
International Energy Journal: Vol. 6, No. 1, Part 1, June 2005 1-27

Optimal Placement of Multi-Type FACTS
Devices by Simulated Annealing Approach

P. Bhasaputra and W. Ongsakul
Energy Field of Study

 School of Environment, Resources and Development,
Asian Institute of Technology, Pathumthani 12120

THAILAND

ABSTRACT

In this paper, a simulated annealing (SA) approach is proposed to find the optimal placement
of multi-type FACTS devices to minimize the total cost including the total generator fuel cost of all
loading levels and the cost of FACTS devices. The problem is decomposed into the optimal placement
of multi-type FACTS devices subproblem that is searched by the SA approach and the OPF with
multi-type FACTS devices subproblem that is also solved by the hybrid tabu search and simulated
annealing (TS/SA) approach and quadratic programming (QP). Four types of FACTS devices are
used: thyristor-controlled series capacitor (TCSC), thyristor-controlled phase shifter (TCPS), unified
power flow controller (UPFC), and static var compensator (SVC). The solution includes multi-
location, multi-type, and multi-size of FACTS devices. Test results on the 6 bus system with multi-type
FACTS devices indicate that the proposed SA approach can obtain better solutions than the
sensitivity index approach. Moreover, SA approach converges to the optimal solution at a faster
rate than genetic algorithm (GA) and tabu search (TS).

1. INTRODUCTION

Flexible AC transmission system (FACTS) devices are integrated in power systems to control
power flow, increase transmission line stability limit, and improve the security of transmission systems
[1]. FACTS controllers are used to enhance system flexibility and increase system loadability.

Sensitivity index approach was commonly used to determine the optimal placement of FACTS
devices. For example, the new performance index was used to determine the optimal location of static
var compensator (SVC) based on system loadability and contingency analysis [2]. The single
contingency sensitivity (SCS) criterion was used to develop a branch’s prioritizing index in order to
rank branches for possible placement of thyristor-controlled series capacitor (TCSC) [3]. The loss
sensitivity with respect to TCSC and thyristor-controlled phase shifter (TCPS) placed in line k has
been used to determine the optimal placement of FACTS devices in an electricity market including pool
and contractual dispatches [4].

In the advent of heuristic methods, genetic algorithm (GA) was used to search for the optimal
placement of unified power flow controller (UPFC) to minimize the total generation cost [5]. All possible
locations of UPFC were encoded to the population of GA. The total generation fuel cost was used to
evaluate the quality of the solution. Meanwhile, GA was used to find the optimal placement of phase
shifters in the French network [6]. The overload transmission lines were selected as the candidates of
optimal placement and were encoded to the binary string in the population of GA. The OPF was run for
each solution to evaluate the quality by using the METRIS software. GA was also used to determine
the location and compensation level of TCSC with the aim of maximizing total transfer capacity (TTC)
[7]. TTC was used to evaluate the impacts of TCSC by the continuation power flow subject to line
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Type Type 
index 

Type of connection and 
location 

Parameter Size Cost 

TCSC 1 Series, location index is 
line number 

Xs Maximum setting of 
Xs 

Cost of 
TCSC 

TCPS 2 Series, location index is 
line number 

p Maximum setting of 
p 

Cost of 
TCPS 

UPFC 3 Series, location index is 
line number 

Vu, αu Maximum setting of 
Vu and αu 

Cost of 
UPFC 

SVC 4 Parallel, location index is 
bus number 

QV Maximum setting of 
QV 

Cost of 
SVC 
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 START

No

F_No = 1

C hange type?
(u<Tk)

Randomly generate the new type of
FACTS devices num ber F_No .

Yes

No

C hange
location?

(u<Tk)

R andom ly generate the new location of
FACTS devices num ber F_No .

Yes

Change size?
(u<Tk)

Random ly generate the new size of
FACTS devices num ber F_No .

Yes

If F_No < N F

STOP

F_No  = F_No + 1
No

No

Yes

Is there the
sam e type and location in the

solution?

Yes

No

0�������&�	��	��������	���������'.��������������������	���	��������������0.1�'���
����

���	�� $DB� < ���������������	����0.1�'���
���������
B$ <������������
������	����0.1�'���
�����
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'����+� F�����
������	���� (k,0)
TS ��'�� BS < (k,0)

TS �����0
�
<0( (k,0)

TS )�

'����2� 7���	�����!�����%���(�2)�
'����G� '����(<��
'����3� F�����
������	���� �	��
���
���������	��������	��	��������	������ ���'�������,�,� ���������

T(k,k )
TS �����%
�
�����0( T(k,k )

TS )�

'����;�  ��0( T(k,k )
TS )�U�0

�
������0

�
<�0( T(k,k )

TS )�� BS < T(k,k )
TS �� (k,0)

TS < T(k,k )
TS ������������
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'�����B� 1���*�����������������	���	����� ��	��V�������� (k,0)
TS �<� T(k,k )

