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Abstract— this paper proposes a new method for locating and
sizing of reactive power compensation of power system. The pro-
posed method is based on the reactive power flow tracing. De-
fines the power loss distribution coefficient, which has direct re-
sponse distribution of reactive power sources with clear physical
concepts. Utilize this new factor to determine the points of com-
pensation. Calculate the second order loss sensitivity, combined
with the principle of most economical operation, to determine the
optimal capacity. Application of proposed method is useful for
the optimization of reactive power distribution and the reduction
of power loss. The simulation result of the IEEE 39-bus system
shows the correctness and effectiveness of the proposed method.

Keywords—Power system;Power flow tracing;Reactive power
compensation; Power loss distribution coefficient; The second order
loss sensitivity

I. INTRODUCTION

The voltage level of the power system, and the economic
operation of the system, has a close relationship with the reac-
tive power levels of the system. By reactive power compensa-
tion in several nodes could not only reduce the active power
loss and reactive network losses, but also could maintain prop-
erty voltage levels and improves the stability of power system,
to ensure that the power system could operations safely and
economy. Therefore, the choice of nodes for reactive compen-
sation is important for stability and economic operation of the
system.

Normally, the reactive compensation nodes were deter-
mined, in order to improve power system voltage stability or
economic operation. For example, reference [1] presents a me-
thod based on the concept of pilot node and a realizable algo-
rithm considering random load disturbances to decide the op-
timal allocation of reactive power, which aims at the reactive
power sources allocated most efficiently to minimize the vol-
tage deviation of nodes in point of the whole electric power
system. And in [2], a method is implemented in software con-
trol of temporal decoupling, based on energy management sys-
tem, according to the power system soft partition to determine
the reactive power source configuration location, in order to
optimize the overall voltage. Reference [3] determines the reac-
tive source configuration location by calculation of the sensi-
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tivity of the system, aims at minimizing the loss of power sys-
tem. In recent years, many scholars have tried to solve the reac-
tive power compensation with smart algorithm. For example,
taking the costs of reactive power compensation operating into
consideration, [4] sets the penalty function, implicating genetic
algorithm to determine the compensation position and capacity.
In order to minimize operating reactive power compensation
costs and raise the voltage stabilization, [5] applicants the par-
ticle swarm algorithm and improved particle swarm algorithm
to determine reactive power compensation.

Since proposed by J.Bialek in [6], research of application of
tracing the flow focuses on determining the cost over the net,
share part of using the power grid transmission equipment, and
other issues related to electricity market [7-9].

This paper proposes a method of determining the reactive
power compensation point, based on power flow tracing, which
takes optimization of the distribution of reactive power, and the
economic operation into account.

Main work of this article is this: Analyzing the losses in
each node of load caused by the reactive power flow by tracing
the distribution of reactive load in each branch, and then de-
termining the best position of reactive power compensation and
the compensation capacity.

II. APPLICATION OF TRACING THE FLOW IN REACTIVE POWER
COMPENSATION

A. DETERMINE THE COMPENSATION NODE USING TRACING
THE FLow

In this section, the system branch reactive power flow will
be decomposed to the loads by flow tracing algorithm, to de-
termine the sharing amount of each load for branch reactive
power flows.

Assume that the reactive circulating does not exist in the
network. Before tracing the reactive flow, adding a virtual node
in the middle of all the branches, and equivalent the branch
reactive power loss to the reactive load of the virtual node [10];
Line charging power is modeled as reactive power sources in
line ends as the & type line equivalent circuit. So the traditional
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m equivalent model shown in Fig.l is transformed into the
equivalent model for reactive power flow tracing shown in
Fig.2.
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Fig. 2. Equivalent model for reactive power flow tracing

The main principle used to trace the flow is principle of
proportional sharing [11]. According to the method in [6], the
reactive power contribution of load node for each branch could
be easily determined:

0, =40, (D

Where Qj is the vector of the reactive flow for each end of
the branch, Q; is the vector for reactive power for load node,
Element A(k,i) of 4 matrix indicates the reactive power contri-
bution of load node i for branch k. Thus, the reactive power
contribution of branch & for node i is:

