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A novel electric power supply system through the use of

electric vehicles for renewable electricity
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Fig.1-1 Future annual emissions of CO, across five illustrative scenarios !
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Fig.1-2 Global surface temperature change relative to 1850-1900 "
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Fig. 1-4 Theory of constraints
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Fig. 1-5 Difference in efficiency the supply way of PV power
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Fig. 1-6 Integrated system for electric vehicles and renewable electricity
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Fig. 2-2 Flow chart of the system integration simulator
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Fig. 2-3 Traveling energy consumption model for electric vehicles
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Fig. 2-4 Heat balance model for air-conditioning
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Fig. 2-5 Accuracy of the power consumption model of EV

14



FRETAEZRWC B, AMCB TS HETC/NELT, &

HEE D DEITLEFHE ORI L. BETTIE, R3S IR

HIAKAEITTO EV

32°CTHR%S

WREE 60%, H 4R 0.8kW/m? THE(E— MRy 7= 7% IL COP=3 LL7-. & H1%

IR

Z Ok FA M 2-6 (TR

Ratio of power consumption for air-conditioning

B > 40% E30-40%120-30%L110-20% [1 <10%

Highway

70

Time [min]
B (A [N
S S S

(O8]
(=}

Air temperature  32.0 °C
Relative humidity 60.0 %
Solar radlatlon O 8 kW/m2

[\
=

rban area

Distance [km]

(a) Summer

Highway

Air temperature 3.0 °C
Relative humidity 80.0 %
Solar radlatlon 0 0 kW/m2

10 20 30 40 50 60 70 80 90 100

rban area

Distance [km]
(b) Winter

Fig.2-6 The ratio of power consumption for air-conditioning
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Fig. 2-7 P-h Diagram of refrigerating cycle
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h, —h h,—h
COP,. =114 COP,, = 2 3 vee(D.
C hz —hlh 77m77p H hz —hlc nmnp (2 17)
m, - (hy —hy) = n-a., 'Ac,a ATy +++(2-18)

hg (We,m - We,s)

m, (b —hy)=a,, - A, J(ATpupp o + -++(2-19)
( 1 4) e, " ( LMTD, Lez/3 'CP )
2
— e _pe (2-20)
an-C,-p
m 2

aazJ-(A"-CpJ-Pr 3 *++(2-21)
J:f(ReﬂLaanzF}/mLhaLdaé‘aLp) "'(2-22)

72721, COPc: ¥ 5 @D COP[—], COPy: 8RR COP[—1, nm: B IBIEZNZ(=0.95)[—1,
Np: AW BE i 20 3:(=0.93)[— 1, me: 0 IO BT B B [ke/s], by 78 %Ml OmE =
ZIVE —[kI/kg], hoEEfE o MO I 2 Ve —[kI/kg), hs: EekE g AR O @ o &
VB —[KI/kg], he: 75T EF AN OB e 2 Ve —[kI/kg], he: EEA T XL —[kI/kg],

Oc,a : A Air 22 S BV AR I [W/MK], 0,q: 2856 25 28 UM BV AR [W/mPK], Ae:

=3

B fir (o BN R [m?], Aeo: ZRFE BB BN AR [m?], Tovrn, : BEAE dw AT H 2 I 75 [K],
Tourp.e: 75562 X B EIRBE 75 (K], Wem: 725 F6 20 A 2 EIHE HE BE [Kgwater/ K@aryair] s Wes:
FERE AR T 28 S U8 [Kgwate/ KEaryair], Le: VA AEK[—1, Cp: 2B EEN[KI/kgK], J: =
NN—=2D J WA [—], Re:VAIINVAE[—], La:/V—7N—f FE [degree], F, : 74> EvF
[mm], Fi: 74> @S[mm], Ly: /b—N—E S [mm], Ls: /v —/N—JEX[mm], §: 74 JES

[mm], L,: /L —/3—EvF[mm]

232 HRGHETIL
HP #8155 OPEREIE, X 2-8 (2R3 T-S FRXIND, COP THEHlITE51Y, HP #5155 st
ELTC, COMHAVBND. COP I, (2-17)20D COPx (ZLVFHRTX, Eifnas LRI g DR

BTN 21(2-23), 2-25) & W TEHETES.
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a, = Ly
“Na, a,-¢ <+ +(2-26)

72720, mfy o BIBVE EGRE [KI/kg), h o 20— [Kikg], T, : AVFIREK], T,
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[m], L, : BEEEOES [m], 1: BEEOEYREER [Wm-K], ¢ HIAREL]-]
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Fig. 2-8 7-S Diagram of CO; heat pump cycle
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RRL, BT T OB FER AT 7. 2-9 (ZHWNT, BHEkRF ORI, LM, B
fi s do L OMZ AR I OB E 2 LRI R 3. FEEREEE T, ERM B2 EMICHE 2720,
X INDEE REEI STz, ALt DTN ENLE NG EERL, TEO
B gz imim %, 2R DITm R, B a0 1R RSP E NS,

Radiator

Compressor

= =

Fig.2-9 Experimental equipment of a car air-conditioner
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Table 2-1 Experimental conditions

1.86 X103
3
Condenser (M7) ) 36 % 0.27x 0.016)
Heat Transfer Area

Evaporator (m?) 2.31x10°

p (0.32 X 0.20 X 0.055)
Compressor Capacity (cc) 80
Refrigerant R134a

2333 HEREER

FEBRAE R A 2-10 12T, X 2-10(2)i3m 7, X 2-10b)ERFEOFERTHS. Zitbk

D, EEFEFR O COP 1L, BIEFERLLTET LOHERELE L TWDIEN DD,

7 .
— Calculation
g 6 F ®  Experiment
= Sk
5
gt
o 3 [
§=
s op
O 1k
0 I I I I I I I

0 10 20 30 40 50 60 70
Flow Rate of Refrigerant| g/s]
(a) Cooling

== Calculation
Experiment

Heating Power[kW]
S = N W kA U0 AN
I

0 10 20 30 40 50 60 70
Flow Rate of Refrigerant[g/s]
(b) Heating

Fig.2-10 Experimental results
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24. HEIRIAVMETIL

# RS HP #8552 O RTEHE D= VX — IS, HilFGth OB & R0 — A
hEITHADE, H(2-27)~(2-30) 2 RERFNEH R L=, X(2-27)1% PV FEEDE I, X
(2-28) 1 X EHS P F BEDE N, F(2-29)1% EV ZE o E /I, (3-30)1% HP #575
IRORTEHE OB ThD.

