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Abstract-This paper presents the intuition of power flow tracing techniques to determine

amount of reactive power delivered by the regulating devices. The reactive power loss allocated to 

the users of the transmission line is evaluated. The reactive power flow including the effect of power 

components like capacitors, shunt admittance

power sources towards the reactive power is compared with three different reactive power evaluation 

methods namely Equivalent reactive compensation (ERC)method, Modified Ybus method and Virtual 

power flow approach method by taking WSCC9 bus system and Indian Utility 62 bus system. Reactive 

power pricing to find opportunity cost of generators and capacitors were validated using IEEE

bus system as test system. 
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1. INTRODUCTION 

Reactive power management is very essential to 

supplying reactive loads through transmission line

mandatory to know contributions of reactive power delivered  by the regulating devices for 

the particular load condition. Reactive power dispatch with voltage profile management is 

presented in [1].The Coordination of voltage and reactive power control in distribution and 

transmission system is presented in [2].

greater importance in the value assessment and evaluation [

to quantify the value and to compensate the service of reactive power support. 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 

necessary for the competitive market to operate economically, efficiently and for the 

guarantee of open access to all system users.

Several papers with several methods have been developed to solve reactive power 

allocation problem in the last few years. Methods based on the system Y

matrix methods can integrate the network characteristics and circuit theories [

from the load flow solution, branch currents are determined as a function of generators’ 

injected currents by using information from the bus impedance matrix. Similarly, 

contribution to bus voltages is computed as a function of each 

flow tracing method is effectively used to find the contribution of reactive power flow in 
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pricing, Equivalent reactive compensation (ERC) method, Modified Ybus method, Virtual 

Reactive power management is very essential to deliver real power (watts) and 

through transmission line. In restructured power market it is 

mandatory to know contributions of reactive power delivered  by the regulating devices for 

Reactive power dispatch with voltage profile management is 

Coordination of voltage and reactive power control in distribution and 

]. The dynamic Var support from generator is much 

greater importance in the value assessment and evaluation [3,4].This has resulted in a need 

to quantify the value and to compensate the service of reactive power support. 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 to loads. This is 

necessary for the competitive market to operate economically, efficiently and for the 

guarantee of open access to all system users. 

Several papers with several methods have been developed to solve reactive power 

e last few years. Methods based on the system Y-bus or Z-bus 

matrix methods can integrate the network characteristics and circuit theories [5]. Starting 

from the load flow solution, branch currents are determined as a function of generators’ 

nts by using information from the bus impedance matrix. Similarly, 

contribution to bus voltages is computed as a function of each generator. Modified power 

flow tracing method is effectively used to find the contribution of reactive power flow in 



M. SUSITHRA & R. GNANADASS: Reactive Power Tracing & Pricing for Practical Utility System  

 

 203 

transmission line and loads. This tracing method would make it possible to charge; 

suppliers/generators for the actual amount of line loading and loads for losses caused, thus 

encouraging efficiency. 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 [7,8].   Bialek suggested 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 downstream looking algorithm look at the nodal balance of outflows and it 

determines how the generation is distributed between each of the loads [9]. In case of 

reactive power this approach introduces fictitious nodes on transmission line which act as 

of these fictitious reactive power source or sink [10]. Due to the effect of this 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 [11,12]. This 

paper compares the four different methods to solve the reactive power allocation problem. 

Reactive power pricing is another important issue in reactive power management. 

From the generator capability curve it is necessary to find Reactive power production cost 

allocated to loads and the cost of reactive power loss occurring in transmission line to loads 

[13,15]. Several papers [14] have been published in dealing with OPF incorporating 

reactive power contribution. For a large-scale power system, more than one capacitor may 

have to be installed in order to achieve the desired performance. Therefore it is necessary to 

find reactive power pricing including the effect of capacitors. Studies have been conducted 

to estimate reactive power pricing in restructured power market. 

This paper proposes reactive power flow tracing method to allocate reactive power 

loss to individual load from generators along with shunt admittances and capacitors. 

Following that reactive power production cost anchored in contribution of reactive power is 

estimated. Finally different usage cost is evaluated. The effectiveness and potential of the 

proposed approach has been demonstrated using IEEE 30-bus system. 