Oy (ki) = A(k,i)* O, (i) (2)
Accoding to fig.1, active power loss of the branch is:
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Where PIOSSQ is the active loss caused by the reactive power
flow through the branch. Due to the active and reactive power
flow of power system can be approximate decoupled, the im-
pact of reactive power compensation for power flow is negligi-
ble, so that the primarily impact of reactive power compensa-
tion for active loss of the branch is P,USSQ. According to the
"proportional sharing" principle, P2 could decomposed to
each load node, the factor of load node i for active power loss
could be defined as power loss distribution coefficient (y,):

L O (k0)
0, (k)

Where n/ is the number of branches in the power system.
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If there are more reactive source nodes serve reactive pow-
er for load node 7, and the reactive power transmissions
through branch is larger than others, thereby y; would be larger
than others. So, the active power loss of the system would be
reduced effectively, if load node i was compensated properly.
Assume the number of node allowed to compensate is 4, then y;
of all load nodes were sorted descending, the largest k;, load
node would be former elected optimal reactive compensation
points.

B.  DETERMINE THE COMPENSATION CAPACITY

Equal network loss increase ratio is a classical algorithm to
determine the capacity for reactive power compensation [12].
Simple derivation process for this algotithm is as follows: The
objective function of optimal reactive power compensation
capacity distribution is to minimize the active power loss of the
system, that is:

min 7, (0;) 5)
Required constraints :
50,-3:0,-0..- ©)
Using the Lagrange function :
L=F,,(0y)- ("Zbgo, ZQLI szj (M

After derivation calculus to above equation we can get the
minimum conditions of the function:
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Equation (8) represents the principle of equal network loss
increase ratio.
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The steps of using the principle of equal network loss in-
crease ratio to determine the optimum reactive compensation
are these:

First, determine the optimal reactive power distribution, se-
lect the candidate nodes to compensate, and calculate their
network loss increase ratio, compensate the node whose lose
increase ratio is least.

After that, recalculated network loss increase ratio of all
nodes, then select least network loss increase ratio node to
compensate.

And so forth, until the network loss increase rate of all
nodes in the system are approximately equal to each other[13],
then the system reaches the status of optimal reactive flow.

Thus, solving the above calculation is an iterative process,
it’s tedious and time-consuming. This paper tries to find a me-
thod which could determine the compensation capacity ap-
proach without iterations.
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From the solving process above, we could conclude, in de-
termining the compensation capacity, P, is the function of
QOgi, which is reactive power of node 7 , and in the stable oper-
ating point, P can be approximated as a linear function of

Ogi:

/m& (QGL + AQGL ) /m& (QGL ) + Z /{JW X AQGL

G
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Assuming that P, is a function of Qg;, and around system
operating point, the second derivative of Py, for Qg; is exist.
According to Taylor's theorem,

Near AQg; equals to 0, P, =(Og;) could expanded to a
quadratic function:
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Active power loss of the power system is sum of active
power injected to all nodes:
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Where, nb is the number of nodes; G; and Bj is the real and
imaginary part of admittance between node i and node j; J; is
the difference in the voltage angles between node i and node j;
U,,U; is the voltage magnitude of node i,j.

Along with the power flow equations, we could conclude:
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Where J is Jacobi matrix
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The second derivative of Py, for Qg;, which is node to be
compensated, could be calculate by difference method:
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Generally, in a real system, the total reactive power is giv-
en, and redistribute the given compensation capacity to each
compensation node. Assuming provided compensation capaci-

ty is OCqum

In order to obtain the least system active power loss, condi-
tions below should be satisfied:

(14)
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Taking Py, of (10) instead of that in (15), along with (16),
optimal compensation capacity of nodes to be compensated is
assigned.

III. CASE STUDIES

A. DETERMINE REACTIVE POWER COMPENSATION SCHEME

For illustrative purpose, a 39-buses system is used. The to-
pology of the system is shown in Fig. 3.
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Fig. 3.

IEEE 39-bus system topology diagram

According to the result of power flow calculation, reactive
power compensation point was determined by the method pro-
posed in section 1.1, and the compensation capacity was de-
termined by the method in section 1.2.

Provided the total reactive power compensation capacity of
the system was 1.5, and 4 nodes could be compensated at most.

