
 Abstract : Competitive trend towards restructuring and unbundling of transmission services has resulted in the need
 renteto discover the impact of a particular generator to load. This paper initially presents the analysis of three diff
reactive power valuation methods namely, Modified Ybus, Virtual flow approach and Modified Power flow tracing to 
compute the reactive power output from a particular generator to particular load. Among these methods, the 
modified power flow electricity tracing method is identified as the best because of its various features. Secondly, 
based on this Method, the opportunity cost for practical system is determined. Hence, this method can be useful in 
providing additional insight into power system operation and can be used to modify existing tariffs of charging for 
reactive power transmission loss and reactive power transmission services. Simulation and comparison results are 
shown by taking  IEEE 30 bus system as test system. 

 Index Terms— Modified Ybus method, Modified Power flow tracing Method, Reactive power pricing, Virtual Flow
 Approach

I.  INTRODUCTION 
The modern power industry is changing from one 
based on vertically integrated market to a new 
form based on competition and privatization. This 
results in the unbundling of the vertically 
integrated functions of generation, transmission 
and distribution. In deregulation sector, each 
electric power service should be economically 
valued and the fair rules for evaluation and 
compensation should be established. Reactive 
power service is one of the key ancillary services 
and its trading is becoming a reality for 
restructured electricity markets [1]. In paper [2], a 
cost-based reactive power pricing approach which 
integrates the reactive power cost minimization 
and the voltage security problem into the optimal 
power flow (OPF) is presented. The dynamic 
VAR support from generator is of much greater 
importance in the value assessment and 
evaluation [3&4]. In view of market operation, it 
becomes more important to know the role of 
individual generators and loads to the networks 
and power transfer between individual generators 
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Nomenclatures 
)( scici QC  Opportunity cost of capacitor 
)( GKQGK QC  Opportunity cost of generator          
)(QsciCsci  Opportunity cost of synchronous condenser 

PGKC                Real power production cost of kth generator 
QGKC    Reactive power production cost of kth generator 

  l    Total number of loads served by transmission 
line i-j 

DijQ                Total reactive power loss in the transmission 
line i-j 

kDijQ ,
               Reactive power loss allocated to the kth load

r  Profit rate 
max,GKS  Complex  power of kth generator 
jSL  Apparent power of load on bus j 
jVL  Resultant voltage of bus j of power flow 

analysis 
Ya    Series admittance 
Yb                 Half line charging susceptance  

jYL                Equivalent admittance of load on bus j 
)1(
jiS −∆                Virtual flows due to source at node 1
)2(
jiS −∆                Virtual flows due to source at node 2

VPFA Virtual Power Flow Approach 
VAR Volt Ampere Reactive 
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to loads. Several methods have been developed to 
solve the allocation problem in the last few years. 
Ybus or Zbus matrix methods integrate the network 
characteristics and circuit theories [5] which are 
used to find the reactive power contribution. 
Contribution to bus voltages is computed as a 
function of each generator current injection by 
decomposing the network into different networks 
[6]. Evaluation of reactive power flow in the lines 
of the network due to individual sources and its 
contribution to each load are determined by using 
virtual flow approach. Counter flow components 
are easily determined and loop flows are handled 
without any difficulty [7]. Tracing of electricity 
gains importance as its solution could enhance the 
transparency in the operation of the transmission 
system. Recently, a novel electricity tracing 
method has been proposed in [8] which assumes 
that nodal inflows are shared proportionally 
between the nodal outflows. Bialek explains 
upstream and downstream looking algorithms for 
tracing reactive power flow. The upstream 
looking algorithm look at the nodal balance of 
inflows and it determines how the line flows are 
supplied from individual generators. The dual, 
downstream looking algorithm look at the nodal 
balance of outflows and it determines how the 
generation is distributed between each of the 
loads [9]. Due to the addition of fictitious node 
the network size increases, thus requiring more 
computation memory. To overcome this problem, 
a modify methodology for tracing reactive power 
is proposed in [10-12].  
In this paper, at first three different methods to 
solve the reactive power allocation problem are 
presented. The Modified power flow tracing 
method considers the transmission losses and so, 
results in much accurate consequences than the 
other methods. Hence, according to this power 
flow tracing method, Reactive power production 
cost anchored in contribution of reactive power 
and different usage cost can also be estimated and 
is presented. 
 

