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ABSTRACT

The integration of plug-in electric vehicles (PEVs)
to the conventional distribution system has had a ma-
jor impact upon consumption of energy in the past
year. This paper presents optimal distributed gen-
erator (DG) sizing and location in the power system
using PEVs load demand probability. The MATLAB
m-file scripts and OpenDSS were applied to solve the
proposed study by varying the percentage penetra-
tion level of PEVs. A genetic algorithm optimiza-
tion technique was used to find the best solution of
DG installation. The simulation results showed that
the PEVs were directly connected to the power grid
with 100 PEVs (13.84%), 200 PEVs (27.68%) and
500 PEVs (69.19%), respectively. It was found that
the DG sizing also varied with 1.773 MW, 1.663 MW
and 1.996 MW, respectively. While the position of
the DG also changes according to the sizing of DG.
The position of DG was installed at bus No.738, bus
No.741 and bus No.711, respectively. Therefore, the
optimal DG placement helped to improve and reduce
the total line loss and total energy demand from the
power grid. The grid increased the power system sta-
bility and reduced the impact from the large scale of
PEV penetration.

Keywords: Genetic Algorithm, G2V, PEVs,
OpenDSS, Optimal DG Placement, Power Flow

1. INTRODUCTION

Recently, the modern electric load has had an im-
pact on the power system and increased the level of
power consumed. Plug-in electric vehicles (PEVs)
have a role in modern life, and represent an emerg-
ing load for the grid given their power consumptions
[1]. Energy sources (ES) or renewable energy sources
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Fig.1: Plug-in electric vehicles (PEVs) load when
connected to the modern power grid.

(RES) are becoming key issues for providing and sup-
porting energy to the power grid [2]. Thus, multi-
types of distributed generator (DG) have been used
to represent each energy source and to solve the prob-
lems of the proposed system [3]. Therefore, the im-
pact of the emergence of PEVs has created interest
in the study of ways to reduce the impact and pro-
vide optimal conditions to the power system networks
[4-5]. Many researchers have studied the impact of
PEVs on the power system networks. The increasing
number of PEVs was expressed to affect the power
system stability in terms of the low power/frequency
oscillation when considered in the fast charging sta-
tion as presented in [6]. The increasing of power
transformer loading and high power system loss from
a high penetration level of PEVs are presented with
the power system impacts in [7-9]. Meanwhile, PEVs
were defined based on population density data and
number of charging station [10]. The PEVs were pre-
sented as the load voltage dependent on the exponen-
tial indices variation. This confirmed that the low
impact of PEVs can consider each PEV one by one
when compared with the conventional load [11].
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This revealed the problems from DG placement
when connected with the large number of PEVs in
commercial and residential areas as shown in Fig. 1.
The PEVs may be charged at charging stations that
are installed between the houses and work places un-
der different charging conditions (normal charging
mode, fast charging mode, and special mode) depend-
ing on the social life conditions [11]. Therefore, this
paper aims to contribute the DG placement under
PEV panatration by increasing load profiles, com-
mercial load profiles and residential load profiles. The
voltage unbalance factor (VUF) and energy demand
are also used to consider the objective function for
this proposed study.

The rest of this paper is organized as follows: Sec-
tion 2 describes the problem formulation for this pro-
posed study; the proposed method algorithm is intro-
duced in Section 3; the energy demand profiles and
optimal DG placement are presented Section 4 which
summaries of the case studies and simulation results.
Finally, conclusion and discussion are given in Sec-
tion 5.

2. PROBLEM FORMULATION

The optimization of DG power is one of the prob-
lems to be solved with regard to the sizing and posi-
tion of DG placement. The importance of DG place-
ment is its benefit towards the operating condition of
power grids. Therefore, the optimal condition of DG
should be managed and provided by supporting en-
ergy demand from each load type on the power grid.
The energy support from the DG was defined from
each load to consume energy from the power grid.
This section shows each parameter and the tools that
are used to solve in the proposed methodology.

2.1 Probability of PEVs Load in Modern
Power Grid

Driving behaviour is used to determine the char-
acteristics of the PEV load into the power grids. It
consists of daily starting time, daily travel frequency,
driving mileage (in km) and driving duration (in min-
utes). However, the electricity consumption was cal-
culated based on driving mileage to consume energy
from the battery. State of charge (SOC) of the bat-
tery was used to calculate charging power per PEV
based on rated 3.4 kW and pf. 0.85 of the battery
charger [12-13]. The probability of charging can be
calculated as shown in Eq. (1).

