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Abstract: This paper focuses on optimization of charging station capacities and locations. The
proliferation of electric vehicles is inextricably linked to the deployment of charging infrastructure.
Currently, there are issues with locating and sizing when it comes to the building of electric vehicle
charging stations. In order to find out the capacity of charging stations, a mathematical model was
developed, which includes a site survey, EV density, electricity demand analysis, load modeling,
costing analysis, EV battery charging time and power quality. The proposed approach was tested in
MATLAB/Simulink environment.
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1. Introduction

Electric cars are a viable worldwide solution for decarbonizing the transportation
sector. India is one of just a few nations to back the worldwide EV30@30 initiative, which
aims for at least 30 percent of total of new automobile sales to be electrified by 2030 [1].
Because of the paucity of oil sources and the deterioration of environmental pollution, some
countries have turned to electric automobiles as the leading sector behind the clean and
sustainable energy revolution [2,3]. Electric automobiles, which are rapidly being manufac-
tured, can assist in the total substitution of fuel and reduce vehicle pollution. Improving
the charging infrastructure is crucial for the widespread usage of electric cars [4,5]. Coordi-
nated charging stations appear to be an important part in replenishing the supply of energy
for electric and hybrid vehicles and they can affect users’ daily life. The location and size
of these structures might have a significant influence over how electric vehicles are used.
As a consequence, a fragment of transportation must recognize complete demands and
conditions for developing the right analysis of a charging station, such as transportation
ease of access, operational range, safety regulations, site estimation and municipal govern-
ment planning. Some parameters, such as the allowed capacities of both the distribution
system as well as line operational demands, must also be considered in this section of the
power flow [1,2]. EV automobiles, as a method of public transport system, will have an
influence on public transportation patterns and lifestyles in the coming years. Considering
the fact that many users can recharge their EVs at homes, there is still a high requirement
of charging stations in several places [4]. Therefore, as a result, electric vehicles may raise
new concerns about vehicle charging and management. Prior to the adoption of a specific
number of electric vehicles, it has been agreed that appropriate charging stations must be
available. In India, the government has agreed to spend a large amount of capital to build
charging station systems. Multiple planning methodologies have been introduced in this
study with the purpose of enhancing the layout of electrical charging stations [2,6]. As a
consequence, sophisticated charging stations are essential for the quick rollout of large and
growing electric vehicle network infrastructure. However, if charging station power supply
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infrastructures are not properly established, EVs will not be able to encourage healthy
and growing circulation. Electric vehicles also have a major role in reducing pollution
and conserving natural resources. Battery electric vehicles (BEVs), plug-in hybrid electric
cars (PHEVs) and hybrid electric vehicles (HEVs) are the three basic kinds of electrical
vehicles based on their fuel usage advanced technologies. Since they are intended to be
recharged by connecting into the electricity system, both PHEVs and BEVs are plug-in
electric vehicles (PEVs).

One of the greatest impediments to widespread household adoption of electric vehicles
is the existing lack of public charging infrastructure. To achieve the basic charging needs,
we must know how many charging stations need to be built. This is a critical subject
because, as much research has shown, the availability of simple and economical recharging
infrastructure has a direct impact on the customers’ buying decisions and, as a result, on the
adoption of EVs [6,7]. Many towns and regions have begun to install electric car charging
stations, but they lack a comprehensive and complex layout design system, especially given
the vast scale of the project. Perhaps both utility and petrochemical companies in India
have lately revealed up their personal EV charging infrastructure development plans in
order to satisfy the predicted charging demands from the rising EV fleet [2]. As a result,
charging station pattern forecasting and implementation will move into the big-picture,
network age and studies into charging station designing and siting will become more
urgent and significant [8,9]. The goal of this study is to reduce user loss on the route
towards the charging station by partitioning the planning area using the grid partition
method and using the OA (optimization algorithm) to choose the optimum position of
each partition based on population intensity and charging terminal capacity limitations.
This paper will find an acceptable charging station plan in the whole region after repeated
computations and altering the exposure of every subdivision and the locations of charging
stations [10,11].

2. Methods
2.1. Layout Approaches for EV Charging Station Optimization
Process Design

The goal of this study on Electric vehicle charging station optimum efficiency strategy
is to come up with an effective building plan to tackle the dilemma of charging station
positioning as well as sizing within an area. Figure 1 depicts the proposed approach [4,12].

