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Abstract: Deregulation of power system provided the
consumers more economical rates of electricity, but this also
resulted in congestion of the power system due to
participation of private utilities and increase in population.
To remove congestion in the power system cost free and non
cost free methods are used. Incorporation of FACTS devices,
which is one of the cost free method, has proven a great
efficiency in  reducing system congestion. This paper
demonstrates the novel method of incorporating FACTS
device (TCSC) in the standard IEEE 30 Bus system with the
help of Grey Wolf Optimisation which not only finds the
location of device but also tunes the device so as to minimise
power system losses and on the other hand increases the
Available transfer capability (ATC) of the system above
mentioned, by using ACPTDF, as the sensitivity factor. The
utility of GWO is illustrated in this paper on standard IEEE
30 bus system and is demonstrated with the help of suitable
table and figures.

Index Terms: —Available Transfer Capability, ACPTDF,
Deregulated Power System,FACTS, GWO, TCSC

I. INTRODUCTION

Open access of power transmission is beirng a critical issue
in most of the nations under deregulation of power industry.
Deregulation in power system has brought a competition in
power generation industries.Sharing of power in
interconnected systems has increased the reliability of the
system. But with increased power transactions due to
utilization of interconnected systems, congestion came into
existance resulted in transmission lines hitting voltage and
thermal limits [1]

The power transfer capacity that is offered by the
interconnected power system for further power utilization in
commercial activities above already committed uses is
termed as Available Transfer Capability (ATC). ATC can be
represented as:

ATC=TTC-TRM-ETC-CBM

In the above expression, ETC is the existing transmission
Commitment which is the summation of current
transmission commitment among different areas.
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Total Transfer Capability (TTC) can be well explained as the
power transferred in the interconnected power network
reliably. Whereas taking care of all the selected

set of outlined pre-and post-possibility framework conditions.
Transmission reliability Margin (TRM) is termed as the
transfer capability required securing
transmission in the interconnected system inspite of being
subjected to a number of uncertain critical conditions during
network operation.Capacity benefit Margin (CBM) is that
quantity of power transfer capability which is reserved by
serving entities at the load end, which ensures the approach
to generation within generation reliability limits from
interconnected systems [1]. Another term related with ATC
is recallability,which in turn is the entitlement of the service
provider to terminate the power supply for any reason
including economic loss which is within the provision of
contract. Non recallability can be defined as the right of
service provider to interrupt the services only if there is a
compromise with reliability of supply [1].Thus ,Recallable
ATC = [TTC-TRM-Recallable transmission -Non recallable
transmission with CBM]Jand similarly, Non Recallable
ATC= [TTC-TRM-Non recallable Reserve with CBM].
Calculation of ATC is one of the method to find congestion
and to relieve any system form it.An evolutionary
programwas given for enhancing the power transmitting
capacity of power system in dergulated environment
[2]Further the algorithm was used to define the location &
tuning of the FACTS devices and also for the estimation of
real power generated at the sending end. The method also
calculates voltages at sending end with real power demand
at the load end in the power system.FACTS devices such as
SSSC & UPFC being very versatile devices can be
incorporated in the power system as these modifies the real
and reactive power equations to enhance power flow in a
powersystem with system security as a constraint[3].UPFC
with the help of two synchronised voltage source converters
can be connected in series & parallel through transformers
to enhance system security[4-5].The results prove that when
a particular FACTS device is tuned and placed
optimally,with the help of evolutionary programming, it
helps to reduce system losses and increases the available
transfer capability i.e. ATC of the system[2]. If existing
transmission system is being used to the possible extent,
then the transmission system owners and customers can
receive increased services at reduced costs [6]. To enhance
the ATC, numerous changes are to be done in the generator
terminal voltage and power output.
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ATC at any time is dependenton the thermal limits , voltage
and stability issues. Different power market participants, to
ascertain the ATC valueand to make their contribution in
industrial power markets , depend upon the data related to
total system load value and its distribution ,together with the
limits levied on the power network [7]. Inspite of being long
process , Security constrained OPF (SCOPF) used steady
state analysis approach to solve the OPF constrained by
system steady state security[8,9].Due to long time
consuming process of SCOPF, it was replaced by Transfer
Based SCOPF for calculation of ATC in deregulated
environment , which also included the assessment of TRM
& CBM values.[10].

