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ABS'TRAC T

In th1$ paper optimal proposed procedures (OPP) for the frequency deviations control using
partlcle swarm optimization (PSO) technique are presented fo criticism the related Egyptian
strategy. These procedures not only depend on the load balance constraints, but also depend on the
security limits of power flows in the transmission lines; while the total generation fuel cost is
minimized. The proposed procedures are examined on the actual system of the West Delta (WD)
network, apart of the Egyptian network (EN), and IEEE 30-bus test system. Their results show the
drawbacks of the Egyptian strategy applied for frequency deviations,
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1. INTRODUCTION

Shortage of generation power in a network, ie.
increasing the load behind the generation, is
invariably reflected in collapse of frequency. The
activation of the spioming reserve (SR) may be
successful to maintain the power system operatlon
but in some cases, SR activation may fail. In such
cases, autoipatic frequency-based electrical load
shedding (LSH) is provided to restore the frequency
under upset conditions. Then, the mounted ready
reserve units (RR) must be activated to overcome the
defect and restore the shedding loads. The analysis of
power system reserve and the risk of LSH have to be
examined in a methiod based on a balance between
cost and sechrity.

This paper deals w1th the composed problem of
optimizing economic dlspatch (ED) for fast spinning

reserve (FSR), LSH and RR in order to withstand the

frequency deviations due to major sudden generation

loss to prevent collapsing by cascading effects.

1.1. Spinning Reserve

Utilities must maintain some generation capacity as

SR to serve loads in the event of sudden or
unexpected failure of operating generating units [13."

SR in a cormrect amount has an equivalent effect ‘to
LSH in controlling frequency excursions [2]. In thJS
study, the SR is classified into:

Fast spinning reserve (momentary reserve), which
includes power that can be delivered within a few
seconds afier a large frequency fall is detected and it
is always available to be supplied automatically by
the primary governor actions of  the - on-line
generators through the interconnected .system [3].
Slow spinning reserve, which can be defined as the
remaining SR that could be obtained from the
committed generating units by ramping up thelr
output within specified thme intervals [4].

1.2. Load Shedding

LSH is an effective corrective control action in which
a part of the system loads are disconnected according
to certain priority in order to steer the power system
from the existing potential dangers with the least
probability of disconnecting the important loads [5].
LSH is considered as the last-resort tool for use in
that extreme situation and usually the less preferred
action to be adopted, but in this kind of problem, it is
vital to prevent the system from collapsing [2].
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LSH strategy has been applied in the Egyptian
network (EN) in steps. However, step one frips at
49,2 Hz while the last step goes at 48.5 Hz. This
leaves a window of 0.7 Hz within six sequential steps
of LSH are expected to operate. More importantly,
the steps can be tripped simmltaneously instead of
sequentially, based on the frequency deviation
values.

Ref. [6] presented 2 computational method for
determining the settings of the under frequency
relays (UFR) and the level of the available SR in
power system by calculating an appropriate set of
indices and distributions for comparing altemative
strategies.

1.3. Ready Reserve

RR consists of the rapid start units, to accelerate the
loads restoration to maintain the frequency at 50 %
0.05 Hz, such as gas turbives and hydro-plants. It
takes not more than 10-15 minutes for the gas units,
while only 10 seconds for hydro units to produce a
sufficient power to make up for the power defect [7].

The on-line determination of RR required for
compensation of power deficit in power systems was
introduced in Ref. 7} using artificial neural network
(ANN) technique. Two methods for evaluating RR
capacity were presented in Ref. [8], based on the
stochastic-determination computation and the
simulation procedure.

1.4 Security-Constrained Optimal Dispatch
(SCOoD)

The SCOD function replaces the traditional
economic dispatch. The SCOD will allocate the real-
time imbalance power among the generating units in
such a way as to enforce generator schedules and
minimize the system price while observing security
constraints. Ref. [9] presented a solution of the
SCOD problem using a modified GA.

In EN, the reai-time control of some generating units
can be performed automatically by the automatic
generation control (AGC). The AGC will determine
the unit set point values, which are the sum of a
regulation component and an optimal base point
component. Optimal base point values for
participating units will be calculated using the
SCOD.

