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Te rapidly increasing demand for electrical power and difculties in providing the same using traditional power generating
sources provide a motivation to integrate distributed generator (DG) in the radial distribution network. In this work, the optimal
arrangement of DG using genetic algorithm (GA) is obtained based on fxed penetration level (PL).Te state of charge (SoC) value
for each hour before placing the battery based on the demand was estimated, then battery will be placed in the optimal location of
the fxed capacity. Tis will help in reducing the power loss and simultaneous improvement of voltage profle of the network.
Furthermore, electric vehicle (EV) is incorporated in the system. In the presence of EV, the loads are variable due to the charging
and discharging of batteries in the EV. Te variation of network power losses in the presence of EVs along with DGs and battery
have been investigated on standard 33 and 69 bus systems for 2 diferent topologies and 2 diferent loading scenarios.

1. Introduction

Demand for electrical power increases rapidly in the
country; at the same time, there are difculties such as high
power losses, low voltage stability index, and high voltage
drop. Tis provides a motivation to integrate distributed
generator (DG) into the radial distribution network which
are predominantly renewable energy resources. Te study of
[1] introduces a power management method with com-
prehensive linearized model for HESS optimal sizing,
technology selection, and wind-HESS power dispatching. In
[2], a novel combined genetic algorithm (GA) and particle
swarm optimization (PSO) is presented for optimal location
and sizing of DG on distribution systems, whereas paper [3]
proposes an optimization framework with the objective of
maximizing the installed capacity of distributed generation
subject to network operational constraints. Te study of [4]
presents an ODGA and NR processes incorporated to im-
prove the voltage stability and loss profle of the distribution
system considering probabilistic loads and DGs which are

operated at varying power factors, and the study of [5]
presents a formulation for the analysis of DER penetration
and placement on system losses and voltage profle in
probabilistic framework. Te study of [6] provides the
improved decomposition based evolutionary algorithm
(I-DBEA) is used for the selection of optimal number, ca-
pacity, and site of DG in order to minimize real power losses
and voltage deviation and to maximize the voltage stability
index. Rider optimization algorithm (ROA) is suggested in
[7] to fnd the optimal placement of photovoltaic (PV) and
wind turbine (WT) based DGs. Te main aim is minimizing
the total power losses. Te study of [8] examines the efect of
demand response (DR) after integration of renewable re-
sources based DGs in the distribution system and [9]
proposes the optimal installation of multiple DGs to achieve
higher reliability using cat swarm optimization.

In the study of [10], the objective is to fnd optimal
location of BSSs in a MG with micropumped hydro storage
(PHS), photovoltaic, wind, and geothermal units, while
reactive power dispatch and all network constraints are
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considered by AC optimal power fow. Te efect of BSS
capacity and maximum charging/discharging power, BSS to
MG link capacity, PHS capacity, and maximum power of
PHS unit on MG operation and optimal BSS location are
investigated. Te study of [11] proposes a novel set of
formulations to determine the optimal BES size, technology,
depth of discharge (DoD), and replacement year considering
its technical characteristics, service life, and capacity deg-
radation to minimize the MG scheduling total cost and
improve the precision and economic feasibility of the BES
sizing method. In the study of [12], a new optimal operation
approach is proposed for the BESs.Te proposed newmodel
determines the optimal charging, discharging, and exchange
decisions for the battery stock throughout the day taking
into consideration the customers’ arrivals, the variations in
the grid price, the grid connection limitations, and the self-
degradation of the batteries.

In [13], a new methodology for optimal planning of
charging stations (CSs) along with capacitors is presented.
Here, parking lot and capacitor allocation is suggested for
congestion management along with reactive power com-
pensation. Te study of [14] research helps in planning the
optimum utilization of the existing infrastructure. Te
planning of electric vehicle (EV) infrastructure is analyzed
by considering various loads such as static, dynamic, and
heuristic on balanced radial distribution system (BRDS).Te
study of [15] presents the optimal positioning EVs in the
system with and without presence of DGs installed in the
system using GA. Te study of [16] articulated sizing and
placement of DG in the distribution system and to support
the grid with the help of particle swarm optimization (PSO).
After that the battery storage system is placed, and the
operation of the battery in accordance with the state of
charge (SoC) is also presented [17]. Tis study focuses on
developing a mathematical model for uncertainty con-
strained battery swapping station optimal operation con-
sidering random customer demand for fully charged
batteries and available batteries to reduce its operating cost
through demand shifting and energy sell back. Te study of
[18] presents a grid-connected solar-wind hybrid system
with an EV charging station to supply the electrical load
demand of a small shopping complex located in a university
campus in India. From the perspective of grid stability, the
study of [19] presents the planning and operation problem
by determining the load profle of EVCS. A coordinated
novel charging strategy is used for the determination of the
load profle of EVCS constrained by both grid-to vehicle
(G2V) and vehicle-to-grid (V2G) rule sets.

Te study of [20] presents a new method to solve the
network reconfguration problem in the presence of dis-
tributed generation (DG) with an objective of minimizing
real power loss and improving voltage profle in distribution
system. Ameta heuristic harmony search algorithm (HSA) is
used to simultaneously reconfgure and identify the optimal
locations for installation of DG units in a distribution
network. Sensitivity analysis is used to identify optimal
locations for installation of DG units. Te study of [21]
proposes empirical mode decomposition based adaptive
reclosing technique which can sense the exact instant of fault

clearance and modify the prefxed dead time to an adaptive
value.Te study of [22] a mixed-integer linear programming
model for feeder reconfguration is presented considering
the customer’s behaviors in the IoT environment.