Il. RELATED WORKS

G.C.Ejebe et al [11], explained a method of ATC
formulation to explain the effects of reactive power flows,
voltage striking the defined limits and thermal loading
effects. A continuation power flow (CPF) approach was
quite fast in calculating ATC for successive power transfer
for processing large number of contingencies.Proposed
methodutilizelinear incremental power flow approximation
considering line thermal limits only.Mohamed Shaban et al
used sequential programming method for calculating the
optimized value of TTC and hence ATC was calculated to
maximise the summation of generated power and demand at
the load end[12] Ashwani Kumar, S.C. Srivastava and S.N.
Singh calculated dynamic ATC by applying Hopf
bifurcation limits and saddle node bifurcation & voltage
limits was utilized for calculating static ATC[13]Luo X.
Patton A. D. and Singh C. used Quickprop Algorithm for
training neural network using optimal power flow.
Generator and load status were considered as input to the
neural network and transfer capability were set as the
output.The method gave a quick solution when applied to
calculate multiarea power transfer capability of power
system[14]Ying Yi Hong proposed a strategy for ATC
estimation utilizing multi layered feed forward system in
[15]. In this paper, the crossover rule segment investigation
organize is utilized to remove the basic transport data for
free framework administrator (ISO). K. Selvi et al proposed
GA for calculating TTC. Power transaction between two
specified areas was calculated within the system constraints
using global optimal search [16]

I11. FACTS DEVICE AND ITS APPLICATION

In an interconnected power system, the ability of system to
transfer the power reliably and securely among different
associated areas is constrained by its thermal & voltage
limits. But with use of FACTS devices the reliability of
power transfer is enhanced due to their rapid action on
system changes[17]. FACTS technology improves the
way,transmission system operates with regards to thermal,
voltage, and stability constraints. From the perspective of
steady state system power flow, circuits do not normally
share power in proportion to their ratings, and in most
situations, voltage profile cannot be smooth. Therefore,
ATC values are always limited ultimately by heavily loaded
circuits and/or nodes with relatively low voltage. As stated
in [18], FACTS devices reallocate power flows and regulate
nodal voltages by utilizing circuit reactance, voltage
magnitude and phase angle as the controlling parameters. In
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addition, due to the physical constraints on circuit
impedance and phase angle of nodal voltage, most high
voltage transmission lines are operating far below their
thermal rating [19]. The thermal Limits of the transmission
line were elevated by FACTS devices by controlling line
reactance and voltage phase angles. The intense use of
FACTS devices was ensured to work on the same power
system network without changing the basic framework and
making FACTS device cost effective [20]. Right off the bat,
the ongoing improvement in high power gadgets has made
these gadgets practical. Also, expanded stacking of intensity
framework under the reregulation of intensity industry rouse
the utilization of intensity stream control as exceptionally
financially savvy methods for dispatching indicated control
exchanges [21]. The ideal area of FACTS gadgets has to be
determined due to their significant capital costs [22]. This
paper deals with an algorithm, GWO, which focuses on the
utilization of sensitivity factor, ACPTDF, for searching the
optimal location and sizing of TCSC following the system
constraints for reducing power losses and enhancing the
ATC in the pre-founded framework of power system.

IV. ATC CALCULATION

ATC is the power transfer capacity that is offered by the
interconnected power system for further power utilization
commercial activities above already committed [31] With
increasing demand, present power system is working under
strained voltage and thermal limits. Thus ATC actually is
the capability of system to transfer power from an
unstrained system to a strained system through pre existing
frame work. Sensitivity factor approach for determination
of ATC is simple and faster than other approaches of ATC
calculation. This sensitivity factor is termed as Power
Transfer Distribution Factor (PTDF) whichcorrelates actual
power flow and amount of transferred between two buses
involved. The AC Power Transfer Distribution factor
(ACPTDF) is sensitivity factor which is utilized to find the
change in system parameters with the change in power
transaction under steady state and contingency conditions
[31].The PTDF (Power Transfer Distribution Factors)
measures the sensitivity of line real power flows to a real
power transfer (Manikandan et al. 2008). PTDF of line i-j
for bilateral transaction between seller bus m and a buyer
bus n is given as [23]