II. MODIFIED Ybus METHOD 
 
In this method, a new modified nodal equation 
has been developed for identifying reactive power 
transfer between generators and load. The 
purpose is to represent each load current as a 

function of the generator’s currents and load 
voltages. In circuit theory, the modified 
admittance matrix is used to decompose the load 
voltage dependent term into generator component 
dependent term. By using these two 
decompositions of current and voltage terms, 
separate real and reactive power transfer between 
loads and generators is obtained [10]. 
The proposed methodology begins with the 

system node equation. In order to explain this 
concept, it is taken as that the power system has a 
total number of n buses, g generators, and l loads, 
among which bus number 1 to g are generation 
buses and bus number g+1 to n are load buses. 
Therefore, the Y bus of n*n dimension can be 
divided into four sub matrixes as illustrated in (1). 
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Equation (1) can be briefly represented as  
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Equivalent admittance of each load bus is 
estimated as: 
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Equation (2) helps to calculate the equivalent 
admittance of every load and then modify the sub 
matrix [YLL] in the original Ybus matrix. The 
modification is executed by adding the 
corresponding, YL j to the diagonal elements in 
the [YLL] matrix. Now, the original matrix 
[YLL] is replaced by matrix [YLL’]. With the 
equivalent admittances of loads being 
represented, the load buses will not have any 
injection current, thus reducing the sub-matrix 
[IL] into [0]. Now equation (1) is changed as 
shown: 
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                (3)                         
In equation (3) the lower half part of the matrix is 
modified into: 
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[ ][ ] [ ][ ] 0' =+ VLYLLVGYLG                     (4) 
and then the relationship functions can be 
obtained as follows: 
[ ][ ] [ ][ ]VGYLGVLYLL −='                               (5) 
[ ] [ ] [ ][ ]VGYLGYLLVL 1' −−=                             (6) 
In (6), it is assumed that 
[ ] [ ] [ ]YLGYLLYA 1' −−=                                     (7)                  
and (5) can be rewritten as 
[ ] [ ] [ ]VGYAVL =                                             (8) 
The voltage of all load buses consisting of the 
voltages supplied by individual generators is 
expanded and it is shown in the following 
equation: 

iij

g

i
j VGYAVL *,

1
∑
=

=                                      (9) 

and it is assumed that 
iijji VGYAVL *,, =∆                                       (10) 

where, jVL∆ is the voltage contribution that load 
j acquires from generator i . It may also be 

expressed as 

∑
=

∆=
g

i
jij VLVL

1
,                                           (11) 

With (11), it can be recognized that the voltage 
contribution of each load bus received from 
individual generators is VL∆  . The reactive power 
contributions that load acquire from generator i is 
as follows: 

{ }*
,, *Im jjiji ILVLaginaryQL ∆=                            (12) 

where, jIL  is the load current which is obtained 
by dividing the power of the load by known load 
bus voltage and takes the conjugate of the 
complex number on load bus j.  

Reactive Power Contribution that load j 
acquires from generator i can be determined from 
(12). The calculation results might bring about 
some differences from those based on other 
methods if any static capacitor is added to load 
bus. Then, the power flows and voltages of this 
system have been changed. The bus voltage 
contributions from each generator are also 
changed, reflecting a change that can be seen as a 
reduced share on each load bus of the reactive 
power from existing generators. This method is 
much effective to find the contribution of reactive 
power including the effect of capacitor. However, 

the contribution of reactive power to the 
transmission line cannot be estimated. 

