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Abstract—In order to research how to availably reduce the 

active power loss value in power grid system when the power 

system is operating, it offers a quantitative research in theory 

through conceiving the unbalanced losses of power grid system 

under the overloading bus as the investigative object, and 

establishing an active power loss mathematical model. It carries 

out online real-time optimal flow calculation within the condition 

that meets the control variables and state variables of the 

equality and inequality constraints.  For some branches with 

larger network loss, it respectively adopts three methods, 

including voltage regulation method, reactive power 

compensation method, changing the branch’s cross-sectional 

area method, to reduce the general active power loss values.  

Moreover, it compares the compensation equivalent of three 

methods during the recovery process of the general active power 

loss in the power grid.  Taking IEEE14 as an example, it verifies 

the effectiveness of the proposed methods. It not only can offer a 

reasonable measure to reduce the losses of power grid, but can 

provide some reliable reference for the power grid 

dispatching personnel. 
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I. INTRODUCTION 

In recent years, with the increasement of electricity power c
onsumption, the scale of the power grid has been enlarged year
 by year, the power loss in the electricity power system is 
becoming a more and more serious problem, 
the research of how to reduce the active power loss not only be
comes the major factor of reducing the cost of electricity power 
system, but also becomes the research direction of the future’s 
electrical power supply. 

Wide Area Measurement System (WAMS) technology, 
which has a main characteristic of collecting data in 
distributed, has been widely concerned.  The main principle of 
WAMS technology is: real-time acquisition of voltage, phase 
data and relative information from Phasor Measurement Unit 
(PMU) in different grid, comparing with a synchronously 
upload to the computer, therefore monitoring and controlling 

the overall loss of power system [1-4]. Calculating the active 
power loss by computer power flow to realize the real time 
measurement of power grid, there are generally 3 basic steps: 

① Establishing mathematical model of the problem; ②
Using an efficient analysis method; ③ The preparation of the 

relevant software program [5-8]. 

This article mainly studies on how to find the combined me
asure to decrease the active power loss in the power grid.  
It sets up the mathematical model of the active power loss, and 
uses the independently developed online real-
time optimal Newton-
Raphson power flow calculation software to calculate cases. 

 This article adopts three decreasing network loss methods, 
including voltage regulation method, reactive power 
compensation method, changing the branch’s cross-sectional 
area method, to start power flow calculation for the IEEE 14-
bus system and analyze the compensation equivalent of three 
methods. It can offer a reliable basis for power grid 
dispatching personnel to adopt a more effective way so as to 
decrease the power loss in the condition of the load overload. 

II. A MATHEMATICAL MODEL OF POWER GRID 

OPTIMAL FLOW CALCULATION 

A. The objective function of optimal power active power 

loss of power network 

The intelligent vacuum circuit breaker online monitoring 
system is composed by the host computer, the lower computer 
and signal processing modules. The lower computer hardware 
platform consists of a TMS320F2812 DSP and peripheral 
hardware circuits. It collects mechanical parameters, divide-
shut brake circuit current signal and vibration signal of vacuum 
circuit breaker. The host computer uses ARM as a core, mainly 
working as remote communication with the host computer, and 
getting the results of data processing and eigenvalues from the 
DSP at the same time. The preprocessed data is transferred 
from DSP to ARM via an HPI interface, and transmitted via 
the Ethernet interface to the host computer for data analysis 
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and processing, so as to determine the current status of the 
circuit breaker, and analyze its operation situation and diagnose 
malfunctions. The system structure is shown as Fig.1. 

Through the analysis of regression loss mathematical 
model that can improve accuracy of network loss in the 
calculation of load variation which presented in the literature 6, 
in the case of consulting a lot of related information, 
successfully developing a kind of power network active power 
loss mathematical model which is suitable for online real-
time power flow calculation, the objective function 

constructed as shown in equation (1)： 

    
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min ( ) min ji ij
i j l
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                  （1） 

In the formula, jiP is the active power loss value from the  

j node flow to the i  node, ijP is the active power loss value 

from the i  node flow to the j node. 

B. The system constraints of optimal power flow [9] 

The active power loss objective function (1) should satisfy 
the constraints shown in formula (2), the constraint condition in 
the common constraint is introduced in the line flow 

constraints， in order to reasonably control the reactive power 

load distribution. 
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In the type, GiP  and  GiQ are the active power and reactive 

power output of generator i  respectively; 
LiP and 

LiQ  are 

the  active power and reactive power load of generator i  

respectively; ie and 
if  are the real part and imaginary part of 

the node voltage of i  respectively; 
iV  is the voltage value for 

node i ; ijG  and ijB are the conductance and the susceptance of 

the branch ij ;
gn  is the number of  generator；

ijS , 
ijP  and 

ijQ  

are the apparent power, active power and reactive power of 
the branch ij  respectively. 

