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In modern deregulated power industry, private sector has invested a lot to supply for extended
power demand using the preexisting power system framework. This resulted into increased
loading of transmission lines which has to work now to hit their thermal limits. The overloading
of transmission line resulted in congestion and hence increase in loss of power in the system.
One of the efficient ways to reduce congestion is by enhancing the available transfer capacity
(ATC) of the power system. ATC enhancement can be achieved by application of FACTS devices.
This paper presents an innovative method to mitigate congestion by locating TCSC in the IEEE
30 bus system. The allocation of TCSC is done by using ACPTDF sensitivity factors while the
parameter setting is done by applying Grey Wolf Optimization (GWO) method. The effective
application of GWO is demonstrated in this paper to reduce active power loss, enhancement of
ATC value with reduction of reactive power loss and to optimize TCSC size through a multi
objective function. The suitability of algorithm is established through concerned figures and

tables.

1. Introduction

This paper is an extension of work originally presented in 3rd
International Conference on Recent Developments in Control,
Automation & Power Engineering (RDCAPE) [1].

With deregulation act in 2003, the reliability of the power
system is enhanced in terms of availability and economics. The
private sector intervened in the power generation and used the
preexisting transmission system for distribution through pools.
This resulted in overloading of lines to work under congestion,
reaching their thermal and voltage limits [2]. The congestion
resulted in huge amount of power losses thus effecting the
economy of power transmission. There are two ways to relive the
congested system. The cost-free method and the non-cost-free
method. The cost-free method is one with no enhancement of
operational cost. This is effectively achieved by incorporating
Facts devices [3]. Power system is unevenly loaded. This results
in inefficient output of the circuits. With uneven sharing of load
through the lines, some lines become overloaded while others turn
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out to be under loaded. This distorts the voltage profile of the
interconnected system [4]. FACTS being optimized for their
respective parameters such as voltage angles, circuit reactance
and voltage magnitudes, can be successfully incorporated in
power system to modify the line parameters. This results in
establishing a preferred bus and generator voltage profiles [5].
The system efficiency in terms of enhance loadability can be
improved by suitably designing the controller of FACTS devices
[6]. Maximum load on power system is industrial and domestic
inductive load. Thus, there is significant voltage drop at these
loads resulting in uneven voltage profile of system. Hence to
reduce system inductive voltage drop, the inductive reactance has
to be reduced in order to increase the power transfer capacity
(PTC) of the system. The series FACTS device such as TCSC
plays a vital role in achieving the reactance regulation [7]. To
utilize the system at its maximum capacity together with power
transmission economics, the transfer capacity of system must be
enhanced to maximum value. System loadability improvement by
increasing ATC value was achieved by an optimal power-flow-
based model, for maximum power transfer by incorporating
optimized FACTS control in the system [8]. Properly tuning
1
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FACT controller and its optimal location can reduce the system
transmission losses and in return increases the power trans mitting
capacity [9]. Different approaches were applied to optimize the
location of fact devices. A number of heuristic methods like GA
& BA were applied for optimal tuning of FACTS controller to
enhance system ATC [10].

Further sensitivity index-based method for optimal allocation
of FACTS devices such as SVC and TCSC was applied to
enhance system power transfer capacity and hence ATC
improvement [11]. The above-mentioned techniques resulted in
ATC enhancement but this does not suffice the same
improvements in other system parameters such as active power
loss, reactive power loss and voltage profile regulation. The main
objective of this paper is to develop a method with the
incorporation of sensitivity index, ACPTDF together with an
heuristic algorithm, Grey Wolf Optimization, (GWO) for
minimizing the multi-objective function considered. This paper
extends the area of implementation from a single objective of
congestion management by ATC enhancement to a multi-
objective of reducing active and reactive power losses as well as
regulating the voltage profile of the system.

ATC of a power system is the power transfer capacity
available above the maximum demand of the system, to be
utilized for commercial activities between power suppliers and
consumers. ATC is the back bone of any power system as it is
directly influencing the power markets technically as well as
economically [12]. The ATC of a power system can be enhanced
by different methods and FACTS are very efficient in the same.
The calculation of ATC can be done by different methods. A
method was proposed to first calculate the reactive power flow
and then by using PTDF as sensitivity factor ATC was calculated
[13]. For enhancing the ATC value, generator terminal voltage
and the output power can be worked within the defined security
limits. ATC calculation and its values in power system database
are therefore very crucial for the power market participants so as
it can be used economically for industrial back up [14].

