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ABSTRACT
In restructured power market, several ancillary services are developed for maintaining the secure operation
of power system. The voltage stability is one of the major criteria for preserving system security. The reactive power
is very essential for maintaining the voltage profile in transmission line. In this study the outline of reactive power
pricing is invoked. Here the cost function of reactive power is developed and calculated most accurately based on
generator as reactive power source. This cost function is modelled using optimal power flow in MATLAB. The
proposed method is realized in IEEE 9 bus and IEEE 30-bus system.
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1. INTRODUCTION

In an implementation of power communications reactive power plays an essential role. Reactive power
supply is used as a portion of ancillary service in deregulated power system. For pricing of reactive power several
enquires have done. Reactive power services have a substantial influence on system safety when the reactive power
is closely allied to voltages at buses throughout the power system. Voltage collapse in power network is due to
inadequate reactive power supply. By eliminating the reactive power production cost in real power pricing technique
IS same as reactive power pricing technique (Ro, 2003).

The electric power generation cost and fuel cost plays a major role in cost of power system operation.
Reactive power is more important to maintain the safety of the power network. The perfect pricing involves reactive
power supply and incentives for the investment of reactive power equipment. Chung (2004), recommends a new
technique for reactive power pricing which is apt for power market using pool model. Reactive power pricing based
on cost and considering voltage security has been proposed (Choi, 1998). A fixed tariff on the compensation of
reactive power is inadequate to deliver a proper signal for reactive power cost (Sundararaju, 2011). Baughmam
(1991), using the objective function enquires has conducted on reactive power pricing to increase the social welfare
instead of minimizing the production cost. The ability of generator to produce real and reactive power was explained
(Gowthaman, 2011).

In this paper the effect on reactive power generation cost by several factors considering generator as a source

will be going to studied (Karthikeyan, 2011). The power flow equation has taken as constraints, the reactive power
pricing problem is considered as optimal power flow problem. Both real and reactive power production cost of
generator are included in the objective function of total system production cost, in order to estimate the effect of
different factors on reactive power price accurately. IEEE 9 and IEEE 13 bus system are used for computer study.
Overview: In this paper the reactive power cost function is modeled for generator side of power system. The reactive
power sources in power system are generator, transformer, loads, and reactive power compensation devices. Among
this generator is considering as the source and the cost function of reactive power is modeled here.
Generator Capability Curve: Synchronous generators are evaluated in terms of the maximum MVA output at a
particularized voltage and power factor which they can conveyconstantly without warming. The capability of prime
mover restricts the active power. The output capability of continuous reactive power is restricted by three concerns:
armature current limit, field current limit, and end region limit.

In the underexcited condition armature currents creates flux which is summed with the field current. The
results of increase in the armature end leakage flux are due to the low field current in under excited condition and un
saturation of permeation ring. Thus the axial flux in the end regionimproves the end turn flux thus heating result may
strictly restrict the generator yield.

In the over excited region field current is high and it keeps the retained ring in saturation so the end leakage
flux is small.
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Reactive Power Pricing:
Traditional reactive power cost allocation: Generator has the capacity to produce reactive power in addition to the
real power. But in past electricity market. The cost allocation is based only on real power. After that the penalty cost
method is introduced in electricity market. Based on reactive power consumption of load. As this penalty met.hod is
not accurate and the reactive power support is important ancillary service in restructured power market. The generator
cost function is;

Total cost= cost (P) + cost (Q)

The cost function of real power, Cost(P) =a, P2 +b,P,; +c;

Relationship between the powers is obtained from the power triangle, S* = P? +Q?

The formulation of cost function of reactive power is donewith the help of cost function of real power using
the power triangle.

o

P
Figure.2. Power Triangle

Cost(Q) = 2,Qg; + b Qg +Co
Where, a, =a,sin’8 b, =b,siné c, =c,
The above cost function is framedwith the help of cost function of real powerusing power relationship. Thus

the generator investment is essentially based on the optimal solution for active power generation, employing the
same formula for the cost of reactive power will lead to wrong fixed cost.

