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ABSTRACT

This paper addresses the issues of VVO (Volt/VAr Optimization) such as loss minimization, acceptable

voltage profiles and optimized number of switching operations. Basic function of the DMS (Distribution

Management System) is to upgrade system intelligence so that it can make dynamic decisions and

control the network in realtime. Distributed generators can cause the system to operate above and below

the desired limits due to their variable nature. Therefore, devices like SC (Shunt Capacitors) and OLTC

(On Load Tap Changers) are used in distribution system as control devices. Main focus of this paper is to

inspect effects of DG (Distributed Generation) on switching states of control devices while considering

Volt/VAr standards. An optimization search algorithm is employed to search the optimal solution

considering the system constraints. The GA (Genetic Algorithm) is used for the optimization process of

the system and the simulation is done in MATLAB using IEEE-30 bus system with DG under 24 hour

changing load profiles. By setting up constraints of distribution system’s voltage limits, capacitor bank

and OLTC, losses are minimized up to 50%. Merits of the proposed optimized method are demonstrated

through simulation results .The result achieved from the proposed technique has proven to be beneficial

for switching optimization of control devices under variant conditions of loads and distributed generation.

Key Words: Volt/VAr Optimization, Distributed Generation, Shunt Capacitor, On Load Tap Changer,

Genetic Algorithm, Distribution Management System.
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keeping  the voltage in acceptable limits according to ANSI

Standard C 84.2 and enhancing the  reduced life of control

and protection equipment such as capacitor banks and

OLTCs due to switching losses.

In the  literature to date only limited aspects of Volt/VAr

optimization have been considered such as optimal

capacitor placement using GA in DIGSLIENT [1]. A

technique for energy saving through Volt/VAr

1. INTRODUCTION
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DMS is a platform for controlling, monitoring,

fault allocation and restoration for distribution

system. Volt/VAr control is one of the crucial

functions of DMS in changing environment, which

includes DG and smart grid trends. DGs are vast sources

of energy, profitable for both customers and utilities

therefore it is necessary to accommodate DGs with

maximum profit in system. It is necessary to implement

some optimization method for reducing the line losses,
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optimization using binary particle swarm optimization is

proposed in [1-2]. Optimal reactive power dispatch using

PSO (Particle Swarm Optimization) was discussed in [3].

A mixed integer linear programming approach has been

implemented with embedded generation in [4-5]

suggests an approach of dynamic adjustment of OLTC

using DG with reactive power support for voltage profile

improvement. A couple of methodologies have been

explained using dynamic programming and fuzzy logic

controllers where the system is divided into two parts

such as substation capacitor and feeder capacitors.

Optimal dispatch schedule is calculated by using

dynamic programming for both substation and feeder

capacitor banks [2]. In [6] some methods are considered

using NLP (Nonlinear Programming) to find optimal

number of switching operations and applied on PG&E

69 bus system but without considering effects of DG.

Dynamic programming does substation control and

feeder level control of devices by using fuzzy logic

controller. Both parts of system coordinate but the

search space size and computational efficiency lays back.

These techniques are not expedient for large power

systems [7-8]. Some techniques consider the

communication system layers and large number of

sensing and monitoring devices, which are not part of

system [9]. Some commercial solutions such as IVVC

(Integrated Volt/VAr Control) are implemented in [3]. In

some systems decisions are made on comparative cost

of switching and line losses [7,4]. Some other techniques

of NLP are used such as  dynamic programming ,

supervised learning [5] and other sensitivity based

calculations [6]. In these studies, effects such as optimal

number of switching operations in presence of DGs and

constraints are less explored while maintaining Volt/VAr

standards. Evolutionary algorithms are most important

consideration for combinations of Volt/VAr control and

optimal switching schedule in presence of DG. Focus of

this paper is to inspect effects of DG on switching states

of control devices while considering Volt/VAr standards.

In this paper an optimization technique, GA has been

implemented with medium level of DG penetration and 24

hour changing load profiles in MATLAB. This problem is

programmed using MATPOWER toolbox and optimization

toolbox in MATLAB and outcomes are explained.

2. PROBLEM FORMULATION

This paper intends to develop a Volt/VAr optimization

method for optimal dispatch of control variable while

working within constraints. Volt/VAr control of control

devices which form mixed integer NLP scenarios, because

capacitors and tap changers form combinations of

continuous and discrete decision variables [7]. In phases

of designing and planning, losses of the system are

important  concerns. In actual scenarios, losses are

unavoidable in the system but percentages vary in

different designs and conditions. The main objective of

Volt/VAr control is loss minimization, which can be done

by controlling voltages within permissible limits, because

lower voltages cause high currents which can cause high

losses.

