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Abstract: This paper aims to minimize total power losses and improve system lodability through finding optimal
location of Thyresitor-Controlled Series Compensators (TCSCs). Optimum allocation of TCSC devices and their
sizing is obtained by a harmony search algorithm (HS) and Teaching-learning-based optimization (TLBO)
approaches. IEEE 30-bus Systems were successfully demonstrated by that approach.
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INTRODUCTION and Zhu [3] and Sharma [4], Interior Point method was

Flexible AC Transmission System (FACTS) devices Programming was used by Ongsakul and Jirapong [6],
aim to control power flow in the network in order to Particle  Swarm  Optimization  method  was  used by
reduce flows in the heavy loaded lines. They can also Chung and Li [7] and Genetic Algorithm optimization
help, minimize power loss of the systems and increase method was used by Cai et al. [8], Saravanan et al. [9] and
stability margin in such a way that thermal limits are not Abdelaziz et al. [10]. In this paper, two optimization
violated. However, our concern in this paper is to minimize techniques are used for TCSC installation in order to
total power loss in the network with the help of FACTS improve power system loadability of the lines and
devices. The main type of devices considered here, minimize the total active loss. The HS algorithm and TLBO
namely, Thyristor Controlled Series Compensators are the proposed approaches aiming to find an optimal
(TCSCs). TCSC is a series compensation device consists number of TCSC devices and their optimal ratings, taking
of a thyristor-controlled reactor (TCR) connected in into consideration the thermal and voltage limits. The
parallel with a capacitor. Generation and transmission IEEE 30-bus system was successfully tested by the
limits can adjust using TCSCs. FACTS device doesn't proposed optimization technique.
require any interfacing equipment, like high voltage
transformers. TCSC device is connected in series with the Mathematical Model of TCSCs: TCSC acts as a series
transmission line to be compensated. Series compensation capacitive or inductive reactance connected to the
property of TCSC device makes it more economic with reactance of transmission line required to be
respect to other FACTS technologies. In practical power compensated. A TCSC has the ability to influence the
systems, some buses are more sensitive than others to the active power flow through a transmission line by adapting
overall system voltage stability. FACTS devices cost can the reactance of the line when it is connected in series
be minimized through proper allocation and appropriate with the line. Hence, the model of a TCSC device is a
compensation level of that devices. Many optimization variable reactance X connected in series with the line,
methods were used to optimally allocate FACTS devices, as shown in Fig. 1. The line flow is successfully changed
Linear Programming method was used by Lima et al. [1], due to series reactance change. In this paper TCSC is
Quadratic Programming method was used by Berizzi et al. modeled by changing transmission line reactance as
[2], Nonlinear Programming method was used by Momoh below:

used by Whei-Min Lin et al. [5], Evolutionary

TCSC
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Fig. 1: Model of the TCSC in order to solve optimization problems of engineering.

X  = X  + X combine randomness and rules to simulate naturalij line TCSC

X  = F  X phenomena. Geem et al. [11] developed a newTCSC TCSC line

where X  is reactance of transmission line and TCSC is called Harmony Search (HS) meta-heuristic algorithm.line
r

compensation factor of TCSC. Rating of TCSC depends Musical performances aim to find pleasing harmony as
on transmission line where it is located. To avoid determined by an aesthetic standard, just as the
overcompensation, TCSC reactance is chosen within -0.7 optimization process aims to find a global solution as
line and -0.3 line. determined by an aesthetic standard, like the process ofX X

