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Impacts of Electric Vehicle Charging On
Distribution Grid
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Abstract—Electric Vehicle is one of the most emerging
technology in modern era. Different type of latest technologies are
used in today’s electric vehicles as well as the battery technology is
also developed. Besides many advantages of electric vehicles there
are some bad impacts of electric vehicles charging on electric grid.
Analysis of Electric Vehicle charging impacts on distribution grid
are highly importance for the development of electric vehicles. In
this paper a very simplified model is used by MATLAB/Simulink
to analyze the Electric vehicle charging impacts on distribution
grid. In this model Vehicle to grid (V2G) technology is also used to
analyze the grid power. The active power of distribution grid was
measured while EVs were charging for both V2G on and off cases
and the differences between this two conditions were measured
from the simulation and the results were compared. In this paper
the impacts of EV charging on other grid connected loads are also
analyzed.

Keywords—Power generating station, Electric vehicles charging
station, Vehicles to Grid (V2G), MATLAB/Simulink model,
Analysis grid power, Supplying power to the grid by V2G.

I. INTRODUCTION

Environment pollution, rising price of fossil fuels, low
efficiency of gasoline powered vehicles and lot of advantages
of Electric vehicles over gasoline powered vehicles such as,
Clean technology, Almost zero emission of greenhouse gases,
Higher efficiency, Cheaper Electricity cost compare to fossil
fuels etc. led the Electric Vehicle as the prime alternative source
of transportation sector [1]-[3]. The users of electric vehicles
are increasing day by day due to these several advantages. In
future the users of electric vehicles will increase a lot as many
countries have set zero emission goal in their transportation
sector. Although electric vehicles have many positive benefits
over gasoline powered vehicles, the rapid acceptance of electric
vehicles may have significant bad impacts on distribution grid
such as decreasing power quality, increasing harmonics into the
system, transformer aging effect, higher load current
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(Which can damage others equipment, power shortage etc. [1]-
[4]. High amount of power will be consumed by electric
vehicles in near future. A study showed that 6% peak demand
of total demand is consumed by electrical vehicles in 2013 in
Los Angeles. Another study showed that by 2035, total peak
demand will be 20 GW in UK [4][5].

Previous researchers tried to find out the impacts of EV
charging on power grid, They just discussed about the impacts
of EV charging on grid (such as reducing power level, voltage
drop, harmonics, system loss, transformer aging, power quality
etc.[6]-[11]) or discussed about the probable solution model to
reduce those impacts[12][13]. But in this paper the proven
solution model is discussed with experimental data’s along with
the impacts of EV charging. This model can be used to solve
the power shortage problem during peak hour demand and for
this purpose no extra power station is required. So it is also cost
effective and economical solution for peak hour power shortage
problem.

The objectives of this study is to build a simple EV
charging model to analyze the impacts of EV charging on
distribution grid and analyze the importance of vehicle to grid
(V2G) technology to tackle the power shortage problem during
peak hour period or any emergency situation when total peak
demand increases rapidly. In this paper a EV charging scheme
is proposed where EV charging stations are separated from
residential areas and due to this, the impacts of EV charging on
residential loads is almost negligible and one most important
thing is that this model can be used to deliver power to the grid
by Vehicle to Grid (V2G).

Il. METHODOLOGY OF EV DESIGN IN SIMULINK

This work is based on MATLAB/Simulink model. An
equivalent electric vehicle model with an equivalent battery
model was built in Simulink [14]. The basic EV drive module
is consists of battery controller, battery, EV interface, motor,
motor controller etc.

Fig 1: EV drive module [14].
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Different power rated batteries are used in electric vehicles
by famous automobile companies like, Tesla, Volvo, Toyota,
Nissan, BMW etc.