As shown in Figure 2, we conceived determining superior locations for charging
stations and studying charging stations in a newly developed region of Kota city by
observing various factors and their calculation elements in this study. The elements we
are looking at include geo-statistical techniques, minimum charging times and analyzing
user demand based on the density and quantity of electrical vehicles and charging stations,
as well as selecting specific places where the majority of driving paths may readily reach
the charging station [6,13]. Another significant goal for charging station placement is to
place charging stations in high seismic regions where charging demand is high due to
population density as well as vehicular corridor densities. Research has included user-
oriented, route-oriented and destination-oriented micro-scale analytical techniques of
parking or even charging stations in a conceptual framework to address more than one
critical element [4,10]. Through the analysis, we regard economy, convenience, driving
distance and charging demand as factors affecting the number of charging stations and
location distribution. Vehicles also include PHEVs, which also have internal combustion
engines and use electricity to charge the batteries [14]. However, this paper considers only
the following battery EVs types: two wheelers, three wheelers, four wheelers. Commercial
electric two wheelers have a longer daily run and will require quick chargers. Private
two wheelers, on the other hand, may be charged using household slow chargers [15,16].
Similarly, the majority of private automobile owners would charge their electric vehicles
at home. Fast charging is required for electric three wheelers and automobiles that are
utilized for greater miles each day for business purposes. The bus charging mechanism
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and frequency (number of times per day) would be determined by the storage capacity and
daily consumption [17,18].
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2.2. The Mathematical Model of Location and Sizing
2.2.1. Site Survey

As Kota is a city with a population of 1,474,243 people and 509,535 vehicles, which
is fast moving toward electric vehicles to minimize pollution and improve the city’s air
quality index, we decided to analyze and install our charging stations in a recently created
section of the city, called Rama Krishna Puram [2,19]. Our goal is to provide charging
stations so that everyone who needs to charge their electric vehicle may do so. With a
population of 11,881 people (rate of increase in population every year is 3.03%) and a
2.23 km2 area, Ramakrishna Puram has the following density [2,11]:

Density, DP =
N
A

People/km2 (1)

where,
N = no. of people, (varies w.r.t Time)
A = total area in square kilometer, (Constant w.r.t time)
As the population may increase with regard to time but density of the area will not

vary much because as per the urban management, the plotting of houses in this area is
fixed due to which density of this area will not much differ in further year. Therefore, the
density of Ramakrishna Puram currently in 2022 is ≈ 5324 people per kilometer of square
area [8,12,20]. If we consider 5 circles and 7 connecting roads together in Rama Krishna
Puram area, then the site consists of n + 1 node in it; hence, we can place 13 charging
stations and as we have 3 petrol pumps covering this area, we have to deploy 10 charging
stations only in this area considering 3 petrol pumps will also provide charging facility for
EVs [11,21].

2.2.2. Predicting Total Number of Electrical Vehicles

According to Equation (2), the population density of R.K Puram is approx. 5324 per-
sons per square kilometer in 2022 and will increase by 3.03% yearly [2,15]. By assuming
that by 2030 each individual will have one vehicle (such as 2w, 3w, 4w), we may deduce
from Equation (2) that if we wish to put EVCS system in each square kilometer, i.e., in a
1 × 1 km area and according to prediction of government of Rajasthan’s electric depart-
ment, 30 percent of the population will be driving electric cars by 2030, the total electric
vehicles (TEV) in the region will be

TEV =
N/A
100

× 30 (2)

TEV↑ = N↑

A = Constant w.r.t Time
N = ↑ at rate of 3.03% per year.
Then, in each kilometer square of land, there will be 1948 future automobile owners

charging their electric vehicles [11].

Kp =
17

24× 60
= 0.0118 (3)

γev = 0.85 (4)

i = 6.80% (5)

The charging stations to be constructed inside the road network were the focus of
this research. Users determine the fastest route between road network nodes and any
charging stations. Before calculating, the factors must be established [14,22]. Assume that
one customer charges once per day and spends 17 min doing so; the percentage of charging
time may be determined as follows: Equation (3). On the contrary, the average regular
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required to charge probabilities of electric vehicles and the financing rate are determined
by (4) and (5).