Problem Formulation: As we already mentioned, this by an objective function. The analogy between music
paper focuses on the optimal location and design of improvisation and engineering optimization is shown in
TCSCs. The best utilization of the existing power network Fig. 2. In music improvisation, each player sounds any
is the optimization goal. Only the FACTS technical pitch inside the acceptable range, in order to make one
benefits are taken into consideration (the cost of harmony vector. If a good harmony is made by all of the
equipment is not taken into account). In this respect, the pitches, each player's memory stores that experience and
TCSCs are located so to maximize loadability, minimize the probability of making a good harmony is increased
system total active loss and flatten buses voltage. The next time. However, in engineering optimization, random
optimal allocation and sizing of TCSC devices are values are assigned to each decision variable within
formulated as a mixed continues-discrete multi-objective specified range, together making a solution vector. If a
optimization problem. The optimization parameters are the good solution is made by all of the decision variables,
FACTS sizing and locations. each decision variable stores that experience in order to

Objective Function: Our target is to determine the optimal Each musician is represented by a decision variable and
locations and the settings of the parameters of the TCSC its distinguished sound pitches are represented by
in the power network to minimize voltage violations. The variable’s distinguished values. The procedure of HS
total power loss minimization function is the objective. algorithm is as follows: First, Problem is initialized and

Objective Function: Economically, the minimization also algorithm parameters, then harmony memory (HM) is
of active power losses P  is taken into consideration. initialized, then a new harmony improvisation is createdloss

P expression is: from the HM, then harmony memory is updated, then theloss

is satisfied. HS Algorithm technique to solve the

System Constraints: The load flow equations are Teaching-Learning-Based Optimization: Recently, a new
represented by the equality constraints represent as optimization technique name the Teaching Learning
follows: Based Optimization [15] based on teachers and learners in

class. The behavior of learners in class greatly depends

System operating limits including voltage profile and
power angle are the inequality constraints.

Harmony Search Algorithm: Recently, in order to solve
several engineering optimization problems, various
algorithms have been developed. Computational difficulty
of the numerical methods has forced researchers to
depend on metaheuristic algorithms based on simulations

Meta-heuristic algorithms common factor is that they

optimization technique inspired by music phenomenon

optimization aims to find a global solution as determined

make a good solution is also increased next time [12-14].

last two steps are repeated until the criteria of termination

proposed optimization problem is shown in Fig. 3. 

on their teacher in the class. A good teacher helps
learners improve their performance in class, hence
improving  learners’  average performance in class. So
each  learner  tries to catch up their teacher’s performance.
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Fig. 2: The analogy between music improvisation and engineering optimization [14]

Fig. 3: Flowchart of the HS Algorithm
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Fig. 4: Flowchart of TLBO

The proposed optimization algorithm consists of two results  are  compared  with  those reported by Abdelaziz
phases, the Teacher and the Learner phases. The et al. [10], who also used two GA approach optimization
procedure of solving optimization problem using TLBO is techniques in order to find optimum location and sizing of
the initialization of the optimization parameters, TCSCs. The system under test is shown in Fig. 5 as a one-
Initialization of population, teacher phase, learner phase, line diagram. Data of the system is given by Zimmerman
termination criterion. Figure 4 shows the flowchart of and Murillo-Sanchez [16].The system consists of 30 buses
TLBO technique. and 6 generators. System study was carried out at the

Case Study: The HS algorithm optimization technique was increasing the load connected to bus 8 by 50%. The range
applied to the modified IEEE 30-bus system given by of TCSCs carried out in this study is from -30% to -70% of
Zimmerman and Murillo-Sanchez [16]. The obtained the line where the TCSCs located.

outage of the line joining bus 1 and bus 2 and also
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Fig. 5: Modified IEEE 30-bus system minimum system voltage limit is set to 0.95 p.u. After

RESULTS AND DISCCUSION 0.948 in the case of minimum voltage limit of the system is