Electric Car Name Type of battery Rated capacity

Tesla model S Lithium-ion 85 kWh
Nissan Leaf Laminated Li-ion 24 KWh
Rimac C Two Lithium-ion 120 kWh

Toyota RAV4 Nickel-metal hydride 41.8 kWh

In this paper the battery rated power was considered as 40 kW.
Rated capacity was considered as 85 kWh and Lithium-ion
battery was considered for the simulation.

In this simulation model the EV model with different
components were designed in Simulink and the values for Fig 4: Gearbox model [15]
different components were set according to almost exact values
of those components.
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Fig 3: Motor/inverter model [15]

Fig 6: Block diagram of simulation model

AJSE Vol: 18, Issue: 03, Page: 88 - 96 ©AJSE 2019 Page 89



The generating power can be varied to analyze the EV
charging impacts with amount of total power. Initially the
simulation was done for total 15 MW generating power which
was produced by synchronous machines.

In this Simulink model 600 VV AC was used to charge the
electric vehicles. The generating station primarily produced 25
kV then this voltage level was reduced to 600 V by step-down
transformer.

One of the most significant characteristics of this model is
that the total EV charging station was separated from residential
loads. The EV stations were directly connected to the main
distribution grid. Maximum 100 vehicles were connected to the
charging station which consumed total 4 MW power from the
grid. The total number of vehicles were varied to see the
charging impacts on grid. In this simulation model minimum 2
vehicles and maximum 100 vehicles were used to analyze the
charging impacts.

Two type of others load were connected to the main grid, one
is residential load and other one was considered as industrial
load. Total 10 MW residential load and 0.16 MW of industrial

were considered. Power factor of the residential load was
considered as 0.95.

Figure 7: Overall MATLAB/Simulink model

Figure 8: Generation Station model
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Figure 9: Transformer parameters

Figure 10: EV charging model

Figure 11: Connected load (residential & industrial) model

In this simulation model, vehicle to grid (V2G) technology is
used to supply power to the distribution grid from the vehicles
after fully charged. The system efficiency is considered as 90%
and total five (5) charging profiles are used in this model to
analyze the charging effect by varying the vehicle number.
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IV. RESULTS ANALYSIS

The results were analyzed with different conditions. Load
active power, active and reactive power of residential load and
industrial load were analyzed with different combinations of
EV charging.

A. Analysis of grid active power
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Total EV=2

Profile 1=0 EV, Profile 2=0 EV, Profile 3=1 EV,
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Figure 18: Grid active power (V2G on)
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Figure 15: Grid active power (V2G off)

Conditions:
Total generating power =15 MW
Total EV=100

Profile 1=35 EV, Profile 2=25 EV, Profile 3=10 EV,
Profile 4=20 EV, Profile 5=10 EV
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Figure 19: Grid active power (V2G off)
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Figure 23: Grid active power (V2G off)

power

From the above figures it is clear that during V2G on the grid
power is higher than V2G off. That means when V2G is on,
after full charged the EV supplies power to the main grid as a
result the grid power increases. When very less amount of
vehicles (here 2 vehicles) are in charging station, the difference
between power when V2G on and off is not noticeable. It means
that less numbers of vehicle doesn’t increase the grid power
although vehicle to grid remaining on. But when higher number
of vehicles are in charging and vehicle to grid is on, significant
amount of power can be supplied to the grid by the EVs. By
calculating the power differences between V2G on and off for
different combinations. The tables below show the power
contribution by V2G on compare to V2G off.

Comparison Grid power for V2G on and off

For 15 MW Generating Power

time <104

Figure 20: Grid active power (V2G on)

Load (yellow)

Total | Power in MW | Power in MW | Power Increase
EV (V2G off) (V2G on) increase | in %

2 10.25 10.3 0.05 0.4878
50 10.3 114 11 10.68
100 10.3 12.9 2.6 25.24
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Figure 21: Grid active power (V2G off)
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Conditions:
Total generating power =20 MW
Total EV=100

The above table is for total 15 MW generating power. The table
shows that for 2 vehicles V2G can contributes only 0.4878%
power to the grid which is almost negligible. But when 100
vehicles are in charging V2G contributes 25.24% power to the
distribution grid which is huge amount of power.