1.5 Particle Swarm Optimization Technique

PSO technique is introduced to solve. many power
system optimization problems as, solving the multi-
objective economic dispatch considering the
generator constraints [10] and economic load
dispatch [11]. In addition, there are more power
system PSO-based applications as reported in [12-
13].

PSO medel ‘

In PSO, each particle keeps irack of its coordinates
which are associated with the best solution that it has
achieved so far. This solution is called personal best
(pbest). The best value between pbests is commonly
called the global best (ghest).

The basic concept behind the PSO techmique, is
presented in many research papers as [ 14], consists of
changing the velocity of each particle toward its
pbest and the gbest positions at each iteration. The
velocity and position of each particle can be modified
according to the distance betw zen its current position
and pbest, and the distance between its current
position and gbest using the following equations:

vER 2wk o, 1,.(pbesty —x%) + ¢ 0y (gbest—xf)
(1}
kel _ Kk k+1 .
Xid =Xjg+Vid . (2)
i=1,2,....0 d=1,2,...m
where,
n nurriber of particles in 2 population,
m number of members in a particle,
vi¥ current velocity of particle 1 at iteration k,
v modified velocity of particle i at iteration
k+1,
X current position of particle 1 at iteration k,
x""  modified position of particle 1 at iteration
k+1,

I, random numbers between 0 and 1,

pbest; personal best of particle i,

gbest  global best of the population,

¢y, ¢z acceleration constants.

w inertia weight factor often decreases linearly
from 0.9 to 0.4 during a run,

The value of w can be set according to the following

equation:

w w

W= Wiy = 2 —min_* 3
max
2. PROBLEM FORMULATION

A method to deal with a combined problem of FSR,

LSH and RR in order to withstand the frequency

deviations due to major sudden generation loss can

be summarized in two major steps:

4 determining the critical compensation of the
gystem, “FSR, LSH and RR ",

¢ minimizing the compoied cost of that
compensation “SCOD”,

2.1. OPP to alleviate the frequency deviations for
EN

Figure 2 shows the flow chart of the OPP to alleviate

frequency deviations based on related Egyptian

strategy,
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2. INDUCTION MOTOR WITH STATOR
WINDING TURN FAULT SIMULATION

The equations which describe the induction motor
with stator winding turn fault can be written in
vector/matrix form as follows:

AEER AN W
V. 1=[R, 1]+ d["”"] @
(w.]=1, + M.._,.][A.]HM.‘.,-][I,] @

v, 1=[M U ]+[L, + M, ][], ] <

where, for a squirrel-cage induction motor, [V,] = [0]
and [M,] = [M,,J” and

va-" ias iar
[V‘] =1 Vas [I\] = ib.r [Ir] = ibr
Ves iC-V icr

are the stator voltage vector, stator current vector,
and rotor curent vector, respectively.

For the rotor circuits, the mutual inductance matrix
[M,,], the resistance matrix /R,/, and the leakage
inductance matrix [L,] are not influenced by the
stator faults. These parameters can be written as

follows:

M ~05M -05M
(M, ]=|-05M M -05M
~0.5M ~05M M

.0 0 L, 0 0
[R]=|0 »n O|amd[L]=10 L, O
0 0 0 0 L,

Clearly, the stator faults have a direct influence on
the stator parameters (resistances, leakage
inductances, and mutual inductances between phases)
and on the mutual inductances between the stator and
the rotor ([, ] and [M,.]).

