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A Study on EV Charging Scheme Using Load Control
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Abstract — It is necessary to charge electric vehicles in order to drive them. Thus, it is essential to
have electric vehicle charging facilities in place. In the case of a household battery charger, the power
similar to that consumed by a household with a basic contract power of 3kW is consumed. In addition,
many consumers who own an electric vehicle will charge their vehicles at the same time. The
simultaneous charging of electric vehicles will cause the load to increase, which then will lead to the
imbalance of supply and demand in the distribution system. Thus, a smart charging scheme for electric
vehicles is an essential element. In this paper, simulated conditions were set up using real data relating
to Korea in order to design a smart charging technique suitable for the actual situation. The simulated
conditions were used to present a smart charging technique for electric vehicles that disperses electric
vehicles being charged simultaneously. The EVs and Smart Charging Technique are modeled using the
Electro Magnetic Transients Program (EMTP).
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1. Introduction

Recently, the global automobile industry, under the
regulations in regards to exhaust gas, mileage, and
carbon dioxide, is accelerating the development of various
different types of automobiles [1]. Among those newly
developed automobiles is the electric vehicle (EV), an
environmentally-friendly car with an improved internal
combustion engine and a much reduced carbon dioxide
and exhaust gas. The Republic of Korea plans to increase
the current percentage of the EV among small and middle-
sized vehicles to 10% by the year 2020, Korea is on the
move for the EV's research, development and com-
mercialization [2].

To ignite an EV, its battery must be charged. To charge
the battery, its linkage with the actual power system is an
essential element. Currently, since the EV is distributed
among very few people, its influence to the current power
system is quite insignificant. However, if the number of
EVs increase and becomes significantly large in number,
as described in Reference [2], the power system will be
greatly influenced somewhat directly by the EV's charging.

There are two different types of EV battery chargers.
Among the two, the first one is a rapid charger capable of
charging the EV battery within 30 minutes. The rapid
charger retains more than S0kW of a charging capacity in
order to complete the charging within 30 minutes. The
other type of charger is a slow charger, which uses its
power source from home. Considering the contract demand
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of a residential house, the charging capacity of the slow
charger is mostly 3.3kW [3]. This means that this slow
charger takes about the same level of power consumption
as a residential house whose contract demand is around
3kW, over a short period of time, when charging the EV.
Moreover, it is probable that consumers with EVs are
likely to conduct their EV's charging simultaneously.
Therefore, this simultaneous charging will lead to a rapid
increase in power load, and eventually this will lead to an
imbalance between the supply and demand of the power
system. This imbalance, in turn, will cause the power
quality degradation including voltage fluctuation and
frequency variation [3].

At present, various thesis on electric vehicle charging
schemes are being published. References [4-6] describe
theses on the adjustment of the frequency of the electric
power distribution system when charging and discharging
electric vehicles. In addition, theses on electric vehicle
charging schemes using new recyclable energy appear in
References [7-8]. Reference [9] explains the contents of
the optimum scheme for charging electric vehicles by
minimizing any voltage variation and any power loss.
Reference [10] proposes an electric vehicle charging
scheme for valley filling. However, Reference [4-10] are
the papers proposed based on ideal conditions (the same
charging time, the same number of electric vehicles being
charged, the same initial SOC, etc.). Any conditions
matching the actual situation are not provided by any of
reference [4-10]. They just indicate that it is important and
necessary to set up a smart charging scheme for electric
vehicles. However, above all, it is important to analyze a
charging scheme under the actual conditions. Thus, in this
paper, we presented a smart charging technique for electric
vehicles that disperses electric vehicles being charged
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Fig. 1. Block diagram of smart charging technique