III. A CASE OF OPTIMAL POWER FLOW CALCULATION IN 

ACTIVE POWER LOSS 

The Fig.1 is a IEEE14 node grid ，  it consists of 20 

branches, 14 nodes which contains 3 transformer 
branch and 17 transmission lines, in the 5 node of power plant, 

the 1# node is the balance node，the rest of the load nodes is 

the PQ node，the power plant node is the PV  node。 

 

Fig. 1. IEEE14 typical grid topology 

For verifying the loss compensation ability of the IEEE14 
node power grid in the long distance transmission, this paper 
selects the No.9 bus which is the furthest node from all 
generators in the theory as the research object.  Assuming 

the No.9 bus overloads， its load value is equal to 1.25 times 

the normal load conditions, that is, the load value is 
0.36875 0.2075j MW, all the remaining data of IEEE14 

node voltage are consistent with the normal conditions. 
Through the power flow calculation, we can know the before 
and after change of the general active power loss values of 
power network, specific data is indicated in TABLE I. 

TABLE I.  THE UNCHANGING AND CHANGING LOAD VALUE LOSSP  OF 

TOTAL GRID ACTIVE POWER LOSS IN 9 BUS 

Name 
The load value of No. 

9 bus/MW 

The power loss 

LOSSP  /MW 

The variation of 

network general active 

power loss increment 

value 
LOSSP /MW 

Initial 

Value 

0.295+j0.166 0.195477 

0.008618 

Change 

Value 

0.36875+j0.2075 0.204095 

As it can be seen from the TABLE I, after the load of 
No.9 bus has increased 1.25 times than before, the general 
active power loss increment value LOSSP  of network is 

0.008618MW. 

By means of three kinds of methods, including voltage 
regulation, reactive power compensation, changing 
conductor cross-sectional area, it computes the general 
power active power loss variation in every methods by the 
online real-time power flow calculation software, then let them 
respectively compare with the value 0.008618. After that, it 

gets the corresponding comparative quantities 1LOSSP 、

2LOSSP 、 3LOSSP .  The final analysis of compensation 

equivalent conditions among three kinds of methods will be 
given. 
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A. The regulation of  No.2 bus voltage 

From the flow computational results, the branch 1-2 has the 
largest network loss.  As we know, the No.1 bus is the balance 
of nodes, therefore it considers to regulate the voltage of No. 
2 bus so as to effectively reduce the network loss.  According 

to the data of the power grid ，  it analyzes the function 

relationship between 
2U  and 1LOSSP : 

2

2 21 9.6381165 17.9458 * 8.355 *LOSSP U U    .  

From Fig.2, it can be more intuitive to observe the 
corresponding changes. 

 

Fig. 2. The changing situation of 1LOSSP  with elevating of the value in 

2U  

It can be seen from the Fig.2, with the value 
2U  of 

No.2 bus voltage is gradually increasing， the general active 

power loss comparison value 1LOSSP  of power grid shows 

a decreased first and then increased trend, it can be in 

accordance with the advantages of reducing loss to adjust 
2U

value， in order to achieve the best loss reduction effect. 

B. Reactive power compensation of No.4 and No.5 bus 

From the power flow calculation, we can know that the 
reactive power near 4 and No. 5 bus is lower, therefore we 
should use compensatory of result on the spot scheme to 
compensate reactive power for No.4 and No.5 bus, so that it 
can improve active power loss value of the whole grid to 
achieve the purpose of reducing network loss. 

Specific data is shown in the TABLE Ⅱ.  

TABLE II.  THE VALUE OF 
2LOSSPD

WITH COMPENSATING 
CQD

IN NO.4、
NO.5 BUS 

)/( puQ
C

  2 / ([ var] / )LOSSP M puD  

0 0.007990106 

0.15 0.006042856 

0.3 0.004570166 

0.45 0.003456381 

0.6 0.002614035 

0.75 0.001976975 

0.9 0.001495171 

1.05 0.001130786 

The TABLE Ⅱ  shows the reactive power compensation 

increment CQD .  It is the reactive power compensation value of 

No.4 and No.5 bus is the value that is compared with 
0.008618MW after compensating for corresponding.  
According to the calculated data, it gets the function 
relationship:  

1.862181813*
2 0.007990106*

Q
c

LOSSP e
-

D =
V

.   

The corresponding situation can be seen more intuitively 
from the Fig.3. 

 

Fig. 3. The changing situation of 2LOSSPD  with compensating CQD in NO.4

、NO.5 bus 

From the Fig.3, with the reactive power compensation 
increment CQD  increasing gradually, the compared 

value of network general active power loss increment value 
2LOSSPD has shown a trend of decreasing. 

C. Changing the branch’s cross-sectional area 

which the network loss is larger 

By the power flow calculation, the IEEE14 nodes with grid 
network loss of the top six branches in descending order in turn

 are as follows in TABLE Ⅲ. 

TABLE III.  THE NETWORK LOSS DESCENDING ORDER OF IEEE14 NODE 

POWER GRID BRANCH 

Initial node 
Termination 

node 

Active power 

 loss 

The ranking 

of net loss 

1 2 0.090176 1 

1 5 0.035943 2 

2 3 0.026037 3 

3 4 0.019457 4 

2 4 0.012471 5 

2 5 0.006363 6 

Considering in this theoretical case, it changes the cross-
sectional area of different branches respectively, The 
corresponding grid changes of the general active network loss 
comparison value is shown in Fig.4. 