 
III. VIRTUAL FLOW APPROACH 

This approach presents the concept of virtual 
flows using the principle of superposition. The 
concept is applied to obtain virtual contributions 
of individual sources to line flows and loads. It is 
established that the virtual contribution to loads is 
by each source of the network in some proportion 
and the actual contribution is the superposition of 
all the respective virtual contribution. The 
procedure of this method to find the contribution 
of each generator to the line flow, loads and 
losses are given below. 
Step 1 Perform load flow estimation of the 
network and read bus voltage phasors, real and 
reactive power injections at generator buses, 
loads and network parameters. 
Step 2 Convert all the loads to equivalent 
admittances at the operating point by the relation, 
 ( )

2)0(

)()(

i

o
i

o
iload

i
V

jQP
y

+−
=

   i=g+1,g+2…n                   (13) 

Here )()( o
i

o
i jQP + being the complex load power 

and )0(
iV  the respective voltage of bus i for base 

case. 
Step 3   Modify the network Y bus matrix to 
include loads as admittances and inject equivalent 
current from one source at a time to respective 
bus and obtain corresponding bus voltage profile. 

*)0(

*)0(
)(

iV

iSo
iI =  where, )0()0()0(

ijQiPiS +=               
(14) 

Step 4  Determine all the resulting branch 
currents for the voltage profile obtained from this 
source. The total complex power flow in the line 
i-j is given by, 
         { } )0(*)0()0()0()0( )( ibiajiji VyVyVVS +−=−  

            = **)0()0(**2)0( )( ajibai yVVyyV −+  
                = )2()1(

jiji SS −− ∆+∆ .                    (15)  

where, ay is the series admittance,  by is the half 

line charging susceptance and )2(,)1(
jiSjiS −∆−∆  are 

called as virtual flows due  to source at node1 and 
node2. 
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Step 5 The total contributions to given load 
from all the sources is obtained by the summation 
of partial contribution by all individual sources 
and it agrees with load power as in base case. 
Then the load power at bus ‘i’ is given by 

                    

)(

1

)0( k
i

g

k
i SS ∑

=

∆=

 
                       (16) 

where , )(k
iS∆ is the partial contribution to load at 

bus i by the source at bus k and g  is the number 
of generator. 
This method finds the virtual contribution of 
reactive power to transmissions lines and loads. 
However, the contribution of reactive power 
including line losses cannot be estimated.  Also 
this method does not calculate the reactive power 
generation due to static and dynamic sources. 

 
IV. MODIFIED POWER FLOW TRACING 
METHOD 
 
The electricity tracing methodology is based on 
actual flows in the network and proportionality 
sharing principle. It deals with a general problem 
of how to distribute flows in a meshed network 
[8-9]. The proportional sharing principle basically 
applies Kirchhoff’s current law at the node and 
applies proportionality principle to find the 
relationship between incoming and outgoing 
flows. Thus, this method is equally applicable to 
real and reactive power flows and direct currents. 
The only assumption that is made in this 
methodology is that the system is assumed as 
lossless [10]. This is achieved by averaging the 
sending and receiving end line flows and by 
adding half of the line loss to the power injections 
at each terminal node of the line. 
 
A. Objective function 
The main objective of reactive power tracing 
method is to calculate reactive power loss 
allocated to each line for particular load by using 
the following equation  
 

DijkijkDij QQDQ ,, =                                       (17) 
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kDijQ , is reactive power loss allocated to the kth 
load for the total reactive power loss in the 
transmission line ji − , l is total number of loads 
served by transmission line ji − and DijQ  is total 
reactive power loss in the transmission 
line ji − . kijQD , is reactive power loss distribution 
factor (QLDF) . 
 
B. Computational Steps  
1) Obtain the Power Flow solution for given 
system. 
2) The transmission lineΠ  model shown in 
figure1 is considered and the lossless system is 
obtained. Calculate new reactive power in each 
line due to the reactive power generated by shunt 
admittance Qshunt which is connected to each bus, 
by assuming that voltage of shunt admittance is 
equal to the nearby nodal voltage.  The nodal 
voltage can be obtained from power flow using 
the formula: 

 ijshBiVishuntQ ,2/
2

, =             

ijshBjVjshuntQ ,2/
2

, =  

 ishuntQijQNewijQ ,, +=        

jshuntQjiQNewjiQ ,, −=
   

  
Fig.1 Transmission line π model and the forward/ 
backward current 
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3) Form the Lossless Network by dividing the  
line loss by 
a) Calculate the Reactive Power injection at each 
bus i.e. equal to total generated power ( Σ half of   
the transmission line loss connected to that bus)  
b) Calculate the average value of sending and 
receiving end reactive power of each 
transmission line. 
c) Calculate the reactive power at each bus i.e. 
equal to sum of outflows of that bus. 
4) Calculate the Upstream Distribution 
Matrix(Au): 
These can be calculated using upstream looking 
algorithm; it states that total flows (inflows and 
outflows) in bus ‘i’ i.e. Pi can be expressed as  