FA = (t, µ, σ) =
1

σ
√
2π

e−(t−µ)/2σ2

; 0 < t < 24 (1)

where FA is the probability of charging at a given
arrival time, t is time in a day, µ is the mean value, σ
is the standard deviation of the normal distribution.

The battery is used to store energy by charging

with an AC to DC power converter or battery charger.
The battery-charging mode is relevant to the time of
charging; thus, the time at which charging ends is de-
fined by the SOC level after accounting for the energy
used for driving.The charging duration can therefore
be defined as expressed in Eq. (2).

tEnd =

(

1− SOC

100

)

×
(

24

3.4

)

(2)

where tEnd is charging duration time (hrs) and SOC

is the state of charge of the battery (%). 24 is hours in
a day and 3.4 is charging power per PEV in kilowatts.

The scale of PEV used was defined based on the ra-
tio of the total capacity of PEVs to the total capacity
of the general load on the grid. The penetration level
was used to indicate the level of energy consumed
from the grid, which can be expressed as shown in
Eq. (3).

Penetration Level (%) =

NPEV
∑

i=1

PPEV (i)

∑NLoad

n=1 PLoad(n)
× 100

(3)

where NPEV is the total number of the PEVs in the
power grid. PPEV is power consumption of the bat-
tery charger. NLoad is the total number of loads in
the power grid. PLoad is power consumption of the
load n in the power grid.

Meanwhile, PEV charge profiles were individu-
ally calculated based on arrival time, state of bat-
tery charging and charging method. The purpose of
battery charging in this work was defined in normal
charging condition. The PEV represents low power
consumption when connected to the grid. Thus, the
charging profiles each day can be expressed as in
Eq. (4).

Total Charge Profileshr =

# of PEV
∑

i=1

PPEV (i, hr)

(4)

where # of PEV is the total number of PEVs, and
hr is the time for charging of PEVs in any given day
(24 hrs).

However, the high penetration level of PEVs has a
direct effect on the grid. The optimal charging of the
battery charger needs to be able to manage and pro-
vide energy sources in order to provide energy peak
shaving. The peak shaving from energy consump-
tion of the PEVs affects the power grid, the impact
of which needs to be managed charging time in this
case.
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Fig.2: Flowchart of GA Optimization Techniques.

2.2 Genetic Algorithm (GA) Optimization
Technique

The GA is one of the optimization techniques that
performs a heuristic method based on a natural evolu-
tion. The GA begins by selecting a specific number of
chromosomes from an initial population. Each chro-
mosome characterizes a solution to the problem and
the performance is evaluated by the fitness function
[14]. The GA operation was used to find new pop-
ulations based on a random selection from the chro-
mosomes of the previous population, and consisted
of a section process, a crossover process, and a muta-
tion process. Therefore, the process is related to the
stages of the DG placement presented in Fig. 2.

This approach was applied to find the optimal so-
lution to the problem in a single objective or to mod-
ify in a multi-objective scenario. Many studies have
applied the GA to solve the optimal solution of the
power grid such as optimal capacitor placement, op-
timal DG placement, and optimal reconfiguration of
the transmission line [15-17]. This work also consid-
ers the GA application to solve the optimal condi-
tion for placing the DG in modern power grids under
widespread use of PEVs installation.

2.3 Application of Open Distribution System
Simulator (OpenDSS)

OpenDSS is a free software used to solve the power
system, which can interface with m-files of MATLAB
[18]. It has many built-in solution capabilities includ-
ing snapshot and time mode power flow, fault current
study, harmonics, dynamics, parametric and proba-
bilistic studies. OpenDSS can be used to solve the
electrical power distribution and to analyze the con-

Fig.3: Component Object Model (COM) interface.

Fig.4: Nonlinear equation set of nodal voltage anal-
ysis.

ditions of the multi-phase AC circuit model and any
other equipment such as models for renewable energy
resources, energy storage devices and transformers.

The application of OpenDSS can be interfaced
with the main simulation engine through the connec-
tion of the Component Object Model (COM) inter-
face method whose script was used to control and
simulate. The MATLAB m-files were used to link
between OpenDSS and MATLAB to cover data, con-
trol command and exchange of data. The advantage
of the COM interface was its ability to analyze the
power system network test and to use each method-
ology to analyze the problem.