2.2.3. Analyzing Power and Demand of Charging Stations

To anticipate charging station demand, we must first identify and calculate the many
impacting elements of electric car charging stations [17,23]. Charger capacity restraints
mean that the primary requirement for building a charging station would be that the
capacities be sufficient to fulfil all of the users’ demands. The services supplied by EV
charging stations are defined by the amount of charging units and the available time, as the
demand for charging is indicated by the variable vehicle-hour [4,24]. Thus, every charger
has the greatest possible accessible runtime of 24 h per day. However, in order to account
for the charging system’s utilization rate, this available time must be multiplied by a value
smaller than 1. Thus, an equation is used to compute the number of charging times per day
for an electric car (6).

Nct =
Ma/Dn

SD
(6)

In Equation (6),
Ma = yearly average mileage of an EVs in kilometers,
N = daily charging time of an electric car,
Dn = number of driving days per year of an electric vehicle
SD = driving range of an EV battery in kilometers; 120 km is ideal, based on current

battery technology.
As per the formula, with the help of average charging time, power of EV at CS as well

as by range of EV, we can determine the rotational routine of every electrical vehicle coming
for charging at PCS and also predict total EVs which can be charged on a daily basis. As
the Table 1 shows the different categories of charger with specifications, the power rating of
fast chargers is 10 kW/15 kW/30 kW/50 kW or even greater capacity, according to Bharat
DC Charging Specifications [5,21].

Table 1. Different categories of charger with specifications.

Charger Type Charger Connectors Rated Voltage (V)
No. of Charging

Points/No. of
Connector Guns (CG)

Fast

CCS (min 50 kW) 200–1000 1/1CG

CHAdeMO (min 50 kW) 200–1000 1/1CG

Type-2 AC (min 22 kW) 380–480 1/1CG

Slow
Bharat DC-001 (15 kW) 72–200 1/1CG

Bharat AC-001 (10 kW) 230 3/3CG of 3.3 kW each

Charge time can also be calculated using the formula:

CT [h] =
Q[kWh]

Cp
(7)

P = V × I
E = V × I × T
E = V ×Q

(8)

where
Cp = charging Power (kW)
E = energy stored in a battery, expressed in watt-hours
V = voltage of the battery
Q = battery capacity, measured in amp-hours.
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The amount of time it takes to charge a battery is determined by its capacity and
charging power. Basically, the charging pace is determined by the charging level, which is
determined by the voltage control of the energy storage devices and charger equipment in
the vehicle [10,22].

The equation of equilibrium for an electric vehicle’s power system may be generated
using the queuing model M/M/s [10,25].

∂p0 = µp1
λpn−1 + (n− 1)µpn+1 = (λ + µn)pn+1 n ≤ s
λpn−1 + sµpn+1 = (λ + sµ)pn n > s

(9)

In Equation (9), pn is the possibility that ‘n’ electric vehicles accept charging services. s
is the number of charging stations. The number of electric vehicles that accepted service of
charge is n. The average arriving rate for each charging station is λ, which can be calculated
using Equations (10) and (11). Then in Table 2 we have analyzed various electric vehicles
in Indian market to estimate charging station demand.

λn =
k1k2Dm

qt (10)

µ =
1

Ta/d + CT
(11)

Ta/d = time of electric vehicle arriving and departure from one charging station.
CT = charging time.

Table 2. Analysis of various EVs in Indian Market.

S.NO Type of EVS Model Battery
Capacity Travel Range Recharge

Time

1

Four-
wheelers

Tata Nexon EV 30.2 kWh 312 km 65 min (FC)

2 MG ZS EV 44.5 kWh 340 km 50 min (FC)
6–8 h (SC)

3 Tata Tigor EV 30 kWh 142 km 90 min (FC)
6 h (SC)

4 Hyundai Kona EV 39.2 kWh 452 km 57 min (FC)
6 h (SC)

5 Mahindra e2oPlus 10.08 kWh 99.9 km 75 min (FC)
6 h (SC)

6
Three

Wheelers

Mahindra e-Verito 21.2 kWh 140 km 1.45 h (FC)

7 Mahindra
TREO(AUTO) 7.37 kWh 130 km 3 h (SC)

8

Two
Wheelers

Revolt RV400 3.2 kWh 80–150 km 4.5 h (SC)