A 30 bus RDS (Radial Distribution System) is used for

purpose of experimentation with 24 hour changing load

profiles and DG data. Medium levels of DG penetration

are useful therefore, DG penetration level has been kept at

45% [8-9]. Two different types of DGs, wind and solar are

considered. Main justification behind integration of DGs

in system on load side is to reduce losses caused by

overhead lines and underground lines therefore DGs are

modeled according to loads connected. Mathematical

integration of DG in system is done as:

P
TOTAL

 = P
LOAD

 - P
DG

(1)



Volt/VAr Optimization of Distribution System with Integrated Distributed Generation

Mehran University Research Journal of Engineering & Technology, Volume 36, No. 1, January, 2017 [p-ISSN: 0254-7821, e-ISSN: 2413-7219]
119

Q
TOTAL

 = Q
LOAD

 – Q
DG

(2)

DG is added in fraction because if DGs are modeled

according to 100% load it can cause many fluctuations

under variable conditions. P
DG 

is the power inserted by

DGs, P
LOAD

 is the power consumed by the load and x is

the percentage of penetration.




m

1i
LOAD

1i
DG Px

n
P (3)

Objective function has been formulated mathematically

as:

,....n1,2,3,kPminX
n

1k
loss 


(4)
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P
LOSS 

is active power loss at buses during each hour. For

smooth working of all systems it is necessary that voltage

should be in specified limits by ANSI Standard C 84.2

(0.95-1.05 pu). Vi, minimum and Vi maximum are voltages

of system respectively.

Vi, min < Vi < Vi, max (6)

Switching constraints defined for control system are

number of capacitor banks and OLTC switching which

are stated in these Equations (7-8). NCAPi is number of

capacitor bank switching and Tk is number of tap changes

in specified time. A control vector U is defined as set of

both constraints.

NCAP
i
 < NCAP

i
, max (7)

U = [CAP
i
, Tk] (8)

3. OPTIMIZATION PROBLEM FORMULATION

MINLP (Mixed Integer Nonlinear Problem) are formulated

by continuous, discrete states of control equipment,

nonlinear objective functions and constraints. Control

devices such as OLTCs and capacitors in VVC of

distribution system formulate MINLP optimization

problem Most of engineering research areas have to

handle MINLP. Evolutionary algorithms such as GA are

vary suitable for solving this type of problems [10-11].

An MINLP has the following form of equations:

min f(x)

subject to AX < b

Aeq X = beg

Lb < x < Ub (9)

Ceq(x) < deq

C(x) < d

Xi Z

Where f is a scalar function having the nonlinear objective

function, which is dependent on the following constraints

such as: A is a pxn sparse matrix, b is a px1 vector. Aeq  is

a gxn sparse matrix.  Beq is ag x1 vector. LB and Ub are nx1

vectors of upper and lower bounds. C is vector of

functions containing nonlinear inequality constraints. Ceq

is vector of functions consisting of nonlinear equality

constraints. x
i 
 are decision variables which are integer

number. xj are decision variables which are binary

numbers, where i ≠ j .Genetic algorithms are best used for

mixed integer nonlinear programming [12-13]. These

evolutionary algorithms are best used when problem

solving is required through natural selection, whether

the problems are mathematical like scheduling and graph

coloring or  more complex tangible engineering issues

such as pipeline flow control, pattern recognition,

classification and structural optimization. GA use random

search methods therefore it is best for optimization issues
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[13]. GA is proposed in this study rather than any other

optimization technique because GA is a direct search

method. It provides natural selection solution ,eliminates

the weak candidates from solutions through crossover

and provides a high quality solution.GA is also better

than other techniques such as PSO for combinatorial

problems as PSO shows poor performance in

combinational scenarios. They are less inclined to getting

‘caught’ at local optima than gradient search methods.

GA is modeled by using genotype which are a set of

potential solutions for which genetic algorithm is

searching. These are some basic parameters of GA:

3.1 Initial Population

Initial population is randomly created and size of array of

chromosome for 24 hour is defined and shown as:

There are two main issues while using GA for MINLP:

encoding of continuous variables and efficient constraint

handling. MINLP are nonlinear and mixed sort of problem

therefore, it is necessary, while using GAs to solve it

differently according to problem under considerations

For handling of MINLP while using GAs, a mixed real-

discrete coding is used which is superior to many other

techniques. Constraint handling is another important

issue with GA, which can be solved using tournament

selection methods. This selection method choses

individuals from population, a tournament is played among

these solutions and best one wins [7,11,14,15].

GA requires encoding of variables which are decision

variables and the variables are encoded in form of bits.