Gi
j

Piji PCP
u

i
ji
+= ∑

=
−)(α

 

 Let
jij PPijc

−=
and           

The upstream distribution matrix elements can be 
calculated by 
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5. Obtain the inverse of upstream distribution 
matrix  
6. The contribution of kth generator to ith load is 
found out using 
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1   for i=1,2,...n.      (19) 

7.The contribution of kth generator to i-l line is 
found out using
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G
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where, [ ] ijkuli
G

ji PAPD /1−
−− =   is generation 

distribution factor. 
8. Calculate the downstream distribution matrix    
(Ad): 
These can be calculated using Downstream 
Looking   Algorithm, it states that, total flows 
(inflows and outflows) in bus ‘i’ i.e. Pi can be 
expressed as 

LiP
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d

i
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Let lilli PPC /−=   

   Therefore , LdLiij iji PPAorPPCP d
i

==−∑ )()(εα
  

The downstream distribution matrix elements can 
be calculated by 
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9. Find the inverse of downstream distribution 
Matrix  

10. Calculate reactive power loss allocated to each 
line for particular load by using 

DijQkijQDkDijQ ,, =
                                     (23) 

An excellent feature of this method is that the 
introduction of fictitious node in each 
transmission line is avoided. Therefore, there is a 
reduction in size of the system. This  method  
helps to  deal with one of the ancillary  services  
that  is power  loss  and  proposes a simple 
method  to  allocate  transmission  line losses to  
individual loads. It can also identify the amount 
of reactive power generated by transmission line 
and power components like capacitor, shunt 
admittance etc. 
 

V   REACTIVE POWER PRICING 
A. Reactive Power Production cost 

When generator is supplying reactive power, 
the amount of real power which is not supplied in 
the third region of reactive power capability curve 
is considered as real power loss [12]. The cost 
estimation for this loss is known as opportunity 
cost of reactive power production. The reactive 
power pricing to find the opportunity cost or 
production cost of various components of 
practical utility system is presented in the 
equations (25-29). 
 
B. Objective Function: 
Assuming a circular capability curve of generator 
[14] the opportunity cost is estimated by using 
this expression: 
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Op.cost= )()()( QsciCsciQCQC
Nli

ci
Nli

ciGK
NGi

QGK ∑∑∑
∈∈∈

++   (24) 

where, )( GKQGK QC -opportunity cost of 
generator, )( scici QC -opportunity cost of 
capacitor, )(QsciCsci -opportunity cost of 
synchronous condenser . 
 
The Production cost of generator can be given as 

rQSCSCQC GKGKPGKGKPGKGKQGK 



 −−= )()()( 2

max,
2

max,
    (25) 

where,
 QGKC  is reactive power production cost  of   

kth  generator, r  is profit rate = 0.05, PGKC  is real 
power production cost of kth generator, max,GKS  is 
complex  power of kth generator. 
The investment cost of capacitor is dependent 
upon its voltage rating. Let the investment cost of 
‘v’ Kv rating of capacitor be $IC/Mvar. If n is 
number of years for recovering the investment 
then production cost per hour is given in (26). 
The Production cost of capacitor can be given as 

( )
8760

/$ MVarICQ
QC ici

cici
××

=
α

                         (26)
 

where,α =
1)1(

)1(
−+

+
n

n

r
rr is recovery factor a 

iIC ,Investment cost of ith capacitor. 
The Production cost of synchronous condenser is 
‘m’ times higher than the capacitor       

( )
8760

/$. MVarICQm
QC isci

scisci
××

=
α

              (27) 

Based on the reactive power components present 
in the system, the overall production cost can be 
estimated. 
Then different usage cost will be calculated using 
the following procedure.  
 
