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ABSTRACT 

This paper presents a coordinated Volt/Var control 
strategy of smart distribution grids where the main 
objective is to minimize the active power losses (kW/h) of 
the system. The proposed methodology uses the heuristic 
methods that allow coordinated central control of 
traditional equipment (voltage regulators and capacitor 
banks) as well as electronic power devices (solid state 
transformer and others distributed resource). For 
validation propose and showing the effectiveness of this 
method, it was first applied to a IEEE test network through 
an integrated interface between MATLAB and OpenDSS 
software. With promising results from the simulation, the 
algorithm was developed and applied in a real network 
from REG Sul, belonging to the CPFL group, through a 
computational platform called ADMS or “Active 
Distribution Management System”.  

INTRODUCTION 

   Due the increase penetration of Distributed Generation 
(DGs) on electric system, challenges such as control of 
voltage levels, losses, reverse power flow and line capacity 
are introduced [1,2]. One of the important and efficient 
method used to minimize the unwanted consequences by 
the connection of large-scale distributed resource on 
distribution grids, is Volt/Var control (VVC) [3,4].  
   In generally, most of developed VVC methods works in 
the coordination of traditional control devices such as 
voltage regulators, capacitors banks and load tap changer. 
However, these strategies do not consider the benefits 
from the distributed resource present in network for the 
maintenance of the voltage levels. Among them are 
distributed generation, reactive power injects by the 
inverters, storage energy and others equipment from power 
electronics like static var compensator and solid state 
transformer [3,4].  
  The implementation structure of VVC method, local or 
centralized, influence on the efficiency of results [4]. The 
first one, the action are applied independently from local 
measures of voltage and current, which can cause many 
conflict operation and equipment wear. The second one 
and focus of this paper, works with a centralized control of 
actions where all node of the network is monitored by the 
remoted system, acting only the more effective equipment 
for certain violation.  

 
   This paper is divided into three main parts: 
Methodology, Simulation Results and Real Network 
Application. The first one presents problem formulation 
(objective functions and operational constraints). The 
simulation results are responsible for validation propose, 
where it uses a test network to compare losses results 
between the traditional local control and the centralized 
volt/var control developed. Finally, the real network 
application shows the computational platform used by 
power utility RGE Sul and the results before and after the 
application of VVC.   

METHODOLOGY 

   Based on heuristic logic, the coordinate VCC algorithm 
proposed in this paper has as objective function (O.F) to 
find the best adjustment of field control equipment that 
minimizes the electrical losses in the system considering 
the 24 hours of the day.  
   Developed through an integrated interface between 
MATLAB and OpenDSS, the algorithm works with the 
performance effectiveness of the available control 
equipment. Generally, considers only the combinatorial 
association of equipment that is most effective in 
achieving the O.F. Therefore, it eliminates excessive 
numbers of combinations and reduces computational 
effort, providing results very close to those considered 
optimal.   

Objective Functions 
 
Active Power Losses  
   The active power losses, over a 24h period, has to be 
minimized following the formulation of equation (1). 
 

min 𝑘𝑊𝑙𝑜𝑠𝑠𝑒𝑠 = 𝑘𝑊𝑙𝑜𝑠𝑠𝑒𝑠   (1) 

  
Where 𝑘𝑊𝑙𝑜𝑠𝑠𝑒𝑠  is the sum of the losses over 24h 
period and 𝑘𝑊𝑙𝑜𝑠𝑠𝑒𝑠  are the losses per hour.  
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Operational Constraints 
   To achieve the best result for O.F, the VVC algorithm 
must respect some operational constraints during 
execution, which are presented in the following equations 
(2)-(5) :     
 

𝑉 , ≤ 𝑉 ≤ 𝑉 , á   (2) 
 

0 ≤ 𝑄 ≤ 𝑄 , á  (3) 
 

𝑇𝐴𝑃 , ≤ 𝑇𝐴𝑃 ≤ 𝑇𝐴𝑃 , á  (4) 
 

𝑄 , ≤ 𝑄 ≤ 𝑄 , á  (5) 
 
   Where in (2), the operating voltage (𝑉 ) can not violate 
the minimum (𝑉 , )  and maximum (𝑉 , á ) limits  in all 
buses of the system. In (3), the reactive power of the lines 
(𝑄 ) cannot exceed the maximum limits established 
( 𝑄 , á  ). In (4), the algorithm must respect the smaller 
(𝑇𝐴𝑃 , ) and larger (𝑇𝐴𝑃 , á ) allowed taps of 
controllable equipment and in (5), the 𝑄   is the 
contribution of reactive power injected/absorbed by the 
inverters, where 𝑄 ,  and 𝑄 , á  depend on the 
considered inverter purpose.  