For example, capacitors have only binary states [0,1] but

tap changing transformers have different positions such

as [-8,+8] therefore, encoding of tap changer transformer

is done as [4]:

Transfer Tap = 1+0.0125 x Tk (10)

T
k 

is number of taps of transformer. Upper and lower

bounds of variable are defined for system. In Fig. 1, length

of chromosome for capacitors and OLTC pattern for ON/

OFF is explained and each capacitor and OLTC will have

24 bits starting from capacitor 1and so on.

3.2 Mutation

In this process, chromosome bits are randomly changed

to make chromosome a best candidate solution.

3.3 Elitism

This is an optional parameter of algorithm in which best

candidates are copied to next generation as it is.

3.4 Crossover

This is a convergence process, which tries to converge

system’s solution, and alters the chromosome code from

one to next generation.

 FIG. 1. GENETIC ALGORITHM’S CHROMOSOME LENGTH AND VARIABLE SPECIFICATION
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3.5 Fitness Function

This step of algorithm helps to evaluate quality of

chromosome and evaluates all potential solutions from

all proposed solutions. These are some basic parameters

of GA and GA optimization problems formulated  are

according to [16].

Newton-Raphson method is used for formation of

objective function and buses with lowest voltages are

used to make objective function. To calculate objective

function in algorithm we use MATPOWER commands

which use Newton’s method for running AC power flow

[17]. Fig. 2 is functional diagram of system working and

provides a clear idea about of the system inputs and

outputs. Fig. 3 explains the flow of optimization algorithm.

In the first step, GA is initialized and GA parameters are

defined. In second step, data of the distribution system

such as capacitors, tap changers and DGs is defined.

Evaluation of each chromosome is done on fitness

function and then it considers constraints defined for

system. GAs stopping criteria is defined in form of

switching constraints and voltage profile limitations. All

evolutionary algorithms require work on principle of

natural selection and do not converge until stopping

criteria is defined properly. Constraint handling is crucial

feature of a constrained optimization problem. Fitness

function are used to check quality of individuals from the

wholepopulation. To properly handle constraints it is

necessary to design fitness function carefully to produce

optimized and feasible solution [13,18].

FIG. 2. FUNCTIONAL DIAGRAM OF GA OPTIMIZED METHOD

FIG. 3. GENETIC ALGORITHM FLOW CHART
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4. DISTRIBUTION SYSTEM

The test distribution system used to apply proposed

algorithm is a 30 bus distribution system. This is composed

of one generator at bus 1, 2 photovoltaic DGs and four

wind DGs. This system has six capacitors and one tap

changer transformer for applying control scheme, shown

in Fig. 4. On load tap changer is placed between bus 1

and bus 2 and positions of capacitors along with rated

values are explained in Table 1. In this system penetration,

level of DG is kept 45%. Wind and PV data for 24 hour is

shown in Figs. 5-6, these graphs show 45% penetration

of DGs at bus number 11, 18, 21, 24 and 28 according to

the  load attached at these positions [19]. This data is

calculated according to Equations (1-3). For purpose of

Volt/VAr control there are six capacitors used on different

buses and the values of capacitors are specified in Table1.

For purpose of analysis and simulations, IEEE 30 bus

modified system is analyzed over a 24 hours period with

time lengths of 1h i.e. 24 steps in a day. This distribution

system is designed in MATLAB using MATPOWER tool

for solving power flows under different conditions and

GA is as the optimization technique to dispatch an optimal

schedule.

5. SIMULATION RESULTS

Simulation results of the proposed technique are explained

in this section. In this study, we compare results achieved

from Volt/VAr optimization technique in distribution

system, therefore, 30 bus modified IEEE power distribution

system is selected. Results are compared on basis of

losses, voltage profile improvement and optimal control

sroticapaC 1C 2C 3C 4C 5C 6C

.oNsuB 2 31 51 32 91 52

RAVK 006 006 003 009 009 009

TABLE 1. CAPACITOR DATA OF SYSTEM

FIG. 4. 30 BUS DISTRIBUTION SYSTEM [16]
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variable scheduling with and without the impact of DGs.

Optimization solution is proposed using GA. When

optimal power flow with N-R method is used on IEEE-30

bus system its lowest voltage is 0.883 pu. Fig. 7 is

comparison of voltage profile improvement scenarios with

no control and GA optimized system, shows improvement

of 0.883-0.951 pu. in the system. Similarly Fig. 8 is

comparison of voltage profile improvement scenarios with

GA optimized and GA implementation with distributed

generation in the system, shows improvement of 0.951-

0.965 pu in the system

Figs. 9-10 shows that active and reactive power loss

profiles of system has  been improved as result of

implementation of optimization algorithm. A total of active

and reactive power loss reduction, is achieved when GA

is applied in combination of distributed generation.