PVACl (t) + EPVHPz (t) PVEVI ( )

Epy (1) = + Eq (1) <+ (2-27)
m Ty
E vy (0)
Epsi () + Eppyei (D) + 175 - E EVDCij () =E;@®)+ 7 + Epyyp(1) <+ (2-28)
3

CEV/ 0+ EEVDCL/ ®)

un

BE. (t +1)—-BE, (t) PVEVz ®+ EPSEVl Ok

-+(2-29)

BH (t+1) = BH(8) = 3.6COP(t) - (Epyp(6) + Epp(6) — H ()~ r - BH 1) - ++(2-30)

72721, t: BEM[h](=0-8760), i: g% No.[-](i=1 : EE, 2 : ##5), 7@ Hli No.[-](=1 :
EEL, 2 HHHED), Epy: PV RERE[KWh], Epnc : Hiit~D PV B II{FEE[KWh], Epvmp :
HP #5as~D PV B IIHKE & [kWh], Epyver : EV ~O PV B G E[KWh], Esur : REE
B[kWh], Eps: iz~ %M E AR EIKWh], Eevpc : Sz~ EV B HAEG E[kWh], Ec:
MaF% DFE TG [KkWh], Epsgr : EV ~O R E TG E[kWh], Epsup : HP fai5an ~D R 7%
1B [kWh), BE : ZE A% E[kWh], Ecgy: EV B [kWh], BH : RFiGAEEE[MI], COP:

HP #RI B OSAIRHL, H o EAREMI], r REBBCEL], i =% L% — 5
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FETHILIZLDTV AT DO ROV TIRETLTZ.

3.1 TIHRDT+—V)IRERGHEBDIHRE 1L

311 THEDRE - TRILF—HERHR
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JERE LTRSS, BLACIE, MBS0 Bz, AM T 7 & il T 2 PE R EmE L C, 7
+—2U7h2 R, varvn—4F 1 &, 7Iv 7V 2 BIRT 4—EBNLT DU TR TV,
Fo, WEEBOBEITIT 11 BOHVICEBPHEDNTND., FEEAA A~ AR T, 16k

DF T HETHHNTMZ T, Fiizlcm—RF /774 /3—(CNF) LA B &z,

[Chip production plant || Storage building® |

Wood chips |:|

~
o P
a.%)& A Shovel loader @g -

Removeg bark

Storage of bark

- Grapple Forklift i““i New CNF factory
s L
Forklift L R R R N
Crushed bark .., ﬁ?e&'ﬁ& 1363 580 0 ﬂ
- ﬁTmber ?gp Grapple
L Compost and fuel IRERER N FRER | Storage £ building® |

Fig. 3-1 The Maniwa biomass base
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312 THD CO, HEBLEIRILF—aRE

PERDEFEIL R T, =R —JRELTES, B, TV EHEEIND. BIFTEIC
Fo T EETY, BIE, N—27Tyiv—, FHETHERNTL2ENLLTHESND. BilE
VAL, EEOBREIEL THESND. BINTESIRTPOEAL TV,

B PELRCTF v 7 ERERZ 900 b/ H ELTZEE D CO PEH L R /LF —a XD E R E
DONREM 32 (TRT. K 32 1BV, COx HEHREIT A RO EREETHY, HVUv
2.62kg-CO/0, M 2.805kg-CO,/0, FEST 0.579kg-CO/kWh TH 51203,

3-2(a)d&0, THMNHD CO BEH D 56%I1L5E /IZLDH DT, VD 44%I3 LA REHT
LD THLZEN DD, —TJ7, THDNBHDLAAR 49%IXEZEDLDT, RVD 51%
I RENZ DL D THHT. LTzd3> T, TRAF—JROHAL CO, HEHEH TV D=3 /L
X —axMIERT2E, ALABEIOEN CO, HEHEaANE, BROMN 1.3 F{=
(51/44)/(49/56)} E R EL DTN OMND. T, FEEBEBHTOBNE N P OEGHHR IV
BWZD THD. DFEY, FRHFHIC COr R D720121E, (LA BB RIS R A B P
RETDH LA AT LERRETOLENDD.

Light oil

36% Electricity Lighi oil Electricity
56% 40% ' 49%
GaSOIine Gasoline
11%

(a) CO, emission (b) Energy cost
Fig. 3-2 Breakdown of CO; emission and energy cost

(Chips production is 900 t/month)
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313 KIGARBLEZABIEBOMSIE

WERDT AT KEBE LT AT 2O EZ K 3-3 (RT . HIAT LT, 74—2U7
N, vavu—&, FIy T NIRE OREFEEML, =D UEREINOESREN AT L. E
7o, WE)E G =V BREN O ERBRENCA T L. 2O R, K 3301891, 1k
FRELOTEE 132720, TGO LX —% T N TEKTHIZENTES.

T —IVTh, vaba—F FTy 7 Vi OEEEEBEIEEREIV)E, BB E Y

DEREBE(EV)EZEHHENFTE R EECTHD. RUAT LTI, EREEDROFEN

Gz, KEGEFEENODIREIL EIV N REYE, IRIZEV, wZIC LT,

Wood

=7l

Fossil fuel Wood

1
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| Maniwa biomass base |
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(S;;;;slleloader T SrsssssssssEmsmanan New factory Existing factory
Commuter car Exhgust Sel Exh‘ust Sel
Bark e Bark
Wood chips Wood chips, plastic
(a) Conventional system (b) Novel energy system

Fig. 3-3 Comparison between the conventional system and the novel system
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XGB-D&Y, € RkENR, BEEMLL-BBIEESROE B ENSRNTED. Z0 C 13E
BRC RO DUENDD.

BEMELIEBEIEG 7 +— 2V 7 RO A, Jem, XE-1)DOMFELRE C 1%, RIUHRAF
DV RT 47V T BB T 4 — 27V 7 ML FICEIEEZ S8, WHEORHEE O
HEEAHETHIEITEY, RDLIENTED. 74—V 7 OBEIZA M EETRHY, Z
DA EE CTHIEIND. EBR 1O R L ETNIRIET 56T, BARMITIE, 1 K
[ CRIBEZREMELLC, fif#) 600kg DF-FE 100 EIEEST 3 km ZAEAADE . ERI
X BEOHE 144 [8], EERINIETOH%E 12km 1To70. ZIUHIFEA IR 1 -IIICHBWT,
5 BIFOFEML, EEMEZRDT-. ZORERER 3-1 ITRT. 2K, 74— 7 OTHE
TARNF—DES MO, ETEAEEER T/NES, ) C=1.38 HEbLhT-.

T T NEa N —ZICONWTE, TP N E I AW D S T 4 — )
ThEFERIL TWDZE. Fi, £ 3-1 K0, 7 — 2V 7 bOHRIIEFLEIT TENFAE T
ZED, MREARENLT +— 2V 7 hOBIEEEZ IV, BBIREH S0 ORRENEE 37 Ty
NEarn—L TOFEAEZ AW TEDHE &2 RO 7.