By taking the expression of each parameter in
function of the number of windings in each turn,
considering the percentage of turn faulted i, Hes and
U, TOr phases a, b, and ¢ respectively, while g, ;"
and ., are the percentage of turns unfaulted (i.e.
healthy portion) for phases a, b, and ¢ respectively,
the stator parameter matrices can be written as:

;’t;r r.\' O O )
(R1=| O a4 O
0 0 ﬂ:,.-f}

ulL, 0 0
(ZJ=) 0 L, 0

0 J /ue - L.' 5
I L] L] M L] * JM T
M - -~ or oy
,ll as tun.\ :ulu 2 :ua.r# ‘24'—
L] £l M Ll » A
(M 1=~ thotle— MM =Bt
» » NI L] L M L)
- /'J:.f.aum - Juc.\‘ ru by oy /’quM
L 2 2 J

Using 6,, the angle between stator phase and rotor
phase, the mutual inductance matrices [M,/ and

[M,.] are
au;:sMCl ﬂ;sMcz #;:M C:}

[Msr] = Ju:sMcz Iu;sMc:S au;sMcl = [Mrs ]T
ﬂ:r Mc} ﬂ L:i MCZ I“ :S Mc}

where

¢,:=c0s(6,)
2
¢, =cos (8, - 3-7:)

¢, =cos (6, + %ﬂ')

The equations describing the mechanical part of the
motor are:

r OLM, 1. .
]‘ sr ) 5
=[1Y 20 1, ] (5)

dw
o, L g 6)
df ( e 1') ( J
8, = |o,dr (7

where, T, is the electromagnstic torque, 77 is load
torque, ¢, is the angular mechanical speed, J is the
combined rotor-load inertia, P is the number of motor
poles, and &, is the mechanical angle.

A signal processing algorithm is used to estimate the
voltage and current phasors from the samples of
waveforms. The signal processing algorithm is based
on recursive discrete Fourier transform DFT [13].
Using the estimated phasor quantities, the fault
signature can be extracted and fault detection can be
estimated.

Figure 1. illustrates the curren: waveform of phase A4
for 5% of tumms in phase 4 short-circuited. Fig. 2
depicts the estimated amplituce of the fundamental
frequency component of the phase 4 current for the
previous described fault.
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2.2 First stage, FSR optimizatior using PSO
Allocate the real-time imbalance power among the
generating units to enforce generator schedules and
minimize the generation fuel cost while observing
security constraints. The mimicry of such stage can
be carried out as:

2.2.1The objective function can be written as;

4+ Min [(Fy ) FSR] 4)
With,
Mg .
Fy =3 (a;Pgi +b.Pg; +c)) (%)
i . .
Where, '

Fer - the total FSR fuel cost
FSR  the total FSR
Ng total convention generation units nurmber

Pg;  output power from generation unit i.

a, bjand¢; the coefficients of the generation cost
. finctions of the conventional units.

2.2.2. The System constrains
FSR is limited by upper limit as:

NG NG max

_ZIFSRi < 21 (Pgi™" -Pg;) ' ©®

1= i=

Where,

PgM™  maximum output power from generation
unit i.

However, the maximum value of SR at generation

bus i (SR{™" ) is constrained by:

NL
SRP< RPRT +L1D;-Pg aud
: = .

SR < (Pg™ -Pg;) 7

Where,

NL  the number of transmission lines connected
to bus i

LD, the load demand at bus i.
PR lln_”l_ajx the maximum power flow limit in line i-j,

The load balance constraint must be satisfied as:

Ng
_):ngi =TLD : . ®
1= .

Where,

TLD the total load demand including the line losses
The limits of the gemerated power at bus i1 is
described as : ‘

P <Pg; < Pgi™ ©®
The power flow in line k is restricted by its upper
limit ( PE™* ) as:

PF, <PE™ k=1, 2..NL (10)

2.3. Second stage, OPP for LSH optimization

The proper LSH stirategy needs to know decision
values, (frequency deviations, and generation- load
imbalance).

Unlucky, in EN these decision values have not on-
line cerfainty. However, based on the practical
recordings for a certain period, it is recorded that
1500MW generation-load imbalance leads to one Hz
frequency deviation (Af). Therefore, a load
frequency dependency correction factor (FC) equal to
1500 MW/Hz is used as AGC bias in the Egyptian
national control center.