 

2. COMPARISION OF VARIOUS METHODS 

 

2.1.Equivalent Reactive Compensation (ERC) Method: 

 

Kundur et al[3] introduced a new concept for reactive support valuation of the 

generator. When a Var source changes its output,the network voltage profile and stability 

level would change. To keep same degree of network security,Var compensations can be 

added(at all load buses).The total amount of fictitious compensation added is a direct 

measure of the value of missing Var output from the source. The fictitious injected reactive 

power is termed as Equivalent reactive compensation. This section has described an 

Equivalent Reactive Compensation (ERC) methods for computing the value of reactive 

power. 

The main steps are summarized briefly below: 

 

Step 1: Establish a solved case for the system condition of interest. 
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Step 2: Add fictitious condensers to each load bus. 

Step 3: Hold the reactive power output of all existing dynamic reactive sources at the 

base case levels; 

Step 4:  For the dynamic VAr source to be valued, decrese its reactive power output 

from the base case value to zero  or until load flow diverges. The total reactive power 

output of all fictitious condensers, QERC are calculated in the process. 

Step5:  Step (4) is repeated by increasing the reactive power output of the study source 

from the base case value to the maximum value. 

Step6: Plot QERC as a function of Qi,the output of the evaluated source. This curve 

measures the impact of Qi on the system. 

Sensitivity coefficients of the value curves for all generators could be established. 

This method gives information about the most efficient generator to system security and 

dynamic reactive power supply. But the limitations of this method is not capable to give 

exact sensitivity of the corresponding generator when subjects to different case studies and 

does not give any information about contribution of that load and line acquired from 

generator. 

2.2. 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. Starting from the 

concept of circuit theory, it uses the modified admittance matrix to decompose the load 

voltage dependent term into components of generator dependent terms. By using these two 

decompositions of current and voltage terms, the real and reactive power transfer between 

loads and generators are obtained [10]. 

The proposed methodology begins with the system node equation. For the 

convenience of explanation, it is assumed 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 shown in (3). 
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Equation (3) can be briefly represented as the following (4): 
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Calculate the equivalent admittance of each load bus with equation (3): 
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where, jSL  is the apparent power of load on bus j, jYL is the equivalent admittance of 

load on bus j, 

jVL  is the resultant voltage of bus j of power flow analysis.  

We use (4) to calculate the equivalent admittance of every load and then modify the sub 

matrix [YLL] in the original Y bus matrix. The modification is executed by adding the 

corresponding,
 
YL j to the diagonal elements in the [YLL] matrix, so the original matrix 

[YLL] is replaced by matrix [YLL’]. With the equivalent admittances of loads being 

represented, the load buses will have no injection current, thus reducing the sub-matrix [IL] 

to [0]. Hence, (3) is changed as shown: 







=














0

IG

VL
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YLLYLG

YGLYGG

                                    (5)  

Equation (4) on the lower half part of the matrix is used to arrive at: 

[ ][ ] [ ][ ] 0' =+ VLYLLVGYLG                                    (6) 

and then the relationship functions can be obtained as follows: 

[ ][ ] [ ][ ]VGYLGVLYLL −='                                 (7) 

[ ] [ ] [ ][ ]VGYLGYLLVL
1

'
−

−=                                             (8) 

In (8), it is assumed that 

[ ] [ ] [ ]YLGYLLYA
1

'
−

−=                                                     (9) 

and (7) can be rewritten as 

[ ] [ ] [ ]VGYAVL =
                                               

(10) 

The voltage of each load bus consisting of the voltages contributed by individual 

generators is expanded as shown in the following equation: 

iij

g

i

j VGYAVL *,

1

∑
=

=                                               (11) 

and it is assumed that 

iijji VGYAVL *,, =∆                                                  (12) 

where jVL∆ is the voltage contribution is that load acquires from generator. Equation 

(12) may also be expressed as 

∑
=

∆=

g

i

jij VLVL

1

,                                                           (13) 
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With (12), 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 ILVLQL ∆=                                 (14)  

where jIL  is the load current which is to divide the power of the load by known load 

bus voltage and take the conjugate of the complex number on load bus j.  

Reactive Power Contribution that load j acquires from generator i can be 

determined from (14). 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 also changed, reflecting in a change that can be seen as a reduced share on 

each load bus of the reactive power from existing generators. Therefore by using this 

method the contribution of reactive power including the effect of capacitor can be 

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

calculated. 

 

2.3. Virtual Power 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 the all 

the respective virtual contribution. The procedure of this method to find the contribution of 

an each generator to the line flow, loads and losses are given below. 