ACPTDF,, = AP, /P,, )

ij,m
Where, Pmnis the transacted power flow between seller bus
m and buyer bus n.

oP; oP; 0P, P,
AP, =| —L AV, +| — |AV, +| — |AG +| — A5, (2)
Y Y o5 a5

Equation (2) may be return as
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The power transfer of line i-j in the system due to
transaction m-n is given as

(Pmax ” )
] PTDF| mn 0
PTDF, "
T;m =1 a(infinite);  PTDF,, =0 (5)
Pmax
CR™-R). proe <0
PTDF, "
Where

P™ Represents active power flow limit of a line i-j.
i

0 P .
P~ Represents base case power flow in line i-j.
ij

PTDFij, mnis the Power Transfer Distribution Factor for
linei-j regarding exchange between transport m and n.

ATC,,, =min{T, 4.ije N, ()
Here, NL depicts total number of lines.

V. OPTIMAL POWER FLOW PROBLEM

A. Control Variables[24]

e Control factors which have an expense:

Active power produced by thermal generating
units PiG
e Control factors that don't have an expense:

Magnitude of voltage at the generating units \/iG

Tap ratio of the transformers tij
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Calculate A3 and Cand update
Dy wndX2

Fig.1 Flow Chart for GWO Algorithm[26]

B. Objective functions

e Maximize the ATC
AT Cpq = mi{Tijpq}; ijEnl(T7)
e Minimize Total power loss :

TPL = ¥ily g (V2 + V}? = 2ViVj cos(8; — §)) (8)

C. Equality constraints

e Power balance at each node bus,
equations.

a) Pgi— Pdi- Pi(Vi, 6i)=0

b) Qgi— Qdi— Qi(Vi, 6i)=0
WherePgi&Qgi are active & reactive power generations at
irnbus, Pdi&Qdi are active & reactive power demand at
isnbus. Here Vi&d§i are the voltage and its corresponding
angle at isbus.

i.e. power flow

D. Inequality constraints

a) Generated active power limits: p™ < pg; < ph™
b) Generated reactive power limits: Q™ < Qg; < QM*
c¢) Upper and lower voltage limits: Vlmm <Vi<Vimax

d) TCSC reactance limits in pu: —0.8XL < Xtcsc < 0.2X1
e) Transformer TAP setting limits Timin< Ti < Timax

Voltage limits at each node of the network are taken
between 0.90 p.u. to 1.05 p.u., while generator terminal
voltage is limited between 0.95 p.u. to 1.50 p.u. as per
standards.

VI. GREYWOLF OPTIMIZATION ALGORITHM

The GWO mimics the hunting behavior and the social
hierarchy of grey wolves. In addition to well organisedsocial
hirarchae, well planned pack hunting is another significant
social action of grey wolves.

ok?'“gineerjn g
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The main segments of GWO are encircling, hunting and
attacking the prey. When applying GWO algorithm, we
consideralpha (o) wolf atthe position with best fitness value
and consequently second and third best ones are beta (B) and
gamma (g). These 3 wolves guides different wolves
throughout searching. Once the prey is positioned, the grey
wolfs encircle it and tease it till it is tired and become
stationary at a position. This encircling can be
mathematically represented as below [26]

D 7=|C 7*X "~ _prey (t)-X~_GW ()|
X7_GW (t+1) =X~ _prey (t)-A™*D "~

Where t indicates current position, X “is the position vector
of the prey, X °~_GW represents a position vector of grey
wolf, and A & C are coefficient vectors and calculated as
follows.

—2d+7 —d

O >y

=2x7

Here a is reduced from 2 to O through the span of
emphases and T; , T, are random values between 0 and 1.
As the equationsrepresenting the system and its output are
non-linear and the solution can’t be realized easily so search
behavior of Grey wolf is simulated mathematically to locate
the position of prey (solution). First three positions of wolf
are considered to have best fitness values as Alpha, Beta &
gamma so these are sorted and position of other wolfs are
updated with respect to the alpha, beta & gamma wolfs and
are are often developed mathematically as follows.