Coordinated VVC Algorithm  
 
   The method works with the effectiveness of operation of 
each equipment to reach the O.F. For a certain time, the 
equipment that provides the best contribution to minimize 
losses will act, following the equation (1). The flowchart 
in Figure 1 shows the simplified architecture of the 
algorithm and the three simulation stages.  
 
STAGE (i): Operation Conditions  
 
   The simulation routine starts every hour, for 24 hours a 
day. Running the power flow the initial operations 
conditions, referring to the electrical losses, are 
established.   
 
STAGE (ii): Search for the most effective equipment 
 
   The algorithm tests all control equipment separately. 
Analyses all taps and switching levels, always respecting 
the restrictions imposed in (2) to (5). For each loop, all 
violation and new values of electrical losses are stored and 
sent to the Effectiveness Matrix of the next stage.  
 
STAGE (iii): Effectiveness Matrix (ME)  
 
   The Effectiveness Matrix  relates the results obtained in 
Stage (ii), where in columns brings the configuration of 
equipment and the lines, the respective losses. If none of 
the equipment reduces the value of the losses, the routine 
ends and goes to the next time. Otherwise, the most 

effective equipment is the one that presents the best loss 
reduction without violating the restrictions.  
   The equipment configuration with higher acting capacity 
is switched and, if there is no possibility to test more 
devices, the routine ends. If there is still control equipment 
available, the algorithm returns to stage (ii).  

 
Figure 1. Flowchart of the proposed algorithm. 

VVC Implementation  
 
   The coordenated VVC is assisted by a supervisory 
system (SCADA) which is responsible to read the field 
equipment parameters and the adjustments are updated in 
the OpenDSS software, which runs the power flow to the 
current configuration and time. The power flow data from 
OpenDSS are sent to MATLAB software and executes the 
proposed VVC algorithm, which verifies restrictions 
violation and the new adjustment positions are sent to the 
field equipment through SCADA. The flowchart of Figure 
2 shows the sequence of VVC operation.   
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Figure 2.Flowchart of the VVC Implementation. 

SIMULATION RESULTS   

   For validation purposes, the developed volt/var control 
is applied to a 4.16 kV, IEEE 13-bus distribution test 
system, as shown in Figure 3(c). The system has six 
control equipment: one voltage regulator (R), three 
capacitors banks (C1, C2 e C3), one distributed 
photovoltaic generation (DG) and one distribution 
transformer with electronic regulator (T), where all control 
possibilities are specified in Table 1. The active power 
curve in the substation without DG and the power output 
of DG, for each phase, are shown in Figure 3(a) and Figure 
3(b), respectively.   
   Considering the objective function, the results presented 
in this section has focus on the behaviour of power losses 
between two different controls structures: the traditional 
local control and the centralized VVC control developed. 
The first one is characterized by independent operation 
which does not consider the contribution of others control 
equipment of the system, fact that determines the 
difference of results obtained between the structures. The 
simulations also focus on the voltages buses after VVC 
application. 
 
Table 1.Simulated equipment and all control possibilities   

Devices Control Possibilities  

R 0.0625pu step in a ± 16 adjustment position. 

C1 600 kVAr, with three comutation level of 200 kVAr 

C2 120 kVAr, with three comutation level of 40 kVAr 

C3 120 kVar, with three comutation level of 40 kVAr 

T 0.01pu step in a +100 adjustment position 

DG 1500 kW, −0.9𝑖 ≤ 𝐹𝑃 ≤ 0.9𝑐 with 0.01 step 

 
Figure 3. IEEE 13-bus network with control changes. (a) Active power 
curve from substation, (b) DG power output and (c) Network topology.   

