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ABSTRACT

In a competitive power market scenario, the Independent System Operator (ISO) main
problem is how to pursue its objectives taking into account generation costs, contractual clauses
among the different market agents and insecurity costs related to the possible power system operating
points. To face this problem, in previous papers, a model proposed by the authors, called Economically
correct Secure Economic Dispatch (EcSED), is adapted to the new deregulated market scenario
taking into account FACTS technology in order to reduce power system insecurity risk. Among
FACTS devices, the Unified Power Flow Controller (UPFC) is the most flexible and versatile and its
usage is under focus in this paper. But if, from one side, a UPFC installed in the transmission
network can be exploited to minimize the insecurity risk, from the other side its use implies an
expense, function of the size of the device itself. Then, in the paper an enhanced formulation of the
EcSED model embedding the UPFC investment cost is proposed to support the ISO in its decision
pertaining the choice of the UPFC size. Some numerical experiments on a 5-bus test system are also
reported, to prove the effectiveness of the proposed enhanced EcSED formulation.

1. INTRODUCTION

The prevailing challenge nowadays in the electricity industry is to offer a product with a
balanced mix of quality and price. These two features are conflicting: a higher supply quality level
requires more investments, which in turns results in higher tariffs. It is recognized in power engineering
that the system security level is a good translation of the quality attribute [1]. Let us so define the
system security as the ability of the Electrical Power System (EPS) to supply loads demand, in terms of
quality and quantity, even in case a possible outage (contingency) occurs.

Strictly bound to service quality and price is the concept of insecurity risk [1- 5], related to an
operating state. In the paper, the insecurity risk is defined as an expected cost obtained as the sum, on
all contingencies, of the product between the occurrence probability of each contingency and the
minimum load curtailment [3, 4] needed to restore power system feasibility if the contingency really
occurs.

As to contingencies, for sake of simplicity, only single line outages will be considered in the
paper while, to respectively check the active and reactive security of the EPS, overloads and voltage
limits violation will be accounted for.

Overloads, consequent to a contingency, may be prevented by means of opportune pre-
contingency generation schedules. Also, they can be relieved in post-contingency state by means of
phase shifters, tap transformers, reactive power supply, generation re-dispatch, Flexible Ac
Transmission Systems (FACTS) devices [6- 8] and, as extreme measure, curtailment of loads. As to
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����	�����������		�����������������	�������������������������������5&01���������������������	*�
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0�	���	� ���� ����	������� �	�� ����� ���������� ��� ����� ���� ����%�'%7��������	*�� ��
��		������������������	� ���������	���� �������������������������	�������� 	�������
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�       �       
1 2 1’ 

UPFC

0����+��$����(�)�������������5&01��������������		������������������

��������&	������������������	���	�����������������������

Bus PMarket(h)  Bus Po Qo 
1 2.0  3 -0.6 -0.3 
2 0.275  4 -0.8 -0.1 

   5 -0.8 -0.2 
 

�����4��J���	���	���������������

Bus ΔPg0
max ΔPgj

max rco rcj  Bus ΔPj
max scj 

1 20% 15% 10 10  3 50% 70 
2 50% 40% 10 10  4 50% 70 
      5 0% - 
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Bus ΔP*g2 ΔP*g8  Bus ΔP*
2 ΔP*

8 
1 -0.40 -0.37  3 0.28 0.018 
2 0.11 0.11  4 0.0 0.23 

   

F(ΔPgo)  
1

G(p j∑
=

)Δ
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j
jP
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(Fp post
j∑

=
)Δ

L

j
jPg

 

0.0 M.U./h 0.37 M.U./h 0.1 M.U/h. 
HEcSED= 0.47 M.U/h. 
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Bus rco rcj  Bus scj 
1 10 10  3 80 
2 10 10  4 80 

 

0	�������%�'%7�������������5&01����3�=D.��������������������.��	���	������������+��������
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Bus ΔP*g2 ΔP*g8  Bus ΔP*
2 ΔP*

8 
1 -0.09 -0.06  3 0.0 0.0 
2 0.11 0.09  4 0.0 0.0 

    

F(ΔPgo)  
1

G(p j∑
=

)Δ
L

j
jP

 
 

1

(Fp post
j∑

=
)Δ

L

j
jPg

 
cAmax 

0.0 M.U./h 0.0 M.U./h 0.035 M.U/h. 0.216 M.U/h. 
HEcSED= 0.25 M.U/h. 
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Bus rco rcj  Bus scj 
1 10 10  3 40 
2 10 10  4 40 
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Bus ΔP*g2 ΔP*g8  Bus ΔP*
2 ΔP*

8 
1 -0.18 -0.12  3 0.08 0.0 
2 0.11 0.10  4 0.0 0.02 
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cAmax 

0.0 M.U./h 0.07 M.U./h 0.05 M.U/h. 0.1 M.U/h. 
HEcSED= 0.22 M.U/h. 
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