Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2020.21.12.77

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 21, No. 12 pp. 77-86, 2020

EVE °ol53d ALs=3A +& 9 A4 B7Hel &

2 1 = 1 =1 1*
ZYE, o, 0|23 I| 2 oM

&

A7

Implementation and Economic Evaluation of Movable Power
Supply Device for Electric Vehicle
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Abstract Power quality problems caused by feeder voltage drop and extension construction cost
problems can occur with the increasing utilization rates of the existing fixed-type EV (electric vehicle)
charger. Moreover, EV users might not be able to access the EV charger due to a lack of EV charging
facilities. Therefore, this paper proposes an MPSD (movable power supply device) for EVs to overcome
user inconvenience caused by the insufficient number of chargers and extension cost issues. The
proposed MPSD was mainly composed of a PV (photovoltaic) system, ESS (energy storage system), EV
charging system, and monitoring and control system. Furthermore, there are three operation modes
available to enhance the flexibility of the MPSD application, depending on the situation. This paper also
presents an economical evaluation modeling using the present worth method to consider the cost and
benefit elements. The simulation results based on proposed modeling showed that MPSD is more
economical than the existing EV charger. Moreover, its profit can be increased significantly depending

on the distance to the installation point.
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Fig. 1. Concept of MPSD and existing EV charger
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Fig. 2. Detailed configuration of MPSD
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Table 1. Specification of PV system

Table 2. Specifications of Li-ion battery

items specifications ) specifications
items
modules pack(4S*2P)
rated power 500[W]
. 3.3[kWh] 26.4[kWh]
voltage at Pmax 48.63[V] capacity (64[Ah]) (128[Ah))
molj:lYlles current at Pmax 10.28[A] nominal voltage 51.5[V] 206[V]
et vort 590111 operation voltage 42~58.8[V] 168~235.2[V]
open ced? vorase i weight ¢ 28[kg] ( 224lkg]
short circuit current 10.87[Al
switch type MOSFET 33 EVQ- _ ‘|7|':'
=
rated power 2[kW] ’ S
[o) Q = L H o
DC/DC MPPT control method P&O control MPSD"I EVs %‘—1%7] ]L‘]X]?ﬂx} '4 Hﬂaﬂi
=] x fe1 3 _9_ 7ol %
converter efficiency more than 95(%] FH EVE Sdoks AgS i, Fig. 77k ol A
guleq A9A]0) o5t % L o]y w
input voltage 50~150[Vdc] WA 201l 2R LH1E1 EEIEE S R
Sl A= 7\A, &=A7
output voltage range 150~250[Vdcl full- br1dge«] %EH 2l DAB= —_rLé q— 05' ] —L o= ]
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2. &S BMSe 74 ZE0 dEAE ASEA=RE A

o, AR, 2 5 245t WEel9 SOC(tate of
charge)s BIFSHALE, A0 WY Al gAlste] 2

A ZAgel w7 AAE e, A BhY J2E 55
Zr o] A¥e 53l AleRteHsI.

BM_S _______________________________________ .
| ! voltage tempemure current  circuit control i |
A I
== o« ]| 4B
oo |
! ! PV system section
P W H 2]
. (i
-“-(-D--g ! 0! ot —
R
: ! H
Do i
H 1 H
. : EV charging system section
wioo i
""" - e ®
H -
1 0,0 § O
W' i — A*@
------ I =0 o
! 220Vac
i |0 ACIDC converter(7kW)

battery pack

Fig. 6. Configuration of battery section in MPSD
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Table 3. Specification of EV charging system section

items specifications
rated power 25kW
input voltage 150~250V
output voltage 50V~450V
maximum current 110A
charging method CC/CV
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Table 4. Test conditions of economic evaluation

items conditions
MPSD, 1EA (25kW) 30,740,000
fixed-type of fast charger (100kW), 1EA 30,000,000
underground line, 200m with 500kW 150,000,000
transformer
load rate of facility 100%
inflation rate 3%
discount rate 5%
maintenance cost 2.5%
loan period (year) 15 years
annual interest rate 4.5%
life-span of MPSD 10 years
evaluation period 20 years




EVE o153 AA3a8A9 73 2 BAE 7ol % 4+

Table 5. Test conditions of EV charging section

items contents
charging method CC-Cv
test condition charging c-rate 0.2C
of EV charger -
cut-off current 0.1A

section

11.72kWh(44Ah)

passive balancing

EV battery capacity

test condition balancing method
of cell

balancing

20mV

voltage deviation of cells
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Fig. 14. Economic evaluation of fixed-type of fast
charger(200m) and MPSD
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Table 6. installation cost of MPSD and fixed-type fast
EV charger
items cost(thousand won)
MPSD 150,000
EV charger(25m) 120,000
EV charger(50m) 140,000
EV charger(75m) 155,000
EV charger(100m) 172,000
EV charger(125m) 190,000
EV charger(150m) 206,000
EV charger(175m) 222,000
EV charger(200m) 240,000
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