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Abstract — Fossil fuels used by traditional internal combustion vehicles today are quite damaging to environment. Because of
these fuels, global warming has reached a very dangerous point. However, fossil fuels are gradually depleting. Therefore, it is
inevitable that electric vehicles, which are more environmentally friendly, more economical and quieter, will become widespread.
However, since fully electric vehicles will receive all of their energy from the grid, the electrical grid must be ready for this
situation and load. Since conventional grids will be insufficient to manage this load, smart grids, which are flexible, adaptive,
synchronous and strong, are needed. The energy quality problems due to electric vehicles can only be minimized with smart
grids. When energy demands and distribution over time compared, demands of electric vehicles is much greater and, more
importantly, it demands this energy in a much shorter time demand of a residence. For this reason, before electric vehicles
become widespread, grids need to become smart and possible problems and solution suggestions need to be examined. In this
study, instead of classical fast or slow electric vehicle charging, a flexible charging interface that interacts with grid, vehicle user
and vehicle was designed.
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I. INTRODUCTION In the literature on this subject, a case study was conducted

As Electric Vehicles (EV) become more widespread, load on a residential model in the Matlab/Simulink environment,
on grid will increase. Load of charging vehicles from grid  Which developed an energy management system strategy to

requires redesign of electric power distribution system [1],[2]. increase energy efficiency [3]. Additionally, a smart charging
Conventional grids will be inadequate to manage this extra  algorithm was developed in an experimental study [4].
load, which causes short-term large demand changes and Another stqdywas examined impact of ele_ctrlflcatlon_ofabus
whose timing is uncertain. By smart grids, control over this fleet on grid [5]. A smart charging algorithm adoP““g _deep
load will increase, and effects of this inflow will be reduced by ~ |€8mning approach has been developed [6]. An intelligent
taking necessary precautions and guidance. Smart grids will  Pidirectional charging algorithm using grid-to-vehicle and
prevent system collapse, interruptions and quality problems vehicle-to-grid concepts has been proposed [7]. Coordinated

monitoring this consumption and taking precautions where ~ charging application was carried out with particle swarm
necessary. For this reason, smart grids that are dynamic, ~OPtimization technique [8]. A study has been conducted on
adaptive and efficient are needed. Following widespread use ~ Minimizing cost of charging EVs [9]. There is a study that

of EVs, if vehicle battery charging processes are left solely o~ considers ~a  practical ~electric bus charging _station
user's initiative without taking precautions and developing ~configuration operating in Pamplona, Spain [10]. Demand

new charging algorithms, this will create major problems for ~Management method has been developed to shift load (EV
grid and encompassing all elements. The foundations of ~charging) to fill overnight electricity demand valley and
conventional power systems were laid in the 19th century and ~ Sonsume when there is a surplus of renewable energy in the
have survived to present day without much change. On the system [11]. EVs drlv_lng anq charging beha_vlor was simulated
other hand, production, consumption, human behavior and ~ With @ Monte Carlo simulation-based algorithm [12]. A smart
demands in the world have undergone radical changes. For this ~ charging application integrated with Internet of Things (loT)
reason, smart grids that are more flexible, more adaptive and ~ 2rchitecture was developed to connect to charging station via
in communication with consumer have gained great WeP application [13]. There is a study that aims to improve
importance. Smart grid has bidirectional communication 9rd load profile [14]. In addition, a fuzzy logic controller
between consumer and producer so continuous emergy ~ U€Sign was carried out on EV charging [15]. )

monitoring and control supply-demand balance can be In this study, mstead_of an EV_cI_1arger that chgrges with
management. Smart grids as interactive grids electrical energy ~ constant current, a design that divides the day into hours

deliver efficiently, continuously, economically and reliable to ~ according to the demand curve and is more sensitive to
all users. In other words, a smart grid is an electricity grid that ~ 1Ncreasing the grid load was implemented. For this purpose, an

can intelligently integrate actions of all users connected to itto  Intérface has been designed that charges with lower current

efficiently provide sustainable, economical and safe electricity ~ during high electricity consumption time and with higher
supply [17]. current during low electricity consumption time.
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Il. SMART GRID AND CONVENTINOAL GRID

A. Conventional Grid

A grid established to deliver generated electrical energy to
users is called a conventional grid [16]. Conventional grids
have maintained their basic structure for many years and have
not undergone major changes. Conventional grids have
unidirectional energy flow and centralized generation. It
consists of electromechanical systems that cannot benefit
sufficiently from intelligent electronic systems. There is a
necessity to extra generation for instantaneous increases in
demand.