2. Related works

ATC for any system is the basis of restructuring of power
system. Power system capability and its strength depends upon it
ATC value [15].

The power system is interconnected, hence for enhancing the
ATC of a particular system it is required that the power flow
during the process must be technically very controlled. In other
words, due to interconnection between different areas the ATC
enhancement may result in change in power flow levels, resulting
in unstable system. FACTS devices are quite a handful solution
for this problem. Different types of FACTS devices use their
specific properties to dynamically control the voltage magnitude,
voltage angles and impedance of the lines while ATC
enhancement is worked out. [16], [17].The FACTS devices are
operated with the help of controllers. These controllers are either
thyristor-controlled switch based or voltage source converter
(VCS) based. These controllers helps to enhance the ATC while
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compensating for reactive power flow and reducing the active
power losses [18]. A number of heuristic methods such as GA and
PSO have been applied to program the controllers so as the
FACTS device can compensate for reactive power and reduce
active power loss while regulating the voltage profile of the
system [19], [20].

Out of different FACTS devices TCSC is one of the most
widely used device. ATC enhancement was done by applying
continuation power flow (CPF) method taking thermal limits and
voltage profile into account [21] .Other FACTS devices such as
SSSC, STATCOM and UPFC have been modeled using heuristic
methods like PSO and sensitivity index PTDF for ATC
enhancement [22]. The controller of SSSC, UPFC and
STATCOM have also been modeled by novel current based
modeling for enhancing ATC instead of laying down new
transmission line or rescheduling of generator [23]. ATC
enhancement have also been done and compared by some more
heuristic methods such as GA, PSO & FA under different
contingency conditions [24].

3. Calculation of ATC

ATC in a power system can be calculated in numerous ways.
Some methods are CPFM (continuous power flow method), linear
approximation method etc. In this paper power sensitivity indices
method is applied to calculate the ATC for standard IEEE 30 Bus
system. The sensitivity factor applied here is Power Transfer
Distribution Factor (PTDF). The PTDF can be of two types,
DCPTDF and ACPTDF. Here we are applying ACPTDF for the
calculation of ATC. ACPTDF determines the change in system
power flow with the change in power transaction in some other
line at steady state as well as under contingency conditions [25].
For a bilateral transaction between bus m and bus n. Here bus m
is considered to sell power to bus n . The PTDF measures the
change in real power flow of line i-j due to bilateral transaction
between m & n [26].

Mathematically,
_ Ak
ACPTDF;j i = €Y

where

Pmn is the power transaction between the bus m and n. Here bus m
is considered to sell power to bus n. Bus n is considered to buy
power in energy pooling system.

APj; is the change in power flow between bus i and j due to the
bilateral transaction between bus m and n. This can be calculated
as:

v,
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Now the power transfer in the line between buses i and j can be
calculated for different values of PTDF as in equation (5)

(PmﬁX _ l/ )
~48__8Z.  PTDF, >0
PTDF:] mn :
v =ya(inf inite) ;  PTDF,, =0 (%)
Pmax _
M’ PTDE ,mn 0

In equation (5)

P is active power flow limit of line i-;.

Pi(} is base case power flow in line i-j.

PTDFy;, un 1s the Power Transfer Distribution Factor for line i-j
due to the exchange of active power between bus m and n.
Then ATC can be calculated as:

ATC,, =min{T, |.ijeN, 6)

ij,mn
Ny is the total number of lines.

4. Reactive power flow

A fundamental aspect of the compensation and control of
reactive power is its balance. The shunt capacitance of the
transmission line yields reactive power proportional to the square
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of the voltage. Since the voltage must be kept within + 5% of the
rated voltage, the output or consumption of reactive power is
relatively constant. The series inductance of the transmission line
consumes reactive power proportional to the square of the current.
Since the current varies from the duration of maximum demand
to the duration of minimum demand, the reactive power
consumption is also modified by the transmission line.