Table 3-1 Experimental results of the conversion factor C

FEhB T EBR 0 SEBR M Average
EEHR v, [kWh/h]  3.33  3.22  3.87  3.47
= A Y, [0/h] 2.45 2.35 2.74 2.51
C [kWh/0] 1.36 1.37 1.41 1.38

322PV REE=E
B LEREHROTEL T 7 ARG ERIL, FE 1 OIOICRIEO L72T Tk, B
BER ORI ICb B S, WEIRR KB AE N 2528 T, BALER N 72D OFEE
BIID<Te%. UL, MK EITRE THLHD, BYOMMRE T DMENRN. £
DI, M OATRZ G O T HALRE B R H T2 DR B T2 TH 5.
PV DPEREITE 3-2 DIV THD. Hri AT baiH i 27260, 2014 4£D 1 H 1 Ab 12 A
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31 HETO 1 B Z LD KRG ED R RE MO CEHHEEIT 7.

BT NAF VT AR—RZBTHRGHFEEORELK 3-4 &3 3-3 1”7 ¥ 3-4 Ti, 5
H&12 AOREREFD PV BERE LI R THS. K 3-4 X0, FERlKR/NTH-72 12 H
O PV HEEIX, K Tho7lz 5 AT, 15 LTFICE L Thd. HBIO KB E &
R 3317 £ 3300, 12 HO PV BEERIL 5 H ORI T 2/11 LU IZ#ED
LTCWDZENDND. ZOBRIE, BRERMALEEBICAIEL TODZEITERL TWS. K
PR BOFEMEBNRENENIZEIE, 1| FE2ELTOKBHEBEOEMIENIER I
HLNEVOZETHD. Fe, FMO KB EEIT 10SMWHAETH -T2,

1 :PVarea

Maniwa biomass base
b s £ . Y B

S b

Bark crusher building [#&8

Photo 1. Introduction of the thin-film PV in the Maniwa biomass base

Table 3-2 PV module performance

Maximum power 90.00 W
Output per unit area  58.10 W/m?
Module area 1.55 m?
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North latitude 35:04:24.6
East longitude 133:47:40.3

§ 80t PV total power 110 kW

= PV area 1,893 m?

&

'-E 60+

% May

540/ Dec.

o

2

g onl

> 20

o

0
0 6 12 18 23
Time [hr]

Fig.3-4 Hourly PV power generation each season

Table 3-3 Monthly PV power generation
(Unit: kWh/year)

Jan. 3,858 Jul. 12,968
Feb. 4,971 Aug. 8,656
Mar. 9,205 Sep. 11,428
Apr. 11,937 Oct. 7,103
May 15,479 Nov. 4,512
Jun. 12,296 Dec. 2,802

Total 105,215

323 EBEDMEH

FHICIE, TR TOEMENEB THLZEAMEL TS, 2 TOEIHEOFHFE LR 3-
4 (R EV ITRENAE N 5. U— A —O @ E R T 28.2km/ H TH 5. PV OFE

I% BV & EIV Oy TV —CEERESND. BV OFERFIL 8 Re(HHE)%)~17 F(FT
AN CdD. EIV [ZBRAR KT BLZ PV EHTHEETD. 2L, NRHEK
RE, XZp 8 KGR ETETIONERENEFRETERVEAIL, EROERKOE
JITEV L EIV Oy T —Z R ETD.
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Table 3-4 Calculation conditions of EV and EIV

Battery

Available capacity of battery 20-100 %
Application limits of battery 20 %

EV
Electricity consumption rate 8 km/kWh
Battery capacity 24 kWh/unit <X 11

EIV
Battery capacity of forklift 30 kWh/unitx 2
Battery capacity of shovel loader 80 kWh/unitx 1
Battery capacity of grapple 110 kWh/unit X 2

324. TIHZDEBHHEE

Fo T THO | KRS EOBIHE RABO—HI%K 3-5 (27T, RITRT IO, B
PARLAS T ORI OB HE REIT, BEEHOE—IREDOY0 L T THLH20, LHE
MRE, Fiz, 12:00~13:00 OEARSDOFETHEEIL, BRZERH T TRA L T 5.
—J5, IR H OREaRRAFEE 11T 2~3kW FREE IS L.
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-
N
o

r O ® O N
o
5 8 & 8 8

N
o

Electricity consumption [kWh]

00'120120120120120’12012
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Fig. 3-5 Electricity consumption at the factory
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BHORF G EHE CEDL RV AT LM T HVE RS, EOTdIZiL, EV X° EIV
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Operating conditions

25 (1) (2) (3)
S Start up In operation Not
= 20 working
©
C
©
€ 15
(]
©
2
© 10
3
o
w 5

O | | | !

0 10 20 30 40
Time[minute]

Fig. 3-6 Operating condition of the CNF
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%. F7=, EIV £ EV OHE BT, 21 SSMWh/A(=35+23), IIMWhAETHS. L72H
ST, BESLEREDBENRHOBREEZDLHE, EHORHEEEIIL 39IMWNAE{=
(276430458 +11)/(0.97x0.99)} L7025, KIGIEIEEDOFHEREIL 10SMWWFETHL. 2055
SOMWH A% T O R—AFTEITELSIV TS, EIV & BV IZIXZENZE 1 23MWHhAR,
HIMWhAEZBLY SN TS, LIRS TC, B AE R E DB IR OuAL GO T-ME S
HEREIL 30IMWWAETHS. BRIMET VU OIE BRI 0UFL725. SBIT, KA ORFEIE
JJELT 2MWHAERFEAL TS, N—ALe 58 MR HEIIK 80 B D72, Wil 372
FIUL, KB ORGHEEOIZITRREBRRIE S L7025, OFE), TIHOEHE ERLEG
BRETHE, 22%(=80/365x100) LA EDORFITE T DR AR TSNS, L1L,

FIE ) DOFAITHFESD 1%ITMA B TWD. ZOBHIE, FELIZPVEID30%LL L4
EV & EIV IZffGL T2 Thd. £z, EV OB E NI, EIV OEEE T
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W<, BAFTAREBOFEITHF G L TODIENHLNII R oT2.
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Fig. 3-7 The results of the annual energy balance
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Fig. 3-8 Comparison of CO; emissions

3.3.2.2 #EFMH
AAIZRBIT 2= L% — Bl LS M 2 £ 3-5 (ORT. ZhHofEE, AARICKTS
2014 FEO TGRS THLIY. E7z, BFTEORHIRREZ &K 3-6 (TR,