The power flow results before TCSCs allocation minimum voltage limit of the system set to 0.95 p.u, the
shows that line 6-8 (P ) is more than its rated value (P ) power flowing in line (6-8) decreased from 118.5% to 100%6-8 rated

by 18.5%. After allocation of TCSCs using HS algorithm, in case of minimum system voltage limit set to 0.9 p.u and
Active power flowing in line 6-8 (P ) returns to 97.031% to 100% in case of minimum system voltage limit is set to6-8

of its rated value (P ) and the minimum voltage of the 0.95 p.u. Table 4 shows a comparison of the systemrated

system increased from 0.944 to 0.95.On the other hand, performance results before and after TCSCs allocation
the power flow results after allocation of TCSCs using with those obtained by Abdelaziz et al. [10] after
TLBO method, Active power flowing in line 6-8 returns to choosing the 8 possible locations of TCSC devices.
98.718% of its rated value and the minimum voltage of the
system increased from 0.944 to 0.95. Figures 6-9 showed A Comparison Between the Proposed Optimization
(P/P ) percentage of power flowing in line 6-8 from its Methods with [10]: From the comparison, it can be noticedrated

rated value, system’s minimum voltage (V ), system’s that: Although system improvements after allocation ofmin

total active and system’s total reactive loss before and TCSCs using HS proposed optimization technique, TLBO
after TCSCs allocation. Tables 1 and 2 showed a technique and both techniques applied by Abdelaziz et al.
comparison of the system performance results before and [10], a large number of TCSCs devices is used. In the HS
after  TCSCs  allocation compared with those obtained by algorithm proposed technique, It has been found that the
Abdelaziz et al. [10] before and after increasing their optimum number of TCSC devices is 18 which is less than
population size (N ) to 100. From the previous analysis, it the number of devices found by the second by Abdelazizp

can be noticed that small improvements achieved after et al. [10] which makes the HS algorithm more economic
allocating 18 TCSC devices when applying HS algorithm than that proposed by Abdelaziz et al. [10]. The optimum
and 13 TCSC devices when applying TLBO which are number of TCSC devices when applying HS algorithm is
significantly large. The maximum reactive power loss greater than the number of devices found by the second
when using HS algorithm and TLBO is lower than that technique by Abdelaziz et al. [10] when the number of
obtained by Abdelaziz et al. [10]. Another effective population size increased to 100. After considering the
technique was mentioned by Abdelaziz et al. [10] by number  of devices in the optimization process, the
choosing only the lines which are far from its rated value number of TCSC devices became 3 in the case of HS
and check the lines around it. It is found out that 6 optimization  proposed  technique  the same as that found

possible locations to allocate TCSCs, those locations are
lines (4-6, 2-6, 6-7, 6-8, 6-28 and 8-28) after excluding lines
connected to transformers and they are (6-9 and 6-10).
After running the HS algorithm program with the 8
possible locations, it was found that only 3 devices are
needed in order to restore system stability rather than 18
devices in the previous results. 

On the other hand, after running the TLBO program
with the 8 possible locations, it was found that only 2
devices are needed in order to restore system stability
rather than 13 devices in the previous results. TCSCs
compensation levels and locations are given in Table 3.
The voltage at bus 8 (minimum system voltage) was 0.944
without TCSCs allocation. After TCSCs allocation using
HS algorithm, voltage at bus 8 raised to 0.948 in the case
of minimum voltage limit of the system is set to 0.9 p.u and
also raised to 0.95 in the case of minimum voltage limit of
the system set to 0.95 p.u, the power flowing in line (6-8)
decreased from 118.5% to 99.84% in case of minimum
system voltage limit set to 0.9 p.u and to 100% in case of

TCSCs allocation using TLBO, voltage at bus 8 raised to

set to 0.9 p.u and also raised to 0.951 in the case of
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Table 1: System performance comparison with [10]

1  technique in [10] 2  technique in [10] HS algorithm technique TLBOst nd

-------------------------------------------------------------------------------------------------------------------------------
Items Without TCSC -------------------------------------------------------- With TCSC ------------------------------------------------------

Actual Generation 208 207.8 207.7 207.88 207.86
Load (MW) 204.2 204.2 204.2 204.2 204.2
V  (p.u.) 0.944 0.957 0.958 0.95 0.95min