simultaneously by means of charging conditions suitable
for the actual circumstances of Korea. The experimental
conditions applied in this paper prove that a charging
technique more suitable for the actual situation has been
proposed by utilizing traffic volume and electric vehicle
charging prediction techniques. Moreover, we also applied
a prediction method using the traffic volume, which is a
universal prediction method. Experimental conditions
matching the actual situation better were also designed
by setting up a total of two simulated conditions. The
prediction technique applied in this paper makes it possible
to perform organic predictions according to changes in
the real data (the real-time traffic volume, the battery
efficiency, the charger capacity, the daily driving distance
of electric vehicles, etc.). In other words, the prediction
technique is a prediction method designed based on only
real data. In chapter 2, a simulation condition based on
domestic data is briefly discussed, while chapter 3 is
allotted to discuss the Smart charging technique of the
EV. Discussed in chapter 4 is a method for calculating the
number of charging EVs. Additionally, in chapter 6, the
result from the simulation on the Smart charging technique
of the EV will be discussed, while deriving the conclusion,
based on the result of Chapter 5.

2. Simulation Condition based on Domestic Data

The simulation conditions applied in this paper are based
on domestic data, including the battery capacity and power
consumption of the EV as shown in Reference [3, 11-13],
seasonal power load, the total number of EV, and number
of EV recharging per hour. The EV's power consumption is
at 6.2 kWh, this amount can be charged in less than 2 hours
when the charging capacity of the EV battery charger is
assumed to be 3.3 kW. The assumption on the actual
seasonal distribution system load value of the KEPCO
(Korean Electric Power Corp.) is described in more detail
in Reference [3]. The simulation scenario using the
assumption is also described in more detail.

3. Smart Charging Technique of Electric Vehicle

3.1 Block diagram and algorithm of smart charging
technique

The Smart charging technique applied in this paper is
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capable of determining the actual number of chargeable
electric vehicles, by using the maximum available power
per hour. This method, as shown in Fig. 1, can be divided
into three parts, which are: calculation of the RMS
calculation of the power; and the calculation of the
recharging EVs. Fig. 1 reveals a block diagram of the smart
charging technique [12].

Calculation of the RMS: Since the instantaneous
voltage is a sine wave component with both positive
and negative values, the sine wave voltage and current
are converted into a root mean square value, in order to
facilitate a comparison and calculation.

Calculation of the Power: The voltage and current from
the root mean square calculation are input, in order to
calculate the real-time power consumption. Additionally,
after determining the maximum daily generation as
well as comparing the same with the power consumption,
available power can then be calculated.

Calculation of the Recharging EVs: The available
power is input to calculate the number of recharging
EVs. Moreover, after comparing the number of
recharging EVs with the number of consumers who
are demanding for a recharge, a real-time recharging
number is determined and linked with the distribution
system.

In this paper, in order to suggest suitable charging
condition in Korea, and to provide the smart charging
technique of electric vehicle for minimizing the impact
on the power system, while dispersing the simultaneous
charging of EVs, a Smart Charging Technique Algorithm is
determined as shown in Fig. 2.

Based on the domestic data, the algorithm uses: the
calculation of power consumption rate per hour; calculation
of the available power rate; calculation of rechargeable EV
numbers per hour; and the comparison between rechargeable
EV numbers and the number of EVs demanding for recharge,
in order to determine the chargeability and to calculate the
number of chargeable EVs. Detailed explanations regarding
each step shown in the Smart Charging algorithm are
provided in Sections 3.2 through to 3.5.

3.2 Calculation of the Power Consumption Rate per
Time

In order to predict the available power per hour, the
calculation of power consumption per hour is essential.
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Fig. 2. Algorithm of smart charging technique

Table 1. Rate of load according to summer

Summer Summer Summer
Time | (consumption | Time | (consumption | Time | (consumption

rate) rate) rate)
1 0.678 9 0.829 17 0.957
2 0.647 10 0.915 18 0.942
3 0.623 11 0.956 19 0.932
4 0.609 12 0.962 20 0.931
5 0.607 13 0.925 21 0.924
6 0.615 14 0.953 22 0.888
7 0.654 15 0.964 23 0.843
8 0.722 16 0.956 24 0.808

Therefore, by using the quarterly average (four-seasonal)
per real-time power consumption, provided by the KPX
(Korean Power Exchange), and formula (1), the power
consumption rate per hour was obtained.

