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Demonstrative project of deterioration restraint of Lead Acid Batteries
for Stability of Photovoltaic using Charge-Discharge power control
of Electric Vehicle
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ABSTRACT

For the reduction of environmental issues and the depletion of fossil fuels, measures are taken. For example, it is

the market introduction of electric vehicle (EV). EV does not emit pollutants, because using only the electric drive. In

this paper, we investigated to use as the power storage device of EV in the system that has installed solar power

generation equipment. As a result, it can be expected to reduce the impact on the life of the Valve Regulated Lead Acid
(VRLA) batteries by controlling the charge-discharge power value of the VRLA batteries and the EV.
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(a) Pattern 1 (With VRLA batteries)
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(b) Pattern 2 (With VRLA batteries and Li-ion Batteries)
1 VAT AHETIV
Fig.1. System block diagram
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Table 1  Specifications of the equipment

g o Number of
Devices Capacity devices
Bi-directional 206W 1
Converter
PV simulator 10kW 1
Power
Conditioning 10kW 1
System(PCS)
VRLA 15.6kWh 1
Batteries S0Ah
Li-ion 24kWh 1
Batteries 66.7Ah
AC Load 4.0kW 1set
EV Power
System(EVPS) S g
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Ready for
Charge/Discharge ?

Z\J

Calculation of P
¢ The detail of P is Formula_(1)

v

Selection of P,
#¢The detail of P, is Table 2

v

Sending P, to EVPS

A 4

Waiting for 30 seconds

|
P : Charge/discharge power of VRLA Batteries [kW]
P, : Charge/discharge power of Li-ion Batteries [kW]

B2 NE—=2202BFD Y F U LA A EE
FERFERIE 7 v —
Fig.2.  Charge and discharge power control flow of Li-ion
Batteries in pattern 2

K2 VT VLA A EEMIEE R RE

Table2  Comparative table of Li-ion Batteries
charge/discharge power
P[kW] P4[kW]
-3.0< , =-2.0 -2
-2.0< , =-1.0 -1
-1.0<, = 1.0 0
1.0<, =20 1| + : Discharge
20< , = 3.0 p| ¢ Charge
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z ¥, py
) : = "
N 3
o 4 M \ 60% 3
| D:SOC(VRLA batteries) 00 —
2 D:VRLA batteries 0%
-3 40%
7:00 11:00 15:00 19:00 23:00 3:00 7:00
Time[hh:mm]|
Fig.3. Supply and demand measurement value curve of Pattern1 (With VRLA Batteries)
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5 120%
E:Li-ion batteries C:Load D:SOC({VRLA batteries)
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— BPV A:Utility w
3 — 100% 2
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=2 | 90% o
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§ - 60% =
-2 T 50%
D:VRLA batteries E:S0C(Li-ion batteries)
-3 40%
7:00 11:00 15:00 19:00 23:00 3:00 7:00

Time[hh:mm]

Fig.4. Supply and demand measurement value curve of Pattern2 (With VRLA Batteries and Li-ion Batteries)
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(With VRLA Batteries and Li-ion Batteries)
B8 ,3%—12:80C E{LDOkkT
EhEBHLE Y T 7 A A F B FHRE)

1
— X X——— [KWh]eeeeeeeeeoeeeeaens
Wy =Py x 10 x 2= [kWh] 3)
k
Wsum k= Z WN [kWh] ...................... (4_)
N=1
Whom — Ws - W
SOCqm x = nom sumy, LOSSXIOO [%].._(5)
N Wnom

Py D FEHFETEIE kW]
Wy D kAR I (10 F2IE) [kWh]
Weum e #8FIFE I ) B(k= 10 FHIF) [kWh]

MR B(kx<10 FPIF) [%]
Whom D EEMFREA R [kWh]
Wioss ;M e A AR G [kWh]

72720, N & kITHEY I rmTHRETH D,
RRIE 8,640 TH 5.

Journal of JSES

_92_

UG, FHAT =2 10 BEICEUS L TR Y, Py (—H:
FerE, HE : E)TEHABAAG A B Nx10 B EZICES L=
HEENMETHD. T —2 Py, Py_ 2B L7-KS
5 10 BREIONEBMEE 722 L, B)XE Y 10 BHFELEE
JEWyEEH Lz, 10 I EICB&G LWy 2, 4)
Kb kx10 BIRERICI T DRI BRI E Wy &K
5. EICE B TS B(EnE B« 15.6(kWh], U
F 7 IA A EEM  24[kWh]D S T OEER L, EEi
KR CTHRLUZMEZ A, )R LD SOCaqm 7RIz,
Wioss|d, SBEMOTILEIC L DHEELREEE L, AERTIT
O[kWh] & L7=. HIEBIAMRD SOC 1%, $hEEMITBVT
PRE =21 FOR2 T 100%, U F U LA A4 EEMICE
WL 70% & Lz,

B = B RO THEM 21T 5 HAITB VT
LB D SOC 1% 100%52 5 65% % T 35%DHIFAN TLE)
LTWDZEDNHERTE D,

RE =2 hEBIME Y F U LA A EEREMAA L
T BEICB W TEEEMD SOC 1E 100%5> 5 90%E TD
10%DFFANTOEETH Y, R"Z—1 1 L L 25%/)
SV E o> T D, e, VT U AL A EHEMOTR
JCEIEIE SOCT0%7> B 54% £ TO 16%DHEH TH 5.