Figure number (1) shows the reactive power flow in the
transmission system.

v, L8, x; v L8,
| SRR |
| — —— |

Q:’_;l' Q_;l'z'

Figure 1: Reactive power flow in the Power system

The reactive power losses in the transmission line can be
mathematically expressed as:

Qp =0Q;j +Qji (7
where , Q;; can be written as:

Qij = %(vi — vj cos 6) ()

x”
from equation (7) and equation (8) the expression for reactive
power loss can be calculated as:

S A LT )

Xij  Xij Xij
On simplification
Q, = min {Z}L

19k (V2 + V= 2ViV;sin(8; — )} (10)

5. Modeling of TCSC

During the steady state, the compensator can freely change
between reactance values according to its control. To avoid over-
compensation of the line, limits are recommended for the TCSC
reactance, given by the equation (7).

_0,8 XL < XTCSC < 0,2 XL p-u. (11)
The proposed limit vary among different research works, but a
tendency of capacitive factor greater than 50% of reactance of the
line and inductive factor less than 25% of the inductance of the
line is maintained.

j,—E'LI.% Zl’j = rl‘j +.I-r|'j j—Bus
I ] |
| E— |
e—— —»l
Sic ‘5,11'

Figure 2: TCSC Power Injection Model [27]

In order to be used in power flow, the TCSC is modelled in form
of line impedance with the built-in transformer reactance, in order
to obtain the compensation scheme as shown in Figure (2)

The change in admittance is governed by the equation:

(12)

Ayy = yj —yi; = (Gi; + jBj;) — (Gij +jBij)
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1
Gij+JjBij=7— (13)
ij
__Tij
G = iy
B _ —Xi‘]' (14)
i‘j - r2.+x.2.
Lj g
Glj=5——Ll—s3 (15)
- ri2_j+(xi,j+xTCSC)
, —(x-_- + xTCSC)
ij = - (16)

7”5‘ + (xi,j + xrcsc)z

where,

G;; is the conductance of line ij before applying TCSC
G; ; 18 the conductance of line ij after applying TCSC
B;; is the suceptance of line ij before applying TCSC
B; ; 1s the suceptance of line ij after applying TCSC

Equation (8) depicts that there is a variation of admittances by
the application of the TCSC, so the admittances matrix of the
system will be modified as indicated (13).

0 0 o - 0 0 ol . .
, e e e . . o . Line — i
Yeus = Yeyus + 0 0 0 0 0 0 |Line -
0 —Ay,; 0 0 Ay, 0
0 0 0 0 0 0
Col —i Col —j
(17)

The active and reactive power flow, including the admittance
variation implemented by the TCSC can be explained by equation
(14) & (15):

Pijresc = ViGij — ViVi[Gi;Cos(8;) — By;Sin(8y; )] (18)
6. Objective Function
The objective function includes:
a) ATC maximization:
ATC\pp, = min {T;j )

b) Reactive power loss minimization:

Qu = min (SL, g (V? + V2 — 2V, s in(5; — §))}

Thus, the multi-objective function can be written as:

f(x) =w; X (maxATC ) +w, X min P, ) (19)

7. Constraints and limits

While performing optimal power flow (OPF) on a system,
there are certain parameters which are to be implemented with
constraints and pre-defined limits as stated in the standard IEEE
bus system appendix. Basically, there are two types of parameters.
One parameter which involves expenses such as generation of
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power at generating end, P¢. The other parameter which does not
involve expenses are magnitude of voltages at generators, V¢ and
the transformer taps, t;;.

The constraints in the system can be represented as summarized
in Table number (1) below:

Table 1: Constraints incorporated in the system

Constraints Equations
Power Balance (MW) Pyn = Pan = By (, = 6,) = 0
Power Balance (MVAr) Qgn — Qan — Qn (V, —
8,) =0
Generated Power (MW) PMn < p, < pmax
Generated Power (MVAr) QMmin < Q, < Qmax

Bus Voltage Limits 0.95pu < Vi < 1.05pu

Generator Voltage Limits 0.95pu < Vg < 1.50pu

TCSC Reactance Limits —0.8X; < Xicse < 0.2X,

Where,

Pyn & Qg4 represents real and reactive power generations at nth
bus

Py, & Q4, represents real and reactive power demand at n¢h bus
P, & @, represents real and reactive power injected at nth bus
V, & &8, are voltage and resultant angle at nth bus