Moreover, this AGC bias is valid since three years
ago in spite of the fact that there was a yearly
incremental increase in the load demand and
generations. ‘

2.3.1 Proposed mathematical derivation

‘However, based on the above concepts, the frequency
-deviation (‘Af } in the EN is considered proportional

directly to' ‘the systém- genération-load:imbalance.
Therefore, the total load demand can be written as a
function of the frequency deviations as follows:

TLD, - TLD=FC (- 1) _
or TLD=TLDy+ FC (f -fy) (11)
‘Where, ce

" f the nominal frequency, equal to 50 Hz,

f the defect system frequency, {Hz]

' TLD, the total load demand at frequericy f,, [MW],
‘ = T AR
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TLD the total load demand at frequency f, [MW],

FC the load frequency dependency correction
factor in the system [MW/Hz].

If ali loads are assumed to have the same linear

frequency dependency, (pwHz), the load frequency

dependency in the system will be affected by the

amount of the load demand according to the

following equation:

FC=TLD,*K {12)

Where

K the frequency dependency for all load
demand [puwHzl.

A combination between equations (11) and (12)
results in the following equation:

TLD=TLD, +TLDo *K*(f-fp) (13)

Therefore, the incremental change in the load

demand S;, [MW/Hz], can be defined as:
_____=TLD0.K (14)

Similarly, the incremental change in the generation
power Sg, [MW/Hz], can be defined as:

APg

=—==Pgg,- 15
S6 =37 go K (15)
‘Where,

APg the active power mismatch between the
actual value and set-point value of the

generators.
From equations (14) and (15), the frequency
dependency for all loads (K) can be written as:

__ATLD AP, 16
AfTLD, Af-Pg

From equations (12) and (16), the load frequency
dependency correction factor in the system (FC) can

be written as:

AP
ATLD g
FC= = 17
AF Af 17

When FC equals to 1500MW/HZ, equation (17) cab
be rewritten, for EN, as:

Apg =1500* Af (18)

Equation 18 can be rewritten to reflect the total

demand of the EN, which is equal to 16500 MW, as:
TLDO, 19
16500 0 19

From equation (19), the frequency deviation (Af)
can be expressed as follows:

Apg*l6500
 TLDp*1500

Equation {20) vyields the frequency deviation as a
relation between a certain nominal load (TLD,) and

AP, =1500*

20)

326

the generation-load imbalance based on the Egyptian
strategy for frequency correct:ons.

Table 6.1 shows the LSH stages and the
corresponding LSH percentagze based on frequency
deviations for EN.

Table 1, LSH Stages based the frequency deviation

for EN
LSH Stage Af (Hz) IE;H I%ZE‘?;“L‘%
1% stage | 0.9>Af20.8 | 5% | 0.95%TLDo
2 stage | 1>Af= 0.9 | 9% | 0.91%TLDo
39 stage | 1.1>Af>1 | 13% ! 0-87*TLDo
4% stage | 12>Af21.1 | 20% | 0.80* TLDy
50 stage | 1.3>Af 212 | 40% | 0.60*TLDg
6" stage | 1.5>Af =2 1.3 | 60% | 0.40* TLDg
Emergency Af 2 1.5 72% | 0.28* TLDg

2.3.2. Objective functions
The first objective is related to minimize the total

load shedding according to the load priority factor as:
N

¢ Min F= 3P, By, 21)
j=1

Where,

P; the priority of load to be shed at bus j,

Pehj the amount of load to be shed at bus j,

N the number of buses tha: contains loads.

The second objective function is to minimizing the

amount of load to be shed as:

- 3 NL

¢+ Mink,= j:ZlPshj (22)

Where, APg; is the incremental changing in

generation of unit i due to FSR.

2.3.3. System Constrains for LSH Optimization:

The amount of LSH must be within specified limit as
shown in Table 1. In addition, all the system
consirain, as shown in equations (6-10) must be
gatisfied.

2.4, Third Stage, RR Optimization using PSO
The total amount of RR, which is required to
compensate the outage of generation unit j (RR;),

can be expressed as:

N
RR; =Pg; - 3SR, (23)
i#i
Where,
Ng
2.8R; the sum of SR for the remaining units.
i}

The negative value of the raguired RR means that,
there is no need to use the RE: units.
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2.4.1 Objective functions, for RR Optmuzauon.
The first objective function is to rninimize the cost of

RR as:

¢ Min[(Fg) RR] (24)
Where,
N .
F = >ap RR3 +by RRy +0 (25)
R=l

Where, (g, bg ,cg ) are the coefficients of the cost
function of the RR units; RRy, is the output power of
RR unit R, and Ny is the total number of RR.