 
   In Table 2 and Figure 4(a) it is possible to analyse the 
losses reduction between the two structures, per hour, over 
24h period. At all times, the VVC obtained the desired 
results where it reduces around 20% of active power losses 
average in kW/h. At hour 13, the reduction was close to 
40%.  
   In addition to complying with the proposed objective, the 
algorithm can improve the voltage profile. As shown in 
Figure 4(b), at hour 18, there was no voltage violation in 
any buses of the system, where all voltage levels were 
within the established limits of 0.93pu minimum and 
1.05pu maximum.  
   The voltage profile in the 646 bus is shown in Figure 4(c) 
because it has the lowest voltage value at 18 hours. It is 
possible to note that there was no violation of the 
maximum and minimum limits during the 24 hours and the 
bus operates with voltage values far from the critical limits 
(0.93pu). 
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Figure 4. IEEE 13-bus network simulation results. (a) Active power losses, (b) Voltage profile for all buses at 18h and (c) 646 bus voltage profile.

 
Table 2. Active power losses results: Local control and Centralized 
Volt/Var control. 

Time 
Local Control 

(kW) 
Volt/Var 

Control (kW) 

Losses 
Reduction 

(kW) 

 
% 
 

24 31.7 26.4 -5.3 16.7 

 1 30.2 25.2 -5.0 16.6 

 2 27.4 22.8 -4.6 16.8 

 3 26.3 21.7 -4.6 17.5 

 4 25.8 21.4 -4.4 17.1 

 5 25.9 21.4 -4.5 17.4 

 6  25.7 21.2 -4.5 17.5 

 7 28.1 23.3 -4.8 17.1 

 8 46.7 38.2 -8.5 18.2 

 9 73.7 62 -11.7 15.9 

10 59.1 46.6 -12.5 21.2 

11 50.6 36.4 -14.2 28.1 

12 49.8 34.6 -15.2 30.5 

13 28.7 17.4 -11.3 39.4 

14 34.1 22.5 -11.6 34.0 

15 42.5 30.0 -12.5 29.4 

16 48.9 33.4 -15.5 31.7 

17 55 39.9 -15.1 27.5 

18 80.6 65.2 -15.4 19.1 

19 71.7 60.9 -10.8 15.1 

20 80.2 69.3 -10.9 13.6 

21 59.5 50.2 -9.3 15.6 

22 46.9 39.4 -7.5 16.0 

23 37.7 31.6 -6.1 16.2 

Total: 1086.8 861.0 -225.8 20.8 

REAL NETWORK APPLICATION 

   The real network where the VVC control was applied is 
located in south of Brazil, at Uruguaiana (URU3) city. The 
energy concessionaire that woks in this area is RGE Sul, 
belonging to the CPFL group.  
   In Figure 5, it is possible to see the platform 
computational where the control algorithm was developed 
(called “Active Distribution Management System” or 
ADMS) and the network diagram with all control 
equipment: one voltage regulator (RT BQU – 1011) and 
two capacitor bank (BQU – 211 and URU – 559). 
   As shown in Figure 6, 36 customers operated with 
critical voltage levels. After VVC application and the 
correct field equipment adjustment, all violations were 
fixed.      
   The power losses before VVC application is shown in 
Figure 7(a). The network operates with a load of 4.5M and 
obtained 9.76% of power active losses. After VVC 
application, the value of the new losses reduced to 5.54%, 
minimizing losses as expected.  
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Figure 5. Computing platform (ADM) and real network diagram.

 

 
Figure 6. Results after VVC application. 

 

 
   (a) 

 
   (b) 
 
Figure 7.Power losses results. (a) Before VVC and (b) After VVC 
application. 

 

CONCLUSION 

   This paper proposes a coordinated volt/var control 
utilizing integration of Matlab and OpenDSS software 
where the control scheme leads to energy losses and also 
voltage profile improvement. Also, the proposed VVC 
possibilities the coordinated control of traditional 
equipment (voltage regulators and capacitors bank) and 
power electronic devices (inverters, transformers with 
electronic commutation and distributed resource).  
   Firstly, the methodology is applied to IEEE 13-bus 
distributed teste network to validated the method. 
Secondly, it is applied to real network, programmed 
through the computational platform used by CPFL group 
in network reconfiguration. Both in network teste 
simulation and real network application, the algorithm 
reached the expected and promising results. 
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