31



Table 3-5 Energy unit price and equipment unit price in Japan

(a) Energy unit price (b)Equipment unit price
Light oil 130 yen/t Lithium battery 50 thousand yen/kWh
Gasoline 160 yen/t PV & Primary cost 200 thousand yen/kW
Electricity 22 yen/kWh
DC/AC Inverter 40 thousand yen/kW
Difference of vehicle price 500 thousand yen/unit X 11

Charging control unit (EIV) 1,000 thousand yen/unit X 5
Charging control unit (EV) 200 thousand yen/unit X 11

Table 3-6 The annual energy costs and initial Investment costs

(a) The annual energy cost (b) Initial Investment cost

Unit: thousand yen/year Unit: thousand yen

Conventional  Novel energy Novel energy system
system system PV cost 26,400
Light oil 4,810 0 Charging control unit 7,200
Gasoline 1,440 0 EV update cost 5,500
Electricity 6,730 6,360 EIV update cost 18,000
Total cost 12,980 6,360 Total investment 57,100

Profit 6,620
£ 3-6(IZBV T, PERDOTV AT LTI, t&IHEF OFM = R/LF —aAMNE 12,980 T

JETohoTeD, & 3-6(b)DIV AT LTI, B IHEE DM TR/ F—a AN 5,000 T/
Lipole, — 0, RVAT LTI, BEHEEOFERM X —aA 4 6370 TH/AEIZHI
A DZENTE, R ATAD 50%LL FHIET 22N TEZ. 2L T, & 3-6(b)IT~T &
N, B AT LOYEE MNIE 57,100 THARELRD. PLEOFEREY, Bz k&R
ER(= G BB OFIRE)ITH 8.6 FEL72D. BEFEIEIL, WU IR D
IEET AR 14 FLUTE56 O IRR(NEIINAE ) =7.2% WO FRIE TRHME 5. IRR &
I, BEICKTARIEVER T ZORFEEIL, BEOOEKIHBEEETOTRLF—T R
TALEL TR, MO TREWEDTHS. LinL, CO, BTN RE ORI H#RFMHIL, fEko=
FNF =V AT LEFEETHD. HL, ZOVAT LT 50%D CO, Bz ERLI-WIEE, PV

DEEIL 150kW £ T EIFAMERHHN, BRFMHIL IRR=6%IZ/K T 5.
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Fig. 4-1 Image of the proposed novel railway system
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Fig. 4-2 Structure of AI-BEC
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Fig. 4-3 Operation image of AI-BEC

AI-BEC |[ZIZR D IO 72 0 5.

QBN /1 RITEE N DB E —F DT RVF— BN\, B R CHREN T 2ERT
— 2 J K0 ZEERERRERE) D = L — 2R3 5<%,

(b) ZEFRE DBREN B p = VU PR RN, IERDOT —EB/VED 1/10 LN Thb. 1t
T, SAARE OB TERE L, TooIysa ZER TEH A REENDHS.
OEGDOWTE, A%5OERIULER Ny TV — KBRS0, STV —OF| A= E
5. TDI, BIMK BAEKREHNNTHZENTED.

(d)AI-BEC @ H C.FEEMRRIC LY, HiktiEBtDIER 13 RETHD.
(eyNT VU DFERERIRL, Z5OEEBIRETHILNTEDID, BT RAF—Zh R
D5,

413 BRERNBEEN
BEC & PV ZMAADLETLHLVEHES AT LELT, PV OFLESLE B MO 7L
xR AN EADND. TZT, AREITIE, LTFD 5 S0 —A%z gLz,
()Base: 74— BAKENHEIZLDUERDT AT L
(2)Casel: BEC & PV &/ HE -2 AT 4 BEC DRARIC PV % E T 5

(3)Case2: BEC & PV ZHHA B BT AT L fHEBRIC PV 7R B L, #AEFICRIAE1%I2E

36



k3o AN

(4)Case3: AI-BEC & PV ZlAA B ET-V AT L BB PV 2R EL, KEBRICEIZERIC
CERIIRIT A A

(5)Cased: Case3 (ZNNZ.C, BAROHEHIAIZ PV & WPTS 2% &9 5. $kilH il Sn
7oL, WPTS ZFJHL T PV b RESILD.

HARR L LT, AARDIEBLD—DAMMO—2>THD IR HlEaRitliz. oK
BRI, [ L ERRFARESH) 20km OFEHT, B M AR UL —MAEE T 5. £z, ML
ERBAEEROIE B 22138 14m 5. X 4-4 1T IR HHROF AY 7T L% w7, K 4-4 10, [
LR E PR TH D0 T minBREIE 1 B 4 1535,

il

Fig. 4-4 The train traveling diagram of Kibi line
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HIFREE, 0.691kg-CO/kWh(2016 4 H[EFE JHRA S 4E), 8 2.8kg-CO,/C, LNG2.70kg-
COx/kg ZfE L7209,

Table 4-1 Calculated conditions

Case Base 1 [ 2 3 | 4
Train type Diesel BEC AlI-BEC
Okayama St. [KW] - - 276 205 194
PV Power BichuTakamatsu St. [kW] - - - - 67
Soja St. [kW] - - 184 156 175
Roofs of trains [kW] - 114 - - -
Train The number of 2cars/train X 5train
composed coaches
Capacity [KWh/unit] - 10
Battery Train [kWhtrain] - 140 100 80
Station [kWh] - 560 560 660
. 11kW/unit
Wireless Power Transfer [kW] - x 21unit
Power [kW] 195 - - 20
Engine Displacement [cc] 11,040 - - 750
Fuel Light fuel - - LNG
Motor Power [kW] - 300
Air- Capacity [kW] 50
conditioner COP 3.0
Heater Power [kW] 15

414 BREHER
4141 EYSIBETYSEDETHERE

OB E G L) E TSR L — ) O 22 BERE O & 722 B B LT EfTIHE )
DFHERERZX 4-5 1R~

50 [4kwh —Electric power(including elevation)
o ——Electric power(excluding elevation)
£T40 —Elevation
E2
TEX 3kWh
‘= £ ¢ 30 [ Ascending train
fes
i>) S_E 20 F Descending train
w e o
g S
o c 10 [
i
0 1 1 1 1
0 5 10 15 20
Soja Distance [km] Okayama

Fig. 4-5 Calculation results for power consumption for traveling of Kibi line
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Fig. 4-6 PV surplus rate for each train in Casel
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Total PV output : 460 kW (Okayama st. + Soja st.)
Total PV area : 2,420 m?