The load that has high priority will be restored firstly,

" Therefore, the second objective function can be

formulated as follows:
4 Max FRES Z restof j (26)
Where, P, ; isthe amount of load to be restored at

“bus j which has priority P; .

2.4.2 System constraints, for RR Optimization:
The load balance constraint must be safisfied as:

NG NR_ ' °

2. Pgiwsse + 2, RRg =TLD - @n
i=1 R=l

Where, Pg; sz is the output active power of the
conventional unit i after activation of spinning
reserve SR,

The absolute value of active power flow in
transmission line k must satisfy the following limit:
[PF, | < PR (28)
The limits of the generated power at bus i is
described as follows:

Pg® <Pg, < Pg | (29)

" Where, Pg] = Pg™ + RRE™ (30

Where, RR = is the maximum output power of RR.
unit R at bus .

The injected power from each RR umit is limited by
its upper limit { RRE) as:

RRy £ RRR™*

Where, RRE™ = §f PF, ™4+ TLD; -Pg, yn  (31)

3. APPLICATIONS

3.1. Test systems
The standard IEEE 30-bus test system and the actual

system of WD network are used for extensive study
of optimal proposed procedures (OPP). The number

of particles in the swarm equals 100; the program is
terminated after 100 iterations.

3.2 Results and comments for the 30-bus system

The data of conventional generation units and RR

units are listed in Table 2. However, the RR units are

located at buses 1,2, 8and 11.

Table 2 Generation and RR data for 30-bus system
Generation Units Mounted RR

! Bus ;:‘.v Pg"“ Geat Function ($/ir} RR™ Coat Fanctian (S/hr)

Ne. Mwlalb]o MW | be [

1] 41 f 80 Joozd 2] o] 30 fJoos| 35 |0

2 377 8 pO.02J0751 0 30 003 31 qo

513561 40 J003F 3 | D - - .

8 4445} 50 J00s] 1 ] O 20 J002fF325)0

1y 30330 jeorg 3oy 20 (002 3 40

Forced outage of generation unit

Table 3 shows the state of SR evaluation for the
outage of generation unit at bus 1 (Pg,) at various
loading conditions. The optimal activation of SR is
achieved using PSO that minimizes the total
generation costs and satisfying the system
comnstraints. ,

The evaluation of SR indicates that the SR is
succeeded 1o cover the generation shortage problem
in certain cases, while it is failed in other cages.
However, at the loading conditions of 220 to 255
MW, the system has enough SR to cover the outage
of Pg,. While, SR activation is failed to cover the
outape of Pg; at the loading conditions more than
255MW. In such cases, where the SR is failed to
solve the generation-load imbalance problem, LSH
should be activated.

Results and comments for LSH activation

1t can be seen from Table 4 that, the system will be
operated under low frequency without the LSH
activation till the frequency is decreased to be 49.2
HZ. In these cases, the system is operated in critical
mode, as it has not any available SR,

When the frequency deviation is increased more than
0.8 HZ, the amount of LSH is increased as follows:

Up to the 4% stage, the amount of LSH is suitable to
solve the generation-load imbalance problem and an
acceptable amount of SR is available. As example, at
a frequency of 49.018 HZ, this leads to activate the
3" L.SH stage, the frequency to cormrected to be 50HZ
and a 9.46MW SR is available.