B, KF =BT I3 D 15 FEORFREENICR

s BB L ARFIE B BAEL TCNBH T2, SOC RN
LRI O IMERTE D.
6. £&OH

AT, KBt ELE~A 27 v 7Y v ROFERS
TR RN & L CIREOREEMITMZ, EV NV
F 7 hA T EEMOGHRICER L, $hEEMOSHLINE]
PRI OV THEEE ST o 72, BARMIZIE, KEBERES
o b—%, gEEM, AfEENOREY A/ r Y v R
IZBWT, $heEEMOA CHREMELITo7 8L VT U
LA A UEBMAE TR OPA LG A1 o0 T, FEBR
(2 & B bighiat & Sk L7z

ZORER, LLFOMAET-.

VT UL FUEEMEIHT A LICLY, $hEE

MO T HFEBR R S, SOC LB % 5/Mb
TX, BB S $hEBMOLLIMHI N WEF T 5
&
BUTOESEHEIRITHEND, T A Z A LR T B A
BT EZEEIT, T4 A LEHFETENREN
DOFEBEMD SOC % EERBAMERFE CRIE S L L9,
~A sy R e L CEphE e/ 22 E 1
IRV AT LEWEREEBTE LI L.
AREBRTIX, VT U LA A4 FEMO T O HIEE
HI(30 ) TINE TE WA TG A S 2 ¢n &R
DRI TNWDZ &, Fi2, A%OBEE LTI T
DA TR OO I AE R A, SRR O @b B
D, ZHUZ XD EBIZHEREBMA~OBRAEHTE 5
FREMERH D Z L.

2015 4F



KB e E O FARTH N 2§15

b Z5 LHuH I

EREBHEOFTMEES) 2 H L 72 FREFER

LRI, ARFT TR LR & LA TS A L,
KGR ER EFETETRVT -2 G~ 2707 ¥
RIZBEWT, TRV D EH B O E - HHE M
ER g <, BREEEMORR 2150 LT EH A ED
WRE, BLOENETNOEALEOEREIZ OV THRFTZ
1ITHTFETH 5.

X ik

(1) AWERPEZCKBDCRENRREG A S8R/
A O T B R RN 0 — 5 AR R e = SC
Vol.132 No.4 pp.325-333

(2) NEDO _kiEMHiBAR v — R~ v 7 2013
http://www.nedo.go.jp/news/press/AAS 100220.html

(3) % AR RN X —EAZ b2 b T TR L F—F

L BB FEFHE Voll12 No.10 (1012)

(4) E%fuﬁ, ZAHERE, PEBECE, SHERACKEEREE K R
HREDE ) i EIF'U:@K&)O)%)« 1 8l H e A B R
IRV AT WO, F 24 FF BERABRIFREERE,
No.D-23,pp.219-220, (2012).

(5) EPHE-RB, SANREM, MBEeE, FEHRE, WEAK,
i IEECRBEIEE LR BY LS & S R B L D it
FEVAT L], 24 HEBKFERE KRS, No.6-188 (2012).

(6) KHE, BOWEA, $ikzm, PREEAN, BEHOE, B
WRz<dE R BB, FEEA > 7 T D V2G (Vehicle-to-Grid) 7
ANV AT O], F 24 FBERFRE)) - =¥ —
HEFIR £, No. 149 (2012).

(7) FEARHEN, ILIATED, (L, MEAZ, HERME,
BEZLFCESEMNZTZ 74 g T R REDOFE
TN & 2 BT TR B R T 1, R AU R Fm CRE B(RE ) - —
L —F9EE) Vol. 129-B No. 11.pp.1333-1241,(2009)

(8) Takashi Takeda, Keiichi Hirose, Yoshiaki Okui, Kazuto Yukita,
Katsuhiro Ichiyanagi” Development of uninterruptible power
supplysystem with distributed generators (DGs)”, INTELEC 2008

(9) Tetsushi Tsumura, Tomohito Ushirokawa, Takashi Takeda, Masato

Mino, Keiichi Hirose "Power flow control for micro grid with

:\% :;

interconnection device using semiconductor-based switch and
bidirectional inverter”, INTELEC 2013

(10) H. Murai, T. Takeda, K. Hirose, Y. Okui, Y. Iwase, K. Yukita, K.
Ichiyanagi ” A study on charge patterns for uninterruptible power
supply systemwith distributed generators”, INTELEC 2009

(1) FEW =—, oUW P&, BUF 550, S %u)\ %k Bz, M
W52, R AR MOV A RIS S5 555 LA 7 1
Ty v 7 E RV A*/ZTAODEEJ%E”, BRI
EB(EN - =R ¥ — 5 )Vol. 129 (2009), No.
11,pp.1349-1356

(12) Bb®I==T-, /RBRSL, JEHEG, T—ER, fERES, EOR
e, =) sE R D 2Bk F g e o> AR - 251k
FRIET V], FFT 7 =70 L R— k No.22(2012-3)

(13) H4B7E /) HP http://www.chuden.co.jp/ & 0 $if

(14) HEERBEHL . U — TR —A—
http://ev.nissan.co.jp/LEAFTOHOME

(15) H =Y =a—2 : AFMEOFMETHEE 77 71k
LT %, http://www.garbagenews.net/archives/1678484.html

(16) Pelpfih—, =A%kE, JBOMERA, FHEEEL, AL, T
— BB« Ja\ ) 58 D 7 28 Bl A A e U e E
#h”LL1500-W JE” ), i 7 =5 L AR— k No.21(2011-3)

(17) B 21X, IKEEFFrse T /e th A v 7 ZICHMT 2 &5 ET
INA A7 HNCRERR, Vol.94, No.03, 286-287

(18) AT HESL /N Y F 7 A A A B O FF A FErE”, NTT
Building Technology Institute 2005

Vol4l. No.3 -93 -

Kb A ) F—





