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A Study on Battery Charging and Supply System of Electric Vehicle
Using Photovoltaic Generation
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Dept. of Urban Planning & Engineering, Hyupsung University, Hwaseong, Korea

ABSTRACT

Recently the Paris Climate Change Accord has been officially put into effect, making global efforts to implement
Greenhouse Gas (GHG) reductions, and also International environmental regulations in the automotive sector will
be further strengthened. The electric vehicle, which minimizes the particulate matter generated by existing internal
combustion engine automobiles, is evaluated as a representative eco-friendly automobile. However, charging the
battery of an electric vehicle is not fully environment-friendly if it is fueled by electricity that is being generated
by fossil fuels as an energy source. The energy generated by the photovoltaic power generation system, which is
an infinite clean energy, can be used to charge an electric vehicle’s battery. Currently, shortage of charging facilities,
time of charging, and high battery prices are the problem of activating the supply of electric vehicles. This study
is to build a conjunction between the EVBSS (Electric Vehicle Battery Supply System) and ESS (Energy Storage
System), which can quickly supply the photovoltaic charged battery to the required demand. If the charged battery
in the Battery Swapping Station (BSS) is swapped swiftly, it will dramatically shorten the waiting time for charging
the battery. As a result, if the battery is rented when it is needed, electric vehicles can be sold without the cost of
a battery, which accounts for a large portion of the total cost, then the supply of electric vehicles are expected to
expand. Furthermore, it will be an important alternative to maneuver climate change by minimizing GHG emissions
from internal combustion engine vehicles.

Key words: Photovoltaic Generation, Electrical Vehicle Battery Supply System (EVBSS), Energy Storage System(ESS),
Battery Swapping Station (BSS)
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Fig. 1. Electric vehicle battery charging diagram linking PV and ESS.
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Table 2. Gas station and vehicle registration status by

tion status by region (unit: each) region (as of the end of December 2014)
All vehicles Electric Fast and Division . All vehicles Ratio
. X tat . .
Vehicle (as of end of  vehicles slow charger ((}jrfit:)a (1121)1 (unit: 10,000) (vehicle number)
Region WP | December (as of end of (as of end of Region B) (A/B)
2016) June 2017)  April 2017) Seoul 601 301 1/5.009
Seoul 3,083,007 2,327 349 Busan 461 121 12.625
Busan 1,295,316 478 119 Dacgu 418 107 1/2.560
Daegu 1,130,811 1,125 150 Incheon 379 125 1/3,299
Incheon 1,437,373 303 84 Gwangju 316 59 1/1.868
Gwangju 633375 346 M Dacjeon 281 62 112,207
Daejeon 648,084 153 65 Ulsan 269 51 1/1.896
Ulsan 538,720 171 40 Sejong 55 47 1/8.546
Sejong 110,360 54 6 Gyeonggi 2,514 470 1/1,870
Gyeonggi 5,160,921 1,162 419 Gangwon 740 67 1/903
Gangwon 722,333 248 100 Chungbuk 791 70 1/885
Chungbuk 760,701 129 94 Chungnam 1,101 93 1/845
Chungnam 1,015,203 199 100 Jeonbuk 960 81 1/844
Jeonbuk 869,002 186 123 Jeonnam 937 g4 1/397
Jeonnam 952,004 6ot 199 Gyeongbuk 1,376 126 11916
Gyeongbuk 1,353,654 400 145 Gyeongnam 1.244 151 11214
Gyeongnam 1,625,244 743 205 Jeju 202 38 1/1.882
Jeju 467,243 s B Total 12647 2053 1/1,624
Total 21,803,351 15,369 2,726

* All vehicles:
vehicles.
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Table 3. Vehicle registration status by vehicle type
and application (as of the end of December