Te work aims to integrate the DGs and EVs in the
standard IEEE bus systems to minimize power loss and
voltage profle improvement. Tis work presents an over-
view of DGs in the distribution network. Te proper
placement and sizing of DG is a signifcant task. Also, the
presence of an electric vehicle (EV) in the distribution
system tends to change the existing load pattern and various
combinations of load pattern of EVs and DGs has to be
investigated. Hence, this also gives more impetus to analyze
the performance of the system under such varying condi-
tions. Genetic algorithm (GA) is used to fnd the locations
and sizes of distributed generators (DGs). After placement of
DG, the same GA is used to flter out the locations for the
battery of certain size. Once the battery locations are fltered
out, the optimal location for the battery to be placed is
determined. Since, battery is not placed separately in the
distribution system, DGs are placed in the optimal locations
which are found using the GA and LFA with specifc sizes.
Henceforth, using the same LFA code, the losses are found
out for the case where battery and DGs are incorporated in
the system. Furthermore, for more loss minimization,
electric vehicle (EV) is introduced in the system. It is placed
in the system with varying the sizes because EV charges and
discharges with respect to time and the losses are found out
for the same. Finally, EV is incorporated with both the
battery and DGs for the further loss minimization in the
system, and LFA is hence used for fnding out the losses in
the distributed systems. Te above-given process is per-
formed for two diferent topologies and two diferent
loading scenarios. Te objective of the present work is to
evaluate and reduce the power losses in the presence of DGs,
BESS, and EVs for each hour under varying load conditions.
Te major contributions of this work are as follows:

(i) Installing the optimal number of DGs simulta-
neously based on the Penetration Level (PL)

(ii) Determining the battery operation based on hourly
availability of power from DGs and the SoC level

(iii) Incorporation of EVs, and their impact on the
system performance based on availability of power
from DGs and the battery operation.

2. Problem Formulation

Heuristic algorithms are the best assets when it comes to
optimization problems. Tere are several algorithms; one
among those algorithms is genetic algorithm. What make it
diferent from other conventional algorithms is GA searches
simultaneously from a given population. Terefore, the
solutions obtained through GA avoid being trapped in local
optima.

Te distributed generator (DG) is used to reduce the
power losses in the system by supplying optimal power to the
system by placing the DGs in optimal location having op-
timal sizes.Tese optimal sizes and locations are found using
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GA. Te optimal number of DGs required is 3 according to
the [6]. Asynchronous generator is used here as DG.

Penetration level (PL) is used to estimate how much the
power is consumed by the load from the grid and power
needed from DGs and EVs to fulfll the demand. Te ef-
fective sizes of DGs are determined based on the PL obtained
through the following equation:

PL �
PDG

PDG + Pgrid
, (1)

where PL—penetration level, PDG—real power generated by
DGs, and Pgrid—the real power supplied by the grid to the
loads in the network.

PL is usually considered lesser than 50% as with higher
values the DG power will dominate the real power supplied
by the grid.

Te presence of DGs will minimize the power loss in the
system and the efect of the DGs on the loss reduction (LR)
can be computed by the following equation:

LR �
loss withoutDG − loss withDG

loss withoutDG
. (2)

Te following equations ensure the constraints for op-
timal location of DGs in the system:

Vlow ≤Vt ≤Vhigh,

Sline ≤ Shigh,
(3)

where Vlow is the minimum voltage to be maintained at the
buses and Vhigh is the maximum voltage to be maintained at
the buses. Te values of Vlow and Vhigh are considered as
0.95 p.u. and 1.05 p.u. Sline is the power fow in the line.

2.1. Genetic Algorithm. Genetic algorithm works by ini-
tializing the random solutions to the given optimization
problem through a population of individuals. Tey are
organized on the basis of the ftness obtained through the
given objective function.

2.1.1. Initial Population. An individual solution contains PL,
location index, and the type of DG represented by x1, x2, and
x3, respectively. Since x2 is the location index, it ranges from
1 to L, and L is the highest location index of respective bus
system. If x3 � 1, then the type of DG is asynchronous
generator, for x3 � 2, the generator is synchronous, and x3 �

3 represents induction generator. Te population matrix X
for “n” number of individual is given by the following
equation:

X �

x11 x12 x13

· · ·

· · ·

xn1 xn2 xn3

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (4)

Te ith individual is represented as

xi � xi1xi2xi3 . (5)

2.1.2. Selection. If two individuals xi and xj are selected
from population matrix X, ci, and cj are the values returned
by the objective function. P is the set of all the parents that
have a chance of reproduction, then

Xi ∈ P, if ci < � cj. (6)

2.1.3. Reproduction. From possible parents P, pi and pj are
selected parents:

pi � pi1 pi2 pi3 ,

pj � pj1 pj2 pj3 .
(7)

2.1.4. Crossover. Let k be the selected crossover point,
1<� k<� 3, and let oi and oj be the two crossover children
from parents’ pi and pj:

oi � Pi1 . . . Pik . . . Pjk+1 . . . Pj3 ,

oj � Pj1 . . . Pjk . . . Pik+1 . . . Pi3 .
(8)

Furthermore, the oi and oj acts as parent for subsequent
iteration. Tis process continues until convergence is
reached or the iterations are terminated.