N
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Surplus rate [%]

30 20 50 60 70
(138) (184) (230) (276) (322)

PV area ratio of Okayama st. [%]
(PV output of Okayama st. [kW])

Fig. 4-7 PV layout area at Okayama and Soja stations
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Fig. 4-8 Power consumption distribution for each train in Case 2
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Fig. 4-9 Variations in the total power consumptions in Cases 2 and 3
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Fig. 4-10 Timeseries changes in BEC and AI-BEC power consumptions

4.1.44 WPTS DR

AI-BEC {ZhIZC, fFERBRICIHWT WPTS TRFFEELZE A (Cased)DETHE D
NIVXEMK 4-111RT. LD, P FEEOZRIL, D T/ISU. ZiE, AI-BEC 2322
PBRBRFICREL, ENEMFTT DD THS.

m:Al-BEC without WPTS (Case

6000} m:Al-BEC with WPTS (Case4)
L MAX

> 5000 54, SMAX
C 4 L
% 000 54 8
© 30001
L

20001

o [ ‘

0 1 II 1 1

10 20 30 40 50 60 70 80 90 100 110
Electric consumption [kKWh]

Fig. 4-11 Variations in the total power consumptions in Cases 3 and 4
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Fig. 4-12 Variations in the total power consumption when applying WPTS to Case 2
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Fig. 4-13 A comparison between experiment results and calculated results
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4.2 NABRIZBTIRGARELER/NRAZMEIL

ARIEE T, RO NSRBI D RG R EEERANAEH AL, 8EEFER
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PV : Photovoltaic power system, PCS: Power conditioning subsystem, V2H: Vehicle to home, HP: Heat pump

Fig. 4-14 Apparatus configuration of integrated energy system
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Table 4-2 Performances of EB

Curb weight 10,320 kg

Motor max output 199 kW

Battery capacity 287kWh

Air conditioning ~ Heating 10kW (PTC heater)
capacity Cooling 26kW (heat pump)
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Fig. 4-15 Example of acquired data in the experiment
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Fig. 4-16 EB power consumption per traveling distance
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Fig. 4-17 Meteorological data (temperature and solar radiation)
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YR =% 330, EV HEMLE A EY—7, BB SR L BYD, Ny 7y HEEMEE
e V2H (F=F 2 O EZEEL, ZOMRBIZH-S<.

PV OFXEH X, I KT EV]I AHIZVOEEHEEAE 12.5m? GXiEH /) :2.4kW) LL7-. %

7=, EB OEICiE, £ 42 (R T HREOLOZEHLT-.

Table 4-3 Performances of each equipment

[Photovoltaic Power Generation ]

Maximum Power 240 W
Output per Unit Area 190 W/m?
[EV]

B S 030 ko

Power consumption rate 0.110 kWh/km

Available capacity of battery 20~100 %
[Heat Pump Water Heater]

Heating Capacity 6.0 kW

Storage Tank Capacity 460 ¢

Boiling-Up Temperature 65 °C

Hot water Supply Temperature 42 ~43 °C

4233 BIRDEMEH

JR I B BREUG B2 RTIE 7.5km T, I B O B R SFHEERIE 0.9km THY, HHRAN
DIEEZET 12m ThHD. ¥ 4-18 12, BUTDOX AV T LiBEGRHEC PRI FR 2, BET
CHWERE DX A Y7 T 2%/ d . ZORBE LT 57204572 EB OBRIT, 5 B

ot
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Hospital 630 8:30 10:30 12:30 14:30 16:30 18:30 20:30 22:30

Fig. 4-18 Bus traveling diagram

4234 EB ~DREHE

BT IR INTRFRENICRE L PV OG5, AN B RFNITERL T
WRWREDBHR T, BESLELRWGAX, Ny 7 rHOEEMIZ PV BHEKETD.
K, RRFBLOAZFRE T, PV ENZIT TILEB OBNREL IR WA, 5
ICEWARNEY R

B DR Z R 4-4 (R, FEEAROIEL IE 100kW, FEE O/ 132 HEL,
N7y AEBEMA B RER A EE 0~1000kWh OFTRD-. BRI, &K 15 5

LLEEL, BIRT T 7 WS L OEERFRIT 3 7y L7z,

Table 4-4 Performances of charging system

Maximum output power 100 kW
Charger connection port 2 port
Stationary battery capacity 0~ 1,000 kWh
Minimum charging time 15 min

728, COr HEHFRERIE, RHEFE T 0.431 kg-CO/kWh (2019 4EJE FREREE 17)@0, #E7H 2.81kg-

CO/t, YV 2.62 kg-CO»/L, LPG 3.48 kg-COx/kg, £T7H 2.65 kg- CO/0 % FV =D,
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4241 EB [CBITRZEFHEBHENDTE

EB DOZEFIHE ) BIZHOWT, HBOHEE N BEHEELIRIRZX 4-19 1TRT
Y, EATIHEE RO A RZEITRS—ERLD, 2EmMEEE ) #IIFHG CTRRD. £
7o, FEMOZETEE S EI, T EB RIAOEEEED 3 Hftz G ThD. F7iZ,
AZEOIEFICE—FEMHOGEEITIE, EB 2RO EE S BOK 1 ZEE ChHIEMND,
EE)SAOVEEE T2, BT CRZEFREEE I OF ML &b TTHd
ULV 540

@ Traveling @ Cooling @ Heating
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Fig. 4-19 Impact of air conditioners on EB

COVEEENEEZREIC, EB OETICNE PV REH HEANAMEE I ED PV UER

(=EB @ PV HE/11H# &/EB O&{EEE ) &) OBYREK 4-20 (TR~ T.
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Fig. 4-20 Relationship between PV capacity and PV substitution rate

4-20 1Y, PV RE=IIAy 7 7 HOEERZEE MO R &L PV 3RIE H ) AN
T, PV REEENEINT 2. N7 7 EEMOE BN RO, Ny 7 7 HE
B OEENCENE T Y THRBEZ DD EEZ LN, A —A T, Ny77 AEEMR
23 800kWh LA EIZLTH PV AR BEEINILARNZ D3 003D, ZHUE, KA H TRV
B0 RSB T AR IFEL OB ZEDD, I BRI Tl Ny 7 7 AE E il
% 800kWh EL7-.