P
—€—x100=R, (1)
supply

Hereon, P, : Available power rate
Foppiy - Supplied power per hour
EV harging : Number of chargeable EVs

The following is Table 1, which shows the power
consumption rate in the summer, determined by the process
of calculating the power consumption rate.

3.3 Calculation of the available power rate

The process of the available power rate calculation is

Table 2. Rate of available Power according to summer

Summer Summer Summer
Time (available Time (available Time (available
power rate) power rate) power rate)
1 0.27 9 0.119 17 -0.008
2 0.301 10 0.033 18 0.006
3 0.325 11 -0.008 19 0.016
4 0.339 12 -0.014 20 0.017
5 0.341 13 0.023 21 0.024
6 0.333 14 -0.005 22 0.06
7 0.294 15 -0.016 23 0.105
8 0.226 16 -0.008 24 0.14

an important procedure when calculating the number of
rechargeable EVs per time. Formula (2) is used to calculate
the available power consumption rate. Formula (2) was
determined by using both the power consumption rate and
the power reserve rate. Hereon, the power reserve rate
refers to the rate of power that remained after satisfying the
demand during the peak times of power consumption.
Republic of Korea is recently undergoing an abrupt and
unexpected demand on the increase in power consumption,
thereby setting a predetermined amount of power reserve
rate, in order to prevent a massive blackout and also to
maintain a stable power frequency and voltage.

1-(R,+R,) =R, )

Hereon, R, :Power consumption rate per time
R, : Power reserve rate (4 million kW)
R : Available power rate

Therefore, in this paper, in order to maintain a constant
power reserve rate, the power consumption rate, along
with power reserve rate, is included in Formula (2).
Table 2 reveals the available power calculated by using
formula (2).

3.4 Calculation of the rechargeable EV number per
time

By using the available power rate calculated above, the
charging capacity of the charger is 3.3 kW. Therefore, the
power consumption of an electric vehicle per hour can be
assumed to be 3.3 kW. By using formula (3), the number of
chargeable EVs per hour can be calculated. Table 3 shows
the number of chargeable EVs per hour, calculated by
formula (3).

R, xP
S 7 " supply —EV

chargin, 3
3.3(kW) hareing @
Hereon, Rj: Available power rate

Fppiy - Supplied power per hour
EV arging : Number of chargeable EVs
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Fig. 3. Central control of smart charging technique

3.5Controlling the number of charging EVs per load,
by a central control

The smart charging technique suggested above is based
on a central control system, by using real-time information
received from each type of load. Below Fig. 3 shows a
block diagram of a central cooperative control system
regarding the smart charging technique. As shown in Fig.
3, there is a central control and individual control by load
type.

Central Control System: The amount of load, voltage,
frequency and the number of EVs demanding for charging
by the time are being received as input data. Moreover,
through the calculation process of the smart charging
technique, the number of chargeable EVs per hour is
calculated, its result is signaled to the individual control
system.

Individual Control System per Load Type: The number
of EVs that are demanding for charging per load type is
transmitted to the central control system, the number of
chargeable EVs per hour is received from the central
control system as input, thereby directly controlling the
charge number of EVs.

In this paper, the central system is assumed to be as one.
However, since the simulated system comprises of 11 types
of load, there are 11 individual control systems. Hereon,
the central control can be expected to be controlled by each
substation, and the individual control can be configured
differently by the preferences set by the substation’s
working staff.

4. Calculation of Number of Charging EVs
Per Hour

The Korean Institute of Construction Technology
provides statistics regarding the annual automobile traffic
by season, weekdays, and real-time [3, 13]. By using the
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traffic statistics shown in Reference [14], the total number
of EVs was assumed separately by season and weekdays.
Additionally, in order to predict the charging number, the
methods that are described in Sections 4.1 and 4.2 were
used to assume the number of EVs per hour.