2.1.5. Mutation. It is the process of retrieving lost charac-
teristics or property from the parent. Given a population X,
a mutant child “m” is procured by choosing any random
individual xi. One of the genes of xi is randomly chosen and
modifed.

2.1.6. Battery Energy Storage System. Te BESS size is taken
to be constant 600 kW in this study and the operation of
battery is studied in this work and the constraints are given
in equation (10). Te limits for SoC is assumed as 0.2 and
0.8 p.u. Te initial SoC is taken as 0.95 p.u. [16]. Te state of
charge (SoC) of the energy storage system is calculated by
the given equations (11) and (12) under charging and dis-
charging conditions. Te efciencies are taken as 90%.
Under discharging mode, the battery power is negated from
the demand and corresponding battery power can be cal-
culated by equation (13). Te battery power is added to the
load/demand when it is in charging mode which is because
the battery draws power from either grid or the renewable
energy source. In equation (10), SoCmin is minimum state of
charge and SoCmax is maximum state of charge. In equations
(11) and (12), SoC (y) is SoC in present hour and SoC(y − 1)

is SoC in previous hour, “E” is energy of the battery in kWh
and zy is the time interval. Te battery charges at rated
power of battery which is initially the diference between the
generation and the load.Te specifcation of the battery bank
is given below referred from [10].
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SoCmin ≤ SoC(y)≤ SoCmax, (9)

SoC(y) � SoC(y − 1) + Pbatt(y)∗ zy ∗ ηc, (10)

SoC(y) � SoC(y − 1) − Pbatt(y)∗ zy ∗ ηd, (11)

Pbatt(y) � SoC(y)∗E, (12)

oj � Pj1 . . . Pjk . . . Pik+1 . . . Pi3 , (13)

where E � Energy of the battery, zy � Time interval,
ηd � Discharging eff iciency, ηc � Charging eff iciency,
SoC(y) � State of Charge in present hour, SoC(y − 1) �

State of Charge in previous hour, and Pbatt �

Output Power of the battery.

2.1.7. Electric Vehicle. Figure 1 shows the usage pattern of
EV in 24 hour duration. Te capacity of EV is taken as
positive when in discharge mode and negative when in
charging mode. Te presence of EV is also considered along
with the existing load conditions [10].

2.1.8. Loading Conditions. Two diferent loading scenarios
are considered for the analysis in the present work and the
load profle is shown in Figure 2.

2.1.9. Topology. Topology 1 is the general architecture of
nodes and buses in the distributed system. For 33 bus system
and 69 bus system, the line number 33, 34, 35, 36, and 37 and
line number 69, 70, 71, 72, and 73, respectively, are opened.
Te power loss in this topology is considered as base case. In
topology 2, the line number 7, 9, 14, 32, and 37 and the line
number 14, 57, 61, 69, and 70 are opened for 33 bus system
and 69 bus system, respectively. Topology 2 is considered to
have the least power loss among all the combinations
possible according to [20]. Te single line diagram of the
topology 1 and 2 of IEEE 33 bus system is shown in Figures 3
and 4, respectively, and for 69 bus shown in Figures 5 and 6,
respectively.

Case 1 Base losses
Case 2 Losses with DGs
Case 3 Losses with DGs and battery
Case 4 Losses with EVs
Case 5 Losses with DGs, battery and EVs

2.1.10. State of Charge of Battery. Te battery operations are
classifed as “Charging,” “Discharging,” and “Idle” based on
the state of charge (SoC). Te function of the battery is
dependent on the hourly demand. Te SoC is hence cal-
culated using the formula below with the constraints con-
sidered. Te battery operation status of Scenario 1 and
Scenario 2 is shown in Tables 1 and 2, respectively.

Te procedure for the entire process is shown as
a fowchart in Figure 7.

3. Results

Power loss is inevitable in transmission lines due to multiple
factors which can be reduced by strategically placing DGs
and EVs. Te following results are found for standard IEEE
33 and 69 bus systems. Te optimal number of locations are
three which is taken from the paper [20]. GA is used to
determine the optimal locations and sizes for the DGs and
EVs and found efcient ones with improved voltage profle
along with loss reduction, also examined for various com-
binations of DGs and EVs with two scenarios of diferent
multiplication factors. In this case, mutation is considered to
be 5% and crossover is 20%. Penetration level is set at 40%
which accounts to 2476.67 kW and 2534.79 kW for standard
IEEE 33 and 69 bus systems, respectively. Te optimal lo-
cations and sizes of DGs are discovered after several GA
trials.

For topology 2, the nodes 7, 9, 14, 32, and 37 are opened,
and using GA, provided 5% mutation and 20% crossover,
with 40% penetration level, the optimal locations and sizes
are found out.Te above-given operation was carried out for
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Figure 1: EV power vs time plot.
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Figure 2: Load variation for 24 hour.
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IEEE 33 bus system. Similarly, for IEEE 69 bus system, line
number 13, 18, 56, 61, and 73 are opened with the same
mutation and crossover values. Te optimal locations and
sizes of DGs of 33 and 69 bus system for topology 1 and 2 are
shown in Tables 3 and 4.

Next crucial step is the placement of battery at its optimal
location. In these systems like IEEE 33 bus system and 69 bus
system, it is time consuming process to check for each bus
for the losses and get the optimal location for the battery.
Rather, GA can be used to flter out the bus number which
are more sensitive in reducing the losses. Te battery used in
this project is of size 600 kW. Te placement of battery is
done in following locations for the 2 topologies as shown in
Table 5.