Therefore, the interfaced structure is defined in the
COM interface by using scripts of the environmen-
tal structure as shown in Fig. 3 [18]. The distribu-
tion system simulator (DSS) executive is relevant to
the circuit of the electrical power system. The ele-
ment and component consists of PDElement, PCEle-
ment, controls, meter and general. Direct connec-
tion shared libraries (DLL) is an OpenDSS COM in-
terface that consists of classes, properties and meth-
ods.Meanwhile, the power flow solution of OpenDSS
is defined based on the nodal admittance formula-
tion in the nonlinear system admittance equation, as
shown in Eq. (5).

IPC(V ) = YSystem · V (5)

where YSystem is the admittance matrix of the system,
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IPC is the compensation current from PCElement in
the circuits and V is nodal voltage. Therefore, the set
of nonlinear equations can be shown in each iteration
for solving the converged solution as shown in Fig. 4.

2.4 Voltage unbalance factor (VUF)

Generally, the voltage effect of electricity load has
an impact on the direct voltage profiles from the
power grid. Therefore, the voltage unbalance anal-
ysis is selected to solve the voltage unbalance impact
when the unbalanced loads were connected into the
power system. The VUF defines a ratio from the
negative sequence voltage component to the positive
sequence voltage component, as described in Eq. (6)
[19].

V UF (%) =
V2

V1
× 100 ≈

√

1−
√
3− 6β

1 +
√
3− 6β

(6)

where β =
V 4

ab
+V 4

bc
+V 4

ca

(V 2

ab
+V 2

bc
+V 2

ca
)2
, V1 and V2 represent posi-

tive and negative sequence voltage components. Vab,
Vbc and Vca represent line - line voltage bus.

Meanwhile, the voltage unbalance can be evalu-
ated and calculated by using the symmetrical com-
ponent method, as described in Eq. (8). The voltage
phasors are written as the sum of three symmetrical
components and can be shown to be related to the
symmetrical sequence systems [20]. Accordingly, the
VUF can be formulated using the following definition
as shown in Eq. (7).





V+

V
−

V0



 =
1√
3





1 a a2

1 a2 a

1 1 1








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Vb

Vc


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where V0, V−
and V+ represent zero sequence voltage,

negative sequence voltage and positive sequence volt-
age. Va, Vb and Vc represent phasor voltage of phase
A,B and C. Meanwhile, a represents ej

2

3
π.

V UF (%) =

√

|V
−
|2 + |V0|2
|V+|

× 100 (8)

2.5 Distributed Generation (DG)

Generally, DGs have many different power sources,
such as gas turbines, internal combustion engines,
storage devices and renewable energy device. DG
types can be classified into four types; type I: the DG
injects real power and is operated at unity power fac-
tor; type II: injected reactive power; type III: injected
real and reactive power; and type IV: consumes reac-
tive power but injects real power [21]. This paper ap-
plies DG type I in the balance of injected power when
installing and generating active power only. The in-
jection of active power can improve the capability of

Fig.5: IEEE37 bus test system when connected with
large scale of PEVs.

the grid and increase the power system stability.

3. PROPOSED METHODOLOGY

The optimal DG placement was used in an unbal-
anced load system based on the IEEE37 test feeder,
which consisted of three phase underground cables,
operating at a nominal voltage of 4.8 kV. The con-
ventional load consisted of constant power, constant
current and constant impedance. The IEEE37 bus
can be seen in Fig.5 [22]. The daily starting time of
charging the battery was calculated based on Eqs. (1)
and (2) with σ =2 and µ=10, 20 by determining work-
ing place and house charging time from 500 PEVs as
shown in Fig. 6. The energy demand of the com-
mercial and residential load was intended to be based
on the load factor (LF) from Fig. 7. Meanwhile, the
PEV load profiles were formulated based on proba-
bility and calculating the energy consumed to charge
the battery per day. Therefore, the PEV load factor
is shown in Fig. 7 (star line). The energy demand of
the PEVs was calculated by using power at 3.4 kW of
the battery chargers. The penetration levels of PEVs
are defined in three cases by using base power from
the total power of each load in the grid to calculate
the percentages that consist of 100PEVs (13.84%),
200PEVs (27.68%) and 500PEVs (69.19%).