4.1 Prediction of the charging number by using
domestic traffic

In this paper, based on the charging scenario described in
Reference [3], the number of charging EVs was assumed
differently. The number of EVs being charged per hour
was assumed by season, weekdays, and hourly traffic.
Furthermore, a simultaneous charging rate [13] was applied,
in order to reflect the number of EVs being charged at
the same time, thereby calculating the number of EVs that
were demanding charging. The detailed calculation process
and the number of EVs being charged are described in
Reference 3, 11-13].

4.2 Prediction of the chargeable number by using the
EV charging number prediction algorithm|[28]

When predicting the number of chargeable EVs,
conditions regarding the efficiency between the maximum
driving time and charging time should be taken into
consideration. However, currently, the method for predicting
the number of chargeable EVs is based on a much simpler
method, in which traffics and battery power are used, as
described in 4.1 [15-19]. Additionally, the Gauss method,
the moving average method, exponential smoothing method,
and the regression analysis method [20-23] are used for the
prediction. These methods are based only data from the
past when predicting the future. Therefore, accuracy of the
values obtained by the above methods cannot be secured,
since not many EVs are actually distributed yet. Thus, in
this paper, a new prediction method was used in reference
[28].

Prediction Method VS Traffic Method

Number of EVs

200
" |I ||
: Ll

2 3 45 6 7 8 9

1 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time(H)

m Prediction Method Traffic Method

Fig. 4 Hourly charging EVs according to the prediction
method
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4.3 Comparison of Number of Charging EVs

In this paper, two prediction methods are used to predict
the number of EVs being recharged. One of which was a
method using traffic, and the other was a method using the
charging prediction algorithm. Fig. 4 shows the numbers of
EVs being recharged, predicted by each method.

The biggest difference between the two methods lies
within the application of the price plans. Since the method
using traffic is not affected by the price, more charging is
conducted during the daytime rather than at night. However,
when price is applied, this situation is then reversed. As
can be seen in Fig. 4, since the price at night is cheaper,
most EVs are expected to be recharged at night.

5. Simulation

5.1 Calculation of the simulation system and system
load

Fig. 5 refers to the simulation system that was used in
this paper, modified from an actual distribution system
used by KEPCO. The system comprises of two 1.5 km-
long columns, with intervals of X-Y and X-Z. Hereon, the
interval of X-Z was modeled. 22.9 kV of power is supplied
from a substation, and distributed to 11 places [27].

Table 3. Comparison of 2013 and 2020 load [MW]

The reason for the application only to the area of Part 2
is because Part 1 and Part 2 are actually different areas.
Only the simulation condition of Part 2 area was applied.
Moreover, all of the contents regarding the EV is based on
the prediction of 2020. Therefore, in this paper, the power
demand predicted for the year 2020, as predicted in the
Sixth Basic Plan on the Electricity Demand and Supply, is
used, to set the load of the Part 2 area. Table 4 shows the
predicted result of the 2020 load, using the summer load of
the Part 2 area, in the year of 2013.

5.2 Method for Linkage with Electric Vehicle

The method for the linkage with the electric vehicle is
applied in the same manner as Reference [3]. The target of
the method was general automobiles in the Part 2 area. By
applying 10% of the small and medium-sized automobiles
predicted in Reference [2], the total number of EVs linked
to the distribution system was predicted.

— X S/S~Z D/L(Part 2) Electric Vehicle: 896
(Assuming that 10% of the small to medium-sized auto-
mobiles are electric)

5.3 Simulation result

Provided in this paper is a Smart Charging Technique of
the Electric Vehicle, devised to disperse the EVs conducting
simultaneous charging, under the assumed charging cir-
cumstances. Moreover, based on the determination of the
charging number described from paragraph 3.5.1 to 3.5.4

Wi | 2000 2en | T | 201 | 2020 Wie | 2000 ) 2020 chapter, two cases in total were assumed. By measuring the
L >1 | 6l ° 5 | 66 iy 7.0 8.4 load of the Part 2 area, the load control of the suggested
B ¢S | 54 B 63 | 76 1 84 | 101 Smart Charging Technique was confirmed.