3.1. 33 Bus System. Te power losses for 24 hours are
computed for the two diferent loading scenarios and two
diferent topologies for the 33 Bus system. Te results are
shown in Tables 6 and 7.

3.1.1. Scenario 1

(1) Topology 1. Te losses are high in 9th, 11th, and 21st hours
of the day in the presence of maximum amount of load
which is 201.9708 kW for each hour.Te loss in the presence
of DGs is 112.5945 kW for the 9th, 11th, and 21st hours. Here,
the losses are reduced by 44.25% by fulflling the demand. In
the next case, the loss in the presence of battery and DGs, for
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Figure 3: Topology 1 of IEEE 33 bus system.
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Figure 4: Topology 2 of IEEE 33 bus system.
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Figure 5: Topology 1 of IEEE 69 bus system.
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9th hour is 88.7445 kW, for 11th hour is 92.9423 kW, and for
21st hour is 105.2599 kW, the losses are decreased by
56.06%, 53.98%, and 48.88%, respectively, where battery is in
discharging position because of this condition the losses are
decreased. In the case 4, the loss for 9th hour is 202.7022 kW,
and for the 11th hour is 201.1506 kW and for the 21st hour is
203.0022 kW.Te loss is increased by 0.36% for the 9th hour
as EV acts as load for the system and has decreased 0.40% for
the 11th hour as EV acts as source here so its loss is decreased
and has increased for 21st hour by 0.51% due to EV acts as
load for the system. In the subsequent case, when all three
sources are integrated to the system, the losses are reduced to
89.1522 kW, 92.4782 kW, and 105.9194 kW for 9th, 11th, and
21st hour. Te losses are reduced by 55.85% for 9th hour,

54.21% for 11th hour, and 47.55% for 21st hour which is
lesser than the losses when only DG is integrated because
either battery or EV acts as source which fulflls the demand
for the required hours.

(2) Topology 2. Te losses are high in 9th, 11th, and 21st hour
of the day in the presence of maximum amount of load
which is 98.4633 kW for each hour. Te loss in the
presence of DGs is 59.387 kW for the 9th hour, 11th hour, and
21st hour. Tereby reducing the losses by 39.68%
because DGs are placed such that it can fulfll the demand. In
the case 3, the loss in the presence of battery and DGs, for 9th
hour is 53.9997 kW, for 11th hour is 54.33 kW, and for 21st
hour is 57.4615 kW, the losses are decreased by
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Figure 6: Topology 2 of IEEE 69 bus system.

Table 1: Battery operation for scenario 1.

Time (hours) Demand (p.u.) SoC (p.u.) State of battery
1 0.800 0.95 Idle
2 0.805 0.95 Idle
3 0.810 0.95 Idle
4 0.818 0.95 Idle
5 0.830 0.95 Idle
6 0.910 0.94 Discharging
7 0.950 0.89 Discharging
8 0.970 0.83 Discharging
9 1 0.74 Discharging
10 0.980 0.67 Discharging
11 1 0.58 Discharging
12 0.970 0.52 Discharging
13 0.950 0.47 Discharging
14 0.900 0.47 Idle
15 0.905 0.47 Discharging
16 0.910 0.46 Discharging
17 0.930 0.43 Discharging
18 0.900 0.43 Idle
19 0.940 0.40 Discharging
20 0.970 0.33 Discharging
21 1 0.24 Discharging
22 0.930 0.22 Discharging
23 0.900 0.22 Idle
24 0.940 0.22 Idle

Table 2: Battery operation for scenario 2.

Time (hours) Demand (p.u.) SoC (p.u.) State of battery
1 0.39 0.95 Idle
2 0.26 0.95 Idle
3 0.22 0.95 Idle
4 0.17 0.95 Idle
5 0.17 0.95 Idle
6 0.17 0.95 Idle
7 0.22 0.95 Idle
8 0.30 0.95 Idle
9 0.35 0.95 Idle
10 0.43 0.95 Idle
11 0.52 0.95 Idle
12 0.59 0.95 Idle
13 0.65 0.95 Idle
14 0.74 0.95 Idle
15 0.83 0.95 Idle
16 0.87 0.95 Idle
17 0.91 0.94 Discharging
18 0.97 0.88 Discharging
19 1 0.79 Discharging
20 0.93 0.76 Discharging
21 0.87 0.79 Charging
22 0.74 0.93 Charging
23 0.65 0.93 Idle
24 0.52 0.93 Idle
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45.15%, 44.82%, and 41.64%, respectively. Battery is in
charging state in 21st hour because of this condition the
losses are decreased and the battery is idle for the 9th and 11th
hour. In the next case, only EVs are integrated in the system,
then loss for 9th hour is 98.9607 kW, for the 11th hour is
97.9161 kW, and for the 21st hour is 99.167 kW. Te loss is
increased by 0.50% for the 9th hour as EV acts as load for the
system, has decreased 0.55% for the 11th hour as EV acts as
source, so the loss is decreased and has increased for 21st
hour by 0.71% due to EV acts as load for the system. In the
case 5, when all three sources are integrated to the system,
the losses are reduced to 54.2562 kW, 54.0439 kW, and
57.9023 kW for 9th, 11th, and 21st hour, respectively. Te
losses are reduced by 44.89% for 9th hour and 45.11% for 11th
hour and 41.19% for 21st hour which are lesser than the
losses when only DG alone is integrated, that is because
battery acts as source for 21st hour, for remaining hour EV
acts as energy source.