However, at the 5™ and 6™ stages there are

unnecessary loads are shedding. This leads to more
system deviations as the generation units may be out
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of step due to frequency increasing. As example, at a
frequency deviation of 1.226 HZ, the 5" LSH stage is
activated. This leads to unused generation of 82.8

MW,
Table 3 Generation with SR activation of the 30-bus

generation costs and satisfying the system

constraints. However, SR activation is failed to cover

unit outage at the loading conditions more than 12G0

MW,

Table 5 Optimal LSH with loao priority at various load
conditions for 30-bus

TLD Generation units Total Resulis = | 4755 Toad MY 280 [pad MW {282 load MV 265 Joud MW 287 laad MW 290 Joad MW
(%310} ==
MW I Pg ]| Pe: | Pas| Pgs | Pou PR €0 'E-E-; .‘5:: o la - I ‘; - - - s -
- -

220 0] 80 f39.0]31.61] 30 {39] 7855 B N P T wa |2 |2 f et foealed f ool
ol TS XT3 TR BTl R TR P20 b1 (29 o [20d| o [asef o [ revpoqfaot] o ]smp 0
. —uf Successful peo f2faas] o Jaa] o Jamfo[3mjolsmlo]ing 0
2401 0] 80] 40 J40.04f 30 [ 501 862 | activation P8 |31 42] 0 1428] o0 [431] 0 | 435 | 0 43 [ 0 [483] 0
250 j 0] 86 ] 40 50 ] 25 |55 9331 of SR PL |4 42| om 4| o [4m] o] 43 ofam|0jani 0
15540840 50 | 30 |55] 9564 PLI6 | S| 46| 45468 o Ldml o | 4 0] 48§ 0 (48] ©
Table 4 System results due to LSH activation for 30-bus PLi6 |6 (46 46 68| 0 J41) ¢ | 4% [ 0] 480 [485] O
pLeo | 7| neaf ne2 e [ 6es (28l o0 [ 18 Lo [ 0 (88| @
2 Output PLIL | 8 |a15] 8151 829 | 829 | 851377| 844 | 0] 85 [0 =] o
S| B | L GeneratonMW | ¢ N Pid |9 1299 905 | 104 | tos [10z]102[ w3 ofwwd] o [i0s] 0
E g § Pg Pg,PgSPg,Pg“Pgl,gE E § & pits | 10]107] il 109 109 | u far | s n2] o |03l o
= P |l s s Jasr]uyl nsjusinsl o iz] o
2601 02115 ) <10 8044045030 5519561260} = 9.1 P x| s 12 | 1 [aaa || majuoaf i) o fedf 0
163] 04131 2 0 1801401 50|36, 55 956) 263 ﬂ o 9.5 PLIY F13f1a4d a2 | 127 127 f 3| 128] 129 [129) 13 [ o J13d] €
201 0611 2L 33 4} 5 33 :: 258 i:;} 124 e :::z P30 | 19| 139] 139 | tht | 44 | 1420 142] 14 [uad] s [ o [uas] o
;;: 090::21 zls:l g :G :3 :g ;0 T ::: 355] 28 022 5'0 pLa2 |15 0] 42 | e | 15 | as | 182 152 153 (152 1558 0
: . - 3 |16f163| 1630 165 | 165 | 167 t67] 168 [168] 17 17 [i7] O

282 1.0532 [3ra| 0 | 80] 4050 21| s5{ 922 245] 37 ]9.46] 50 : -
~ssTT 155 Lm0 T30 d0] 34 [ 30| 44 {796 | 228 57 ] 27 | 50 IR N eI RN A
25 1.1265 5:11 ool 5 26 (30 2 539 172 115 ] 28] 50 R IR ED B ERERE EM
290 13276 e 0 [461 10120 30 101325 [ 1161174 139 | 50 P8 (183040 20 | 40t | 40 { 40 [ d04] 408 [408] 410 |40} 5| 415

Table 5 shows the OPP for LSH dependent on the
loads priority at different loading conditions for 30-
bus system. Where, LD, is the nominal load value,
while LD is the value of load bus after the LSH
activation.

Results and comments for 30- bus RR activation

The optimal locations and amount of RR power are
given in Table 6. For example, when the generating
unit 1 is forced outage at load demand equal to 290
MW, the SR fails in solving the generation-load
imbalance problem. In order to restore the load shed,
the RR units at buses 2 and 11 must be operated with
power equal 30 MW and 15 MW, respectively. In
addition, the RR unit mounted at bus 8 does not need
to be operated at the outage of generating unit Pg, for
different loading conditions. The total generation
costs are changed from case to another depending on
the forced outage of generation unit and the value of
loading condition.