)_()1 = )_()_a(t) - jl * 5_0(

X,=X 4(t)—4,+D_B

X)g = X)_y(t) _A)l * B_Y

Where D_av D 3 D_~y are defined as
D_a = |C *X_o(t) = Xow (®)]
D_p = |C*X_p(t) = Xew (D)
Dy = |C* X_y(t) = Xew (D)

The average of algebraic sum of three positions of wolves
gives us the best position of grey wolf

L +X+X
3
Algorithm for Grey Wolf optimization can be written as :

Stepl: Read input data and initialize GWO parameters(a,
A, C)

Step2: Initialize population of grey wolfs (n=100)
Step 3: Initialize iter count, t=0

Step 4: Evaluate fitness value for all wolfs and update first
three positions as a (alpha), b (beta) & g (gamma)

respectively
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Step 5: Decrease the value of a from 2 to 0 as per the

relation:

a(iter) = 2 * iter_count(

)

Max Iter

Step6: Calculate new values of A & C for updating the

position vectorof a ,b &g(ieDa Db& Dg)

Step 7: Update position of each solution

Step 8: if position is same end, else increase iteration

count to t=t+1and go to Step 4.

VII. POWER FLOW MODELING OF TCSC

Thyristor controlled series compensator (TCSC) device is a
series compensator to control the power flow by
compensating the reactance of line. Each capacitive and
inductive reactance is done by proper selection of capacitor
and inductor values of the TCSC device which is completed
through reactance equation.

Xtcsc

Fig.2 A schematic diagram of TCSC device

Using power injection model of TCSC[30].

Sending end Receiving end
{R+jX]‘i]

1

Xtesc

| [y

Al I ‘

i| LLf‘fij iBjj ]
L> |

Fig.3 Equivalent circuit of TCSC connected in Line

AY;; =y —yij = (Gy + jByj) — (Gij + Bi) (9)
Gy +JByj' G, + B, = —(10)
ij

(1)

Tij
GU = ri2]-+jxl-2j &Bij = ri2}-+xl-1
By using equation (10) the Y bus matrix is modified which
in turn modifies the elements of Jacobian matrix used in NR
method. This modification changes the estimation of
dynamic and receptive power streams in the line which can
be well described by the power flow equations with

modified admittances as:
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Pij (tCsc) :ViZGi} _ViVj [Gilj Cos(éij) - Bi'j Sin(éij )] (12) 2105 21026
For power loss minimization objective ,FACTS devices are ! -0.0491 -0.1499
tested for different locations available within system with 2 0.1071 0.2286
the help of GWO algorithm which tests the power loss 3 0.1359 0.3077
results in different locations and then sorting the best
location & optimized value of FACT device , where power 4 0.1032 0.21594
loss is minimum. After getting this location further ATC 5 0.6312 0.1709
calculation is done by an assumption that FACT device is 6 0.1852 0.3763
already being installed at a particular location . 7 0.2180 0.3001

VIII. METHODOLOGY APPLIED 8 03981 0.1627
L . . - 9 0.4114 -0.1679
The objective function constitutes of two objectives:

Obj= W, X (Maximization of ATC)+ W, X 10 -0.0004 0.1019
(Minimization of TPL) 11 -0.0088 0.2054

MATLAB software is used for the following
programming. 13 0.0000 0.0000

14 -0.0088 0.2054

A) For ATC maximization

Without TCSC 15 0.0165 0.2072

1. Optimal power flows are obtained by GWO 16 0.0000 0.0000

2. NR with OPF is applied to get the line flows. 17 0.0020 0.0295

3.Transaction is created and NR with OPF is again 18 0.0081 0.1184
applied to get the new Line flows 19 0.0064 0.0592

4. With the help of line flows obtained with and without : :
transactions. change in Active line flows are 20 0.0019 0.0230
calculated. 21 0.0064 0.0585

5. With change in Active line flows and transaction 22 0.0030 0.0187
created (ie 1MW) ACPTDF values are calculated.

6. The ACPTDF calculated are used to evaluate the ATC 23 0.0030 0.0185
for a particular Transaction for nearest bus and for 24 0.0030 0.0184
farthest bus. 25 -0.0030 -0.0187

With TCSC . 26 -0.0063 -0.0583

1. The optimal power flows are obtained by GWO e 0.0048 0.1438

2.0ptimal location and sizing of TCSC is obtained with e i
GWO with the objective of ATCmaximization 28 0.0002 0.2561

3. NR with OPF is applied to get the line flows with 29 -0.0048 0.1418
rese o _ o 30 0.0069 0.1261

4. Transaction is created and NR with OPF is again
applied to get the new Line flows 31 0.0002 0.2537

5. With the help of line flows obtained with and without 32 0.0020 0.2667
transaction, change in Active line flows are calculated. 33 0.0023 0.5146

4. With change in Active line flows and transaction

. 34 0.0000 1.0220
created (i.e LMW) ACPTDF values are calculated.