3.1.2. Scenario 2

(1) Topology 1. In scenario 2, the losses for each hour for each
case is shown in Table 7. Te losses are high in 19th hour of
the day in absence of DGs due to the presence of maximum
amount of load which is 201.9708 kW for that particular
hour. Te loss in the presence of DGs is 112.5945 kW for the
19th hour. Tereby reducing the loss by 44.25% by supplying
the required energy to the load. In the case 3, the loss in the
presence of battery and DGs, for 19th hour is 87.7364 kW,
the loss is decreased by 56.55% where battery is in dis-
charging position because of this condition the losses are
decreased. In the next case, the loss for 19th hour is
203.2045 kW. Te loss is increased by 0.61% for the 19th
hour as EV acts as load for the system. In the last case, the
losses are reduced to 88.4217 kW for 19th hour. Te loss is
reduced by 56.22% for 19th hour which is lesser than the
losses when only DG is integrated battery acts as energy
source for 19th hour and greater than the losses when where
battery and DG is integrated because EV acts as load.

(2) Topology 2. In scenario 2, the losses for each hour for each
case is shown in Table 7 and the losses are high in 19th hour
of the day in absence of DGs due to the presence of max-
imum amount of load which is 98.4633 kW for that par-
ticular hour.Te loss in the presence of DGs is 59.387 kW for
the 19th hour, reducing the loss by 39.68% by supplying
energy to the demand. In the case 3, the loss in the presence
of battery and DGs, for 19th hour is 54.042 kW, the loss is
decreased by 46.13% where battery is in charging position
because of this condition the losses are decreased due to load
is low at that particular hour. In the next case, then only EVs
are integrated in the system, the loss for 19th hour is

Fix PL (0.4 pu) and calculate the maximum
power of DGs

Use GA to fnd the individual size of DG

Generate random locations and sizes

No
Yes

Convergence reached?

Optimal locations and sizes found

Calculate the losses for each hour

Battery charging/discharging?

Battery is placed in the system

EV charging/discharging?

Discharging

Discharging

Load increases

Load increases
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Calculate the losses

Calculate the losses

Placement of EVs

Charging

Charging

Install all three sources and calculate the
losses

Figure 7: Proposed fow of work.

Table 3: Optimal locations and sizes of DGs for 33-bus.

Topology 1 Topology 2
DG locations 7 28 33 23 31 30
DG sizes 340 404 556 350 218 376

Table 4: Optimal locations and sizes of DGs for 69-bus.

Topology 1 Topology 2
DG locations 15 33 63 60 8 53
DG sizes 209 164 859 817 194 334

Table 5: Optimal location of battery.

Location Topology 1 Topology 2
33 bus system 14 31
69 bus system 32 61
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Table 6: Power loss (in kW) 33 bus system scenario 1.

Time
(hours)

Topology 1 Topology 2
Case
1

Case
2

Case
3

Case
4

Case
5

Case
1

Case
2

Case
3

Case
4

Case
5

1 161.57 90.07 93.84 161.57 75.07 78.77 47.50 61.84 78.77 49.47
2 162.58 90.63 94.42 162.58 76.01 79.26 47.80 61.84 79.26 49.78
3 163.59 91.20 95.01 163.59 76.96 79.75 48.10 61.84 79.75 50.09
4 165.21 92.10 95.95 165.21 78.48 80.54 48.57 61.84 80.54 50.59
5 167.63 93.45 97.35 167.63 80.80 81.72 49.29 61.84 81.72 51.33
6 183.79 102.46 77.40 183.83 77.42 89.60 54.04 54.59 89.63 49.69
7 191.87 106.96 81.47 192.10 81.59 93.54 56.41 54.36 93.69 51.72
8 195.91 109.21 84.26 196.33 84.49 95.50 57.60 54.13 95.79 52.65
9 201.97 112.59 88.74 202.70 89.15 98.46 59.38 53.99 98.96 54.25
10 197.93 110.34 88.66 198.35 88.90 96.49 58.19 54.05 96.78 53.12
11 201.97 112.59 92.94 201.15 92.47 98.46 59.38 54.33 97.91 54.04
12 195.91 109.21 92.02 194.91 91.45 95.50 57.60 54.66 94.84 52.66
13 191.87 106.96 91.53 190.89 91.20 93.54 56.41 54.96 93.16 52.01
14 181.77 101.33 105.57 183.72 106.91 88.61 53.44 61.84 89.96 56.59
15 182.78 101.89 87.33 181.53 86.61 89.10 53.74 55.00 88.28 49.33
16 183.79 102.46 88.09 183.57 87.96 89.60 54.04 55.07 89.45 50.03
17 187.83 104.71 90.91 187.61 90.77 91.57 55.22 55.29 91.42 51.34
18 181.77 101.33 105.57 183.58 106.81 88.61 53.44 61.84 89.86 56.52
19 189.85 105.83 93.11 191.01 93.88 92.55 55.82 55.62 93.34 52.76
20 195.91 109.21 98.44 196.91 99.07 95.50 57.60 56.29 96.19 55.02
21 201.97 112.59 105.25 203.00 105.91 98.46 59.38 57.46 99.16 57.90
22 187.83 104.71 99.00 188.05 99.15 91.57 55.22 57.85 91.72 53.90
23 181.77 101.33 105.57 181.99 105.71 88.61 53.44 61.84 88.76 55.75
24 189.85 105.83 110.26 190.26 110.53 92.55 55.82 61.84 92.83 58.32

Table 7: Power loss (in kW) 33 bus system scenario 2.