3.3. Resnlts and comments for WD network

The bus data for the WD network is shown in Table
7. .
It can be seen from Table &, that at the loading
conditions of 1034 MW to 1200 MW, the system has
enough SR to cover the forced outage of a generating
unit Pg,. The optimal activation of SR power is
achieved using PSO that minimizes the total

Table 6 RR activation results for 30-bus system

Generation Total
S [ Pa1| Pg2 | Pgs| Pe8 | Pgll [ P13} cost S
= 10 | 80 | 40 {375 [50.00%[48.39] 903.36
260 | 0 | 80 | 40 | 418 [50.00¢] 48.2 [ 925.66
265 | o | 110* | 30 [ 385 [31.50*] 55 [ 958.05
270 | o0 | £10%| 35| 40 | 30 | 55| 9sL19
275 | o | 10*| 40 | 40 | 30 | 55 | 10087
280 [ o {10+ a0 ] 45 | 30 | 55 1036,2
282 [ o [1ox| 40| 47 | 30 | 55| 10494
285 | 0] 80 | 40 |70.00°140.00¢] 55 | 10613

*Ready reserve activation

Results and comments for LSH activation for WD
network:

When Pg, is forced outage, the SR is failed to feed
the system load over 1300MW. It can be seen from
Table 8 that, the system will operate under low
frequency without LSH activalion until the frequency
is decreased to 49.2 HZ. In these cases, the system is
operated in critical mode, as it has not SR available,
For the frequency deviation 15 increased more than
0.8 HZ the amount of LSI{ is increased in the
following manner:

Up to the fourth stage, the amount of LSH is suitable
to the generation-load imbalance problem and an
acceptable amount of SR is available. As example, at
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a frequency of 49.02 HZ, the 2nd LSH stage i.e. 5%
load shed, is activate to correct the frequency
deviation with a available SR equal to 41 MW,
However, at the 5% and 6™ stages shedding loads are
more than required. As example, at a frequency of
48.19 Hz, the 5% LSH stage, i.e. 60% load shed, is
activated. This leaves unused generation power of
440 MW,