1.  Perform load flow / state estimation of the network. 

2.  Read bus voltage phasors, real and reactive power injections at generator buses, loads 

and network parameters. 

3.  Convert all the loads to equivalent admittances at the operating point by the relation, 

2
)0(

)()(

iV

o
ijQ

o
iP

load
iy







 +−

=
       i=g+1,g+2…n 

4.   Modify the network Y bus matrix to include loads   as admittances. 

5.  Inject equivalent current from one source at a time to respective bus and obtain 

corresponding bus voltage profile. 

*)0(

*)0(
)(

i
V

i
So

i
I =

 where )0()0()0(
ijQiPiS +=  

6.   Determine all the resulting branch currents for the Voltage profile obtained from this 

source. 
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7.   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 −− ∆+∆
. 

    where, a
y is the series admittance and 

b
y is the half line charging susceptance. 

                   

)2(
,

)1(
jiSjiS −∆−∆  are called as virtual flows due  to source at node1 and node2. 

8. 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. It can be   ascertained that the load power. 

)(

1

)0( k
i

g

k
i

SS ∑ ∆=

=  

This method finds the virtual contribution of reactive power to transmissions lines 

and loads. But the limitation of this method is contribution of reactive power to line losses 

cannot be calculated.  Also this method does not calculate the reactive power generation 

due to static and dynamic sources. 

 

3. 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 [12-14]. 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 lossless [15]. 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. 

  
3.1. 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 ,, =                                                                                
          (15)
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∑
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kDijQ ,
is reactive power loss allocated to the kth load ,        l is total number of loads 

served by transmission line i-j. 

DijQ is total reactive power loss in the transmission line i-j.
kijQD ,

is reactive power 

loss distribution factor (QLDF). 

 

3.2. The Algorithm to obtain this objective is given below: 

Step 1: Obtain the Power Flow solution for given system. 

Step 2: Calculate new reactive power in each line due to the reactive power generated by 

shunt admittance Qshunt 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

, =
 

ishuntQijQNewijQ ,, +=
 

ijshBjVjshuntQ ,2/
2

, =
 

jshuntQjiQNewjiQ ,, −=
   

 
Fig.1. Transmission line π model and the forward/ backward current 

Step 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. 

Step 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  

�� = ∑ �����	
����	
(�) + ���      Let 

jij PPij
c

−=
        Therefore, ��� = ���      (16) 

             The Elements of upstream distribution matrix can be calculated by 

[ ] ( )










∈−=−

=

=
−

otherwise

lfor
P

P
C

jifor

A
u

i
j

ij

jiiju

0

1

α                            (17) 

Step 5: Find the inverse of upstream distribution matrix  

Step 6: The contribution of kth generator to ith load is found out using 
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1

1
  for i=1,2,...n.                                                  (18) 

 Step7: The contribution of kth generator to i-l line is found out using 

GK

n

1k

G
ki,ii

i

li
li PDP

P

P
P ∑==

=
−

−
−

 for all )( d

il α∈
                                                

(19) 

  where,����,�
� = |����| ���

����� ��⁄  is generation distribution factor. 

 
  Step 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

l
liPP

d
i

i
+∑

∈
−=

)(α
   

=
LiP

l
iPliC

d
i

+∑
∈ )(α

                    (20) 

  

                      Let   lilli PPC /−=   Therefore  �� − ∑  ���!	
(") �� = �#�(or) LPPdA =  

   The Elements of Downstream distribution matrix  can be calculated by 

[ ] ( )










∈−=−

=

= −

otherwise

lfor
P

P
C

lifor

A
d

i
l

il
liild

0

1

α

  

                   (21) 

Step 9. Find the inverse of downstream distribution matrix (Ad
-1)  

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

                                    Dij
Q

kij
QD

kDij
Q ,, =

               (22)
 

This method is very much effective. The advantage of this method is that the 

introduction of  fictitious   node in each transmission line is avoided. Thus the size of the 

system is minimized. This  method  also  deals with one of the ancillary  services  that  is 

power  loss  and  proposes a simple method  to  allocate  transmission  line losses to  

individual loads. This methodology can also identify the amount of reactive power 

generated by transmission line and power components like capacitor, shunt admittance etc. 

