The test system
frequency comportment is not much satisfactory after the first load shedding phase of M1 method. G10
outage intensifies the frequency fluctuations one more time. Seen from Fig. (8-b) these disturbances
have acute influences on the test frequency stability that prohibits it from approaching the permissible
limit until t=23.3 s, despite the fact that M1 method is activated currently. Voltages comportment of the
critical buses introduced in Fig. (7-c) is analyzed in Fig. (8-c) after M1 method activation under the
second scenario.
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Fig. 8. System stability after the second scenario employing M1 method, (a) Voltage stability of all buses

(b) Frequency stability, (c) Voltage stability of the critical buses, (d) Details of voltage stability of the critical
buses

B-3. Test system stability after M2 method activation

The test system voltage magnitude decreases approximately 0.15 pu subsequent to G3 outage.
Controlling devices make an abortive attempt to satisfy this decrement in voltage magnitude.
Considering this amount of voltage drop does not trigger M2 method of load shedding, the voltage
magnitude still declines due to the mechanical constraints of controlling devices insomuch that the
voltage passes downwards 0.9 pu at t=0.65 s as represented in Fig. (9-a). At this time, M2 method is
triggered and commences to raise the voltage magnitude. The test system voltage declines following
G10 outage at t=0.9 s once more and results in the trigger of the second stage of M2 method. Owing to
the short interval between G3 outage and G10 outage, the first estimation of load shedding made by M2
method is not so accurate. Therefore, there is a further voltage drop at t=1.2 s. In other words, trigger of
the second stage of M2 method is based upon the first steady state information of the test system; and
while the first stage of load shedding is taking place. Consequently, the second stage of load shedding
is started in a transient situation. This causes an inaccurate estimation in the second stage of load
shedding of M2 method. Hence the weakest load buses to start load shedding from and/or the amount
of active or reactive power to be shed from the predefined load buses are not selected exactly. Seen from
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Figs. (9-a) and (9-c), the second load shedding estimation of M2 method requires approximately 5
seconds in order to effectuate a slight increment in the voltage magnitude. Since there is a time interface
between the first and the second stages of M2 method load shedding, the test system experience a voltage
drop at t=7s once more. This results in a third stage of load shedding. The third stage of load shedding
constrains the voltage drop after 4 seconds. Therefore, M2 method directs the system voltage to the
predefined permissible limit after a three-stage load shedding at t=15.6 s. According to the changes of
the test system frequency indicated in Fig. (9-b) it could be found out the frequency is restricted to its
stability range after the disturbance owing to M2 method. Thus the test system frequency is never
affected by a serious oscillation. M2 method approach to control the voltage limit for the critical buses
mentioned in Fig. (7-c) under the second scenario is observed in Fig. (9-c). Fig. (9-e) indicates the total
Pareto Fronts employed to designate the weakest load buses as the load shedding should be started at,
while Fig. (9-f) represents the set of Pareto Fronts for shedding of active and reactive powers from the
selected load buses, after M2 activation following the second scenario. A summary of the test results is
presented in Table I11 to compare the approaches of M1 and M2 methods to the mentioned scenarios.
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Fig. 9. System stability after the second scenario employing M2 method and the total Pareto fronts after the second scenario
utilizing M2 method, (a) Voltage stability of all buses, (b) Frequency stability, (c) Voltage stability of the critical buses, (d)
Details of voltage stability of the critical buses, (e) Selecting of the weakest load buses to start load shedding, (f) Estimation of
active and reactive powers to be shed from the selected load buses.
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Table I11. Summary of system stability results after two scenarios employmg m1 and m2 methods.

Measured parameter Scenario No. 1 Scenario No. 2
M1 method | M2 method | M1 method | M2 method
Active power after L.S. (MW) 6222.85 6246.65 5043.87 5104.67
Reactive power after L.S. (MVar) 1308.08 1344.65 1048.89 1146.05
First stability time of voltage (s) 0.925 0.3 21 15.6
First stability time of frequency (s) 0.3 0.33 23.3 0.971
Min. voltage magnitude (pu) 0.896 0.913 0.816 0.852
Max. voltage magnitude (pu) 1.063 1.093 1.070 1.063
Min. frequency magnitude (pu) 0.9938 0.9932 0.9907 0.9967
Max. frequency magnitude (pu) 1.0039 1.0056 1.0143 1.0071

7.

CONCLUSION

To overcome the disadvantages of the existing combinational load shedding methods, a load shedding
scheme based on a new load shedding distribution method, using combined frequency and voltage
stability assessment, is employed in this work. The GA is utilized throughout the proposed load shedding
process to select the most critical load buses. Thus the number of participating load buses in the total
power imbalance distribution decreases considerably. As an innovation of this paper, reactive power is
employed directly into the reactive power load shedding distribution together with active power load
shedding distribution, to address the voltage stability issue immediately and more efficiently in the load
shedding process. The test results confirm the capability of M2 method rather than M1 method coming
across difficult scenarios. They also corroborate that the improvements in load shedding distribution
technique can enhance the steady state of power systems in terms of both frequency and voltage stability
with a good transient comportment, when a power system encounters acute disturbances. Thus, there is
a novel alternative to protect the system safely and efficiently for the load shedding in practical
applications.
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