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ABSTRACT

Efficient reactive power operation enhances economic operation of the power system. To
provide reliable and economic system operation, the acceptable load power factor must be analyzed
according to the demand level of load bus. This paper presents two-bus equivalent method combined
with stability index analysis to calculate acceptable load power factor range. The above method
begins with searching the critical load bus with the line stability index, where the two-bus equivalent
circuit is applied to determine the acceptable load power factor limit for the critical load bus. The
acceptable range of load power factors is portrayed as bandwidths of load power factor expressed
as a function of load level. After critical bus selection and load power factor calculation, an optimal
power flow considering load power factor is carried out to optimize reactive power source. A case
study using an IEEE 26 buses system is presented to demonstrate the suggested OPF method, and
results show that system loss is reduced as well as load power factors are improved.

1. INTRODUCTION

Large power systems are exposed to many disturbances. Recent requirements for more
intensive use of available generation and transmission have magnified the possible effects of these
disturbances. Many of these disturbances directly affect voltage control and stability.

Inadequate reactive power support from generation units, transmission lines and load power
factor correction leads to voltage instability or voltage collapse, which has resulted in several major
system failures. The voltage control and instability phenomenon are not new to power system managers,
operators, engineers and researchers.

Sufficient reactive resources must be located throughout the power systems, with a balance
between static devices and dynamic devices that change in response to control signals. Static and
dynamic reactive power resources are needed to supply the reactive power requirements of customer
demands and the reactive power losses in the generation, transmission and distribution systems, and
provide adequate system voltage including both support and control. They are also necessary to
avoid voltage instability and widespread system collapse in case of certain contingencies. Transmission
and distribution systems cannot perform their intended functions without an adequate reactive power
supply.

Reactive power sources must be distributed throughout the power system among the
generation, transmission, and distribution facilities, as well as at load (customer) locations.  Because
reactive demands and facility loadings are constantly changing, coordination of transmission,
distribution and generation reactive power is required. Unlike active or real power (MW), reactive
power (MVAR) cannot be transmitted over long distances and must be supplied locally.

The installation of a reactive source close to the load improves power factor, relieves reactive
loading on lines and equipment, reduces transmission and distribution line voltage drop, and reduces
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�	'������?������	'����������(����-�����:

 From To Index  From To Index  From To Index  From To Index 
1 1 2 0.0042 12 6 7 0.0000 23 10 22 0.0466 34 16 20 0.1248 
2 1 18 0.0454 13 6 11 0.6559 24 11 25 0.2751 35 17 18 0.2632 
3 2 3 0.1504 14 6 18 0.0952 25 11 26 0.1272 36 17 21 0.8805 

4 2 7 0.0000 15 6 19 0.0639 26 12 14 0.0718 37 19 23 0.1158 
5 2 8 0.0000 16 6 21 0.1330 27 12 15 0.0126 38 19 24 0.2509 
6 2 13 0.0854 17 7 8 0.0000 28 13 14 0.0207 39 19 25 0.2635 
7 2 26 0.2389 18 7 9 0.1350 29 13 15 0.0118 40 20 21 0.2906 
8 3 13 0.0051 19 8 12 0.0548 30 13 16 0.1564 41 20 22 0.0653 
9 4 8 0.0000 20 9 10 0.0000 31 14 15 0.0075 42 21 24 0.3197 
10 4 12 0.0602 21 10 12 0.0433 32 15 16 0.1044 43 22 23 0.0915 
11 5 6 0.0540 22 10 19 0.2521 33 16 17 0.5181 44 22 24 0.1909 
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Case gP  gQ  gS  Cost ($/h) 

Power Flow 1440.562 686.477 1595.7661 19710.9 

OPF Without PF 1435.053 607.647 1588.4005 17599.44 

OPF With PF 1433.025 592.023 1550.5005 17581.90 
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Generator power limits and operating costs 

Bus 1 2 3 4 5 26 

maxgP  700 200 300 150 200 120 

mingP  100 50 80 50 50 50 

maxgQ  - 250 150 80 160 50 

mingQ  - -40 -40 -40 -40 -15 

a  240 200 220 200 220 190 

b  7.0 10. 8.5 11.0 10.5 12.0 

c  0.007 0.0095 0.009 0.009 0.008 0.0075 
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