 

4   REACTIVE POWER PRICING 
 
4.1  Reactive Power Production cost 
 
 From the capability curve of the generator, when generator is supplying reactive 

power, we can know the amount of real power it is not supplying. This loss is known as 

opportunity cost of reactive power production. It is necessary to find opportunity cost in 3rd 

region of capability curve (16).This paper presents reactive power pricing to find the 

opportunity cost or production cost of various components of practical utility system 

 

Objective Function: 
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 ( ) ( ) ( )QGK GK ci ci

i NG i Nl i Nl

OPPORTUNITY CO C Q C Q Csci sciS QT

∈ ∈ ∈

+= +∑ ∑ ∑
     (23)

 

        where ,   )( GKQGK QC is opportunity cost of generator, )( scici QC
 
-opportunity 

cost of capacitor, 
  

)(QsciCsci is opportunity cost of synchronous condenser. 

 
The Production cost of generator can be given as 

rQSCSCQC GKGKPGKGKPGKGKQGK 



 −−= )()()( 2

max,
2

max,

                              (24)

 

 where,
 

QGKC  is reactive power production cost of kth generator, r  is profit rate. Let 

r=0.05. and PGKC is real power production cost of kth generator, max,GKS  is complex  

power of kth generator,  
 
The Production cost of capacitor can be given as 

( )
8760

/$ MVarICQ
QC ici

cici

××
=

α

                                                               (25)

 

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 above. 

            where, α =
1)1(

)1(

−+

+
n

n

r

rr
is recovery factor,

 iIC Investment cost of ith capacitor. 

The Production cost of synchronous condenser is ‘m’ times higher than the capacitor 
                      

 
Based on the reactive power components present in the system the overall 

production cost can be calculated. After finding production cost then different usage cost 
will be calculated by using the procedure below. 

 

4.2   Reactive Power Usage Cost Allocation 
 

In power system different type of power sources delivers reactive power to the 
loads in different rates. But these sources use 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 multiplied by the charge  ilC  for 

the line use and divided by the net flow in the line. 
Then transmission network usage cost can be calculated from (19) is 

[ ]
∑
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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. 
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Reactive power loss occurring in transmission line to loads can be estimated by using 
(22).Then the cost of reactive losses in transmission network can be allocated to the load is 
given by 

ij

n

i j
kijLK CQDU

d
i

×∑ ∑=
= ∈1

,
α

                                                                       (27) 

where kijQD ,  is reactive power loss distribution factor, and  

            
ijC is transmission line ji −  cost for reactive power loss 

The contribution of reactive power from source to ith load can be estimated by using 
(18).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

Q
U ×=

−

=

∑
1

1

                                                                              (28) 

Where, GrkC is the reactive power production cost of rth reactive power source at kth bus.  

 

4.3   Computational Steps Involved in Reactive Power Pricing 
 

Step 1:    Get the bus data and line data for given power system and solve for Newton 

Raphson load flow. 

Step 2:    From the power flow analysis, add the effect of shunt admittance with each line  

flow.  

Step 3:    For the given system form the lossless network. 

Step 4:    Calculate the Distribution Matrix i.e. upstream and downstream matrix 

Step 5:    Calculate the contribution of generator to load and amount of reactive power flow 

in line due to generator using upstream matrix. 

    Step 6:    Calculate the amount of reactive power flow and amount of reactive power  loss 

in a  line due to each load   

                 using downstream matrix. 

Step 7:    Calculate amount paid by generator for line usage. 

Step 8:    Calculate amount paid by load to generator and to line loss for it creating. 

 

5. SIMULATION RESULTS AND DISCUSSION 

 The study has been conducted by taking Western System Coordinated Council 

(WSCC) 9 bus system and Indian Utility 62 bus system as test cases. 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 N-R method. The line flow limits should not be violated during the power 

flow. In the current market scenario, the real power is traded in the power exchange and the 

responsibility of system operator is to maintain the reactive power, voltage and security of 

the system. In this paper, the reactive power contribution of generation sources were 
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determined using ERC,Modified Ybus,Virtual power f

methods. In this context, the influence of reactive power delivered by the generation 

sources alone taken for the analysis. 

The WSCC 9 bus system consists of 3 generators,6 load buses and 9 transmission 

lines and total load of  315MW and 115MVAR and The 

consists of 19 generators,89 transmission lines(220KV) an

1270 MVAR. 

The following three case studies were carried out to demonstrate contribution of 

reactive power delivered by the sources by four computing methods.