TABLE L. INFORMATION OF COMPENSATION NODE
-3 1
nodes (o7 Losé / aQGt Lavv / ann cor:;)[f:cs;;’l ”
4 2.1636 -0.0046 0.0015 0.3604
8 2.0733 -0.0051 0.0017 0.5897
12 1.5768 -0.0048 0.0030 0.2708
25 1.4321 -0.0050 0.0034 0.2792

According to the descending of power loss distribution
coefficient for all nodes, nodes 4,8,12,15 were selected to com-
pensate. The sensitivity of P, for nodes selected to compen-
sate was calculated in accordance with (12), (13), the second
order loss sensitivity was calculated according to (14). Finally,
the compensation capacity was determined by (15) and (16).
The results are shown in Table 1.
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B.  COMPENSATION EFFECT ANALYSIS

Fig.4 shows the contrast of power loss distribution coeffi-
cients of each load nodes before and after compensation, which
shows that, power loss distribution coefficients have been ef-
fectively reduced. At the same time coefficients of load nodes
nearby also decreased, the coefficients of other nodes changed
little.

Herein, the results above proof the stability of the coeffi-
cient defined and the effective of the method proposed on the
other hand.

Since power loss distribution coefficients of the compen-
sated nodes are reduced, so the reactive power coverage of
these nodes is reduced, and network loss was reduced and reac-
tive power distribution was improved at the same.
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Fig. 4. Comparison of Power loss distribution coefficient between the ground
state and compensation

C. COMPARISON WITH OTHER COMPENSATION METHODS

To demonstrate the superiority of reactive power compen-
sation method proposed in this paper, for certain reactive pow-
er compensation capacity, two reactive power compensation
methods were compared:

Scheme [ : Apply the reactive power compensation me-
thod proposed in this paper based on reactive power flow trac-
ing;

Scheme II': Using the principle of equal network loss in-
crease ratio to compensate

Results of the two compensation methods were shown in
Table 2, in the case of the same total amount of compensation
capacity, the two methods are approximate to each other in
system power loss reducing. Analyzing of table 2 shows the
advantages of the method proposed in this paper:

1) The maximum y (Power loss distribution coefficient) is
least in the compensation state, which ensures that reactive
power source of each load nodes absorbed range smaller than
other methods, and the distribution of reactive power flow is
more reasonable;

2) Computing speeder, proposed method calculate the
compensation capacity for each compensation node, based on

results of reactive flow tracing. Compare with method of equal
network loss increase ratio, which needs multiple iterations,
proposed method needs the first and second order loss
sensitivity only, so the amount of calculation is less.

TABLE II. RESULTS OF DIFFERENT METHODS OF COMPENSATION
Scheme Compensation Power loss Maximum y
Information 10-3)
Nodes | Capacity
Ground 0.4274 2.2864
state
Scheme | 4 0.3604
I 8 0.5897
2 02708 0.4205 1.6049
25 0.2792
Scheme | 7 0.168
I 8 0.3532
5 0.6012 0.4201 2.2455
25 0.3776

3) Fig.5 compares the voltage level improving with the
two reactive power compensation scheme, which shows that,
proposed method has better effect in raising the voltage level.

the ground state
+— propose method
106k | oonie equal network loss
increase ratio method  ;

voltage magnitude
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nodes

Fig. 5. The improvement of voltage level of different reactive power
compensations

IV. CONCLUSION

This paper analyzes the power system reactive power dis-
tribution by tracing the flow first, and then proposes a reactive
power compensation method based on reactive power flow
tracing; Analyzes the distribution of reactive power, defines the
power loss distribution coefficient, which is used to determine
the compensation point. Compensation capacity was deter-
mined by using the second order loss sensitivity.

The method could solve the problem of reactive power
compensation effectively, minimize the reactive power trans-
port distance, optimization the distribution of reactive power,
and reduce active power loss of the system, which has strong
feasibility and practicability in the power system study.

Application in the IEEE 39 buses case shows that, proposed
method is effective to solve the reactive power compensation
issues.

Proposed power loss distribution coefficient has clear phys-
ical concept, responses the effect of reactive power flow con-
tribution to system power loss directly, has a valuable role for

618
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continue exploring the power system reactive power flow in
physical.
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