Time
(hours)

Topology 1 Topology 2
Case
1

Case
2

Case
3

Case
4

Case
5

Case
1

Case
2

Case
3

Case
4

Case
5

1 79.03 44.05 45.90 79.03 45.90 38.52 23.23 61.84 38.52 24.20
2 52.68 29.37 30.60 52.68 30.60 25.68 15.49 61.84 25.68 16.13
3 43.90 24.47 25.50 43.90 25.50 21.40 12.91 61.84 21.40 13.44
4 35.12 19.58 20.40 35.12 20.40 17.12 10.32 61.84 17.12 10.75
5 35.12 19.58 20.40 35.12 20.40 17.12 10.32 61.84 17.12 10.75
6 35.12 19.58 20.40 35.13 20.40 17.12 10.32 61.84 17.12 10.75
7 43.90 24.47 25.50 43.95 25.53 21.40 12.91 61.84 21.44 13.46
8 61.46 34.26 35.70 61.60 35.78 29.96 18.07 61.84 30.05 18.88
9 70.25 39.16 40.80 70.50 40.97 34.24 20.65 61.84 34.42 21.62
10 87.81 48.95 51.00 88.00 51.12 42.81 25.82 61.84 42.93 26.97
11 105.37 58.74 61.20 105.37 60.91 51.37 30.98 61.84 51.08 32.07
12 119.42 66.57 69.36 118.81 68.95 58.22 35.11 61.84 57.81 36.30
13 131.72 73.43 76.50 131.33 76.24 64.21 38.73 61.84 63.95 40.16
14 149.28 83.22 86.70 150.88 87.80 72.77 43.89 61.84 73.88 46.47
15 166.84 93.01 96.90 165.70 96.14 81.33 49.05 61.84 80.58 50.59
16 175.62 97.90 102.00 175.41 101.86 85.62 51.64 61.84 85.48 53.68
17 184.40 102.80 77.69 184.19 77.58 89.90 54.22 54.58 89.75 49.76
18 194.94 108.67 83.04 196.88 84.10 95.03 57.32 54.29 96.37 53.08
19 201.97 112.59 87.73 203.20 88.42 98.46 59.38 54.04 99.30 54.47
20 187.92 104.76 82.17 188.88 82.70 91.61 55.25 54.00 92.26 50.59
21 175.62 97.90 153.44 176.52 154.18 85.62 51.64 89.19 86.23 78.09
22 149.28 83.22 141.15 149.46 141.30 72.77 43.89 96.53 72.89 71.45
23 131.72 73.43 76.50 131.87 76.60 64.21 38.73 61.84 64.32 40.40
24 105.37 58.74 61.20 105.60 61.35 51.37 30.98 61.84 51.52 32.37
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99.3068 kW.Te loss is increased by 0.85% for the 19th hour
as EV acts as load for the system. In the case 5, the losses are
reduced to 54.4758 kW for 19th hour. Te loss is reduced by
44.67% for 19th hour which is lesser than the losses when
only DG is integrated because as discussed earlier, the
battery acts as energy source and greater than the losses
when battery and DG is integrated since EV acts as load.

3.2. 69 Bus System. Te power losses for 24 hours are
computed for the two diferent loading scenarios and two
diferent topologies on the IEEE 69 Bus system. Te results
are shown in Tables 8 and 9.

3.2.1. Scenario 1

(1) Topology 1. In scenario 1, the losses for each hour for
each case is shown in Table 8. Te losses are high in
9th, 11th, and 21st hours of the day in absence of DGs due to
the presence of maximum amount of load which is
229.2533 kW for each hour, respectively. Te loss in the
presence of DGs is 115.4602 kW for the 9th hour, 11th hour,
and 21st hour. Tereby reducing the losses by 49.63% since
DG supplies the demand. In the case 3, the losses for 9th
hour is 94.1565 kW, for 11th hour is 99.0057 kW and for
21st hour, the loss is 111.6846 kW, and the losses are
decreased by 58.92%, 56.81%, and 51.28%, respectively.
Battery is in discharging position because of this condi-
tion the losses are decreased. In the next case, only EVs are
integrated in the system, the loss for 9th hour is
238.0188 kW, for the 11th hour is 220.4388 kW, and for the
21st hour is 241.8434 kW.Te loss is increased by 3.82% for
the 9th hour as EV acts as load for the system, has de-
creased 3.84% for the 11th hour as EV acts as source here so
the loss is decreased and has increased for 21st hour by
5.49% due to EV acts as load for the system. In the case 5,
when all three EVs, batteries and DGs are integrated to the
system, the losses are reduced to 99.0258 kW, 94.4265 kW,
and 119.6756 kW for 9th, 11th, and 21st hour. Te losses are
reduced by 56.80% for 9th hour, 58.81% for 11th hour, and
47.79% for 21st hour which is lesser than the losses when
only DG is integrated because either EV or battery or both
acts as energy source(s).