C. Reactive power Usage Cost allocation 

In power system, different type of power 
sources deliver reactive power to the loads in 
different rates. These sources utilize transmission 
line to transmit power to loads. The transmission 
line usage cost must be charged by the sources. 
The total transmission line usage cost is given by 
summing up individual shares. 
Then, transmission network usage cost can be 
calculated from equation (20) is 

Table 1. Comparison between Modified Ybus and Virtual Power Flow Approach 

Methods Load 
Bus No. 

Base Load Condition 
(MVAr) 

Increased  in Load 
Condition(MVAr) 

Line Outage Condition 
(MVAr) 

 G1 G2 G3 G1 G2 G3 G1 G2 G3 
 Mo 

D 
I 
F 
I 
E 
d 

Ybus 
 

4 0.00 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5 27.91 16.83 10.31 30.42 18.57 11.43 38.52 20.76 10.68 
6 16.76 7.86 7.96 18.27 8.71 8.74 7.32 10.11 15.52 
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
8 12.04 14.57 10.69 14.42 17.50 12.84 9.67 17.24 14.96 
9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 
Load 

Bus No. 
Base Load condition Increased in Load 

Condition Line Outage condition 
 

 
VPFA 

G1 G2 G3 G1 G2 G3 G1 G2 G3 
4 0.000 0.000

0 
0.0000 0.00 0.00 0.00 0.00 0.00 0.00 

5 27.92 16.91
300 

10.312 30.42 18.75 10.43 38.52 20.76 10.56 
6 13.73 79.39

2 
7.119 0.00 0.00 0.00 0.00 0.00 0.00 

7 0.000 0.00 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 
8 10.91 13.04 19.5 14.41 17.51 12.82 9.67 17.24 14.96 
9 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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where,  GrkQ  is reactive power generation by rth  
reactive power source at kth bus, ilC  is the i-l line 
cost. 
A transmission line is basically constructed to 
transfer power. The losses which occur in 
transmission line due to loads are an extra burden 
on transmission line is quite significant. Equation 
(17) can be used to allocate reactive power loss 
occurring in transmission line to loads. Then the 
cost of reactive power loss in transmission line 
can be allocated to the loads is given by 
 

ij
n

i j
kijLK CQDU

d
i

×∑ ∑=
= ∈1

,
α

       
(29) 

where, kijQD ,  is reactive power loss distribution 
factor, and ijC is transmission line ji −  cost for 
reactive power loss which is given in paper [13]. 

The contribution of reactive power from 
source to ith load can be estimated by using 
equation (19). Thus we can allocate reactive 
power production cost of each source to loads. 
The total cost of consuming reactive power by ith 
load, DiU can be calculated by summing up 
individual contribution of rth reactive power 
source production charge GrkC and divided by the 
total rth reactive power source generation GrkQ at 
kth  bus is given by 

[ ] Grk
ik

n

k
u

i

Li
Di CA

Q
QU ×=

−

=
∑

1

1                           (30)
 

where, GrkC is the reactive power production cost 
of rth reactive power source at kth bus.  
Opportunity cost and various usage cost result is 
shown in the following section.  
VI. SIMULATION RESULTS AND DISCUSSION 

The Western System Coordinated Council 
(WSCC) 9 bus system is taken to study and 
compare various tracing methods. IEEE 30bus 
system is applied as test system to estimate 
reactive power opportunity cost and different 
usage cost. The modelling of the power system 
components (generator, transmission line and 
loads) of the test system was carried out in the 
MATLAB environment. Power flows in 
transmission lines were determined using Newton 
Raphson method. In this context, the influence of 
reactive power delivered by the generation 
sources alone taken for the analysis. 