The objective function for finding the optimal DG
placement was demonstrated from the three related
equations as shown in Eqs. (9) to (12).

min(f) = f1 × f2 + f3 × penalty (9)
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Fig.6: Probability distribution of daily starting time
of charging in a day.

f1(x) = max(V UF ) (10)

f2(x) =

24hr
∑

t=1

PSystemDemand,t (11)

f3(x) =

24hr
∑

t

NL
∑

l=1

Rl,t

(

P 2
l,t +Q2

l,t

V 2
l,t

)

; l ∈ NL (12)

where PSystemDemand represents the energy demand
of the load at any point in time in a day. NL is the
total number of transmission line. Rl is the resistance
of the l transmission line. Vl is the voltage of the l

transmission line. Pl and Ql are active and reactive
power of the l transmission line. t is time period in a
day.

The objective function consisted of the maximum
voltage unbalance factor (f1), the total energy de-
mand (f2), the total energy transmission line loss
(f3) and the penalty. Meanwhile, the constraints are
shown in Eqs. (13) and (14) and the penalty is shown
in Eq. (15). The voltage limits and the injected power
limit of the DG were controlled and maintained in the
optimal condition of the grid.

Vmin ≤ VBus,i ≤ Vmax (13)

Pmin ≤ PDGi
≤ Pmax (14)

where VBus,i is bus voltage of the bus i. Vmin and
Vmax represent the voltage limit 0.95 and 1.05 p.u..
PDG is active power injected to the grid from the DG.
Pmin and Pmax represent the active power limits of
the DG.The penalty condition was used to control
the injected active power of the DG to the grid. The
injected active power does not generate power more
than the load consumption. This can be illustrated
as shown in Eq. (5).

Pinj = PDG − PTotalLoad

Penalty =

{

Pinj < 0;Penalty = 10, 000
Pinj > 0;Penalty = 1

(15)

where PDG is active power injected to the grid from
the DG. PTotalLoad is total energy load demand of
the grid. Pinj is energy balance from active power
injected by the DG and total energy load demand.

The steps in identifying the optimal DG placement
using GA by interfacing OpenDSS are as follows:

Step 1: OpenDSS initialization
1.1) Design test system in *.DSS.
1.2) Initial load shape of commercial load,

residential load and PEVs.
Step 2: COM interface initialization

2.1) Initial COM interface between m-files
and OpenDSS.

2.2) Formulation of the objective function
by using Eq. (9) under data
analysis from the COM interface of
OpenDSS.

Step 3: GA process initialization
3.1) Initial parameters
- Population size = 300
- Max. number of generations = 200
- Number of Variables = 2
- Crossover = 0.8
- Mutation = 0.1
- Defined Max. and Min. of DG size

in 3 phases = [5000 70,000] kW.
- Defined Max. and Min. of DG

position = [2 35].
3.2) Randomly generate an initial popu-

lation of chromosomes and input
data of the DG size and position to
the IEEE37 bus test system through
the COM interface.

3.3) Initialize the first fitness evaluation
by computing the objective function
based on data from the COM
interface.

Step 4: Generate a new population by using the
GA operation consisting of the selection
process, crossover process, mutation
process and obtain a new population
for the next generation.

Step 5: Compute the fitness evaluation of the new
population.

Step 6: Check condition and termination criteria
consisting of reaching the max.
generation. If neither criterion is satisfied,
go to Step 4. Otherwise, proceed to
Step 7.

Step 7: Terminate the algorithm and present the
output results.
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Fig.7: Daily load factor of different loads.

4. SIMULATION RESULTS

In this study, a combination of genetic algorithm
and OpenDSS is designed to find the optimal DG
placement of the grid. Unbalanced propagation in a
primary distribution network was investigated in an
asymmetric three-phase load that realistically sim-
ulated the electrical power system. The simulation
results showed the optimal DG placement when the
percentage of PEV penetration was set at 13.84%,
27.68% and 69.19%. Table 1 shows data comparisons
in each scenario of the DG placement whose data con-
sisted of max.VUF, total line loss, total energy de-
mand, objective function, DG sizing and installation
position. The maximum of the VUF showed differ-
ences when the penetration level of the PEVs and
DG were changed. However, the effect from DG in-
stallation may cause an increase of VUF value, while
the total energy demand and total line loss were re-
duced. Generally, the load increase in the grid was
affected by voltage fluctuation, the total energy de-
mand and the total line loss, which can be reduced by
finding the active power source to support the grid.
The DG placement was changed from this case. With
100 PEVs in the grid, the optimal DG was at Bus No.
738 with 42.568 MW. Meanwhile, with 200 PEVs in
the grid, the optimal DG was at Bus No 741 with
39.935 MW. However, with 500 PEVs in the grid,
the optimal DG was at Bus No. 711 with 47.907 MW.
Interestingly, when comparing the DGs installed be-
fore and after, both the total line losses and the total
energy demand were reduced.