5. The ACPTDF calculated are used to evaluate the ATC 35 0.0023 -0.5090
for a particular Transaction for nearest bus and for 36 -0.0023 0.5129
farthest bus. 37 0.0000 0.0002

B) Minimization of Total power loss (TPL) 38 0.0000 0.0002

The same process is applied for Minimization of power 39 0.0000 0.0001

loss but with an objective to minimize TPL only. It can

. . 40 -0.0004 0.1028
be seen that the value of ATC is also decreased with the

reduction of TPL. 4 -0.0019 0.4123

ACPTDEF calculated using equation (1) , can be

demonstrated as shown in table 1.

Table no 1: Calculation of ACPTDF
Line | ACPTDF VALUES (Bilateral Transactions

No -Sender to Buyer Bus)
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Table no 2: OPF result comparison between GWO and
Firefly Algorithm

OPF Results Comparison for Transaction 2-26
Without Device
For For
Control | ATC Maximization TPL Minimisation
Variables
GwWo | FA[31] | ewo FA [31]
PG: (MW) | 118.9856 | 119.9812 | 118.9856 | 119.3438
PG, (MW) | 5428698 | 63.6613 | 53.75508 74.2959
PGs (MW) | 27.94923 | 31.8922 | 27.94923 28.2397
PGs (MW) 35 | 23.7808 35 17.7711
PG (MW) | 2570227 | 26.3744 | 2570227 21.9291
PG1s(MW) | 2848362 | 24.2911 | 2848362 | 26.7144
Total
Generation | 290.4077 | 289.981 | 289.8767 288.294
(Mw)
ATC (MW) 12.1845 7.4715 12.18 7.4315
TPL(MW) 7.01 6.1819 6.493 4.8941

It can be well depicted from table no 2 that GWO
algorithm gives better OPF results even without
applying FACTS devices when compared with other
evolutionary programming methods.

IX. RESULTS & DISCUSSIONS

The proposed calculation is tested on standard IEEE 30 bus
system with 41 transmission lines [29] for two cases. At the
start, ATC values in IEEE 30 bus system is calculated using
ACPTDF with respect to all the five generators connected at
bus number 2, 5, 8, 11 & 13. The bus at which generator is
connected is seller bus while the load buses are considered
as buyer buses. The results for all possible transactions are
obtained and elaborated as below:

Fig.4 shows the variation of ATC value with the generator at
bus no 2 for all the possible transactions. Here bus number 2
is considered as seller bus while all the load buses are taken
as buyer bus. It is clearly shown in Fig.4 that ATC is
maximum, (116.5 MW), between buses 2 and 5. Also the
least value of ATC is obtained as 12.18 MW between buses
2 to 26.

Fig.5 gives the ATC distribution due to the generator at bus
no 5. From the graph it can be deduced that maximum ATC
(184.56 MW) is between buses 5 to 2 whereas minimum
ATC (12.26 MW) is obtained between buses 5 to 26.
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Fig.4 Variation of ATC values for all transaction with
Gen-2

Gen at Bus 5 ATC (MW)

2
Y g0
< 60
40 |
20
. IIIII||||||II

5555555555555 555555°§5
to to to to to to to to to to to to to to to to to to to to
2 3 4 7 B8 1012141516 17 18 19 20 21 23 24 26 29 30

Transaction number

Fig.5 Variation of ATC values for all transaction with
Gen-5

Fig.6 indicates the effect of generator on bus no 8 on ATC

values in IEEE 30 bus network. The line between the buses

8 & 12 is having maximum ATC of 70.41 MW and the line

between buses 8 & 26 has minimum ATC value of 12.18

MW.