2016)
Vehicle Reglstratlo.n By RengtI‘a'[lOFl
. number (ratio) anplication number (ratio)
Rl (unit: 10,000) | PP (unit: 10,000)
Passenger
one 1,734(79.5%) | Own vehicle  2,035(93.3%)
vehicles
Buses/vans 89(4.1%)
Business 138(6.3%)
Trucks 349(16.0%)
Special Government o
vehicles 8(0.4%) office vehicle 8(04%)
Total 2,180(100.0%) Total 2,180(100.0%)

of X3l A|Rlet 48 ARFE Tefste] WiXE Welde)
PEOCOIA 4% HiE|e] 407} WAyat BSSo] Algateh
BSSOIA A4 HjEle] S8 8Rw sRsskA AAzEoR
BE BSSY| Hjee A1E BUE Ytk PEOCO]AE Al
hoe A 9 felke e BEYRE velsiol, A
21 Aele e AR Adstel 33T 4 ok &
8319} STAES I8 vE b BSSE TSI BA, vl

Eg uiEg= o AR Fgote] AAF R wiEE
3 Sl AAE ol 8-St g 2lE wAgich W

vjE 2] WS PEOCE whdslithFig. 2).
A7}g- o[- §A} BAF 2lgES PEOCY]| 552 sk, JRE

gote] SHE wiETE F5om et - qltk 33
o[-§At AEAITS AR B, IGA A= A ol
= i 34 2e4S ARt AR 29 A 2 o
ARz 55 Al AR Bk o &Aool HEste] & ¢
AolA 71 717k PEOCE AR, & R4 2t ~
W ARE 2R 7 77k BSS JHE AlSR=t: &
FA 0= BSSollA] HiE 2 E wekshd A= wiEE] afH
B7F PEOCY|| AFs-o2 A= o] el ol 42
PEOC, BSS, 9JA} 7ke] HEI{7F AARICR 7hssith=
A= Zg = ofoF Fh(Fig. 3).

> 4o

4.3 H7|XISXH 2ol mE oIMEX| MZEot
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(NIER, 2015). 53] =205 LHU AsAt= Hi7|7ofA
AR Ye= 13 nlAHA(PMi) 2} HlEE AaAtehEo] of

PW-ESS
Operation Center

Traffic information
(Local government and
related organizations)

Real-time
menitoring of
battery stock

Battery Batter}ft
return reques
suppl Shortest path selection
PPRY (time, distance)
Passenger Taxis Buses Trucks
vehicle/MVans BSS BSS BSS BSS

Fig. 2. Battery supply system diagram.
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Sharing information

SAt HHEZ] ST X SsAIAHE| 25 37 271

PV-ESS |
operation center

Providing a charged
battery and collecting
discharged batteries

PV-ESS
operation center

Share information and battery
between companies and B5S

LDIIELIDJU
Burieys

{many places)

Membership| = Passenger vehicle/Vans BSS (many places)
registration| = Taxi companies BSS (many places)
= Bus companies BSS (many places)
= Truck(freight, construction) companies BSS

Membership
registration

LIOIJELLLIOH]
Bulieys

Providing a charged
battery and collecting
discharged batteries

PV-ESS
operation center

J Sharing mformation

PV-ESS
operation center

Fig. 3. Interconnection diagram between PEOC, BSS and company BSS.
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Table 4. Comparison of the effect of particulate matter reduction by switching to electric vehicles (as of 2013)

When PM;y = 9.9% and PM,s = 14.5% among the road pollution source emissions,

the particulate matter reduction ratio

Ranking Vehicle type
PM,y [emissions (ton)/ratio (%)] PM, s [emissions (ton)/ratio (%)] Sub-total (ton)

1 Trucks 8,409/ 69.5 7,736/ 69.5 16,145
2 RV (6 or more seats) 2,675/ 22.1 2,461/ 22.1 5,136
3 Vans 599/ 4.9 551/ 4.9 1,150
4 Buses 274/ 23 252/ 23 526
5 Special vehicles 84/ 0.7 77/ 0.7 161
6 Passenger vehicles 62/ 0.5 57/ 0.5 119

Total 12,103/100.0 11,134/100.0 26,237

" Taxis and motorcycles are classified into sub-categories of emission sources, but there is no emission data.
" Photovoltaic generation charges the battery, and there is no air pollution caused by fossil fuel combustion, so Eco friendly road

movement is possible.

http: //www.ekscc.re.kr
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