9 TVS iQube 4.5 kWh 75 km 5 h (SC)

10 Bajaj Chetak 3 kWh 85–95 km 5 h (SC)

11 Ola S1/S1 Pro 2.98–3.97 kWh 121–181 km 6.5 h (SC)

12 Pure EV Epluto 7G 2.5 kWh 90–120 km 4 h (SC)

13 Hero Photon HX 1.8 kWh 80 km 5 h (SC)

To estimate charging station demand, we must first identify and monitor the many
influencing elements in electric car charging stations. If the owner is willing for charging,
then the correction factor will be considered as 1 or else it is considered as zero. The link
of both the computational elements and the mathematical model, based on the forecast of



Sustainability 2022, 14, 11759 7 of 18

vehicular usage, must, therefore, be developed [23,26,27]. Finally, we discovered a suitable
size for an electric car charging station. Perhaps the charging network’s demand forecasting
methodology is as follows:

CP = Kc f × Xq × Pev × NT (12)

where,
Xq = predicted number of electric vehicles.
Kc f = correction factor with a range ranging from 0 to 1.
CP = electric vehicle charging power demand (in kVA).
Pev = is the power of a single electric vehicle in kVA.
NT = is the charging time of an electric vehicle per day.

2.2.4. Analysis the Number of Electric Vehicle Charging Stations

NCmin =
Dq

SCmin
(13)

NCmax =
Dq

SCmax
(14)

SCmax: the charging station’s maximum capacity.
SCmin : the charging station’s minimum capacity.
Dq : the planned area’s entire charging demand.
The SCmin, Dq and SCmax can be used to estimate the number of charging stations

(NC): NC ∈ [NCmin, NCmax] and there are two types of advancements in electric vehicles.
The first (bus, utility vehicle, taxi, etc.) is under government control. The market, on the
other hand, decides (e.g., private vehicle). In the charging station, there are a total of:

Znc =

[
∂× Dq

P× k× t

]
+ 1 (15)

In the equation, ‘Znc’ is the number of chargers in charging station. ‘∂’ is the capacity
margin of the station. ‘P’ is charging power of the chargers. ‘k’ is the efficiency of chargers.
‘t’ is the effective charging time of the station.

2.2.5. Load Modeling

To examine charging station capacity, the load density estimating technique is used. To
begin, the proposed territory should be split into N conceptual zones based on convention
and actuality [28,29]. The load density datasets in this work are chosen from the residential
area load density by practice and the projected load Lq (q = 1, 2 . . . , N) of each segment, as
well as the fundamental total load LTotal, produced by using load density technique [27,30].

BESCOM states that the current fixed charges per kW for high-voltage lines are INR
190 per kW for high-voltage line and INR 60 per kW for low tension (LT) voltage (AC—slow
chargers). No matter how much electricity is consumed by electric cars, the tariff per kWh
unit is INR 5. Assuming that an average of 15 units of power are used each day to charge
EVs, the cost of charging would be about INR 75 each day for batteries with an average
capacity of 30 kWh.

When building a charge station’s specified capacity, the ease of electric vehicle charging
should be considered [31]. The total number of electric vehicles (Nev) will be obtainable
from the Department of Transportation’s data. The formula for determining an EV charging
station’s capacity (Lsi) is as follows:

Lsi = M× CPavg ×
Lq

Stotal
×Nev (16)
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where M signifies EV charging simultaneity or the ratio of charging EVs to total EV quantity
in statistical likelihood. CPavg stands for the average charging power [31,32]. The power
supply for R.K Puram region of Kota city is shown in Figure 3, according to which this
region is being supplied 3 × 5 MVA power rating (i.e., total of 15 MVA) which is sufficient
to fulfill EV users’ charging demand. We can extend the range of power as per requirement
as this region has its own bus bar and distribution system which is powered by 132/33 kv
Mahaveer Nagar GSS substation (40,150 MVA). Distribution network power losses are the
normal I2 R losses of the line [24]. A mathematical formula is used to calculate the line
losses. The electrical power distribution system charges the battery of an electric vehicle.
Due to non-linearity, the increased power consumption has an impact on the system’s
stability. An EV’s power need may be represented as in Equation (17).

Pev =
CB× (SOCmax− SOCmin)

CT
(17)

where
CB = capacity of battery placed in EV.
CT = time taken for charging EV.
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Whether the EV uses a lot or little electricity depends on the battery SOC. The total
power demand for all EVs is calculated by adding their individual power demands together
and this is denoted in Equation (18).