8. Grey Wolf Optimization

The heuristic technique implemented here to optimize the
TCSC parameter is Grey Wolf Optimization (GWO). This
technique is based on the well-organized social hierarchies of a
pack of grey wolf. Grey wolf have a very typical and well defined
hunting action. The hunting of prey is led by the most powerful
alpha (a) wolf. The next hierarchy is taken by beta (b) wolf and
the next one is taken by gamma(g) wolf. Rest of the wolfs in the
pack are omega wolf. All the wolfs are guided by the alpha wolf.
Hence the alpha wolf position in solution space is considered as
the best solution, beta wolf, the next best and gamma wolf
position the third best solution. The omega wolfs always follow
the three best wolves throughout searching. GWO is divided into
three processes, encircling, hunting and attacking the prey.
Mathematically, the circling of prey can be symbolized as below
[28].

D = |C* Xeprey)y — Xeweo (20)
Xewyern = | Xgreyyo — D 1)

where t is the current time, X is the vector representing location
of the prey, X gw is a vector representing location of grey wolf,
C & A are coefficient vectors and mathematically presented as:.

A=2dx7# —d (22)
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C=2+%7% (23)
where “a”, is the error that is introduced in the system so as to
avoid premature convergence of the algorithm. Its value is
decreased from 2 to 0 through a series of iteration.

7, & 7, represents arbitrary values between 0 and 1.

As the power system equations are highly non-linear and the
solution can’t be realized by traditional methods so Grey wolf
algorithm is simulated mathematically to locate the position of
prey (solution). First three positions Alpha, Beta & gamma of
wolf are best fitness values and position of omega wolves are
updated with respect to the position of alpha, beta & gamma
wolves and are mathematically be represented as:

)?1 = )?_a(t) - Afl «*D_a

X,=X_,(t)— A, «D_b

)?3 = )?_g(t) —Afl * 5_g
where B_a, 5_19, D_ g are defined as

D_a = |C * X_o(t) = Xaw (0] (24)
Db =1C+X_y(6) = Xew (®)] (25)
D_g = |C Xy (&) = Xew (0)] (26)

The algebraic sum of three locations of wolves is averaged which
gives the best location of grey wolf

Xow(t+1) = @

This algorithm is applied in following steps:

27

1. The population of grey wolf is initialized with the
initialization of initial parameters as:

e Size of the search space (defined by problem constraints)

e Number of search agents (here taken as 100)

e Vectorsa, A& C

e  Maximum number of iterations (100)

2. The wolves are randomly distributed in the pre-defined
search space

3. The fitness value of each search agent is calculated and then
indexed to get the best three fitness values. [from equation
(24), (25) and (26)]

4. The three best positions are considered as best fitness values.

5. Withrespect to these three positions the fitness value of other
wolfs are calculated.

6. Again the fitness values are sorted to get the updated
positions of the wolfs [using equation (27)]

7. The fitness values are indexed and again first three values are
considered as best fitness values.

8. The iterations are carried out till maximum iterations have
reached or the fitness value become constant for defined
number of iterations (in this paper equals to 50)

8.1 Pseudo code for GWO

Result: Bset value of fitness function
generate (X) // Initialize the population of grey wolves

initialize Parameter (a, A, C);
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evaluate X (0);
select new (Alpha, Beta, Delta, X (0));
for e = I to EVALMAX to do
for every Wolf'l in Omega do
for i = 0 to DIM do

update Position (1, 1); // Update current position

end for
adjust parameters (a, A, ¢); // adjust the algorithm parameters
evaluate X (e + 1);
select new (Alpha, Beta, Delta, X (e + 1));
e=e+1;
end for
end for

9. Methodology adopted
9.1 For ATC maximization (Without TCSC)

Figure (3) presents the sequence to calculate the ATC value
without the application of TCSC. Here GWO is used only in NR
with OPF only. While section 9.2 shows the steps followed to
calculate ATC value using GWO optimized TCSC size and
ACPTDF sorted location of TCSC. In the second case all the
calculations are done once TCSC is located at a suitable position.

