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Abstract- This paper presents a new approach for reactive power control in the system to reduce losses and maintain proper 
voltage profile using Distribution Automation. Placement of remote terminal unit (RTU) at DG and at line capacitor in 
suitable location and their proper coordination can lead to control in reactive power flow and so improve voltage stability 
margins. These RTUs are communicated together through protocols thus working in a automated manner. Decentralized 
algorithm is employed to predict the changes in voltage profile due to supply of reactive power at the place of the capacitor bus.  
Simulation results are shown to check the validity and the efficiency of the proposed technique. 
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I. INTRODUCTION 
 
Reactive power control is an important part of 
electrical power systems to maintain voltage profile of 
feeder and minimize losses. Voltage stability is a 
fundamental component of dynamic security 
assessment and it has been emerged as a major 
concern for power system security and a main limit for 
loading and power transfer Distribution Automation 
in the power system allows utilities to implement 
flexible control of distribution systems, which can be 
used to enhance efficiency, reliability, and quality of 
electrical service. Most of the existing distribution 
systems are having radial configuration. Typically a 
distribution system serves a variety of customers like 
residential, commercial and industrial. Each type of 
customer is having a typical load duration curve. 
Hence a distribution system is subjected to a daily load 
variation depending on the customer characteristics. 
Thus the loading pattern of a distribution system at 
various buses is mostly influenced by the nature of 
customers connected to that bus. Therefore, the load 
pattern exhibits the peak at different hours of the day 
when some feeders/lines, as well as the substation of 
the RDS, become heavily loaded. Again the loading 
pattern at different buses is also different at different 
time intervals. In the present scenario of deregulated 
power market, the unbundling of the electric power 
system into individual entities like, generation, 
transmission and distribution had initiated 
competition in different levels and resulted in 
introduction of new technology and methods for 
improving the power system distribution system is an 
attractive feature for the distribution companies. The 
objective of these small distributed generation 
embedded into the existing distribution system is 
many fold. Some of the objectives are (i) Minimization 
of system losses (ii) Increasing the reliability of power 

supply etc. Hence the present paper tries to find out the 
sitting and sizing of the DG along with capacitor 
banks into an existing distribution system with various 
objectives. The nature of the problem and problem 
formulation is described in the next section. Currently, 
worldwide research and innovative efforts are focused 
in the areas of communication technologies revolution 
and application of communication protocol in the 
automation to make it more intelligent, efficient and 
cost effective. This paper presents brief overview 
about the reactive power controlled by distribution 
system automation.  
 
II. INTELLECTUAL REACTIVE POWER 

AND VOLTAGE CONTROL 
 
At present with the application of Smart Grid 
technologies the problem of reactive power and 
voltage control has obtained new meaning. This 
problem traditionally is carried out by fixed and 
switched capacitor banks, substation transformers 
with load tap changers operated by independent 
controllers.  
 
The controller use local measurements of voltage and 
current to determine the appropriate control actions 
for the associated device.  
Thus voltage and reactive power control is carried out 
independently from each other. Intellectual reactive 
power and voltage control gathers the information 
about the electric parameters at any point of 
distribution system. All information about these 
parameters are delivered to the special program 
complex which is software designed to determine the 
optimum set of control actions to achieve optimal 
required conditions. Figure 3 shows the basic 
principles of considered intellectual voltage and 
reactive power control. 
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Fig 1:- Intellectual reactive power and voltage control 

 
Intellectual reactive power and voltage control defines 
the best set of control actions for all devices regulating 
reactive power and voltage to provide the following 
objectives: 
- to minimize electric power losses; 
- to improve electric power quality (voltage level); 
- weighted combination of the above. 
 
It is also possible to minimize the number of 
operations for specified load tap changers, regulators 
or capacitor banks. So, it is possible to formulate the 
basic requirements for intellectual reactive power and 
voltage control [9]: 
- to provide the optimal voltage level at all points of 
distribution system under any loading conditions; 
- to provide the optimal power factor to minimize 
electric power losses under any loading conditions; 
- to combine reactive power control and voltage 
control to provide coordinated optimal control actions; 
- to provide self monitoring because it is able to report 
to the distribution system operator when equipment 
failure is detected; 
- to provide the distribution system operator to 
override the standard control actions if necessary, for 
example at system failures; 
- to adapt automatically to power distribution system 
reconfiguration. 
- to properly apply Smart Grid devices (metering 
systems, distributed generation etc.) as a part of the 
reactive power and voltage control. 
 
III. VOLTAGE PROFILE PREDICTION 
 
In this section two important results are proved and 
assumed for predicting the maximum and the 
minimum voltage points of the voltage profile along 
the feeder. The information of the maximum and the 
minimum points of the voltage profile is enough to 
achieve regulation of voltage and reactive power 
control across the feeder. Starting from the maximum 
voltage points the next result shows that maximum 
points of the voltage profile can only occur at the DG 
connecting buses or at a capacitor connecting buses.  

 
Fig.2. Part of a distribution system. 

 
1) Result 1: For the voltage profile of a feeder, 
maximum voltage can occur only at the DG 
connecting buses, capacitors connecting buses, and 
the substation bus, provided that the R/X ratio of the 
feeder is constant along the whole feeder. 
 
In general, minimum voltage points can occur only at 
the end of the feeder as well as near mid points or 
between any DG connecting buses. RTU measures the 
voltage and predicts minimum points in between the 
DG’s. 
 