Pg =
n

∑
n=1

Pev (18)

Harmonics are the increase in high-frequency voltage and current components relative
to the fundamental frequency. Harmonics alter the voltage and current waveforms, which
has an impact on the quality of the electricity. Total harmonic distortion (THD) of both
voltage and current can be used to measure it. Total harmonic distortion (THD) is expressed
in Equations (19) and (20), for current and voltage, respectively. THDV will be lower for
slow charging than with quick charging for THDI. As a result, the EV of low SOC has a
high likelihood of producing harmonics [17].

THDI =

√
∑n

n=1 I2
n

I1
× 100% (19)

THDV =

√
∑n

n=1 V2
n

V1
× 100% (20)
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The voltage magnitude of the bus in the power system that fulfils power balance is
analyzed using Newton’s approach in the Newton–Raphson power flow analysis. The
power balance equations are

P′′I (u)− P′′EI + P′′Fi = 0 (21)

D′′i (u)− D′′Ei + D′′Fi = 0 (22)

Here, In the Equations (21) and (22), bus D′′Ei, D′′Fi, P′′Ei and P′′Fi abbreviations stand for
the demand and generations at the bus. P′i () and U′i () refer to the functions that represent
flow from bus I into the system in terms of voltage magnitudes and angles, respectively.

The majority of owners have vehicles that can be charged in one session. These
chargers operate at 230 volts with a 16-amp electric current. The chargers typically have a
maximum charging speed of 3.7 kW. You may switch your fuse box to a 3-phase charging
connection to charge at greater amps. Workload for the three-phase charger is 400 volts
and 16 amps of electricity. Further, 11 kW, which is three-times quicker than the one-phase
charger, is the maximum charging speed offered by these chargers [7,15]. Although single-
phase charging is still advised for EVs, 3-phase charging is still the best option for delivering
a high-power charge. Single-phase chargers offer quick and effective charging. There are
more automobiles using these chargers than those using 3-phase chargers. Clearly, 3-phase
chargers are more expensive than 1-phase ones. There are several benefits to 3-phase
charging. They can charge numerous electric vehicles and are more practical and flexible
than single-phase chargers.

2.3. Estimation of Cost of Charging Infrastructure

The total cost of establishing charging infrastructure for electric vehicles comprises
the cost of equipment, installation charges, plus operational and maintenance expenditure.
With a rise in EV adoption in 2030 and subsequent years, the percentage of EVs will
increase and, therefore, the cost of equipment will fall. The cost of EV charging device
varies significantly across manufacturers. Aside from the oems cost, installation costs for
the charger and grid connectivity are necessary [20]. The cost of semi-public chargers with
low to moderate power ratings ranges from Rs 36,000 to Rs 87,000, while public chargers,
which demand a lot of electricity, have a significant cost of installation, spanning from Rs
174,000 to Rs 262,000. It is possible that the cost of maintenance and operation will account
for 10 percent of the overall cost of installation [32]. The Ministry of Energy announced
“Charging Stations for Electric Vehicles—Standards and Guidelines” on 14 December
2018, which were later changed on 10 January 2019. Following careful deliberation, it was
agreed to make a number of changes to the amended Guidelines [9,20]. The appropriate
Commission will set the pricing for energy supply to EV Public Charging Stations in
accordance with the current Tariff Policy announced within Section iii of the Electricity Act
2003. Only if the Tariff policy specifies otherwise, the tariff should not exceed the estimated
price of supply adding fifteen percent.

3. Results

In order to illustrate the methods and models, a study is constructed. There are
12 intersection points, 18 road sections in this area and the planning area is 2.23 km2, in
which 11,881 people live, having 5324 vehicles in this area; the regional road net and the
node coordinates and typical area data is shown in Figure 4. Here, we perceive the area
and population and the power supply chain in the area by which we can conclude and
predict the requirement and demand of the area.