 
  A. Reactive power contribution 

The following three case studies were 
carried out to demonstrate contribution of 
reactive power delivered by the sources by three 
computing methods. 
1.Base case condition(315MW).  
2.Increased in load condition  (120 %) .  
3.Contingency case  (One transmission line 
contingency) 
 
 
 

Table 2.Contribution of reactive power using power flow tracing method 

 

Base case(MVAR)  Line Outage(MVAR) 
  

Increased Load Condition(MVAR) 

Bus No. 
Due to 
generator 

Due to 
shunt 
admittance Total 

Due to 
generator 

Due to 
shunt 
admittance Total 

Due to 
generat
or 

Due to  
shunt 
admittance Total 

1 26.7636 0 26.76 22.6891 0 22.6891 35.5314                   0.0000                  35.5314 

2 6.3269 0 6.326 12.0828 0 12.0828 11.4689                   0.0000                  11.4689    

3 10.3912 0 10.39 16.7795 0 16.7795 8.8704 0.0000 0.0000 

4 0 17.5778 17.57 0 9.3039 9.3039 0 17.4120                  17.4120                  

5 0 23.8987 23.89 0 24.0479 24.0479 0 23.5407                  23.5407                  

6 0 26.4767 26.47 0 15.9124 15.9124 0 25.9708   25.9708   

7 0 23.9469 23.94 0 23.7841 23.7841 0 23.8014                  23.8014                  

8 0 18.4887 28.48 0 18.1424 18.1424 0 18.3172                  18.3172                  

9 0 30.2565 30.25 0 29.3552 29.3552 0 30.0711                  30.0711 
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B.Comparison between Modified Ybus and Virtual 
Power Flow Approach 
 
 Table 1 shows the results of comparison of 
Modified Ybus and Virtual Power Flow Approach. 
Using Modified Ybus method the amount of 
reactive power absorbed by the load from 
generator sources is computed .but this method is 
not capable to identify counter flow components 
in a given branch of network produced by some 
other sources when subjected to different case 
studies. 

In Virtual power flow method by knowing the 
virtual power flows in each branch due to each 
source, the source contribution to each load can 
be obtained. It is established that the virtual 
contribution to load is by each source of the 
network in some proportion and the actual 
contribution is the superposition of the all the 
respective virtual contribution. This method is 
used to find contribution of an each generator to 
the line flow, loads and losses. But this method 
does not identify the amount of reactive power 
generated by transmission line and the amount of 
reactive power generated by static and dynamic 
reactive power sources. In order to overcome this 
above said drawbacks power flow tracing method 
is used.  

C. Modified Power Flow Tracing Method 
 

Here, Loss distribution factor identifies the loads 
responsible for reactive power loss in a specific 
transmission line and indicates their responsibility 
share. Total amount of reactive power delivered 
to the load from the sources for three case studies 
by modified power flow tracing method is shown 
in Table 2.In this table, the generator G1 delivers 
the maximum amount of reactive power in all the 
three cases. In large scale power system, power 
flow tracing method gives additional information  
about reactive power generated by var sources, 
shunt admittance of transmission line and it is 
also given in Table 2. Table 3 shows the reactive 
power loss occurring in each line is allocated to 
each load according to (17) by taking the power 
factor (cosφ) of load is 0.85 respectively. 
 

  
Reactive Power Pricing study has been 

conducted by taking IEEE-30 bus system as test 
system. It consists of 6 generator units, 24 load 
buses, and 41 transmission lines with four tap-
changing transformers and two injected VAR 
sources. The system has a base case load of 283.4 
MW and 126.2 MVAR. The cost coefficients data 
is taken from paper [13].  

According to generator capability curve, 
there are three reactive power provision range set 
by the system operator. In region 1(i.e., 1Q ) and 
region 2 (i.e., 2Q ), the generators are required to 
mandatorily provide a base leading and lagging 
reactive power support. Any reactive power 
provision beyond this area (i.e, 3Q ) is eligible for 
a payment for the increased losses in the 
windings.Hence, it is necessary to set values for 
Qmin , Qbase, Qmax in the third region. In this paper, 
it is assumed that Qbase=0.1xQmax and 
QA=0.8xQmax.Then, the three regions for each 
generator of IEEE30 bus system are shown in 
Table 4. 
Generators are basically used for producing real 
power. Thus, generators investment cost is 
assumed to be recovered from real power. So, 
when a generator is generating reactive power 
from the capability curve of the generator we can 
know the amount of real power it is not 
producing. Thus, there is loss in profit due to 
reactive power production. This loss is known as 
opportunity cost of reactive power production. As 
seen in table 4, it is necessary to estimate 
Reactive power opportunity cost in the third 
region )( BA QtoQ . 