3 4.2 5.1 11 6.5 7.8 19 8.8 10.6
4 | 41 ] 49 | 12| 67 8.1 20 73 88 5.3.1 The vresult of the smart charging technique
E 41 149 | 13 | 69 8.3 2L 17 33 simulation following the method for determining the
6 41 | 49 |FI4T 69 83 22 72 8.7 charging number applied with domestic traffic
7 4.4 53 15 7.0 8.4 23 6.7 8.1
8 | 49 | 59 | 16 | 70 | 84 24 6.3 7.6 The load data shown in Fig. 6, as a result of the Smart
‘18(?25“{ ﬂ&ajw _@ | GC z: |5kw
. " — e o - Ecmg.;s;:)&ss Ec1?n SN)ALIIS Ewsa[:gﬂwwos EW 160; stn !
A EC 16;.75:,:)“!0E EC 9{!‘)(322"\‘/':0 60 @ @ @ — Zﬁw
- oo, Lo, L
Yo E = E | oM —= @ ﬂdikw
) E:;‘JSZ:';:'B EC I‘E:I::vl:nﬁ:l. 95 Ew 1?7?;! N AL 9t EC ln:}zl;‘ lr:ﬂwl:r.cl Ew 5!{22‘7':“1;\!9 k] Ew !”6.:1:':\;9 &0 Ew 55[;:;&!:\!‘: 8
EC |5(¢:l’x‘,‘.::;ll.95 EC 58x3 N WO 38 EWlSD BNALQE l_E\CEG |MWD!G EC 160x: 3NV’VO 160 ‘ EC1Gf;735ﬁ|;NDOD
feat [, [14 B, (=1

Fig. 5§ Distribution system

http://www.jeet.orkr | 1793



A Study on EV Charging Scheme Using Load Control

Compare Smart Charging Techniques and Non-controlling Techniques_Traffic
——Non-Controlling Techniques =~ Smart Charging Techniques

11000

Distribution Load P_MAX

10000

9000

/i \/\

7000

Power[kW]

6000
5000

4000
12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11
Time[H]

(a) EMTP simulation data using Excel

T T T T T
12 oS 18 21 24 3 6 9 [H
—— controlling

Techniques

(b) EMTP simulation data

Fig. 6. Smart charging technique applied to the traffic
volume system

Charging Technique simulation following the method for
determining the charging number applied with domestic
traffic, has resulted from the non-control charging and
smart charging simulation in accordance with the method
for determining the number of EVs being recharged,
applied with domestic traffic. As shown in Fig. 6, when
applying the non-control charging, the load increases, in
proportion to the number of EVs being charged. The
method applied in this paragraph is simply based on the
traffic. Therefore, the load increases at a time with more
traffic. The time at which most loads had increased was at
the hour of 19:00, with its increased amount of 0.5MW,
which is 0.06% increment. However, when applying the
smart charging technique, the exceeding loads can be
controlled under the maximum objective value, while
inducing more charging to happen at a time with a low load,
as shown in Fig. 6.

Fig. 6 shows both the load that was applied with the
smart charging technique for controlling the number of
EVs being recharged and the load which is not applied with
the technique.
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Fig. 7. Smart charging technique applied to the charge fee
system

5.3.2 Simulation result of the smart charging technique
applied with the charging number determination
method in accordance with the algorithm for
predicting the number of charging EVs

The load data shown in Fig. 7 are the simulation results
of the non-control charging and the smart charging, in
accordance with the charging number determination
method applied with the method for predicting the actual
number of EVs being charged. The prediction method
applied in this paragraph is capable of predicting the
number of EVs being recharged, by using traffic and price
plans for charging EVs. As shown in Fig. 7, when applying
the non-control charging, the load increases in proportion
to the number of EVs actually being charged. The method
applied in this paragraph is not simply based on the
increasing number of EVs being charged, but is applied
with the traffic condition and prices plan for electricity
charging. The hour with the lowest price actually recorded
the highest increment of load. The time was at the hour of
23:00, with its increment of 2.35 MW, which is a 0.3%
increase. However, when applying the Smart Charging
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Technique, the exceeding loads can be controlled under the
objective value, while inducing part of the loads to move to
the hour with lower load and the lower price, as shown in
Fig. 7. Fig. 7, which is similar to Fig. 6, graphs and an
ATPDraw were used to show the loads applied with the
Smart Charging Technique as well as the loads which is not
applied with the technique.