Now let’s calculate this for 20 MW generating power.

Comparison Grid power for V2G on and off

Profile 1=35 EV, Profile 2=25 EV, Profile 3=10 EV,
Profile 4=20 EV, Profile 5=10 EV

Load (yellow)

14
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For 20 MW Generating Power
Total | Power in MW | Power in MW | Power Increase
EV (V2G off) (V2G on) increase | in %
2 10.3 10.35 0.05 0.49
50 10.3 115 1.2 11.65
100 10.3 13 2.7 26.21
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Figure 22: Grid active power (V2G on)
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The above table is for total 20 MW generating power. The table
shows that for 2 vehicles V2G can contributes only 0.49%. But
for 100 vehicles it contributes 26.21%. This scenario indicates
that for higher generating power contribution of V2G is also
higher.
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B. Analysis of active & reactive power of residential load Conditions:
In this section active and reactive power of residential load ~ Total generating power =15 MW
would be analyzed. By varying total no. of vehicles, Total ~ Residential load=10 MW

residential load, power factor etc. We will try to find the 1otal EV=100, _ _
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Figure 27: Load reactive power (V2G off)
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Conditions:

Total generating power =20 MW

Residential load=10 MW

Total EV=100,

Profile 1=35 EV, Profile 2=25 EV, Profile 3=10 EV,
Profile 4=20 EV, Profile 5=10 E

C. Analysis of Active & reactive power of Asynchronous
machines (Industrial Load)

In this section both active and reactive power of connected
industrial load will be analyzed by varying the total number of
electric vehicles and total generating power. Here total
residential load is considered as 0.16 MW.
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g ° Total EV=100,
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Figure 34: Load reactive power (V2G on)
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From the above wave shapes it is observed that the active and Figure 38: ASM reactive power (V2G on)
reactive power of residential load doesn’t affected with vehicles
charging in grid. Here VV2G on or off is not effective for load
power. So it can be said that EV charging has almost no effect
on residential load as EV charging stations are separated from
residential zone.
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Figure 39: ASM reactive power (V2G off)

From the above figures, it is clearly seen that the ultimate peak
value of the active & reactive power of ASM (asynchronous
machines) is almost same. But when V2G is in on condition,
EVs trying to supply some power to the grid (between 5.30 to
6.30 O’clock). The amount of supplied power by the vehicles
to the grid is almost negligible. So we can say that impacts of
EV charging on industrial load (ASM) is almost zero if EV
charging station is directly connected to the grid and totally
separated from others connected load.

V. CONCLUSION

The experiment was successfully done. In this work, the EV
charging station is totally separated from others load and
directly connected to distribution load. As a result it was
observed that only main distribution grid is affected but other
connected loads are not affected at all. During the charging
period the active power of main grid decreases but after fully
charged EV starts to supply power to the main grid while V2G
system is in on mode. But due to V2G off, EV can’t supply any
power to the main grid. So V2G system is very effective. It was
measured that for the charging case of 100 vehicles, due to V2G
on EV can supply more than 25% (for 15 MW grid it is 25.24%
and for 20 MW grid it increases to 26.21%) power to the main
grid.

The previous studies have shown different EV charging
impacts on grid and have proposed different type of solution to
reduce those impacts. But in this paper a very simple EV
charging scheme is designed and a built in Vehicle to Grid
(V2G) technology is used as a solution is proposed that is by
default technology in many modern electric vehicles now a
days. So for the solution of EV charging impacts on grid, there
will be no extra charges. The novelty of this proposed work is
very simple in design, residential areas are almost out of the EV
charging impacts zone and most importantly after full charge,
huge amount of power can be supplied to the grid when V2G
remains on. This power can be used during peak hour to fulfill
the peak demand.
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