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

0.01

△
P

L
o

ss
1

  
([

k
V

]/
p

u
) 

U2(pu) 

ΔPLoss1 ([kV]/pu) 

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

0 0.15 0.3 0.45 0.6 0.75 0.9 1.05

△
P

L
o

ss
2

  
([

M
v
a

r
/p

u
])

 
△QC  (pu) 

ΔPLoss2 ([Mvar]/pu) 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 6, No. 2, 2015 

81 | P a g e  

www.ijacsa.thesai.org 

 

Fig. 4. The changing situation of  3LOSSPD with 1 2mm increment of cross-

sectional area values ranked the top six in power grid loss 

The Fig.4 shows that with the increasing of branch cross-
sectional area value, and it all shows a trend of decreasing 
network loss. Among them, the loss reduction effect of branch 
1-2 is most obvious, while the effect of branch 2-5 is the most 
unobvious one. 

D.  To compare compensation equivalent of the three methods 

Changing the branch’s cross-sectional area 

which the network loss is larger 

From the above analyses， we can conclude that each of 

three methods discussed can reduce the general active power 
loss in some degree.  The effects of three methods in the view 
of loss reduction are compared in order to get compensation 
equivalent.  The relationships among the three methods and the 
compared values of general active power loss are shown in 
Fig.5. 

 
Fig. 5. The relationships among the three methods and the compared values 

of power grid loss 

According to the Fig.5, the initial reactive power values of 
No.4 and No.5 bus are 0.039[ ]Mvar  and -0.016[ ]Mvar  in reactive 

power compensation method.  The initial voltage of bus is 
1.045 [ ]kV  in voltage regulation method.  The initial area value 

of each branch is 95 2mm  in changing the branch cross-sectional 

area method. 

In TABLE Ⅳ, it shows compensation equivalent of each 

method when LOSSPD  is reduced from 0.008MW to 0.006MW. 

TABLE IV.  THE NETWORK LOSS DESCENDING ORDER OF IEEE14 NODE 

POWER GRID BRANCH 

Name / (unit) 
Compensation 

equivalent 

( )2  /U puD
 

0.005 

( )/C uQ pD
 

0.15 

( ) 21 2 /  ( )A mm-
 

0.9 

According to the principle that the increasing of the 
loss maximum branch cross-sectional area value of power 
grid can improve loss reduction effect better, the cross-

sectional area compensation equivalent in the TABLE Ⅳ just 

considers changing the cross-sectional area value of the branch 
1-2.   In the Fig.5, it lists the changing relationship between the 
top six branches of the power grid loss and the general power 
grid active power loss comparison values.  Because of the 
actual situation of cross sectional area of the increment 

value can't be 1 2mm , if we consider the actual factors, it 

changes the cross-sectional area value of branch 2-5 will be 
obtained with a more reasonable compensation equivalent than 
the two method of voltage regulation and reactive power 
compensation. 

IV. CONCLUSIONS 

This article uses the online software of optimal power 
flow calculation to calculate and analyze three methods’ effect 
on the general active power loss of power network loss 
reduction in the condition of No.9 bus, which is the more distal 
bus to the generator in the network of IEEE 14 nodes, 
overloads. We can get three methods’ compensation equivalent.  
The specific conclusions are as follows: 

1) If the value of  
2U raises, the change trend 

of network general active power loss increment value 1LOSSPD

is decreased first and then increased.  When the value of 

2U  is about 1.074 [ ]kV , the effect of reducing the loss is the 

best. 

2) The increasing of 0.15 unit in 
CQ  corresponds to the 

increasing of 0.005 unit in 
2U , which means that the way of 

voltage regulation is better than reactive power compensation 

in the effect of reducing the loss. 

3) When it changes the value of cross-sectional area in 

different branches, the general active power loss comparison 

value 3LOSSPD shows a monotonic decreasing trend.  Also, it 

has a more obvious effect in reducing the loss if it raises 

cross-sectional area value of the branch which has a larger 

network loss. 

4) Both reactive power compensation method and 

changing the branch’s cross-sectional area method need to 

consider the additional expenses, so they are not economic in 

practical engineering application. Therefore, we should first 

consider it to drop network loss through voltage regulation 
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method. When the per unit value of 
2U  is up to 1.074 [ ]kV , 

then we can take changing the branch cross-sectional area 

method in order to realize the aim of decreasing the 

network general active power loss effectively. 
Through the study of different methods of reducing the 

network general active power loss, we can provide reliable 
information for the dispatchers.  This is helpful to analyze how 
to reduce the actual power grid loss effectively.  In the future, 
the research direction will be dedicated to the combination of 
synchronous phasor measurement unit and the present research, 
to realize the purpose of on-line measurement of the network 
loss among different power grid, thus it can provide more 
useful information for the power grid and relevant departments. 
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