For the minimum points in between the DG or 
capacitor connecting buses, the following result gives 
the necessary and sufficient condition for the existence 
of these points.  
2) Result 2: There exists a minimum voltage point in 
between two DG connecting buses if and only if, the 
voltage of the DG bus beside it, in the direction of the 
other DG, is minimum than the voltage of the DG bus. 
In other words, from Fig. 1 and based on this result 
and assumption, there will be a reduced voltage point 
at one of the buses from 2 to 6, if and only if, the 
voltage of bus 1 is more than the voltage of bus 2 and 
that the voltage of bus 7 is more than the voltage of bus 
6. 
 
This result is applied wherever there are two DG’s or 
capacitor bus or if where a DG and capacitor only. 
Thus knowing a minimum voltage point will give 
information through which reactive power if needed 
can be injected accordingly through capacitor bus. The 
indication of minimum voltage profile can be obtained 
from the RTU placed at each DG and this RTU’s give 
communication protocols and thus co-ordinates and 
give necessary information and action as per 
condition. This concept can also be applied over other 
networks which can give collective information about 
trends in voltage profile. 
 
We will assume that the load between the two 
elements (DG or capacitor) is occurred near the 
midpoint or halfway between them. 

 

 
Fig 3. Part of distribution system. 
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From Fig. 2, based on this assumption, the value of the 
minimum voltage points between the DG1 and DG2, 
if exists, as calculated by DG1 can be given by 

         (1) 
 
For implementation of decentralized reactive power 
control scheme, it is mandatory to propose a 
decentralized way to predict the change in the voltage 
profile due to the supply of reactive power at the 
capacitor bus. Connection of the capacitor causes the 
reactive power flow from central station bus and will 
be minimized by the amount of the reactive power 
supplied at the capacitor bus, assuming the losses are 
less. Also, all reactive power flows between any two 
buses going upwards of the capacitor bus will be 
minimized by the amount of the reactive power 
injected at the capacitor bus. 
Based on this concept we can determine the voltage 
profile of any feeder as follows; 

   (2) 
This equation shows the change in the voltage of any 
bus going upwards of the capacitor according to 
changes in reactive power supplied at the capacitor 
bus and reactance. 
 
IV. DECENTRALIZED ALGORITHM 
 
The aim of the algorithm performed by the RTU is to 
execute the capacitor to determine the reactive power 
injection accordingly. It should also take care that the 
supply of reactive power should not cause voltage rise 
and violation in system conditions. 
    
As per equations of Section II, we develop the system’s 
algorithm. The system comprises of an RTU 
connected at DG and capacitor and are linked through 
communication protocols and power line connection 
between these elements. Each RTU undertakes some 
local calibrations at its place, calculate values, gives 
logical statements, and communicate with its RTU 
beside it and thus maintain system voltage. 
    
The algorithm starts from the RTU which is far away 
from the station. There are five types of RTU 
according to their positions related to the capacitor. 
These types are: End of feeder RTU; RTU located 
downside of the capacitor; Capacitor RTU; RTU 
located upside of the capacitor; and the central 
station’s RTU. These all RTU carries information of 
the current status of voltage levels and reactive power 
needed depending upon requirement. Hence this RTU 
will coordinate with each other and send signals 
demanding the need of reactive power through 
capacitor bus and this all information and transfer of 
reactive power is controlled by the RTU itself that is 

why this scheme is named as Decentralized reactive 
power control.  
V. SIMULATION RESULTS 
 
In this section simulation results will be presented to 
checks the proposed reactive power control method. 
Fig. 3 shows the system model under study; two DGs 
are placed at buses 5 and 9 and a capacitor is placed at 
bus 7. 

 

 
Fig.4. System used for simulations. 

 
For all of the cases we define the limit and thus assume 
the data as follows: 

 central station bus voltage = 1.05 p.u 
 maximum voltage limit = 1.06 p.u 
 minimum voltage limit = 0.94 p.u 

 
We will check the ability of the algorithm to predict 
the change in the voltage profile due to the supply of 
reactive power at the capacitor. The values at the other 
buses are kept constant when different reactive power 
values are supplied at the capacitor bus 7. By using 
equation obtained in section III and running the 
program in Matlab we get plots of voltage profile as 
shown in figure below. The voltage profile predicted 
by the programmed and proposed algorithm is 
compared with the Voltage profile obtained from a 
standard power flow algorithm. 
 

 
Fig.5. Voltage profile of the system when Capacitor reactive 

power = 0. 
 

 
Fig.6. Voltage profile of the system when Capacitor reactive 

power = 20 
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Fig.7. Voltage profile of the system when Capacitor reactive 

power = 65 
 

Figs. 4–6 show the results. It is clear from these 
figures that the algorithm is able to predict the voltage 
profile of the feeder effectively and executes in a 
decentralized manner. The aim is to predict the 
necessary reactive power which will reduce the losses 
while maintain the voltage profile. After running this 
programmed algorithm the RTU will get the 
corresponding information and inject reactive power 
as per demand and here in this case the capacitor 
reactive power with Q = 65 is optimal setting and 
which do not violate voltage profile and thus it will 
reduce losses in the feeder. 
 
CONCLUSION 
 
A decentralized reactive power control method was 
presented in this paper to effectively control the 
capacitors placed in the distribution system to reduce 
system losses while maintaining voltage profile of the 
feeder. This method depends on the coordination of 
RTU placed at DG buses and capacitor buses 
communicating through protocols. Decentralized 
algorithm for the prediction of the change of the 
voltage profile by supplying reactive power at the 
capacitor bus was presented. Simulation results 
showed the correctness of the proposed method in 
controlling the reactive power sources of the system. 
The presented method can be used in Distribution 
automation by controlling the capacitors of the system 

to maintain voltage profile within limits and reduce 
the losses and increment more DGs in distribution 
systems by effective coordination between DGs and 
capacitors. 
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