1.Base case condition(WSCC 9bus

2908MW) 

2.Increased in load condition  (120 %)

3.Contingency case  (One transmission line contingency)

 

The results are presented in two steps

power pricing 

 

Step: 1 Reactive power contribution

In this step the reactive power contribution from generators to loads and 

transmission lines are evaluated using different methods.

and disadvantages are summarised below.

 

5.1 ERC Method 

Reactive power capability of the generator was 

sensitivity factors using ERC method by taking WSCC 9bus system as test system and 

results are illustrated in this section. The

studies are illustrated in figure 2.It is inferred that 

base load condition. Therefore that generator  is most efficient to our test system.

Generator 3 and 1 are sensitive during increased in load and contingency conditions.

 

Fig.2.Sensitivity factor using ERC 
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Reactive power contribution 

p the reactive power contribution from generators to loads and 

transmission lines are evaluated using different methods. Each method’s results, advantages 

below. 

Reactive power capability of the generator was determined by computing 

sensitivity factors using ERC method by taking WSCC 9bus system as test system and 

section. The computed sensitivity factors for different case 

.It is inferred that the generator1 is less sensitive during the 

that generator  is most efficient to our test system. But 

Generator 3 and 1 are sensitive during increased in load and contingency conditions. 

 

2.Sensitivity factor using ERC method 
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So, the limitation of the ERC method is not able to give exact sensitivity of the 

corresponding generator when subjected to different case studies. For Indian utility 62 bus 

system, it gives sensitivity factor result for all the 19 generators. Due 

could not be given. In order to overcome above said limitations, reactive power delivered 

by the sources were determined using Modified Y

Power flow tracing Method. The above said methods were illus

section. 

5.2.Modified Ybus 

The figure3 shows the result of Modified Y

Indian Utility 62 bus systems. In WSCC 9 bus system, at different case studies, generator1 

only contributes maximum amount of reactive power. In Indian Utility 62 bus system at 

base case level, 7th generator gives maximum amount of reactive power. But in the case of 

contingency generator 2 and in increasing load condition generator 5 supply large amount 

of reactive power. 

This method has the limitation to give the accurate result for larger system. Also, it

is not capable to identify counter flow components in a given branc

by some other sources. To overcome this limitation

find out the partial contribution to loads from all the sources.

                      
 

 

 

 

 

 

 

 

 

 

 

 

Fig.3.Reactive power contribution of WSCC9 bus and Indian Utility 62 bus system
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limitation of the ERC method is not able to give exact sensitivity of the 

corresponding generator when subjected to different case studies. For Indian utility 62 bus 

system, it gives sensitivity factor result for all the 19 generators. Due to page constraint it 

could not be given. In order to overcome above said limitations, reactive power delivered 

by the sources were determined using Modified Ybus, Virtual power flow approach and 

Power flow tracing Method. The above said methods were illustrated in the following 

the result of Modified Ybus method for WSCC 9 bus system and 

bus systems. In WSCC 9 bus system, at different case studies, generator1 

only contributes maximum amount of reactive power. In Indian Utility 62 bus system at 

generator gives maximum amount of reactive power. But in the case of 

generator 2 and in increasing load condition generator 5 supply large amount 

This method has the limitation to give the accurate result for larger system. Also, it 

is not capable to identify counter flow components in a given branch of network produced 

this limitation, virtual power flow approach is used to 

find out the partial contribution to loads from all the sources. 

 

3.Reactive power contribution of WSCC9 bus and Indian Utility 62 bus system 
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5.3. Virtual Power Flow Approach 

The virtual power flow tracing approach can identify counter flows and also 

handles loop flows equally well. 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 loads by each source of the network is in some  proportion and the  

actual contribution is the superposition of the all the respective virtual contribution. The 

procedure of this method to find the contribution of an each generator to the line flow, loads 

and losses are given in section2.3.Table 1 shows the result of Virtual Power Flow Approach 

and comparison with Modified Ybus for WSCC 9 bus system. In both methods, the 

contribution of reactive power from each generator to each load can be calculated.  

Table 1: Contribution of reactive power in MVAR from each generator to each load 

  

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. To avoid this above mentioned limitations, Modified Power Flow 

Tracing Method is used. 

5.4. Modified Power Flow Tracing Method 

The main objective of modified power tracing method is to allocate reactive power 

loss to each load based upon the proportion of reactive power flow in the transmission line 

and their power factor. The lossless network was obtained by adding half of the line loss to 

the power injections at each terminal of the line. 