Sustainability 2022, 14, 11759 10 of 18

Sustainability 2022, 14, x FOR PEER REVIEW 10 of 18 
 

2.3. Estimation of Cost of Charging Infrastructure 
The total cost of establishing charging infrastructure for electric vehicles comprises 

the cost of equipment, installation charges, plus operational and maintenance 
expenditure. With a rise in EV adoption in 2030 and subsequent years, the percentage of 
EVs will increase and, therefore, the cost of equipment will fall. The cost of EV charging 
device varies significantly across manufacturers. Aside from the oems cost, installation 
costs for the charger and grid connectivity are necessary [20]. The cost of semi-public 
chargers with low to moderate power ratings ranges from Rs 36,000 to Rs 87,000, while 
public chargers, which demand a lot of electricity, have a significant cost of installation, 
spanning from Rs 174,000 to Rs 262,000. It is possible that the cost of maintenance and 
operation will account for 10 percent of the overall cost of installation [32]. The Ministry 
of Energy announced “Charging Stations for Electric Vehicles—Standards and 
Guidelines” on 14 December 2018, which were later changed on 10 January 2019. 
Following careful deliberation, it was agreed to make a number of changes to the amended 
Guidelines [20,9]. The appropriate Commission will set the pricing for energy supply to 
EV Public Charging Stations in accordance with the current Tariff Policy announced 
within Section iii of the Electricity Act 2003. Only if the Tariff policy specifies otherwise, 
the tariff should not exceed the estimated price of supply adding fifteen percent. 

3. Results 
In order to illustrate the methods and models, a study is constructed. There are 12 

intersection points, 18 road sections in this area and the planning area is 2.23 km2, in which 
11,881 people live, having 5324 vehicles in this area; the regional road net and the node 
coordinates and typical area data is shown in Figure 4. Here, we perceive the area and 
population and the power supply chain in the area by which we can conclude and predict 
the requirement and demand of the area. 

 
Figure 4. Map of population and transformers in newly developing area of Kota City. 

As for the data collected, we divided the newly developing area of Kota city in two 
parts of approx. 1 × 1 km2 area, in which the density of population living is 5324, approx., 
in 2022, which, according to statics, is increasing by approx. 3.03% per year so, in the 
targeted year, 2030, the population of this area might be 12,560 and as the number of 
targeted vehicles to be electrified by the guidelines of government in 2030 is 30%, the 
foreseen electrical vehicles calculated in this area will be around 1948 in 2030, including 

Figure 4. Map of population and transformers in newly developing area of Kota City.

As for the data collected, we divided the newly developing area of Kota city in two
parts of approx. 1 × 1 km2 area, in which the density of population living is 5324, approx.,
in 2022, which, according to statics, is increasing by approx. 3.03% per year so, in the
targeted year, 2030, the population of this area might be 12,560 and as the number of
targeted vehicles to be electrified by the guidelines of government in 2030 is 30%, the
foreseen electrical vehicles calculated in this area will be around 1948 in 2030, including
two wheeler, three wheeler and four wheeler vehicles [10,11]. This will provide the target to
analyze the demand and density of this area, by which we will able to understand demand
and site the electric vehicles charging stations to fulfill the needs of electrical vehicles
owners. Table 3, below, shows the status population and market growth status of electric
vehicles in future years in the R.K Puram region.

Table 3. Population and vehicle growth in R.K Puram.

Year Population of R.K Puram Area Total No. of Vehicles Foreseen No. of EVs

2022 11,881 5324 480

2024 12,560 5628 533

2026 13,214 5921 967

2028 13,856 6208 1492

2030 14,498 6496 1948

In the graph shown in Figure 5, a clear vision of increasing demand of vehicles and
population can be observed, which shows that the charging station build must need to be
planned. As such, it can upgrade its power load and capacity with regard to time after a
certain period of years to maintain the service to fulfill public demand.
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Figure 5. Statistical prophesied data of population/vehicles in R.K Puram.

To refine the calculation and prediction values for charging stations, EVs are divided
into subcategories according to their size in the form of wheels and to know the status of
the type of public marketing choice in EVs, we analyzed the sales ratio as per type of EV
demand in market of the newly developing area of Kota city [2]. Table 4 shows analysis of
sales ratio of various types of EVs in the R.K Puram region.

Table 4. Marketing demand statics of EVs in Kota city.