Start

(Optimal power flows are obtained by GWO

NE with OPF iz applied to get the line flows

With Transaction in line g, WE with OPF iz
applied to get new flows

Change in active power flow with and without
transaction in line mn is calculated

Ratio of Change in active power flow (as
obtained above) and transaction done (of 1MW)
is caleulated to get ACPTDF

ACPTDF iz used to evaluate ATC for particular
transaction for “nearest” bus and for “farthest™
bus

Figure 3: Process to calculate ATC without TCSC
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9.2 For Minimization of Reactive power loss (TQL)

For mminimization of power loss same two methods i.e. with
and without TCSC are applied but with an objective to minimize
reactive power loss only. With decreased value of reactive power
loss, it can be observed that the ATC value is also decreased.

Here IEEE 30 bus system with six generators at bus number
1,2,5,8, 11 and 13 is utilized for the application of the selected
methodology. ACPTDF values are calculated for the transaction
at a particular bus and its effect on power flow at all the other
buses. Figure (4) gives the presentation of ACPTDF values when
transactions are done between bus number 2 to 5 ad bus 2 to 26.

A number of evolutionary programming methods have been
applied enhancement of ATC for a system but GWO turned to be
one of the most suitable method to give optimized result for the
chosen objective. Firefly algorithm have been used for
calculation of ATC with different FACTS devices [29] .GWO
when used under similar circumstances with TCSC gave better
results. Figure (5) gives a detailed presentation of the values of
ATC and active power losses with both the methods are applied.

From fig (5) it can be depicted that while no FACTS device is
connected in the system, the ATC value with GWO comes to be
12.18 MW significantly higher with that obtained for FA which
comes to be 7.47 MW.

Similarly, when the methods are applied for Total reactive
power loss (TQL) reduction the power loss in case of GWO is
4.89 MW which is lesser then 5.01 MW obtained by applying FA.
Moreover, the ATC value in case of TPL minimization is
10.54MW which is higher than 6.235 MW obtained by FA.

ACPTDF VALUES FOR TRANSACTION
BETWEEN SELLER BUS AND BUYER BUS

E2ito5 2to 26
[Nearest Bus)  (Farthest Bus)
L5
§ 1
=
w 05
a
£
1.3 5 ?;9 11 13 15 17 19 21 23 25 27 29 31 33 3 37 39 41
0.5

Line Number

Figure 4: The ACPTDF values calculated for transaction between bus 2-5 and
2-26

10. Results and Analysis

The proposed optimization method is verified on 41 line, six
generators, standard IEEE 30 BUS system [30] as shown in figure
(6). Here except bus number 2, 5, 8, 11 and 13 where generators
are connected, all the buses are considered as load bus. Also, all
the generator buses are considered as seller buses while all other
buses are the buyer buses.
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RESULT COMPARISION WITHOUT DEVICE WITH

GWO AND FA
14
10
210 S~ —
€ g
S = =
S 6
B 4
g
2
0
GWO FA GWO FA
ATC MAXIMIZATION TPL MINIMISATION

AXISTITLE

+—ATC (MW) TQL(MW)

Figure 5: Result comparison between GWO and FA without device

THREE WINDING TRANSFORMER EQUIVALENTS
HANCOCK ROANOKE
o

REUSENS

© GENERATORS
© SYNCHRONOUS
CONDENSORS

Figure.6: Standard IEEE 30 bus system [30]

10.1 ATC Maximization

The algorithm firstly applied for the objective of
enhancement of ATC to reduce the congestion in the given system.
The first step in this process is to calculate ATC with the help of
ACPTDF. Figure (7) represents the effect of Generator at bus
number 2 on ATC values of different parts of the system
considered.

It can be seen that bus number 5 is nearest to generator and
hence it has maximum value of ATC which equals 116.65 MW.
On the other hand, bus number 26 is farthest from bus 2 so have
a minimum value of ATC equal to 12.18 MW.