B. Smart Grid

Smart grid is an electrical grid that can intelligently integrate
actions of all users connected to it, including plants,
consumers, and prosumers that both generate and consume
energy, to efficiently provide sustainable, economical and safe
electricity supply [17].

Smart grids can better integrate Renewable Energy Sources
(RES) into power system. They improve control and
management of transmission and distribution companies over
the system. Briefly, they offer a more flexible grid opportunity.
Smart grid interaction is given in Fig. 1.

System

Demand
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Scheduling
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RES
Generation
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Fig. 1. Smart Grid Interaction between EVs and electricity market

components [18].

Smart grids can use the stored energy during times of high
energy demand, as they have a structure that can meet need for
distributed storage as well as distributed production. They can
determine faults locations in grid more quickly and effectively.
Smart grids consist of three main components as Distribution
grid RESs (DRESs), Distribution grid Storage Devices (DSDs)
and users and all components are given in Fig. 2. In Fig. 2, EVs
are seen as both storage devices and consumers depending on
grid needs and battery status. This situation can be managed
according to need by smart grid.
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Fig. 2. Smart Grid compononets [19].

C. Effects of EV charging on the grid

Forecasting load growth for EVs is complex and may require
grid reinforcements beyond budget allocated to grid planning.
With the increase in EV penetration into distribution system,
the power drawn by system will be more, which will require
additional system infrastructure by distribution company. EV
inverters can create power quality problems such as
harmonics. Uncontrolled vehicle charging can overload
components, increase power system losses, create phase
imbalance, and shorten transformer life. They can also cause
reactive power problems. For this reason, it is necessary to
avoid uncontrolled vehicle charging. From daily load curve of
grid in Fig. 3, it is seen that the highest consumption is during
day and evening hours. The least consumption is seen in early
hours of day and in morning. People desire to charge their
vehicles when they come home; load profile which is already
at its peak without these vehicles, will be further disrupted by
creating larger peaks. For this reason, multi-price tariffs should
be applied by dividing the daily pricing into multiple levels in
a way that the most expensive pricing being during peak hours
through smart meters. Thus, the consumer may prefer to
charge in early hours of day in order to pay less bill. A more
effective method is to plan charging process according to hours
of day, as we did, by doing slow charging during peak hours
and fast charging during day when demand is low.
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Fig.3. Daily load curve samples of Turkey [20]
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I11. MODELLING OF EV CHARGE

1. Select Battery Capacity

2. Select Charging Start Time

3. Choose Range

4. Start Charge

Fig. 4. EV charging simulator Matlab Guide interface.

Fig. 4 shows EV charging interface designed with Matlab
guide. This interface consists of four stages. Firstly, the battery
capacity is selected, and in second stage, information about the
time interval at which charging process will begin is entered.
At this stage, day is divided into nine different charge levels
according to load curve in Fig. 3. In this way, it is aimed to
create a smoother curve by shaving off the peaks in the load
curve. The grid load is taken into account according to time
and charging speed of each option is different. At this stage,
grid needs are prioritized. In third stage, purpose of first
driving after charging is selected. If you will drive within city
and EV will be charged again in evening, the first option is
chosen, if you will drive a long range for intercity roads, the
second option is chosen. In the first option, the battery is
charged to 85% of its capacity, if long distance option is
selected, capacity is fully charged, that is, battery is charged to
100%. At this stage, needs of vehicle driver are at the forefront.
In addition, unnecessary full capacity charging is prevented at
this stage, thus preserving battery health.This option is user
and vehicle responsive. By this interface, needs of grid, vehicle
driver and vehicle are combined and taken into account.
Finaly, button is pressed to start charging process, an overhead

line image appears on screen and charging process begins. In
the interface in Fig. 4, for example, battery capacity is 100 Ah,
charging start time is 21:00-00:00, and it is stated that next
drive will be in city.