(2) Topology 2. In scenario 1, the losses for each hour for each
case are shown in Table 8. Te losses are high in 9th, 11th, and
21st hours of the day in absence of DGs due to the presence of
maximum amount of load which is 44.3165 kW for each
hour, respectively. Te loss in the presence of DGs is
27.8136 kW for the 9th hour, 11th hour, and 21st hour.
Tereby reducing the losses by 39.49%. In the case 3, the losses
for 9th hour is 23.0009 kW, for 11th hour is 23.7792 kW, and
for 21st hour is 26.191 kW. Te losses are decreased by
48.09%, 46.34%, 40.90% respectively where battery is in
charging position in 21st hour because of this condition the

losses are decreased and the battery is in idle position for the
9th and 11th hour. In the case 4, the loss for 9th hour is
47.71 kW, for the 11th hour is 41.4444 kW, and for the 21st
hour is 49.393 kW. Te loss is increased by 7.65% for the 9th
hour as EV acts as load for the system and has decreased
6.48%, for the 11th hour as EV acts as source here so the loss is
decreased and has increased for 21st hour by 11.45% due to
EV acts as load for the system. In the subsequent case when all
three EVs, batteries and DGs are integrated to the system, the
losses are reduced to 25.6346 kW, 21.9699 kW, and
30.1646 kW for 9th, 11th, and 21st hour, respectively. Te
losses are reduced by 42.15% for 9th hour, 50.42% for 11th
hour, and 31.93% for 21st hour which are lesser than the losses
when only DG is integrated because in 9th hour both EV and
battery is discharging, in 11th hour, battery alone is dis-
charging and EV acts as load but efect of EV for this hour is
low, and in 21st hour, both acts as energy source.

3.2.2. Scenario 2

(1) Topology 1. In scenario 2, the losses for each hour for each
case are shown in Table 9. Te losses are high in 19th hour of
the day in absence of DGs, due to the presence of maximum
amount of load which is 229.2533 kW for that particular
hour. Te loss in the presence of DGs is 112.4602 kW for the
19th hour. Tereby reducing the loss by 49.63% since DG is
fulflling the demand. In the case 3, the loss for 19th hour is
92.9072 kW, the loss is decreased by 59.47% where battery is
in discharging position. In the next case, the loss for 19th
hour is 244.4956 kW. Te loss is increased by 6.64% for the
19th hour as EV acts as load for the system. In the case 5, the
losses are reduced to 101.524 kW for 19th hour, the loss is
reduced by 55.71% for 19th hour which is lesser than the
losses when only DG is integrated because battery is dis-
charging and greater than the losses when battery and DG is
integrated since EV acts as load.

(2) Topology 2.. In scenario 2, the losses for each hour for
each case is shown in Table 9 and the losses are high in 19th
hour of the day in absence of DGs due to the presence of
maximum amount of load which is 44.3165 kW for that
particular hour. Te loss in the presence of DGs is
27.8136 kW for the 19th hour. Tereby reducing the loss by
37.23% since the DG is fulflling the demand. In the next
case, the loss in the presence of battery and DGs, for 19th
hour is 22.8223 kW, the loss is decreased by 48.50% where
battery is in discharging position. In the case 4, the loss for
19th hour is 50.6078 kW. Te loss is increased by 14.19% for
the 19th hour as EV acts as load for the system. In the
subsequent case, the losses are reduced to 27.7808 kW for
19th hour. Te loss is reduced by 37.31% for 19th hour which
is lesser than the losses when only DG is integrated since DG
alone cannot fulfll the required demand and greater than
the losses when battery and DG are integrated because EV
and battery, both acts as energy source.
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Table 9: Power loss (in kW) 69 bus system scenario 2.

Time
(hours)

Topology 1 Topology 2
Case
1

Case
2

Case
3

Case
4

Case
5

Case
1

Case
2

Case
3

Case
4

Case
5

1 89.70 45.18 48.15 89.70 48.15 17.34 10.88 28.60 17.34 11.19
2 59.80 30.12 32.10 59.80 32.10 11.56 7.25 28.60 11.56 7.46
3 49.83 25.10 26.75 49.83 26.75 9.63 6.04 28.60 9.63 6.21
4 39.87 20.08 21.40 39.87 21.40 7.70 4.83 28.60 7.70 4.97
5 39.87 20.08 21.40 39.87 21.40 7.70 4.83 28.60 7.70 4.97
6 39.87 20.08 21.40 39.96 21.46 7.70 4.83 28.60 7.72 4.99
7 49.83 25.10 26.75 50.44 27.15 9.63 6.04 28.60 9.84 6.38
8 69.77 35.14 37.45 71.33 38.47 13.48 8.46 28.60 14.05 9.14
9 79.74 40.16 42.80 82.78 44.82 15.41 9.67 28.60 16.59 10.86
10 99.67 50.20 53.51 101.90 54.96 19.26 12.09 28.60 20.08 13.06
11 119.61 60.24 64.21 115.01 61.38 23.12 14.51 28.60 21.62 13.97
12 135.55 68.27 72.77 129.14 68.87 26.20 16.44 28.60 24.21 15.69
13 149.51 75.30 80.26 145.30 77.64 28.90 18.13 28.60 27.45 17.72
14 169.44 85.34 90.96 190.29 105.44 32.75 20.55 28.60 42.13 28.76
15 189.38 95.38 101.67 177.65 94.70 36.60 22.97 28.60 33.28 21.74
16 199.35 100.40 107.02 197.02 105.54 38.53 24.18 28.60 37.64 24.30
17 209.31 105.42 81.57 206.87 80.37 40.46 25.39 22.38 39.52 19.84
18 221.27 111.44 87.51 246.30 101.93 42.77 26.84 22.53 53.89 30.73
19 229.25 115.46 92.90 244.49 101.52 44.31 27.81 22.82 50.60 27.78
20 213.30 107.42 87.12 225.01 93.71 41.23 25.87 22.92 45.95 25.02
21 199.35 100.40 151.19 210.29 159.86 38.53 24.18 40.37 42.95 38.56
22 169.44 85.34 137.21 171.51 138.87 32.75 20.55 43.19 33.46 32.49
23 149.51 75.30 80.26 151.33 81.45 28.90 18.13 28.60 29.52 19.15
24 119.61 60.24 64.21 122.28 65.96 23.12 14.51 28.60 24.10 15.68

Table 8: Power loss (in kW) 69 bus system scenario 1.