Figure number (8) represents the ATC distribution in the
system due to generator at bus number 5 for all transactions. It can
be well depicted that ATC value is largest, 184.56 MW for
transaction between 5 to 2 and minimum, 12.16 MW for
transaction between 5 to 26. The effect of generator at bus number
8 can be seen from figure number (9). This figure shows the
distribution of ATC throughout the system for all transactions.
Here it can be seen that maximum value of ATC, 70.41 MW is
obtained at the line between bus 8-12 as bus 12 is nearest to bus
8. While the minimum value of ATC, 12.86 MW is obtained at
line between §-26.
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ATC distribution due to Gen at bus 2

——t

Lines

2222 2222 22 22122122 22122
to to to to to to to to to to to to to to toto to to to to
3 45 7 8 1012 1415 16 17 18 19 20 2123 24 26 29 30

Figure 7: ATC distribution in the system due to generator connected at

bus number 2

The effect of generator at bus number 11 on the distribution of
ATC in the system for all transactions is shown in figure (10). It
is clear from the figure that maximum value of ATC, 7.77 MW,

200

ATC distribution due to Gen at bus 5

180 +*
160 S,

= 140 .t

120 AY

= 100 X

40 Ny —

20 b P
- g

T ——

-
»

Lines

5: & 55 § 55§ RS R K 55 oK 5§ RS
to to to to to to to to to to to to to to to to to to to to
2 3 4 7 B 101214151617 18192021 23 24 26 29 30

ATC distribution due to Gen at bus 11

30 ’/- \
PP Renananan WY/ \
gz \/ \
3-—#"\

” \
A4

11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11
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 1012 1415 16 17 18 19 20 21 23 24 26 29 30

Lines

Figure 10: ATC distribution in the system due to generator connected at
bus number 11

Effect of generator at bus number 13 is detailed in figure number
(11). It is clear from the figure that maximum value of ATC, is
obtained at line 13-7 and the minimum value of ATC, 8.89 MW
is between bus 13 and 26 which is the farthest bus.

ATC distribution due to Gen at bus 13

20 AR
10 \_—
o

13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13
to to to to to to to to to to to to to to to to to to to to to
2 34 5 7 8 101214 15 16 17 18 19 20 21 23 24 26 29 30

Lines

Figure 8: ATC distribution in the system due to generator connected at bus

number 5

80

ATC distribution due to Gen at bus 8

70 4

0 LT

< ~_ /N
g 5 N\

£ a0 ¥
2 3 ‘\v—r‘\ A

0 N\ N e

4

¥ N—t
10

Lines

8 8 8 8 BB B8 B 8 8 88 885886828 8
to to to to 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

to

Figure 9: ATC distribution in the system due to generator connected at bus

number 8

during all transactions is obtained at the line between seller bus
11 and the buyer bus 16. On the other hand, the minimum ATC

value is obtained at the line between bus 11 and 26.
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Figure 11: ATC distribution in the system due to generator connected at
bus number 13

200
160 A
140 ‘f ;\

S T \ 7/ \
= \/ , VAl VI T
5 ¥ ¥ v v ~
2 2 5 5 8 8 13 11 13 13
to to to to to to to to to to
5 26 2 26 12 26 16 26 7 26

Buyer to seller bus

Figure 12: Variation of ATC values for all transactions due to generator at
different buses

The maximum and the minimum ATC values can be represented
in figure (12) for all generators.

It can be seen that the bus nearer to the generator bus are having
higher ATC values. The lines 2-5, 5-2, 8-12, 11-16 and 13-7 are
having higher ATC values as compared to their corresponding

7
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farther buses.After ATC being calculated for all generators and all
buses, now the ATC value is to be calculated by incorporating
TCSC. The position of TCSC is searched by ACPTDF where the
value of ATC is maximum after being sorted by GWO for its
optimized parameter. NR with OPF is performed to get the
enhanced values of ATC after incorporating TCSC the result are
being summarized in table number 2. From table no 2 the results
for change in ATC and reactive power loss (TPL) can be predicted.
The calculations were done by giving weightage to ATC
maximization in equation number (19).. Together with the
increase of ATC the power loss is also increased.

Table 2: ATC maximization consolidated results

10.2 Reactive Power loss minimization (TQL)

The second objective to minimize reactive power loss in the
system is obtained by giving weightage to the TQL term in the
objective function in equation (19).

Reactive power loss minimization results are depicted in
table no.3. The table bears consolidated results when to reduce the
reactive power losses is the objective. The table shows that
reactive power losses are significantly reduced.