As shown in Fig. 8, the comparison of 100 PEVs
shows the impact of PEVs connected to the grid. The
grid can reduce the power demand when the DG in-
stalled is 1.773 MW at Bus No. 738. The optimal
DG sizing and location (diamond line)reduced the
energy demand from the grid and can decrease to-
tal line losses of the system. Meanwhile, the power
system network increased load ability in terms of the
energy demand and supported the energy consumed
from each load in the grid. The penetration level of
PEVs was reduced by installing the DG.

The results for 200 PEVs are shown in Fig. 9.

The power demand profiles of the grid were compared
between the base case (square line) and connected to
PEVs. It also shows the DG placement whose power
demand increased from the base case (triangle line)
while the energy demand from the grid reduced after
DG installation of 1.663 MW at Bus No. 741. The
energy demand can be reduced after DG placement
from the grid, which can be seen as the diamond line
in Fig. 9. However, the DG sizing was less than the
case of 100 PEVs because of the change of position
of the DG.

Fig. 10 shows the comparisons of 500 PEVs when
connected to the grid and the DG placement. The
power demand of the system increased compared to
the base-case (square line). Therefore, the energy
demand of the grid was moderately impacted by the
installation of the DG sizing of 1.996 MW at Bus
No. 711. Thus, the fixed type of the DG in this
application was considered to select the optimal sizing
and absorb power demand from each load of the grid.
In this case, the total energy demand was reduced
along with the total line loss, but the total line loss
was effected by the amount of 500 PEVs connected
to the grid.

However, the sizing of the DG could be controlled
and designed to limit the power demand of the load
on the grid. If the active power generated from the
DG was more than the consumption of the loads from
the grid, the active energy from the DG may cause
a power reverse to the external grid at the point of
common coupling (PCC). Therefore, the active en-
ergy from the DG source should be controlled so that
it would not exceed the demand of the system indi-
cated before installation.

5. CONCLUSION

The performance of the optimal DG placement was
used to solve the problem when a large number of
PEVs are connected to the grid. The purpose was
to use DG type I to find the optimal DG placement.
The genetic algorithm and OpenDSS were applied to
solve this problem. The PEV penetration level was
defined based on the probability from the daily start-
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Table 1: Performance comparison of base case and different PEVs penetrations under with/without DG
installation.

Scenario
Total

Total
Objective DG

DG posi.
Penetration Max.

line loss
energy

function sizing
level (%) VUF

(kW)
demand

(× 1000) (MW)
(MW)

Before Base case 0% 1.234 964.364 47.140 - - -
100 PEVs 13.84% 1.482 1182.400 51.090 - - -
200 PEVs 27.68% 1.598 1412.300 54.774 - - -
500 PEVs 69.19% 2.539 2292.700 65.465 - - -

After Base case + DG 0% 1.559 481.160 20.137 31.280 1.646 740
(+DG) 100 PEVs + DG 13.84% 1.533 594.200 22.628 34.511 1.773 738

200 PEVs + DG 27.68% 1.057 828.660 28.251 29.720 1.663 741
500 PEVs + DG 69.19% 1.745 1921.900 36.266 39.871 1.996 711

Fig.8: Comparison of the power demand from base case, 100 PEVs with/without DG installation.

Fig.9: Comparison of the power demand from base case, 200 PEVs with/without DG installation.

Fig.10: Comparison of the power demand from base case, 500 PEVs with/without DG installation.
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ing time for charging the PEV charger. The simu-
lation results showed the optimal sizing and location
when the penetration level of PEVs varied. The op-
timal of DG sizing and position showed 1.773 MW
at Bus No.738 (100 PEVs), 1.663 MW at Bus No.
741 (200 PEVs) and 1.996 MW at Bus No. 711 (500
PEVs). The key point of the optimal DG placement
was used to reduce the total line losses and the to-
tal energy demand on the grid. However, the VUF
showed more variability from the large scale of PEVs
when connected to the electrical power system. In
particular, the optimal DG placement in the condi-
tion of the low penetration level may result in the
increase of the VUF, but in the case of large scale
PEVs, the penetration level can be improved. How-
ever, the sizing of the DG must be limited so that it
will not exceed the demand from the grid. Therefore,
future research could assess the impact of installing
multi-type DGs in the grid, with performance analy-
sis undertaken and controlled in time series.
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