The dynamic model of battery used in simulator is shown in
Fig. 5. The block diagram of flexible EV charging simulator

designed with Matlab/Simulink is given in Fig. 6.
t
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Fig. 5. Dynamic model of the battery used in the simulator.

45



Alaca and Nese, Grid-Aware Electric Vehicle Charging Interface Design, ITTSCONF2024, Istanbul, Tiirkiye

Goto
Continuous e
= R—
powergui »| Battery (m) Batt+ |g———a& + _ SO0 (%P . >
@ . >
<Current (A)> T

A P Charge Current Batt- [s——a& _ Voltage (V)> Gain ®: >

Charai S Bus Scope
arging Lithium-lon Battery Management System Lithium-lon Battery
Current (A) Selector _ L]
Scope2
[SOC] |
From Rela " I ]
)4 Stop Charge

Scope3

Fig. 6. Flexible charge simulator Matlab/Simulink block diagram.

Esatt:is nonlinear voltage (V),
Eo:is constant voltage (V),
Exp(s): is exponential zone dynamics (V),

Sel(s): represents the battery mode. Sel(s) = 0 during battery
discharge, Sel(s) = 1 during battery charging,

K: is polarization constant (Ah!) or Polarization resistance (Ohms),
i*: is low frequency current dynamics (A),

i is battery current (A),

it: is extracted capacity (Ah),

Q: is maximum battery capacity (Ah),

A: is exponential voltage (V),

B: is exponential capacity (Ah™).

The charge model of lithium-ion battery used in simulator
is expressed by equation (1).

Q
it+0,1.Q

1%

£, (it,i*,i) = E, — K.

i. R
ot it+ A.exp(-Bi.it)

(1)
-K.

IVV. DISCUSSION AND RESULTS

In this study, as seen in Fig. 4, battery capacity is selected in
the first stage, and charging time and distance is selected
respectively, and then charging process starts when start button
is pressed. An overhead line image appears on the screen to
indicate that the charging process has started. The selection of
the charging time in second stage of operation directly affects
charging current, fast charging with high current cause even
more load on grid operating at peak load. The daily load curve
is made smoother by performing slow charging with low
current at the peak points of daily load curve and fast charging
with high current at valley points of load curve. An attempt is
made to capture controlled charging curve in Fig. 7. In third
stage, in city/intercity selection is made. If city driving is to be

done, it is unnecessary to fully charge battery, so charging
process is stopped at 85% SoC (State of Charge) level. In this
way, battery is not fatigued by a full charge and grid is not
given a full load in one day. Instead, intermittent load
distribution is made.
Uncontrolled

Controlled
EV charge EV Charge
MW ~ MW
AN\
Hour Hour

0 510152024 0 5 10 1520 24

— Building Demand

- Building + EV
Demand

Fig. 7.

Fig. 8 shows the time/SoC curve of a 100 Ah battery that
starts charging between 17:00 and 19:00 and is charged from
20% SoC to 85% SoC. The charging process was
automatically terminated at 85% SoC level since city driving

was preferred.
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Uncontrolled and controlled EV charging.
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Fig. 8. Charging curve of 100 Ah battery for city driving between 17:00-
19:00.

Fig. 9 shows time/SoC curve resulting from 100 Ah battery
starting to charge between 00:00-03:00 and charging from
20% SoC level to 85% SoC level. The charging process was
automatically terminated at 85% SoC level since city driving
was preferred.
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Fig. 9. Charging curve of 100 Ah battery for city driving charging between
00.00-03.00.