Table 3: TQL minimization consolidated results

Bus ATC (MW) TQL (MVAr)

SB | BB Without With Without | With
TCSC | TCSC | TCSC | TCSC
5 116.65 | 120.75 | 82.33 30.5
2 26 12.18 13.18 | 2815 30.3
2 184.56 | 215.13 | 29.78 30.1
5 26 1226 | 1345 | 2848 30.7
12 7041 | 74.056 | 2826 304
8 26 1218 | 1657 | 28.52 30.8
16 37.77 | 38.08 | 2839 30.6
11 26 6.09 8.01 29.24 31.3
7 3467 | 3689 | 2756 29.6
13 26 8.89 1146 | 2895 30.5

Bus ATC (MW) TQL (MVAr)
SB | BB | Without | With | Without | With
TCSC | TCSC | TCSC | TCSC
5 116.65 | 90.67 | 2833 | 2536
2 26 12.18 834 | 2815 | 2536
2 184.56 | 165.67 | 29.78 | 2536
5 26 12.26 9.45 28.48 25.36
12 7041 | 4589 | 2826 | 25.36
8 26 12.18 754 | 2852 | 2536
16 3777 | 3278 | 2839 | 2536
11 26 6.09 6.03 2924 | 2536
7 3467 | 3243 | 2756 | 2536
13 26 8.89 954 | 2895 | 2536

This increment in ATC value is higher when, percentage increase
is compared from ATC enhancement by other optimization
methods. In this case the percentage increase in ATP and TQL is
shown in figure (13).

% increment in ATC & TQL values
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5 26 2 260 12 26 168 26 7 26

Lines mATC TRL

Figure 13: Percentage increment in ATC & TQL values with the
incorporation of

TCSC
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Together with reduction in reactive power losses, ATC value
is also reduced. Again, in this case, because of the optimized
TCSC location, reactive power loss is minimized. The percentage
reduction in reactive power loss is higher as compared to other
evolutionary programming such as FA. Moreover, the reduction
in ATC value with TCSC in line is less as compared to when other
FACTS devices are used. Figure (14) shows the percentage
reduction in TQL and ATC with GWO optimized TCSC.

Table no 4: OPF result validation for ATC values in IEEE 30 bus system for far

end bus
Bilateral Transactions ATC Values (MW)
Between Buses

From To FA [29] GWO
2 26 7.6697 13.18
5 26 7.67154 13.45
26 7.81371 16.57

11 26 7.70317 8.01
13 26 7.66233 11.46

The OPF results for ATC maximization are validated with
those obtained by Firefly Algorithm [29] and are presented in
Table 4. The ATC value at the bus connected at the far end is low
due to the transmission losses. The ATC value obtained by
applying GWO is significantly higher as compared to that

8


http://www.astesj.com/

A. Gautam et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 5, 01-10 (2020)

obtained by FA when far end values are compared. This validates
GWO algorithm.

% Decrement in TQL & ATC values

% decrement

2 2 5 5 8 8 11 11 13 13
to to to to to to to to to to
5 26 2 26 12 26 16 26 7 26

Lines

mTaL ATC

Fig no 14: Percentage decrement in TQL & ATC values with the
incorporation of TCSC

11. Conclusion

In the current deregulated version of power system, where the
expansion of the power system framework, due to economical and
geographical constraints, can’t be expanded. Thus, the private
market participants supplying their generation through the exiting
lines, forcing the lines to work at their voltage and thermal limits
hence creating congestion. To overcome this congestion, keeping
the operational cost same, a versatile FACTS device, TCSC is
tested here in the standard IEEE 30 bus system. TCSC parameters
are optimised with the help of very versatile Grey Wolf Optimizer
and the location of TCSC is optimized with the help of power
system sensitivity factors, ACPTDF. The objectives of enhancing
ATC value to reduce congestion in the system and to minimise
reactive power loss are achieved. The objectives are achieved here
within the prescribed voltage and thermal limit constraints. GWO
being guided by the best fitness value (alpha wolf) as well as two
more near to best fitness values i.e. beta and gamma wolves. This
ensures the speed of convergence. This optimiser uses three more
variables a, A and C which ensures that GWO must not get stuck
in the local minima and premature convergence. The ATC values
for farther buses are quit low but this method optimised the TCSC
parameter and its location such that the ATC value at far end
should have higher values for greater utilization of lines and hence
reduced the congestion. This paper utilised the pre-existing
transmission lines for applying GWO and placing TCSC in the
system to achieve the objectives of maximising ATC and
reduction of reactive power loss to manage congestion in the
system.
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