Then the electricity tracing is derived by constructing downstream and upstream 

matrices. The downstream-looking algorithm look at the nodal balance of outflows and it 

gives how the line flows are supplied from individual generators and the amount of power 

supplied by a particular generator to a particular load. 

The upstream looking algorithm look at the nodal balance of inflows and it is used 

to determine the line flows supplied by individual load. The importance and the procedure 

of power flow tracing algorithm is given in section 4. Reactive power (MVAR) flow in 

each line from each load is given in Table 2. 

 

 

 

 

 

Method Load 
Bus No. 

Base Load Condition Increased  in Load Condition Line Outage 

Condition 

G1 G2 G3 G1 G2 G3 G1 G2 G3 

Modified 

Ybus 

5 27.910 16.830 10.310 30.420 18.570 11.430 38.520 20.760 10.680 

6 16.760 7.8600 7.9600 18.270 8.7100 8.7400 7.3200 10.110 15.520 

8 12.040 14.570 10.690 14.420 17.500 12.840 9.6700 17.240 14.960 

 

Virtual 

Power 

Flow 

Approach 

Load 

Bus No. 

Base Load condition Increased in Load Condition Line Outage Condition 

G1 G2 G3 G1 G2 G3 G1 G2 G3 

5 27.912 13.470 15.246 30.412 18.579 11.435 38.975 19.470 11.246 

6 15.737   8.392 7.119 17.780    7.8192 8.1190 7.780 11.192 15.119 

8 12.041 14.571 19.575 14.428 17.580 12.874 9.676 17.240 14.960 
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Table 2: Reactive Power flow ((MVAR)in each line supplied by each load (WSCC 9bus 

system ) 

 

Table 3: Contribution of Reactive Power (in MVAR) due to shunt admittance 

 

Table 3 shows the result of Modified Power Flow Tracing Method result for 

Indian utility 62bus system. In this table 9th generator delivers lesser amount of reactive 

power and 49th generator delivers highest amount of reactive power. In large scale powers 

system power flow tracing method gives additional information about reactive power 

generated by var sources, shunt admittance of transmission line and it also given in Table 3. 

Step2: Reactive power pricing 

 

The reactive power contribution evaluation is mandatory to find reactive power 

pricing. By using this the reactive power opportunity cost is estimated for IEEE 30 bus 

system and the results are tabulated below.It is necessary to set values for Qmin ,Qbase ,Qmax 

.In this paper it is assumed that Qbase = 0.1xQmax and QA=0.8 xQB. Then the three regions for 

each generator of IEEE 30 bus system is shown in Table 4. 

 

Line Nos. From Bus No. To Bus No. Load 5 Load 6 Load 8 Total 

1 1 4 20.57 7.71 0.736 29.03 

2 2 7 0.00 0.00 0.741 0.741 

3 3 9 0.00 0.00 3.746 3.746 

4 4 5 29.88 0.00 0.108 29.99 

5 4 6 0.00 11.29 0.961 12.17 

6 5 7 0.00 0.00 0.182 0.182 

7 6 9 0.00 0.00 2.573 2.570 

8 7 8 0.00 0.00 1.988 1.988 

9 9 8 0.00 0.00 18.426 18.426 

Case Base Load Condition Increased in Load Condition Line Outage Condition 

Bus 
No. 

Generator 
Shunt 

Admittance 
Total 

Generation 
Generator 

Shunt 
Admittance 

Total 
Generation 

Generator 
Shunt 

Admittance 
Total 

Generation 

1 110.97 1.1803 112.15 291.8 1.138 292.94 109.6 1.075 110.71 

2 49.145 6.0439 55.189 166.64 5.592 172.23 2.406 5.482 7.888 

5 4.0854 10.573 14.658 0 9.768 9.7677 0 9.571 9.5713 

9 6.1436 1.3018 7.4454 37.884 1.252 39.136 33.91 1.227 35.141 

17 9.5241 5.9924 15.517 76.772 5.76 82.533 59.56 5.646 65.21 

23 61.35 17.378 78.728 60.771 17.38 78.149 65.31 15.9 81.214 

25 58.954 56.442 115.4 101.69 56.44 158.13 46.38 51.49 97.87 

32 59.147 4.1726 63.32 83.66 4.173 87.833 55.71 3.791 59.501 

33 84.474 6.6599 91.134 122.3 6.66 128.96 45.91 6.052 6.052 

34 9.3233 9.8298 19.153 18.182 9.83 28.012 10.41 8.945 19.351 

49 127.94 18.083 146.02 142.36 18.08 160.45 124 16.51 140.5 

50 10.965 4.449 15.414 17.046 4.449 21.495 13.2 4.036 17.237 

51 113.27 3.7865 117.05 112.67 3.787 116.46 110.5 3.449 113.9 

54 95.588 10.692 106.28 127.2 10.69 137.89 104.2 9.702 113.87 

57 104.17 9.7023 113.87 95.588 10.69 106.28 127.2 10.69 137.89 

58 13.201 4.0361 17.237 10.965 4.449 15.414 17.05 4.449 21.495 
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Table 4: Reactive power suppl