Fig. 10 shows time/SoC curve of 100 Ah battery that starts
charging between 21:00-00:00 and is charged from 20% SoC
to 85% SoC. The charging process was automatically

terminated at 85% SoC level since city driving was preferred.
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Fig. 10. Charging curve of 100 Ah battery for city driving between 21:00-
00:00

Fig. 11 shows time/SoC curve of 100 Ah battery that starts
charging between 11:00-15:00 and is charged from 20% SoC
to 85% SoC. The charging process is automatically terminated

at 85% SoC since city driving is preferred.
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Fig. 11. Charging curve of 100 Ah battery for city driving between 11:00-
15:00

When Fig. 8 and 9 are examined in particular, it is seen that
the curve in the eighth figure is more horizontal and the curve
in the ninth figure is more vertical. Because time/SoC curve in
eighth figure was obtained during a peak hour of electricity
consumption and so more horizontal. The curve in ninth figure
was recorded when electricity consumption was low and so it
is more vertical. This situation is shown in Fig. 12. All the
situation curves examined in Fig. 8-11 are combined in Fig.
12.
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Fig. 12. Charging curves of 100 Ah battery for city driving in different
time zones
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V. CONCLUSION

This study is based on charging batteries of various
capacities at various speeds, taking daily load curve as
reference for electricity consumption. In addition, charging
rate of battery capacity can be decided by selecting driving
distance. In this way, EV charging curve is aligned with grid
needs, contributing to power system flexibility. In future
studies, online grid needs can be included and a more sensitive
charging process with more data can be achieved.

REFERENCES

A. Srivastava, M. Manas, and R. K. Dubey, Electric vehicle
integration’s impacts on power quality in distribution network and
associated mitigation measures: A review,” J. Eng. Appl. Sci., vol. 70,
no. 1, pp. 1-12, Dec. 2023.

M. Campana and E. Inga, Optimal deployment of fast-charging stations
for electric vehicles considering the sizing of the electrical distribution
network and traffic condition, Energy Rep., vol. 9, pp. 5246-5268, Dec.
2023.

N. Hasanova and S. Varbak Nese, Demand-Side Energy Management
in Smart Buildings: A Case Study, European Journal of Technique,
vol.2, no.11, pp.239-247, 2021.

Y. Yu, L. De Herdt, A. Shekhar, G. R. C. Mouli and P. Bauer, EV Smart
Charging in Distribution Grids - Experimental evaluation using
Hardware in the Loop Setup, in IEEE Open Journal of the Industrial
Electronics Society, doi: 10.1109/0J1ES.2024.3352265.

G. Nilsson, A. D. O. Aquino, S. Coogan and D. K. Molzahn,
GreenEVT: Greensboro Electric Vehicle Testbed, in IEEE Systems
Journal, doi: 10.1109/JSYST.2023.3343692.

M. Sharif and H. Seker, Smart EV Charging with Context-Awareness:
Enhancing Resource Utilization via Deep Reinforcement Learning, in
IEEE Access, doi: 10.1109/ACCESS.2024.3351360.

Y. Dahmane, M. Ghanes, R. Chenouard and M. Avarado-Ruiz,
Decentralized Control of Electric Vehicle Smart Charging for Cost
Minimization Considering Temperature and Battery Health, 2019
IEEE International Conference on Communications, Control, and
Computing Technologies for Smart Grids (SmartGridComm), Beijing,
China, 2019, pp. 1-6, doi: 10.1109/SmartGridComm.2019.8909796.
D. A. Hussien, W. A. Omran and R. M. Sharkawy, Smart Charging of
Electric Vehicles in Charging Stations, 2023 5th International Youth
Conference on Radio Electronics, Electrical and Power Engineering
(REEPE), Moscow, Russian Federation, 2023, pp. 1-5, doi:
10.1109/REEPE57272.2023.10086885.

C. Liu, K. Deng, G. Wen and X. Yu, Optimal Scheduling of Electric
Vehicle Charging with Energy Storage Facility in Smart Grid, IECON
2019 - 45th Annual Conference of the IEEE Industrial Electronics
Society, Lisbon, Portugal, 2019, pp. 6549-6554, doi:
10.1109/IECON.2019.8926803.