Time
(hours)

Topology 1 Topology 2
Case
1

Case
2

Case
3

Case
4

Case
5

Case
1

Case
2

Case
3

Case
4

Case
5

1 183.40 92.36 98.45 183.40 98.45 35.45 22.25 28.60 35.45 22.88
2 184.54 92.94 99.07 184.54 99.07 35.67 22.38 28.60 35.67 23.02
3 185.69 93.52 99.690 185.69 99.69 35.89 22.52 28.60 35.89 23.16
4 187.52 94.44 100.67 187.52 100.67 36.25 22.75 28.60 36.25 23.39
5 190.28 95.83 102.15 190.28 102.15 36.78 23.08 28.60 36.78 23.73
6 208.62 105.06 81.24 209.12 81.49 40.32 25.31 22.38 40.42 20.49
7 217.79 109.68 85.77 220.44 87.14 42.10 26.42 22.48 43.00 22.09
8 222.37 111.99 89.04 227.34 91.69 42.98 26.97 22.67 44.80 23.40
9 229.25 115.46 94.15 238.01 99.02 44.31 27.81 23.00 47.71 25.63
10 224.66 113.15 94.29 229.68 97.07 43.43 27.25 23.31 45.26 24.27
11 229.25 115.46 99.00 220.43 94.42 44.31 27.81 23.77 41.44 21.96
12 222.37 111.99 98.07 211.86 92.60 42.98 26.97 24.14 39.72 21.42
13 217.79 109.68 97.54 211.66 94.19 42.10 26.42 24.44 39.99 21.85
14 206.32 103.91 110.76 231.71 128.39 39.88 25.03 28.60 51.30 35.02
15 207.47 104.49 93.07 194.62 86.49 40.10 25.17 24.46 36.46 20.07
16 208.62 105.06 93.87 206.18 92.51 40.32 25.31 24.52 39.39 21.71
17 213.20 107.37 96.83 210.72 95.45 41.21 25.86 24.70 40.26 22.36
18 206.32 103.91 110.76 229.66 109.23 39.88 25.03 28.60 50.24 34.12
19 215.49 108.53 99.16 229.82 114.71 41.65 26.14 24.96 47.57 28.12
20 222.37 111.99 104.71 234.58 113.99 42.98 26.97 25.44 47.91 28.53
21 229.25 115.46 111.68 241.84 119.67 44.31 27.81 26.19 49.39 30.16
22 213.20 107.37 104.95 215.80 106.61 41.21 25.86 26.43 42.10 25.29
23 206.32 103.91 110.76 208.84 112.40 39.88 25.03 28.60 40.74 26.42
24 215.49 108.53 115.69 220.31 118.84 41.65 26.14 28.60 43.42 28.25

10 International Transactions on Electrical Energy Systems



4. Conclusion

In this work, GA was implemented to install DGs at optimal
location with optimal capacity by fxing penetration level
(PL) on standard IEEE 33 and 69 bus systems. Te main
process of GA includes selection, reproduction, crossover,
and mutation.Te efect of DGs in loss reduction for various
topologies and load profles were computed. Te SoC value
for each hour before placing the battery based on the de-
mand was estimated, then battery was placed in the optimal
location of the fxed capacity. Te battery operation for each
hour based on estimated SoC for various conditions were
also obtained and the efect of battery operation along with
DGs in reducing power losses for various conditions were
also computed. Electric vehicle (EV) of fxed size in both the
test systems were incorporated and also estimated the losses
for various conditions. Eventually, the efect of coordinated
operation of EVs along with DGs and battery for loss re-
duction are understood. Te above-given processes were
carried out for 2 topologies for diferent scenarios men-
tioned in problem formulation and estimated the corre-
sponding losses. Te future scope of this work would be
estimating the losses when PV and wind turbines are in-
stalled separately for both the topologies and for diferent
scenarios.

Abbreviation

DG: Distributed generator
GA: Genetic algorithm
PL: Penetration level
SoC: State of charge
EV: Electric vehicle
BESS: Battery energy storage system
LR: Loss reduction
DoD: Depth of discharge
LFA: Load fow analysis
Symbols
PL: Penetration level
PDG: Real power generated by DGs
Pgrid: Te real power supplied by the grid to the

loads in the network
LR: Loss reduction
Vt: Bus voltage measured in p.u.
Vlow: Minimum voltage at the bus (0.95 p.u.)
Vhigh: Maximum voltage at the bus (1.05 p.u.)
S line: Power fow in the line
S high: Maximum allowable power fow in the line
x 1: PL
x2: Location index
x 3: Type of DG
X: Population matrix
P: Total population
pi: Parent i
pj: Parent j
o i: Child i
o j: Child j
k: Selected crossover point

m: Mutant child
E: Energy of the battery
zy: Time interval
η d: Discharging efciency
η c: Charging efciency
SoC (y): State of charge in present hour
SoC (y − 1): State of charge in previous hour
Pbatt: Output power of e battery
SoCmin: Minimum SoC
SoCmax: Maximum SoC.
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