Gen at Bus 8 ATC (MW)

80
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60

3 50

24y

Q

£ %0
20
: 1IN
0

8 888 88 88 88 8 8 8 8 88 88 8 8
to to to to to to to to to to to to to to to to to to to to
2 3 4 5 7 1012141516 17 18 19 20 21 23 24 26 29 30

Transaction Number

Fig.6 Variation of ATC values for all transaction due
toGen-8
Further fig.7 depicts the ATC distribution in different lines.
When generator is placed at bus number 11. The graph
shows max ATC in the line between buses 11 & 16 which
equals to 37.77 MW while least ATC (6.09 MW) is in the
line between the buses 11 & 26.
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Gen at Bus 11 ATC (MW)

Fig.9 ATC values with TCSC- GWO and without TCSC

Case I: Maximization of ATC

Table no 3 shows the results when the program runs for the
objective of maximizing ATC between the buses under
transaction with GWO.

2 s
=
gi‘; Table no 3: Consolidated results for ATC maximization
< 10 ‘ ‘ I | Bus OPF WITHOUT TCSC OPF WITH TCSC
5 ATC | TPL | TOL TPL | TOL
0 | g g vmw | v | mva ,\A/IINC ™ | vva
11 11 11 11 11 31 311 11 3171 11 11 11 31 11 11 11 11 11 11 11 ) W) R) ) W) R)
fo to to to fto to to to to to to to to to to to to to to to
2 3 4 5 7 1012 14 15 16 17 18 19 20 21 23 24 26 29 30 5 1166 701 305 1207 713 2833
Transaction Number 5 5
2126|1218 | 7.01 30.3 13.18 | 7.13 28.15
Fig.7 Variation of ATC values for all transaction due o | 1845 703 301 |21 745 | 2078
toGen-11 6 3
5126|1226 | 7.09 30.7 1345 ] 7.19 28.48
Gen at Bus 13 ATC (MW) 12 | 7041 | 704 | 304 74604 717 | 28.26
60
8 26 | 12.18 | 7.08 30.8 1657 | 7.21 28.52
0 16 | 3777 711 | 306 [ 3808 | 7.24 | 28.39
'3‘ i} 11| 26 6.09 7.01 31.3 8.01 7.78 29.24
£ 30 7 | 3467 | 7.05 29.6 36.89 | 7.69 27.56
E 0 13| 26 | 8.89 7.08 305 1146 | 7.97 28.95
10 | ‘ ‘ ‘ ‘ ‘ I I I The ATC values obtained between 2-26, 5-26, 8-26, 11-26
0

BLHBIBBLBBBBEBNELBIBNL13IFEI6B13
to to to to to to to to to fto to to fo to to fo to to to to to
23457 8101214151617 1819202123 2426 29 30

Transaction Number

Fig.8 Variation of ATC values for all transaction due
toGen-13

Also Fig.8 gives the ATC distribution in IEEE 30 bus
system due to generator at bus no 13. The graph shows
maximum ATC of 34.67 MW between buses 13 & 7 while
minimum ATC valuing to 8.89 MW can be seen between
buses 13& 26.

From Fig.4 to Fig.8 it can be identified that maximum value
of ATC is observed for the transactions where the generator
is connected very nearer to the buyer bus, while ATC is
minimum when the generator is connected very far away.

250

200

0 “ [ ] |‘ [ ]| II ull II - II 1
3 26 1 % 12 % 16 26 26

7

[
o
=

ATC (W)
=
—_—
(=]

L
=

2 5 B 11 13

Transaction Number

WATC WithoutDevice  mATC With TCSC & GWO
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& 13-26 arel2.18 MW, 12.26 MW, 12.18 MW, 6.09 MW &
8.89 MW respectively which are much higher than the
values obtained from other EP,Firefly algorithm [31] as
shown in figure10, which shows that TCSC when optimised
with GWO for position and value gives better results as
compared to other FACTS devices.

Comparison of Algorithm Results for
ATC

‘ 26 ( 26

5 | 8 11 13
TRANSACTION NO

WATC VALUE (MW)FA  m ATC VALUE (MW) FA

C VALUE (MW) FA

Fig.10 Comparison of ATC values with TCSC- GWO
and firefly algorithm [31]

m ATC VALUE (MW) GWO

From the above transactions maximum and minimum values
of ATC due to seller bus is calculated and is further used in
OPF for the enhancement of the same.