Table 7 Bus data for WD network

Table 8 Generations with SR activations for WD network

toad Generation units Total

MW |Pg| Pg, | P | Py} Pgs | P | Pey | Py foostShr] Resalts

1034 0| 180 170 | 175 [ 154.3] 50 | 104 | 200 | 3350.6

10507 0 1807 270 | ¥75 1 170.8] 56 ¢ 104 | 200 | 34713

uso | {180 17 | 175) 290 | 70.8] 104 | 200 | 42023 | SeccesH
Activation of

12003 0| 280 | 176 | 175| 250 | 80 | 145 | 200 | 4400.1 SR

Table 9 System outputs due to LSH activation for WD

Power Generation (MW) MW Cast Frmiotion Costlcictt
ion Name A =
fuatio Bt Mia, | Max, | tnhish ) LDo wma rhe | SRR | 70 network
1 Main At Al-Mataoir 10 180 136 9 000921 2.9 {
2 Nhsin Al Dustzn 0 | i | S22 | 25 | voodal | 29 [ » Outputs
.3 Mani As-Salat 10 170 135 41 (.0092L 2.9 Q0 = G ioa MW
4 “ACTabreer Hads - 10§ 175 56 0| oo0617 25 [ Sl=le enteaiio S al =
5 - Iizy b Barnd 10 | 280 | 200 | 283 | Doosdd 2 o =12 = 7 o S8 o 2| =
G Dansahouc PS 10 | 80 725 | 0 | 000522 1% [ Lo 8 2] PalPuffolfel PulPulPulfejcsn ] 51l .
z Kol Ad-Drac P5 jo | 170 ] 120374 0 ] 006931 2.9 (] oo [B30) .| o] e |ato)usy 0| a0 tof o] S8 |10 o | 35348
£ :_\_benndyi:h PS '] 10 204 196 ] 2.00921 29 0 "
s | SugmBane | —1 — 1 — |71 — — = o Lol ] o d m | o] os| 0| sod oo | w07 seae J1ases] sas| eas e
1] El Sawra* — —— — 45 — — — Ny
:i Abui\:-muznlr —_ — — 1.7 —_ — — 1345 43,02 b ¢ }lSU 0] 05) 250 | 80| 169 | 2009 5416 | x4 0] 4L | %0
2 T e e S B B e B 58 Janga} ') o o {0 ) s} o | o | e ) am | s Jum) wmeag mea} w0
4 SakAtSawea | o ) — ] -~ J3@ L — i 16 || 4] ol im0 famofums| 20| mof o7 fam| w3 [uom|mjin]| &
13 Wadi An-Natrun Indust -— — — G ——— — s -
T T T S N == N N 5% [anas] 3 o |umms) o] o mmse] oo [ se3) e | 3wy | oms | s ] wef 0
17 SuteSadat ——— —_— — 5.36 —_— — o
13 Al Akhmas L — — s 18.G8 — — —
13 WgianNane | o | o 1 o ] 13 - = 1= Table 10 Ready reserve Activation for WD network
20 ABGHLE* *' . 19 y
21 Shark As-Sahrewy . — — — 18 — - o N N
22 | Both Wedl Amdotrn | o= ) — — 5 — — — Generation units Total cost Resulis
23 A-Tchady e — — 1a — ——— —
ettt =1 (P P& Pa| P Pe ) Pa) Py | Py | S
25 MAGD —_ an — 9.4 ol — ——
TITY RR
2 SO e W I B - = 1 = 0 | 180 170] 175) 250 | 80 | 155}240%| 4635.2
_dniings N N R R A = = :
28 L defubeend) | — 1o QR - S 0 [180| 170 | 170 [ 250 80 | 170 [240% 47106 {ectivation
29 Ag-Noboryinh 104 r— o was 19.85 — e =
30 . Maerf Al-Umom e — — 4 — — —
31 Ad-Dilingar — ann —_— 30.3 - —— ——
3 Ao e R N TR = | = 4-CONCLUSION
13 Nasth Kol Ei-Ziatt — — — 13924 — — — . N
7] Yo Hamaia = = | — iz - =—+—1 In this paper, optimal proposed procedures have been
2 o e Y oy e =1 =1 successfully applied to imitate the frequency
36 Al Kbisiry — ] — — |sam] — = = e . o
37 | Smiamus [ | = | — | 30| = — =] deviations problem for the Egyptian strategy, using
B e ———T =1 PSO technique. From this paper:
£ B e e e e = 1= 1- A PSO-based procedure to imitate the Egyptian
41 Zuskoon — | - — 23 — — — v )
37 | SamRiadDes | — | | — 1356] - 1= Strategy for the SR optimization problem is
e e e e T == introduced in order to remove the effects of
43 ) Flareer —t -1 =13 - = 1 = emergency conditions in case of the generation-
45 halk Al Gamal [ —— - 20.38 ol - il .
o vt T — 1 — TBs] = — foad imbalance.
- Ty e B M T =——=1 2. A PSO-based procedure to imitate the Egyptian
50 [ =t =1 = lbi = - = Strategy for load shedding has been proposed in
31 Al — — — 13 — e -—
5 T T = = Tunl = — = order to remove the effects of emergency
conditions in case of shortage of the SR,

Results and comments for RR activation for the
WD network:

The optimal locations and amount of RR power are
given in Table 9. However, for WD network, there is
only an assumed RR unit at bus 50 [15]. When the
generating unit Pg, is forced outage at load demand
equal to 1265 MW, the SR is failed in solving the
generation-load imbalance problem. In this case, the
RR is used to remove the frequency deviation.

3- A proposed equation to determine the frequency
deviation related to the generation-load
imbalance has been efficiently applied.

4. PSO has been successfully applied to imitate the
Egyptian Strategy for sitting and sizing the ready
reserve units in order to remove the effscts of
emergency conditions in case of shortage of the
SR.
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