TS �

'�������  ���
(
�U�=�������

(
�<��

(
�:������������'����3��/���	����� (k +1,0)

TS @ (k,0)
TS �

'�����4�  ����U��
���

������
�
�U��

�.���
�������<��:������������'����2��/���	��������	������������	���������� BS

�������������
��
�������������
��������0.1�'���
�����

�	 �
�����
�����������

��������	�����������������������������
�����������2�������������	����
������"�B#�����	���	�
�������������������1�������4��	������/&0���������0.1�'���
����������������������
���������	��������	
����
�������
�
�
��������	��������������������������7����
�����1�������G��	�������

����

1������ ����/&0���������0.1�'���
��������
�������
�����
���
����������	��������	��������*��������*

�������
�
�
��

1����4� ����/&0���������0.1�'���
������������������������������	��������*��������*�
�������
�
�
��



���������	��
� ����
�� �	����
�� �	
�� ��� �	�� ��� ����� ��� ����� ���� ��,+

1����,� ����������
��
�������������
��������0.1�'���
�����������������

�0.1�'���
�����������
�������	��������*�
�������
�
�
���������������������
�������������	�����

1����-� ����������
��
�������������
��������0.1�'���
�����������������

�0.1�'���
�����������
�������	��������*�
�������
�
�
��������'.����	�����

1����+� ����������
��
�������������
��������0.1�'���
�����������������

�0.1�'���
�����������
�������	��������*��������*�
�������
�
�
����������������������
�������������	�����

1����2� ����������
��
�������������
��������0.1�'���
�����������������

�0.1�'���
�����������
�������	��������*��������*�
�������
�
�
���������'.����	�����

1����G� ����������
��
�������������
��������0.1�'���
�������	��������*��������*�
�������
�
�
����
����'.����	�������������������������!��������	�0.1�'���
�����

���
��4���������������
�����	���	����
��������������
���������1�������G��0�	��������*�
������

�
�
�� ���� 	���
��� ����� ����� 
���� �
��� 
����� �����	����� ���	������ ���� ����
� ����	���	� ���
� ����� �	��
W,��42�-����W,��-,�;��8������
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���0�	�1����G����������
���������	��������	���WG�G,+���(1����2)���
WG�G�3�3��8�����������������0.1�'���
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Total cost of load level 
FACTS 

cost 
 Case 

Off Peak 
($/hr) 

Peak 
($/hr) 

Total generator 
fuel cost ($) 

Off Peak 
($/hr) 

Peak 
($/hr) 

Total 
cost 
($) 

1 3126.4 4541.2 7667.6 0 0 7667.6 
2 3143.9 4666.5 7810.4 0 0 7810.4 
3 3125.1 - 3125.1 20 - 3145.1 
4 3118.7 - 3118.7 20 - 3138.7 
5 3125.1 4593.4 7718.5 20 20 7758.5 
6 3125.7 4569.4 7695.1 20 20 7735.1 
7 3125.1 4565.7 7690.8 14 14 7718.8 
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Type 
index 

Location 
index 

Size 
index 

1 9 1 
1 10 1 
2 2 1 
2 3 1 
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Parent 
1  

1 2 1

1 3 2

2 4 1

3 5 1

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎣ ⎦

 

O ffspring 1  1 2 1

1 3 2

3 6 1

4 3 1

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎣ ⎦

 
Parent 
2  

1 2 1

2 5 2

3 6 1

4 3 1

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎣ ⎦

 

O ffspring 2  1 2 1

2 5 2

2 4 1

3 5 1

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎣ ⎦
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TS < (k,m)
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Case 
Total generator fuel 

cost ($) 
Total cost of FACTS 

devices ($) 
Total cost ($) 

CPU time 
(hours) 

7 7690.8 28 7718.8 8:50 
8 7690.8 28 7718.8 10:30 
9 7690.8 28 7718.8 9:25 
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 Worst Average  Best Average CPU time (hours) 

Case 7 7718.8 7718.8 7718.8 9:26 
Case 8 7733.1 7725.4 7718.8 12:13 
Case 9 7718.8 7718.8 7718.8 10:21 
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Type Type index Set of location 
Size  of FACTS by 

parameters 
(size index) 

Cost of FACTS 
($/hr) 

0.15 pu. (1) 3 
TCSC 1 {1, 2, ..., 11} 

0.30 pu. (2) 6 
±1.0 radian (1) 4 

TCPS 2 {1, 2, ..., 11} 
±2.0 radian (2) 8 
Vu 0.1 pu. (1) 10 

UPFC 3 {1, 2, ..., 11} 
Vu 0.2 pu. (2) 15 
2.5 MVar (1) 3 

SVC 4 {1, 2, .., 6} 
5.0 MVar (2) 6 
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Type Life time 
(years) 

Size Total cost ($) 

small 394,200 TCSC 15 
large 788,400 
small 525,600 TCPS 15 
large 1,051,200 
small 1,314,000 UPFC 15 
large 1,971,000 
small 394,200 SVC 15 
large 788,400 

 