The algorithm was applied on IEEE 30 bus system for the
purpose of enhancing ATC esteem by finding the ideal area
and size of TCSC using Grey Wolf Optimization. Table no 3
gives the results of ATC maximization with the TCSC. The
results are obtained by applying OPF and then applying
TCSC in the system are graphically
represented in fig.9.
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In table 3 SB is the seller bus and BB is buyer bus. Whereas
TPL is total active power loss and TQL is total reactive
power loss .The location and size of TCSC is searched at the
locations such that the ATC value is maximized. The search
algorithm works efficiently to locate the device location and
its size to maximize the objective function. Additionally
total reactive power loss is decreased as compare to the base
case due to specific allocation and sizing of TCSC with
GWO. The results also show that with the increment in ATC
value the total active power losses are increased due to
increase of power transfer capability. It is observed that
thepercentage increase of ATC with GWO is much higher
than those obtained by other EP. From fig.11 it can be seen
that ATC between far away buses and generator bus is
increased as compared to other EP used previously. ATC
value in transaction 2 — 26 is increased from 12.18 to 13.18
which are 8.2%.

40
35
30
b
g5
£ 0
2
=15
A
10
L LI [
0 | | [ | | | | | Il H N [ | I | |
5 26 2 26 12 26 16 26 7 26
2 5 8 1 13
Transaction number
mi%incresse nATCGWO  m % incresse in ATC Other EP

Fig.11Comparison of % Increment in ATC

MW and similarly between 5-26 the percentage increase in
ATC is 9.7% , between 8-26 it is 36.04% , whilein 11-26
transaction it is increased by 31% and between 13-26 this
increment is approximately 29%. These increments in ATC
values as magnitude and as percentage are far much better
than the values obtained by other EP [31].

Case II: Minimization of Total Active power loss

Table no 4: Consolidated results for PL minimization

Table no.4 shows the consolidated results when objective is
to reduce the active power losses. It is observed from the
table that active power losses are reduced when compared to
the losses in ATC maximization. Here ATC value is reduced
due to reduction in active power losses. Again, in this case
also reactive power loss is reduced because of the optimized
TCSC location.Fig.12 shows the variation of Active power
loss without and with TCSC GWO.

5 26 2 26 12 26 16 26 7 26

2 5 B 1 13

TPL (M)
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Transaction Number

NTPL Loss Without Device W TPL Loss With TCSC & GWO

Fig.12 TPL values with TCSC- GWO and without TCSC
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Fig.13comparison of % Decrement in TPL
Fig.13 shows the relative comparison of percentage TPL
reduction when using GWO and with other EP [31]. It can
be well established that the percentage reduction of TPL
when considering OPF with and without TCSC using GWO
is higher in most of the transactions as compared to other

Bus Load Flow OPF Load Flow OPF-
TCSC current EP methods.
selBB| ATC TPL TQL |ATC| TPL | TQL Table no 5 Optlmlsed Location and SIZIng of TCSC by
Mw) | Mw) [MvAaR)| Mw) | (Mw) [(mva]  GWO
R) For ATC For TPL

2 5 116.6 7.01 30.0 90.67| 5.06 | 2856 SB BB Maximization Minimization

26 | 1218 | 701 | 303 | 834 | 561 |2923 TCSC | TCSC | TCSC | +ooc gize

Loc Size Loc

5| 2 | 18456 ] 703 | 301 [165.67] 5.80 |29.67 s n 06977 S 0.6024

26| 1226 | 7.00 | 307 | 945 | 563 |3167 2

26 19 0.2676 9 0.3052

8 | 12] 7041 | 704 | 304 [4589] 532 |26.89

26 | 1218 | 7.08 | 308 | 754 | 512 |24.78 s |2 2 | 01091 [ 35 02617
1116 3777 | 712 | 306 [32.78] 532 [3278 26 8 -0.576 17 0.4912

26 | 6.09 7.01 313 | 6.03 | 4.32 |45.89 8 12 16 -0.0724 | 21—1—<0.1838
13| 7 | 3267 | 7.05 | 206 |3243| 567 |2754 i '"“”"o%\

26| 889 | 708 | 305 | 954 | 6.03 |3167
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