6. Conclusion

Simultaneous charging of electric vehicles can cause an
abrupt increase of power load and an imbalance between
the supply and demand of power, which eventually leads to
damaged quality of power, such as fluctuations of voltage
and frequency. Therefore, as suggested in this paper is a
“Smart Charging Technique” capable of dispersing the
number of EVs being recharged, in accordance with the
charging condition (seasonal load, seasonal and weekday
traffic, EV distribution plan, etc.). As revealed in the
simulation results, an increased number of EVs will result
in an increased power load. However, a method based on
price further increases the load rather than a method
based on the traffic amount. This is because the traffic-
based method induces the driver to charge the vehicle
immediately after the ignition, whereas the price plan-
based method induces the consumers to be concentrated
on the hours with the lowest charging prices. Likewise,
the imbalance between the supply and demand of power
is inevitable, when non-control methods are introduced.
When applying the Smart Charging Technique, however,
1.2 MW of electric power can be saved during the peak
time, while inducing the load to Off-peak hours. In the
case of a price plan, approximately 7.5 MW of power
was confirmed to have been decreased at peak times.
Therefore, by applying the Smart Charging Technique to
the oncoming era of electric vehicles, the dispersion of
electric vehicles, from peak time to off-peak time, will
be available, in an efficient and very effective manner.

Acknowledgements

This work was supported by the National Research
Foundation of Korea(NRF) grant funded by the Korea
government(MSIP)(No. 2015R1A2A1A10052459)

References

[1] Taw-Woo Kim, Sung-Jin Park, “Battery Thermal
Management System in EV,” The Magazine of the
Society of Air-Conditioning and Refrigerating
Engineers of Korea, pp. 28-38, November 2015.

[2] Korea Smart Institute, “A Research of Charging

[4]

[3]

[6]

[9]

[10]

[11]

[12]

[13]

Infrastructure for Electric Vehicle,” Sep. 2010.
Hyo-Sang Go, Jun-Hyeok Kim, Eung-Sang Kim,
Chul-Hwan Kim, “A Study on the Voltage Sag During
the EVs Charging Considering Domestic Data,”
The Korean Institute of Illuminating and electrical
Installation Engineers, vol. 29, no.l, pp. 37-46,
January 2015.

Jonathan Donadee and Marija 1li?, “Stochastic Co-
Optimization of Charging and Frequency Regulation
by Electric Vehicles,” North American Power
Symposium (NAPS), 2012.

Sekyung Han, Soohee Han, “Economic Feasibility of
V2G Frequency Regulation in Consideration of
Battery Wear,” Energies, vol. 6, pp. 748-765, 2013.
Yuki Mitsukuri, Ryoichi Haraa, Hiroyuki Kitaa, Eiji
Kamiyab, Shoji Takib and Eiji Kogureb, “Study on
Voltage Regulation in a Distribution System Using
Electric Vehicles? Optimal Real and Reactive
Power Dispatch by Centralized Control,” Journal
of International Council on Electrical Engineering,
vol. 3, no. 2, pp.134~140, 2013.

A. Boulanger, A. Chu, S. Maxx, D. Waltz, “Vehicle
electrification: Status and issues,” Proceedings of
IEEF, vol. 99, no. 6, pp.1116-1138, Jun. 2011.

O. Sundstorm, C. Binding, “Flexible charging opti-
mization for electric vehicles considering distribution
grid constraints,” IEEE Transaction on Smart Grid,
vol. 3, no. 1, pp. 26-37, Mar. 2012.