Buses having 
generators 

Classifications of regions for 

$�(0to $%�&) $'($

1 0 to -60 

2 0 to -40 

5 0 to -40 

8 0 to -10 

11 0 to -6 

13 0 to -6 

 

The Reactive power opportunity cost is necessary to estimate in the third region 

($( *+$,). From the contributions of reactive power and by solving Eq

the production cost of generator and capacitor are obta

Table 5: Reactive power production cost of generator and capacitor

Generator Production cost in 

$/MVAr 
1 854.640 

2 832.088 

5 782.535 

8 876.861 

11 734.183 

13 658.544 

 

After calculating production cost then different usage cost is estimated. First 

Transmission line usage cost is calculated using Equation

Figure 4. 

From Figure 4 it is observed that when 11
power to 14th line then transmission line usage cost is more compared to other generators 
and transmission lines. The reactive power generation cost of generator also calculated by 
using (28) and the result is shown in Table 

 

Fig4. Transmission line usage cost of generator
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Reactive power supply region 

Classifications of regions for -. -/01 -/23 

$,456to$() $7($( *+$,) 
 

10 to 80 80 to 100 -60 100 

5 to 40 40 to 50 -40 50 

4 to 32 32 to 40 -40 40 

1 to 32 32 to 40 -10 40 

2.4 to 19.2 19.2 to 24 -6 24 

2.4 to 19.2 19.2 to 24 -6 24 

The Reactive power opportunity cost is necessary to estimate in the third region 

). 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. 

Reactive power production cost of generator and capacitor 

Production cost in  Capacitor Production cost in 

$/MVAr 
10th bus 1.119 

24th bus 0.253 

After calculating production cost then different usage cost is estimated. First 

Transmission line usage cost is calculated using Equation26 and the result is shown in 

it is observed that when 11th (no5 in fig.7) generator supplies reactive 
line then transmission line usage cost is more compared to other generators 

nsmission lines. The reactive power generation cost of generator also calculated by 
) and the result is shown in Table 6. 

Fig4. Transmission line usage cost of generator 
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Table 6: Cost of reactive power generated by each generator to each load

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 (

power loss is estimated and by using (

shown in figure 5. 

 

 

Fig.5. Reactive power loss cost to each load

 

 

 

 

 

 

Line Nos. From Bus No. To Bus No.

1 1 

2 2 

3 3 

4 4 

5 4 

6 5 

7 6 

8 7 

9 9 
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Cost of reactive power generated by each generator to each load 

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 (22) the reactive 

27) the reactive power loss cost is evaluated and is 

 
5. Reactive power loss cost to each load 

To Bus No. Load 5 Load 6 Load 8 Total 

4 20.57 7.71 0.736 29.03 

7 0.00 0.00 0.741 0.741 

9 0.00 0.00 3.746 3.746 

5 29.88 0.00 0.108 29.99 

6 0.00 11.29 0.961 12.17 

7 0.00 0.00 0.182 0.182 

9 0.00 0.00 2.573 2.570 

8 0.00 0.00 1.988 1.988 

8 0.00 0.00 18.426 18.426 



J. Automation & Systems Engineering 9-3 (2015): 202-218 
 

 

 218 

CONCLUSION 

In this paper, different Reactive power tracing methods and importance of 

modified power flow tracing method is proposed. The results of these methods are 

compared with ERC method, Modified Ybus method and Virtual flow method. Firstly, the 

reactive power contribution from generator to loads and lines are estimated. Then the 

reactive power loss allocations to the loads are evaluated. 

 From the knowledge of reactive power contribution, the reactive power production 

cost of power system components like generators and capacitors presented in the system are 

determined. By using this production cost, various usage cost of generator and loads were 

determined. This information can be used for managing reactive power ancillary services in 

restructured electricity market. 
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