FIG. 5. 24 HOUR WINDDATA [19]

FIG. 6. 24-HOUR SOLAR DATA [19]

Wind DG 1

Wind DG 2

Wind DG 3

Wind DG 4
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In phases of designing and planning, losses are

important discussions in system. In actual scenarios,

losses are unavoidable in system but percentages vary

in different designs and conditions. Fig. 11 is  illustration

of fact that approximately 50% of losses have been

reduced.

FIG. 7. VOLTAGE PROFILE OF PRE CONTROL AND GA OPTIMIZED SYSTEM

FIG. 8. VOLTAGE PROFILE WITH DG AND CONTROL

FIG. 9. ACTIVE POWER LOSS PROFILE
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Table 2 is optimal dispatch schedule of capacitors and

OLTC without DG and it has very small number of

switching transitions for duration of a day. Table 3 is

narration of effects of DG on switching schedule of

devices but results are within constraints and losses are

improved. According to loads and DG characteristics after

every hour, status of capacitors and tap changers will be

updated. Switching constraints defined for capacitors are

eight and for tap changers are 14 for per day length of

time and total transitions are quantified in end of Tables

2-3. It is observed from the switching optimization

schedules that more number of transitions has occurred

in day timing when DG penetrations are maximum. Loss

curtailments are also high in this duration due to more

transitions and distributed generations. The proposed

technique provides promising solution with in constraints.

FIG. 10. REACTIVE POWER LOSS PROFILE

FIG. 11. PERCENTAGE LOSS IMPROVEMENTS
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ruoH 1C 2C 3C 4C 5C 6C CTLO

1 006 0 0 0 0 0 5739.0

2 006 0 0 0 0 0 5739.0

3 006 0 0 0 0 0 5739.0

4 006 0 0 0 0 0 5739.0

5 006 0 0 0 0 0 5739.0

6 006 0 0 0 0 0 5739.0

7 006 0 0 0 0 0 5739.0

8 006 0 0 0 0 0 5739.0

9 006 0 0 0 0 0 5739.0

01 006 0 0 0 003 0 5739.0

11 006 0 0 0 003 0 5739.0

21 006 0 0 0 003 0 5739.0

31 006 0 0 0 003 0 5739.0

41 006 0 0 0 003 0 5739.0

51 006 0 0 0 003 0 5739.0

61 006 0 0 0 003 0 5739.0

71 006 0 0 0 003 0 5739.0

81 006 0 0 0 003 0 5269.0

91 006 0 0 0 003 0 5269.0

02 006 0 0 0 003 0 5269.0

12 006 0 0 0 003 0 5269.0

22 006 0 0 0 0 0 5269.0

32 006 0 0 0 0 0 5269.0

42 006 0 0 0 0 0 5269.0

latoT 0 0 0 0 2 0 1

TABLE 2. OPTIMAL DISPATCH SCHEDULE OF
CONTROL STATES WITHOUT DG

ruoH 1C 2C 3C 4C 5C 6C paT

1 006 006 0 009 0 0 59.0

2 006 006 0 0 0 0 5269.0

3 006 006 0 009 0 009 5269.0

4 0 006 003 009 0 009 5269.0

5 0 006 003 0 0 009 59.0

6 0 0 003 009 0 009 59.0

7 0 0 0 009 009 009 5269.0

8 006 0 0 009 009 0 5269.0

9 006 0 0 009 009 0 5269.0

01 006 006 003 009 0 0 5269.0

11 0 006 003 0 009 009 59.0

21 0 006 003 0 0 009 59.0

31 0 0 003 0 0 009 5269.0

41 0 006 003 009 0 0 59.0

51 006 006 0 0 009 009 59.0

61 0 0 003 009 0 009 59.0

71 0 006 0 0 009 0 59.0

81 0 006 0 009 0 009 5269.0

91 006 006 003 0 009 0 59.0

02 006 0 003 0 009 009 59.0

12 006 0 003 009 009 009 5269.0

22 006 006 003 009 009 009 5269.0

32 0 0 003 0 0 009 5269.0

42 0 006 003 0 009 009 5269.0

latoT 5 7 7 8 7 6 7

TABLE 3. OPTIMAL DISPATCH SCHEDULE OF
CONTROL STATES WITH DG

6. CONCLUSION

This proposed method is an efficient technique for

improvement of switching losses and voltage profile in

the presence of DGs of different types because DGs

produce fluctuations in the system due to their variable

nature. Proposed technique is not violating system

constraints under any operating conditions. Basic

provocation behind this method is to quantify and

optimize the effects on control variables caused by DG.

Proposed algorithm is based on an optimization

technique, which is a search method but provides

efficient solution for real application on distribution

system.
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