K. Clement-Nyns, E, Haesen, and J. Driesen, “The
impact of charging plug-in hybrid electric vehicles
on residential distribution grid,” /EEE Transaction
on Power System, vol. 25 no. 1, pp. 371-380, Feb.
2010.

L. Gan, U. Topcu, S. Low, “Optimal decentralized
protocol for electric vehicle charging,” IEEE Trans-
action on Power System, vol. 28, no, 2, pp. 940-951,
May 2013.

Jun-Hyeok Kim, Hyo-Sang Go, Doo-Ung Kim,
Hun-Chul Seo, Chul-Hwan Kim, Eung-Sang Kim,
“Modeling of Battery for Electric Vehicle Using
EMTP/MODELS,” IEEE Vehicle Power and Pro-
pulsion Conference, October 2012.

Hyo-Sang Go, Jun-Hyeok Kim, Chul-Hwan Kim,
Eung-Sang Kim, Seul-Ki Kim, “Smart Charging
Technique of Electric Vehicle Considering The Load,”
Proceedings of KIIEE Annual Conference, November
2014.

Hyo-Sang Go, Doo-Ung Kim, Jun-Hyeok Kim,
Soon-Jeong Lee, Seul-Ki Kim, Eung-Sang Kim,
Chul-Hwan Kim, “A Study on Voltage Sag Con-
sidering Real-Time Traffic Volume of Electric
Vehicles in South Korea,” Journal of Electrical
Engineering & Technology, vol. 10, no. 4, pp. 1492-
1501, March 2015.

MLIT(Ministry of Land, Infrastructure and Transport),
“Statistical yearbook of MLIT,” DEC. 2013.

http://www.jeet.orkr | 1795



A Study on EV Charging Scheme Using Load Control

[15] Kristien Clement-Nyns, Edwin Haesen, Johan
Driesen, “The Impact of Charging Plug-In Hybrid
Electric Vehicles on a Residential Distribution Grid,”
IEEE Transactions on Power Systems, vol. 25, no. 1,
pp- 371-380, January 2010.

[16] Sara Deilami, Amir S. Masoum, Paul S. Moses,
Mohammad A. S. Masoum,“Real-Time Coordination
of Plug-In Electric Vehicle Charging in Smart Grids
to Minimize Power Losses and Improve Voltage
Profile,” IEEE Transactions on SMART GRID, vol. 2,
no. 3, pp. 456-467, September 2011.

[17] KejunQian, Chengke Zhou, Malcolm Allan, Yue
Yuan, “Modeling of Load Demand Due to EV
Battery Charging in Distribution Systems,” [EEE
Transactions on Power Systems, vol. 26, no. 2, pp.
802-810, May 2011.

[18] Yijia Cao, Shengwei Tang, Canbing Li, Peng Zhang,
Yi Tan, Zhikun Zhang, Junxiong Li, “An Optimized
EV Charging Model Considering TOU Price and
SOC Curve,” IEEE Transactions on SMART GRID,
vol. 3, no. 1, pp. 388-393, March 2012.

[19] Luis PieltainFernandez, Tomas Goémez San Roman,
Rafael Cossent, Carlos Mateo Domingo, Pablo
Frias, “Assessment of the Impact of Plug-in
Electric Vehicles on Distribution Networks,” IEEE
Transactions on Power Systems, vol. 26, no. 1, pp.
206-213, Feb. 2011.

[20] Jian-chang Lu, Xingping Zhang, Wei Sun, “A Real-
time Adaptive Forecasting Algorithm for Electric
Power Load,” Transmission and Distribution Con-
ference and Exhibition IEEE/PES, pp. 1-5, 2005.

[21] A. Sfetsos, “Short-term load forecasting with a hybrid
clustering algorithm,” Generation, Transmission and
Distribution IEE Proceedings, vol. 150, no. 3, pp.
257-262, March 2003.

[22] V. H. Hinojosa, A. Hoese, “Short-Term Load
Forecasting Using Fuzzy Inductive Reasoning and
Evolutionary Algorithms,” [EEE Transactions on
Power Systems, vol. 25, no. 1, pp. 565-574, Feb.
2010.