J.J. Astrain, F. Falcone, A. J. Lopez-Martin, P. Sanchis, J. Villadangos
and I. R. Matias, Monitoring of Electric Buses Within an Urban Smart
City Environment, in IEEE Sensors Journal, vol. 22, no. 12, pp. 11364-
11372, 15 Junel5, 2022, doi: 10.1109/JSEN.2021.3077846.

S. M. De Oca, P. Monzén and P. Belzarena, Transactive Energy for
Smart Charge: Coordination of Renewable Generation and EVs Smart
Charging, 2021 IEEE PES Innovative Smart Grid Technologies - Asia
(ISGT  Asia), Brisbane, Australia, 2021, pp. 1-5, doi:
10.1109/ISGTAsia49270.2021.9715562.

N. Piamvilai and S. Sirisumrannukul, Load Profile Simulations for
Smart Charging of Electric Vehicles Considering Driving Behavior and
Vehicle Performance, 2021 3rd International Conference on Smart
Power & Internet Energy Systems (SPIES), Shanghai, China, 2021, pp.
337-342, doi: 10.1109/SPIES52282.2021.9633859.

S. Meisenbacher, K. Schwenk, J. Galenzowski, S. Waczowicz, R.
Mikut and V. Hagenmeyer, A Lightweight User Interface for Smart
Charging of Electric Vehicles: A Real-World Application, 2021 9th
International Conference on Smart Grid and Clean Energy
Technologies (ICSGCE), Sarawak, Malaysia, 2021, pp. 57-61, doi:
10.1109/ICSGCE52779.2021.9621604.

K. B. Javvadhi and P. K. Yemula, Smart Charging of Electric Vehicles
at Residence Under Different Tariff Regimes and Meter
Configurations, 2022 IEEE PES Innovative Smart Grid Technologies -
Asia (ISGT Asia), Singapore, Singapore, 2022, pp. 545-549, doi:
10.1109/ISGTAsia54193.2022.10003635.

P. Bose and P. Sivraj, Smart Charging Infrastructure for Electric
Vehicles in a Charging Station, 2020 4th International Conference on

[1]

[3]

[4]

[5]

[’

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

47



Alaca and Nese, Grid-Aware Electric Vehicle Charging Interface Design, ITTSCONF2024, Istanbul, Tiirkiye

Intelligent Computing and Control Systems (ICICCS), Madurai, India,
2020, pp. 186-192, doi: 10.1109/ICICCS48265.2020.9121010.

[16] Kaplan, S. M. (2009). Smart Grid. Electrical Power Transmission:
Background and Policy Issues. The Capital.Net, Government Series.
Pp. 1-42

[17] Giordano V.,Gangale F.,Fulli G., Smart Grid Projects in Europe, JRC
Reference Reports, sy.8, Netherlands, 2011

[18] A.Shakoor and M.Aunedi Grid-4- Vehicles EU FP7 project,
Deliverable 3.1- Report on the economic and environmental impacts of
large-scale introduction of EV/PHEV including the analysis of
alternative market and regulatory structures.

[19] Hebal, Sara & Mechta, Djamila & Harous, S.. (2019). ACO-based
Distributed Energy Routing Protocol In Smart Grid. 0568-0571.
10.1109/UEMCON47517.2019.8993108.

[20] https://ytbsbilgi.teias.gov.tr/ytbsbilgi/frm_istatistikler.jsf;jsessionid=C
B6C29001708834506541790B5A4F359 (2.11.2023)

48


https://ytbsbilgi.teias.gov.tr/ytbsbilgi/frm_istatistikler.jsf;jsessionid=CB6C29001708834506541790B5A4F359
https://ytbsbilgi.teias.gov.tr/ytbsbilgi/frm_istatistikler.jsf;jsessionid=CB6C29001708834506541790B5A4F359