4-21 12, 7SAD PV DY 90%E725F (PV 5% (& H /7 800kW) (2, EB O B

B ELIACSETRERETR T
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Fig. 4-21 Relationship between EB battery capacity and PV substitution rate

kY, EB OHHEBEMA RS 287 kWh/HEHD 80 kWh/BIZHED L TH, PV DR

EEAEZACLL RN EDS Do T2, ZHUZ, TR R BRI B IR e 0 24T RS 8.4
km EHL, Feo, HER DI BRI L TOBERIZ 15 7L B PV & & FRETEHIH
BNHHIEND, HHFEBEBMOR BENERRIKFL UNSRERTHLLOLEEZLND.
ZOZEIE, FEEH TN 100 kW 235, 50 kW (ZHAD 358, PV AR 10%IK F9528
MELEMTOND. LTeA>C, IO BMIZ EB 28 AL, PV OB IG5 5,
FEHDIPKRE T, EB OEHFEEME FA/NSTE, PIHE AR MM TX 50
BEMEDN DD LN -

4242 HEVATLOME

4.2.4.2 HiOMEIRERIZHESE, EB OHHEEMA BEL 200 kWh/, /N7 7 IEERA
% 800 kWh LU, Ehis (B ICE@E L PV, EB, %1l EV BXOFEEHS
L2 AT DD R HOW TR FLT=.

TA VAT LONFERELT, PV & EB I T 57207210 O BRYTRRE LT, /SR R
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T LDOFERAEK 4-22 1ZRT. [K 4-22 10, PV R E H 2 RFIZFEAERN 10%LL FiZZedEH
\ZL72854, EB N2 BT AR E B & 420 MWWAEDWN, PV B HHHEED 280 MW/
M, RAEIMFEED 140 MWH/AREIZ2 57280, PV AREFZRIL 67% (=280/420x100) (2725,

ZOEEAX, EB LIAMZ PV B OFE RN =D THS.

= Electric power(AC) ===+ Electric power(DC)
Power grid MWh/year

l12,670 150
Workplace
12,670 L 30

‘DH & 140 _ EB (5 cars)

V2H [ 280 s 420 2
A0 g
4110 200kWh/car IR Gifu

300 - ------- > station

30— PCS | Battery
surplus

PV 280kW

Fig. 4-22 Energy balance of PV&EB system

—77, PV DEN% EB D H THHLRFOTFEEM AL TR A LT E %X 4-23

(R [X4-23 X0, REFEAERD 10%LL FIen8012, PV HAZRELZLE T, PV

B HI 70T 280 kKW 725 3,600 kW ~HIINCE%5. ZOHHIL, EB A2 ETHLAKIHEE

718 420 MWh/AEDW, PV EHGED 400 MWh/4F2 5570, EB @ PV AR
95% (=400/420x100)I2725. 7235, RZAL, Fipll7e 2 ta2 L7e< CThH RFOEM N EE

12,670 MWh/AEDN, PV &N 3,120 MWhAERHEEN DT80, KFZED PV REERRIT

20%LL BiZ7e5. I, REEL@EEAINZ T, PV, EB, @#EH EV BLOFEEH ALY

AT LDOFNFAE K] 4-24 |~
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== Electric power(AC) ====: Electric power(DC)
Power grid MWh/year

9,550
Workplace l ’ 20

12,670 ’"Du 0
o B

20 _EB (5 cars)

V2H 400 "« 420 'm’m’,,-
........ < B P

‘4140 200kWh/car JR Gifu
3,120 430 160; — station
3904—__ PCS | Battery
surplus A 800kWh
24,420
A N
PV 3,600 kW

Fig. 4-23 Energy balance of PV, EB & workplace integrated system

= Electric power(AC) ===== Electric power(DC)
Power grid MWh/year
160 10,230 |20
i/
EV (1,870 cars) ‘DH ﬂ EB (5 cars)
150,¥ Y_ 20
1,500 \ o 470
<+ 1,350| V2H V2H 402 s ' —
4 ...... jnnn g | Y
40kWh/car A 94140 . 200kWh/car
1,390 2.440] 430 300 [
470 PCS Battery
surplus A 5 130 800kWh

e
\% PV 4,180 kW

Fig. 4-24 Energy balance of PV, EB, Commuter EV & workplace integrated system
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4-24 19, ZOMELDONFELL T, RFICHITDH PV O%E /145X 4-23 @ 3,600 kW
25 4,180 kW ~ 1.16 (=4,180/3,600) f5HINTE%. 728, SHOMMEEL T, Ky —ATIE
EB OFEEITHER 800 kWh D/ 7 7 [HZE BN LELTZ, A TOmE HOFH B &
ZEEFTHE, 74,800 kWh (=40 kWh/ BB E) L 1,870 /) THY, 77 HEBEHLO 90 5
VI EOFENDHD. ZO@EEEOZEEME EB OSBRI AL, By 7 7 i
% RN RETE, KRFERM L35,

PV&EB HUfls 274 (X 4-22) , PV, EB BLOKRFEHE T AT 4 (K 4-23) , PV, W)
M EV BEOKFEMET AT L, PV, EB, B#EH EV BLOKRFEMEGT AT L (K 4-24) O
K —AD CO HEH EA ] 4-25a~d (TR 7. ZALEY, PV ORFIFEAFED 10%LL T T,
4-25a, b, ¢, d EHRALRIVKELTLDIZNEST, PV Of%E H 1% KIBIZHEMT 5280

TE, CO FHEDHIBINREME L AT LBREL TRESTES.

[ workplace [ EB [] Commuter EV
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’;\ ~
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2 5f 251 29%
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Fig. 4-25 Comparison of CO; reduction effect in each case
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(R R DI B R AN IR B LT KR ) 2 BB S AAME T 22 LTl DT AT L%
RIZOWTHRH L. oI RITLL T oy,
PV OFE R, EV & EB DEITEAEMOE S EE, FREERFOEHE LA EDET,
RSN BN S AT DA oL — S A AR LT
JR I BRGSO, BRI (Al 8.4km, 91 A/ H) IZXL T, PV Sl &E72 EB @
BAERELIRER, REOHBE ML T AT BB AT HZEITEY, EB OF
BESRE GEIT+ZER) D 95%% PV TREFTES.
PV, EB, BV, FEBLOKFOMEILTIL, KOKRESHEEITIZEIZEY, PV B4
FIFEAEZED 10%LL T Th, PV ORREH )& RIEIZHINT 52 LM TE, CO HEHEDHINH
INRERET AT DAREL TRESTES.
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E5F REM~DER
AT, FHEBMOBBELLCTHFMEEFIUCLY, B RGP, faE
ENCBIDRBPIEREL I FM EV, IR EL, FRECHB BB Lk

F1Z EV ~OHAEGT 2L LD AT ADOEN BT DWW TR LT-.