Vehicle
Categories

No. of EVs in R.K
Puram (2022)

Calculated No. of EVs
in R.K Puram (2030) Slow Charging Fast Charging EVS Sale Ratio in

Market (%)

TWO wheelers 729 1480 Y N 76%

THREE wheelers 212 429 Y N 22%

Four wheelers 18 39 Y Y 2%

TOTAL 959 1948 Out of 100%

In the pie chart shown in Figure 6, as Kota is also known as a student area, the quantity
of students is higher in this city and there are around three main colleges, namely Rajasthan
technical university, Vardhman Mahaveer open university and Government medical college,
as well as three schools located in this area, so many people here prefer two wheelers so
that their children can easily go for studies. As seen in Figure 6, the percentage of people
buying two wheelers are 76%, three wheelers are 22% and four wheelers is 2% [27,32].
Therefore, as the slow chargers are affordable in comparison to fast chargers, most of the
people will use slow chargers in their home because, normally, at night, they can easily
charge their vehicles at home. Therefore, there will be less rush for charging EVs with
public chargers.
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We can envisage that the area will require a greater amount of slow chargers as
compared to fast chargers to charge electric vehicles, as the number of two wheelers in the
area is higher in percentage than the three wheelers and four wheelers.

According to the technical values from Table 5, the average capacity of batteries in four
wheelers is 31.4 kWh, which can be charged completely within 67 min (by FC) and in 6 h
25 min (by SC), i.e., overnight, which is a great deal to charge and go for a ride. The range
of four wheelers, normally, on average, is 270 km, which is enough to ride within a city
for 2–3 days without next charge and same applies for 2 W and 3 W vehicles because the
distance of one corner to another corner in Kota city is small, so the fully charged vehicles
can be used for 2–3 days. Therefore, from this study, we can analyze the charging demand,
which will be only 1/2 number of EVs per day of the total EVs in this area. As the total EVs
forecasted in this region is 1948, the EVs arriving for charge in a single day will be 974, out
of which some EVs will charge in the morning and some at night. Therefore, we can assume
that at a time, there will be approx. 500 EVs arriving for charge. Now, according to India’s
policy, there should be 1 charger for 10 EVs in the market so, according to the rules and
guidelines from the government, we can derive that there must be five charging ports at
each charging station, in which four must be slow chargers and one must be a fast charger,
which is declared in Table 6.

Table 5. Average specifications of electrical vehicles and battery for charging.

Average Battery Charging Time

S.NO Type of EVS Average Battery
Capacity

Average
Travel Range Fast Charger Slow Charger

1 4 W 31.4 kWh 270 km 67 min. 6 h 25 min

2 3 w 15 kWh 135 km 1.45 hrs. 3 h

3 2 W 3 kWh 100 km 20 min. 5 h

Table 6. Estimated number of charging slots and capacity of EV charging station.

EVCS Location
NO.

No. of Fast Charging
Guns/Points

No. of Slow Charging
Guns/Points

Total No. of
Charger Slots Capacity

1 1CG (min 50 kW) 4CG (min 3.3 kW each) 5 63.2 kW

2 1CG (min 50 kW) 4CG (min 3.3 kW each) 5 63.2 kW

3 1CG (min 50 kW) 4CG (min 3.3 kW each) 5 63.2 kW

4 1CG (min 50 kW) 4CG (min 3.3 kW each) 5 63.2 kW
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Table 6. Cont.

EVCS Location
NO.

No. of Fast Charging
Guns/Points

No. of Slow Charging
Guns/Points

Total No. of
Charger Slots Capacity

5 1CG (min 50 kW) 4CG (min 3.3 kW each) 5 63.2 kW

6 1CG (min 50 kW) 4CG (min 3.3 kW each) 5 63.2 kW

7 1CG (min 50 kW) 4CG (min 3.3 kW each) 5 63.2 kW

8 1CG (min 50 kW) 4CG (min 3.3 kW each) 5 63.2 kW

9 1CG (min 50 kW) 4CG (min 3.3 kW each) 5 63.2 kW

10 1CG (min 50 kW) 4CG (min 3.3 kW each) 5 63.2 kW

A 2CG (min 50 kW) 2CG (min 15 kW each) 4 130 kW

B 2CG (min 50 kW) 2CG (min 15 kW) 4 130 kW

C 2CG (min 50 kW) 2CG (min 15 kW) 4 130 kW

TOTAL 16CG 46CG 62 1022 kW

As the ratio of 2 ws and 3 ws is higher than 4-w vehicles, which need fast chargers,
there must be a greater number of slow chargers placed as compared to fast chargers in
the region [26,32]. We also placed EVSC stations at petrol pumps so that any outsider who
comes from long travel can charge their vehicles at a petrol pump and can relax while
charging. As the slot has to be free fast, there must be two fast chargers and two slow
chargers to charge the EVs rapidly.