Min. power angle ( ) -8.05 -8.24 -7.79 -3.54 -5.43min

Q (MVAr) 3.41 3.37 3.36 1.31 2.13loss max 

Total loss (MW) 3.76 3.58 3.52 3.679 3.675
(P / P )% 118.5 97.9 98.6 97.031 98.7186-8 rated

Number of devices - 21 20 18 13

Table 2: System performance analysis comparison after increasing size of population in [10]

1  technique N = 100 in [10] 2  technique N  = 100 in [10] HS algorithm technique TLBOst nd
p p

------------------------------------------------------------------------------------------------------------------------------------
Items Without TCSC -------------------------------------------------------- With TCSC -----------------------------------------------------------

Actual Generation 208 207.7 208 207.88 207.86
Load (MW) 204.2 204.2 204.2 204.2 204.2
V  (p.u.) 0.944 0.96 0.95 0.95 0.95min

Min. power angle ( ) -8.05 -7.55 -7.71 -3.54 -5.43min

Q (MVAr) 3.41 3.55 3.85 1.31 2.13loss max 

Total loss (MW) 3.76 3.55 3.85 3.679 3.675
(P / P )% 118.5 98.75 93.50 97.031 98.7186-8 rated

Number of devices - 18 11 18 13

Table 3: TCSCs compensation levels and locations.

Level of Level of Level of Level of Level of Level of
compensation % compensation % compensation % compensation % compensation % compensation %
with minimum with minimum with minimum with minimum with minimum with minimum
number of devices number of devices number of devices number of devices number of devices number of devices
& V > 0.95 & V > 0.9 & V > 0.9 (p.u) & V > 0.95 (p.u) & V > 0.9 (p.u) & V > 0.95 (p.u)

From bus To bus (p.u) in [10] (p.u) in [10] using HS Algorithm using HS Algorithm using TLBO using TLBO

2 6 -- -- -32.6441 -- -- --
4 6 -70 -70 -67.2276 -69.6836 -70 -70
6 8 -- -- -- -- -70 --
6 10 -70 -70 -- -- ÜÜÜÜ --
6 28 -- -- -- -- -70 --
8 28 -62.41 -59.57 -59.9584 -59.5548 -59.55 -59.55

Number of devices 3 3 3 2 4 2

Table 4: System performance analysis comparison with [10] after choosing the possible locations of TCSC.

1  technique in 2  technique in HS algorithm HS algorithm TLBO TLBOst nd

[10] (V>0.95) [10] (V>0.9) technique (V>0.95) technique (V>0.9) (V>0.95) (V>0.9)
With Ranking Without TCSC ----------------------------------------------------------- With TCSC ----------------------------------------------------------

Actual Generation 208 207.9 207.9 207.9 207.97 207.9 207.9
Load (MW) 204.2 204.2 204.2 204.2 204.2 204.2 204.2
V  (p.u.) 0.944 0.95 0.95 0.95 0.948 0.951 0.948min

Min. power angle ( ) -8.05 -7.31 -7.31 -7.66 -7.64 -7.86 -7.64min

Q (MVAr) 3.41 3.4 3.4 3.41 3.42 3.41 3.42loss max 

Total loss (MW) 3.76 3.717 3.711 3.791 3.765 3.768 3.765
(P / P )% 118.5 98.14 99.63 99.84 100 100 1006-8 rated

Number of devices - 3 3 3 2 4 2
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Fig. 6: Shows (P/P ) percentage of power flowing in line 6-8.rated

Fig. 7: Minimum System Voltage

Fig. 8: Total active power loss in MW
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Fig. 9: Maximum reactive power loss in MVAr

by Abdelaziz et al. [10] when the optimal system voltage TCSC devices. Two techniques (TLBO and HS) are
is set to 0.95 p.u, however, the number of TCSC devices examined through comparing results with those obtained
is 2 in the case of HS optimization proposed technique by Abdelaziz et al. [10] and results showed that TLBO
less than that found by Abdelaziz et al. [10] by one device and HS techniques are more economical than using GA.
when the optimal system voltage is set to 0.9 p.u. In the
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