5.1 —FETREICEITAKGAXEBELERAR, FHEOMEIL
5.1.1 MiE AT LOWE

RS DHVAT LADOFRE— F R G LT BARR 2 il 2 X 5-1 197 ) 5-1 13, K
JECEEAE R Loy — O 2 B0 HBFHELRATHHRBREROM THS. =x/LF
—IAEPRELT, BB F IR BB A Y 15 PV AR E TS, X —
LT, FGITiTe— MR (HP) G Gy, BIEICIT BRI A, MR OZEMRIL=T 2,
Ry =~ Nl 95, BV X, 81500 23 FIEICEEEL TODEFS, PV ML REESN
%. PV OFENIE, BV OFBEMONEAE, 213 BV BEEHEL TORWESIZE, 2hEh
BB eFIECH ASNS. 0B, PV BN EV RBLFEOFTEL HICRAETDHIHAIC
1%, HP fage~Ha L TEAIRKEL TE XD,

— Electric power(AC) ====* Electric power(DC) =—— Heat

Power Grid Wa. PV

=

v
{ PCS }--{ ups |
7y x

Lvau] [ved]

v v
I\ I\
oEYes A EVLs
PV : Photovoltaic power system
PCS: Power conditioning subsystem
UPS: Uninterruptible power supply, V2H: Vehicle to home
HP: Heat pump water heater, HWT: Hot water storage tank

Fig. 5-1 Apparatus configuration of the proposed system
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b2 AREEH

IV BEAERAT ROV AT bE AL T, KAT AOBREERFI L. BEHIIE,
53 TR~ PV R &, FIELEHEOEE ) O &, BIOEFKOE I HE %
BB RGO ETEIEE OIS ERSRINGH R T2 A =T 4V N2l — 2%
VY, CO, HEH &, ZHRMOFARBLI) PV BHORRIAR(=REES,/ KERE)E
AL 72

R & e OMERELFE LA 5-1 IR,

Table 5-1 Performances of each equipment

[Photovoltaic Power Generation ]

Maximum Power 240 W
Output per Unit Area 190 W/m?
(EV]

Commuting. Daiy Use 16/40 kWh

Power consumption rate 9.1 km/kWh

Available capacity of battery 20 ~100 %
[Heat Pump Water Heater)

Heating Capacity 6.0 kW

Storage Tank Capacity 460 ¢

Boiling-Up Temperature 65 °C

Hot water Supply Temperature 42 ~43 °C

PV % EREMEIL, #5035 ES | BH0OEE 12.5m® GREH I 2.4kW)EL, FREI
VAT LRR(FIEE B SE)D PV REIFEARN 5%E/ebHfEE LT, HP faiGasd, S
LIFIZE— R 7Y A7 (COP=3~5)&fE L, fRif - AR ClIE R e —Z & o5kl
7.

EV (3FMEM T — 22U BV OFBEMA BT 1 4 Theb &\ i 217 HREE 2
T HINCHREL. BT SIS A O EE O AL, mE R I 25km/
HTohs. AEHEEIL HDRED 1 SERORERIESTEEEER L 17k H, &R
270km/ H )% FIV 7z,

¥7o, PVIREER, FELET OB HE, 22HE HP 5540 B DIHEHEE ISz
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KB LOVKIROESRIIT —213, 2016 D 1 Bl EORSRIIFR G2 . 72k,

PV S NIRAA~— IR L 2L LTz,

5.1.3 §tE#HER
51.3.1 —FETREICETIAMELRATLOIRILF—IIX

FT, 1ROV AT LTOM LR DOHLFFE(— FET)D 1 FEF D=L F—I S A4 5-2
(R, BT 9,380kWh/4E, FEHET 4,430 kWh/AEDRME N EHE AL T, £, B
L 2 B TH YV % 1,230 U4, FREDFGT LR T LPG % 360 kg/4F, 25 CTATIHA 160

CAEEE LTV, ZHEAMIE 14,380 kWh THY, 21T 57T0kWh/AEDFEAT 5.

\g&g — Electric power Unit: kWh/year
Power Plant — Fuel
14,380 Power system losses : 570
—f————— Home — ~— University
\ 74’430 9,380
— 1 Gas
Water heater

LPG 360 kg/year
Kerosene 160 {/year

Gasoline 1,230 £/year

Fig. 5-2 Energy balance of conventional system

WIZ, METVAT LOTFNF—IWLEE] 5-3 ITRT. B TATLOE ALY, %
N EALINDDT, LPG, BV BIOTMOMEH E&EXBall/rs. £7-, 3¥EL- PV &
T, K508 EV ~MEEEN, 205U ERFIEAMEEEIND. ZOFER, FIEDORHK

B 71808 2,500 kWh/AFRHIE S AL, CO HEH&EIEIX 5-4 (R T X912 85%HITE S5,
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. — Heat ===Electric power
K —— Renewable energy
Power Plant |O:PCS &:DC/DC m:AC/DC

Unit: kWh/year

10,370 Power system losses : 410
s Home ~  (— University
1,930 8,030
— PV, 6,550 PVUZ 780 ()
1,710 950 ]
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= 5,850 | iﬁ 3,230
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(@)
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P MEVAT L

Fig. 5-4 Comparison of CO; emissions

5.1.3.2 BEFAESDRE

5-3 DFEFRIZBNT, 2016 427 A 16 H~31 HOZMHHOE AT, X 5-5 12573
FoIZ, FREEmiz2d. X 5-5 OHIFICEITS PV BEELEBMIE RIS IO LERT
GrEOEEENEIK 5-6 LK 5-7 1T

5-6 L[4 5-7 TiX, EV OFE IR &S B LM M OB L2 — oL T
IRVN8, PV BNV, BV OFBMIZT TR, G EICI> THEOTEN R
SN WA, ZOBHIIE, PVREEN2 HHErOBATY, If5LE EVOZEBMOREN
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Fig.5-5 Electricity demand of the home
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Fig. 5-6 Generated PV power and EV battery level
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Heated hot water
100f 3

[0/h]

‘ |

Hot water storage Upper 11m1t 460

400f
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]
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Fig. 5-7 Heated hot eater quantity and hot water storage level

5133 FEILDRAE

5-3 DFEFICKIT DA HOE S HEEL PV ENTRYINDIE N EZX 5-8 77, X
5-8 DEHTTEITIT EV OEFT LB ZZFREEOBREN L BB ) B d A TVD. ZOF
HiflD PV BAF Y ROZEE, AFO PV EEENEFE— I FERFO 47 LTI+
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g 800} ="
§ 7001 - 7
= 600} =
> 5007
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Fig.5-8 Supplied PV power of the monthly
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)7V RIE@EhE: PV iR E &L, BALZAEIE X EV 2 AW TZ Uy R CRlim
ERAYAS

(3) EFEQ)DORRIE % COMEERD AN F =L T 5.

5.1.3.4 #2%¥ M
AR O EE A ERBE DR ENFK 5-2 £ 5-3 [ TRT.