[23] Yang Wang, Qing Xia, Chongqing Kang, “Secondary
Forecasting Based on Deviation Analysis for Short-
Term Load Forecasting,” [IEEE Transactions on
Power Systems, vol. 26, no. 2, pp. 500-507, March
2011.

[24] Dong-Joo Kang, Sun-Joo Park, Soo-Jung Choi,
Seong-Jae Han, “A Study on Design of Home Energy
Management System to Induce Price Responsive
Demand Response to Real Time Pricing of Smart
Grid,” Journal of KIIEE, vol. 25, no. 11, pp. 39-49,
November 2011.

[25] Hee-jung Hong, Soek-man Han, al-ho Kim, “A Study
on the Change in Production Costs and Electricity
Tariffs with the Introduction of Renewable Portfolio
Standard,” Journal of KIEE, vol. 58, no. 4, pp. 708-
717, April 2009.

1796 | J Electr Eng Technol.2017; 12(5): 1789-1797

[26] Korea Electric Power Corporation(KEPCO),
“www.kepco.co.kr”

[27] Keon-Woo Park, Hun-Chul Seo, Chul-Hwan Kim,
Chang-soo Jung, Yeon-Pyo Yoo, Yong-Hoon Lim,
“Analysis of the Neutral Current for Two-Step-Type
Poles in Distribution Lines,” IEEE Transactions on
Power Delivery, vol. 24, no. 3, pp. 1483-1489, July
2009.

[28] Go, Hyo-Sang, Kim, Gil-Dong, KIM, Jae-Won, RYU,
Joon-Hyoung, Chul-Hwan Kim, “New Prediction of
the Number of Charging Electric Vehicles Using
Transformation Matrix and Monte-Carlo Method,”
Journal of Electrical Engineering & Technology, vol.
12, no. 2, pp. 451-458, January 2017.

Hyo-Sang Go was born in Korea,
1985. He received his B.S in School of
Department of Physics from Chungbuk
National University, Korea, 2010. At
present, he is working on his Master
and Ph. D thesis at Sungkyunkwan
University. His research interests include
power system transients, protection
and power quality with electric vehicles.

In-Ho Cho received the B.S. degree
from Han-Yang University, Seoul, in
2007 and the M.S. degree and Ph.D.
degrees in the Electrical Engineering
from the Korea Advanced Institute of
Science and Technology (KAIST),
Daejeon, in 2009 and 2013, respectively.
From 2013 to 2014, he was a senior
research engineer in LG Electronics, Seoul. He is currently
a senior research engineer in Korea Railroad Research
Institute (KRRI). His main research interests are DC/DC
converter, power-factor-correction (PFC) AC/DC converters,
and railroad power system.

Gil-Dong Kim He received his B.S
degree in Electronics engineering in
1986, M.S degree in 1991 and Ph.D
from Myongji University in 2003. At
present, he is working for Korea Rail-
road Research Institute and also
Propulsion System Team as a Head/
Chief research engineer. His research
interests include propulsion control system, power con-
version systems, power electronics, and rolling stocks.



Hyo-Sang Go, In-Ho Cho, Gil-Dong Kim and Chul-Hwan Kim

Chul-Hwan Kim was born in Korea,
1961. In 1990 he joined Cheju Na-
tional University, Cheju, Korea, as a
full-time Lecturer. He has been a
visiting academic at the University of
BATH, UK, in 1996, 1998, and 1999.
Since March 1992, he has been a
professor in the School of Electrical
and Computer Engineering, Sungkyunkwan University,
Korea. His research interests include power system
protection, artificial intelligence application for protection
and control, the modelling/protection of underground cable
and EMTP software. He received his B.S and M.S degrees
in Electrical Engineering from Sungkyunkwan University,
Korea, 1982 and 1984, respectively. He received a Ph.D in
Electrical Engineering from Sungkyunkwan University in
1990. Currently, he is a director of Center for Power IT
(CPIT) in Sungkyunkwan University.

http://www.jeet.orkr | 1797