2. PROPOSED OBJECTIVE FUNCTION
Cost function of both real and reactive power cost is contemplated in the proposed cost function. The cost
function of real power is comprised of both investments cost and operating cost. In the reactive power cost function
the operating cost is taken into account.
NQ
Objective function; C,, = > [Cost(P;)+ Cost(Qg;)]
i=1
Where, Cost(P;) : Real power cost function of generator I, Cost(Qg;) : Reactive power cost function of
generator 1, Ng: Number of generators.

Cost function of real power is; Cost(P,,) =a, P2 +b.P, +cC,
Proposed Reactive power cost function is; Cost(Q,) =0.05b, QZ

In this above equation the 0.05 is generally between 5 and 10% is the profit rate of generator real
power. In this proposed cost function only the operating cost is considered by neglecting the investment cost as it is
included in the real power cost function. The reactive power is the supporting power whereas real power is the target
power for the network. When compared to the requirement of Watts, requirement of VAR are minimum. So the
investment cost in reactive power function is ignored.

OPF constraints: For solving the OPF problem the following constraint are considered. They are,
Load flow equations:

Ng N
ZPGi _Z I:)Di - I:)Ioss =0
i=1 i=1

Ng N

ZQGi _ZQDi _Qloss =0
i=1 i=1

Where,

N
Ploss :lelvi”ijYij‘cos(eij +5j —5)

Que = NN W s, + 5, -5

Where, N: Number of buses of the System, Pioss, Qioss: Active & Reactive power loss, Active and reactive
power generation limits.
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3. SIMULATION AND RESULTS

In this section, the proposed cost function of generator is executed in both IEEE 9 bus and IEEE 30 bus
system. Without cost function of reactive power and withcost function of reactive power in the objective function
the result of both systems is simulated.
Case 1 IEEE 9 Bus system: The total cost of generator is calculated in this case by increasing and decreasing total
load of the system.

i) The objective cost function of the generator is calculated withoutcost function of reactive power.

ii) The objective cost function of the generator is calculated withcost function of reactive power.

iii) Comparing the both objective cost function of the generator without and with reactive power cost function.
2 7 8 9 3
(o —1—1

Subsystem2

S
Figure.3. Diagram of IEEE 9 bus system
Table.1. Generator Characteristics

BusNo. a | be | Ce | Rnax MW | Anin MW | Qnax MVAr | Gnin MVAr
1 |011] 5 [150] 250 10 300 -300
2 |0.08]1.2]600] 300 10 300 -300
3 [0.12] 1 |335] 270 10 300 -300
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Fig.6. Comparison of generation
cost in 9 Bus System.

Case 2 IEEE 30 Bus system: The total cost of generator is calculated in this case by increasing and decreasing total

load of the system.

Table.2. Generation Characteristics

No.Gen.Bus | ap bp Cp

1 0.02 2 100
2 0.0175 | 1.75 | 250
13 0.0625 | 1 150
22 0.0835 | 1.25 | 200
23 0.025 |3 230
27 0.025 |3 180

i) The objective cost function of the generator is calculated without cost function of reactive power.
ii) The objective generator cost function is calculated with cost function of reactive power.
iii) Generator objective cost function without and with cost function of reactive power are compared.
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4. CONCLUSION

In this study a modern technique has been projected for reactive power pricing. The projected technique
integrates the generator operating cost in the reactive power creation cost in thereactive powercost function. Using
optimal power flow techniques, proposed cost function of generator is minimized. The results obtained prove that
the reactive power cost allotment methods, is which are founded on traditional approaches, might result in wrong
fixed cost thus build misunderstanding among market participants. This may result in the protected action of the
system as well. Nevertheless; in our projected technique such short comings are enhanced. The projected technique
is easy and adjustable with only the operating cost of generator more accurate compared with the techniques of
triangular cost function. Hence, it is greatly well-suited with open access restructured environment systems.
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