 

Table 3. Contribution of MVAR from each load  
to each line 

Line  Load5 Load6 Load8 Total 
line  1- 4     0.20576      0.0771 0.007368 0.290307    

line  2- 7    0.0000     0.0000     0.007411     0.007411     

line  3- 9     0.0000     0.0000     0.037462 0.037462 

line  4- 5    0.29888      0.0000 0.001089 0.299977 

line  4- 6     0.0000 0.2230 0.009614 0.232709 

line  5- 7     0.0000 0.0000 0.001821 0.001821 

line  6- 9     0.0000 0.0000 0.025730 0.025730 

line  7- 8 0.0000     0.0000     0.019880 0.019880 

line  9- 8 0.0000     0.0000     0.184268 0.184268 
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From the contributions of reactive power and by 
solving Equations 24 and 25 the production cost 
of generator and capacitor are obtained and is 
tabulated in Table 5. 

Figure2 obviously shows the transmission line 
usage cost of generator which can be obtained by 
solving equation (28).  It is observed that when 
11th (no5 in fig.2) generator supplies reactive 
power to 14th line then the transmission line usage 
cost is more compared to other generators and 
transmission lines. 

 The reactive power production cost of 
generator to each load is calculated by using 
equation (30) and the result is shown in Figure 3. 

 

In reactive power management, reactive power 
loss is one of the important factors. Therefore, it 
is necessary to find losses allocated to the 
demand. Using Equation (17) the reactive power 
loss is estimated and by using Equation (29) the 
reactive power loss cost is evaluated and is 
illustrated in figure 4. 

 
Fig .2 Transmission line usage cost of Generator 

 
 

Fig. 3 Reactive Power Generation Cost 

7. CONCLUSION 
The comparison of three different methods of 
reactive power valuation is reported in this paper. 
Different methods have different results. The 
modified Ybus Method can identify the source and 
can calculate the amount of consumed reactive 
power on each load. Virtual Flow approach is 
used to evaluate real and reactive power flow in 
the network due to individual sources and its 
contribution to each load using the principle of 
superposition. The power flow tracing method 
could have wide applications in the deregulated 
electricity supply industry. Apart from giving 
additional insight into how power flows in the 
network, it can be used to set tariffs for 
transmission services based on the shared, as 
opposed to marginal costs. This includes charging 
for the transmission loss and for the actual usage 
of the system by a particular generator or the 
load. This method can also be used to assess the 
contribution of individual sources of reactive 
power in satisfying individual reactive power 

Table 4. Reactive power  (MVAR) supply region 
 
B 
U 
S 

Classifications of regions for    Q 
min 

Q 
max 

1Q  
(0to minQ ) 

2Q  
)( AbasetoQQ

 

3Q  
)( BAtoQQ

 
1 0 to -60 10 to 80 80 to 100 -60 100 
2 0 to -40 5 to 40 40 to 50 -40 50 
5 0 to -40 4 to 32 32 to 40 -40 40 
8 0 to -10 1 to 32 32 to 40 -10 40 

11 0 to -6 2.4 to 9.2 19.2 to 24 -6 24 
13 0 to -6 2.4 to 9.2 19.2 to 24 -6 24 

Table 5. Reactive Power Production Cost of 
Generator and Capacitor 

 
Generator Production 

cost in 
$/MVAr 

Capacitor Production 
cost in  
$/MVAr 

1 854.640 10th bus 1.119 
2 832.088 
5 782.535 
8 876.861 24th bus 0.253 
11 734.183 
13 658.544 
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demands and therefore be used as a tool for 
reactive power pricing. 

 Fig. 4 Reactive Power Loss Cost to Each Load 
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