In this research, we analyzed various parameters of various factors to allocate and
size the charging stations in R.K.Puram. We can size the EVCS by the assistance of the
following flow chart, shown in Figure 7, in which we can perceive from the collected data
where we can provide charging stations and where it is not required to place the charging
station and, if the density is low, we can provide one single fact charger and one single
slow charger, whereas if the density is high, we can analyze the demand of the area, as if
the demand is high, we can predict the number of vehicles in that area and if the no. of
vehicles in that area is high, we can analyze by the data type of vehicles present in that
area and on the basis of power supply, load and line losses, we can allocate and size EVCS
accordingly in that particular area.

According to the demand and geographical observations of the newly developed
region of Kota city, we allocated the charging stations at major points by analyzing traffic
flow with the help of Google Maps. In Figure 8, we placed the charging stations (CS no. 2,
8, 7) at three major circles of R.K Puram area for autos and other public transport or bikes,
etc. [10], and three fast charging stations (CS no. A, B, C) at the petrol pump for the instant
charge-and-go model. We also placed four charging stations (CS no. 3, 4, 5, 6) in between
living areas, so people can charge their vehicles within walking distance from their houses
and two charging stations (EVCS no. 1, 10).

For sizing the charging station, it is significant to know the target to be accomplish
and fulfill public demand, so that they will never run out of power in their vehicles. Here,
in Figure 9, according to the survey, we located charging stations in a triangular manner as
the distribution made in this shape will provide easy access to the maximum number of
EV users from their homes in this area and will cover the maximum area in the minimum
no. of EVSCs [26]. As for locating charging stations, we calculated the average values of
charging potentials to be fulfilled, so that we can predict the maximum and minimum
number of vehicles that can be charged in a single day. Thus, by analyzing these data, we
can forecast the accurate number of charging ports to be placed in EVCS stations.
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4. Conclusions

The proposed approach is to find out the suitable locations of charging stations in
specific areas of Kota City, as well as to assess the impact of various EV adoption rates
on the increased capacity and charging growing demand. Numerous parameters and
anticipated values were estimated for establishing charge stations in the R.K Puram region
in order to successfully provide charging facilities to the largest number of consumers by
2030. As, until 2030, EV penetration of 30% will necessitate an increase in daily power
demand, the number of charging facilities with slow or fast charging options must be
considered. The proposed scheme accomplished a satisfactory power distribution planning
methodology, which includes beneficial placement and optimizing of EV charging stations
to enhance substantial numbers of EVs in the major newly developed region of Kota City.
The study results relying on the node system demonstrate that the complete prototype can
actually accomplish an acceptable management strategy for a distribution system.
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Nomenclature

EV Electric Vehicles
PCS Electric Vehicles Charging Station
PM10 Particulate Matter
DP Density
N no. of people
A total area in square kilometer
TEV total electric vehicles in the region
Nct daily charging time of an electric car
Ma yearly average mileage of an EVs in kilometers
Dn number of driving days per year of an electric vehicle
SD driving range of an EVs battery in kilometer’s
CT Charge time
Cp Charging Power (kW)
E Energy stored in a battery, expressed in watt-hours
V voltage of the battery
Q battery capacity, measured in amp-hours
pn possibilityof that n electric vehicles accept charging services
S the number of charging stations
λ average arriving rate for each charging station
Ta/d time of electric vehicle arriving and departure from one charging station
Xq predicted amounts of electric vehicles
Kc f Correction factor with a range ranging from 0 to 1
CP Electric vehicle charging power demand (in kVA).
Pev power of a single electric vehicle in kVA.
NT charging time of an electric vehicle per day
NCmin minimum number of Electric Vehicles Charging Station
NCmax maximum number of Electric Vehicles Charging Station
SCmax charging station’s maximum capacity
SCmin charging station’s minimum capacity
Dq planned area’s entire charging demand
Znc number of chargers in charging station
∂ capacity margin
P charging power of the chargers.
K efficiency of chargers
t effective charging time of the station
Lq projected load
LTotal fundamental total load
Lsi EV charging station’s capacity
M ratio of charging EVs to total EV quantity in statistical likelihood
CPavg stands for the average charging power
CB Capacity of battery placed in EV
CT Time taken for charging EV
Pev power demand by an EV
Pg The total power demand for all EVs
THDI Total Harmonic Distortion for current
THDY Total Harmonic Distortion for voltage
SOC State of Charge
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