Table 5-2 Equipment costs (at the time of spread)
Unit : thousand yen

PV initial Investment (8.0 kW) 1,870
V2H System (V2H: 2sets, PCS: Iset) 600
Heat Pump Water Heater 300
Energy Management System 50
Installation Construction Work 780
Difference of Vehicle Price (EV:2 cars)* 300
Total Investment Costs 3,900

* Included a current subsidies

Table 5-3 Economic effects

Unit : thousand yen/year

Base New System
Electricity (Workplace) 188 161
Electricity (Home) 121 53
Gasoline 197 0
LPG & Kerosene 146 0
Total Payments 652 214
Profits 0 438

# 52 (TR AN 10 HRE2BELIR R THY, £ 5-3 13X 5-3 (TRL7Z CO PR &%
85%HIIT 256 ThD. TORIR, BB RIS FEDI AL T 8.9 £L TSNS,
ORI, FEL PV EID 80%LL EAFAIH IR 5288, BEFTREIRE DR
fEZREHR L7222, PV B DOFTEa A BLRRAD 1/3~1/5 I TEHZEITERT 2. 7
B, PV RAE~HE ORE ) TANIFEE TILBRO¥:53 LU RO 14 [1/kWh LLF 23 A E& K
BEND.
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5.1.4 &%

5.1.4.1 PVEHD#IRIIL— FDF#EE®

PV &%, AL H T EV ICBHRRE ICHE~G T 25641 5-9(a), [EFE EV IZHEHE
L, FEA~MEET255%X 5-90)NRT. PV BHITEROTD, BB 358, i
S HEABCE LD FBEAZHBEIATORTIULZRLT, PV EHOREBRIAKEN. Z0
BheRFEZF 5-4 ([THDEFETDE, 1 5-9(a) TIE pny =59%I272%. ZAUTKIL, X 5-9(b)
XSO D72, npny =88%IZ72 5. T 1.5 [5(=88/59) DRI LD EE PV X &
HO DD, DFD, RIBRVAT AL PV BHEEDRICFIAL, PV #EOI AN K

MECHIBT 2. N2 C, A7 T4 DAL 778 & Zx/MbT 5.

Power plant geg

<

Home n7 s e Workplace
_ 2
nPVH—nl'(nz) T3 Mg Ty " T4

(a) Supplied PV power via power system

Power system

Transformer

Office
(University)

(b) Supplied PV Power directly

Fig. 5-9 Difference in efficiency the supply way of PV power
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Table 5-4 Conversion efficiencies

7, : PCS effective efficiency 0.88
7, : Transformer efficiency (in the Power System) 0.97
73 : Transmission efficiency 0.99
n4: Charging and discharging efficiency 0.94
ns: Motor efficiency 0.90

ne: AC/DC converter efficiency (charging to EV) 0.90
n7: DC/AC inverter efficiency (supplyingfrom EV)  0.85
ng: DC-DC converter efficiency (supplyingfrom EV) 0.94

5.1.4.2 EEHhFRHAOEMEIL
5-3 12815 1 FE[/D PV B34, FhiE: EV OB NEEERELZE#X 5-10 IZR~T

Home electricity consumption — PV power generation

B EV electricity consumption

N
()]

Electricity [kWh/h]
(O8]
S

. I 1 LAY, LB | 1 |
E"*J” R v(‘ i

0 i i i i i i i i i i
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Fig. 5-10 Generated PV power and electricity demand of the home
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it S6kWh SEEEh B 3 HE B S6kWh DA FF 112kWh 2V, 2o BRI
JEETEW T 5ATHY, K 5-11 (b)i% EV IS L - E B A2 EGTHEEL EV AR THF
MULIES%E ThHD.

5-11 (a)&Y, EEMZARFEOEERE EV OZNENHE —~OHRIMEHLZSE

EERTIFAIG LN REDIHIEL, —F, BV HIECIIFREEMNE & —MICKE
NTIREIZ/RY, TP OR TP - 7=y O BMA B DDy, 2L T,
TR L BV HIEZ M L2 5-11 () D56 1T, BISOTFTRESENRIECHAL, &
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60 Stationary Battery at home
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Fig.5-11 Comparison between EV battery and stationary battery
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W 5.1 HTIRARIZU AT LERIERTH20100%, BEIE(EV)D% MR EEIT/25. LsL,
EV (3, ##do& My &l Coh, MiketiiE2 e, £, BN LIZROYR7 13 RE
WEVORRED DD, ZZT, TNHDOMBEE R T D701, 22O ® /e ETIC
VBRI AR A/ LT AI-EV(Air-conditioner Integrated Electric Vehicle) 3 2RI TS
@3CH, AI-EV [T HEHZEEE EITO=RNF — R AR IR T 2B AT HE THL.
ARIATI, AI-EV O BB HEL TOMEREE AIEV [ZHE L 7o Bt A — 1L ¥ — S e TR

WELELTHALIZE B O COy HIBEN RSP G PEIC DUV TRETL7Z.

521 Z#HERERBEIE(AI-EV)
AI-EV OXEERERL LT 13 AT LOTEHRA A—T %, TNEIUK 5-12 &X 5-13 1SR,

Small
Fuel Engine u
(Electric ()

Air

Motor Conditioner

Compressor

L}
1 la —p | Battery 4—[ Generator ]:[]:I

Fig. 5-12 Air-conditioner Integrated Electric Vehicle

Engine Load >
_i Surplus Power
5 =Power Generation
B [111IIiIN
A Air-Conditioner
o e Compressor Load
O R
- Required Compressor Power :i:iiiiiiiaiiiiiis

Time [sec]

Fig. 5-13 Operation image of AI-EV system
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B ZEPIITE— MR TR WS TEY, EV TiX, 2OEMEEZEE) 3570

BAER, EEMOOEAGL CND. 207, EFHEEBREIL CWODEEE, EfTICE X
BB, Mkt BN E <25, I, ZERAMARENER B4 H T, il
22 OBREN I E B L OK) 3 BIMEDL TN,

EV D& N EAHI71EEL T, Bk FTO8 % 9% Range Extender (B T, RE &7 9)
DRI TS, LL, RE OFFETIE, BEL-E 2 ZEHREICHVDERIC, Bl
B /) >F B> R EEHRE) ) &= L F — LA IR T 720, ZRVF—ZE LT
T5. 2T, AI-FEVIE, K 5-12 (TR $ 291, ZEiifga/ Moo CERRENL, 2230 A
DEAVCIFEI R E )2 IV THED TR ICL TV D, £72, EV TiE, AV HIC
MBI KA D, VT KB, WEIT 7 BEOVEE#RE ORDVIZEST
ME—22HFETD. 207D, AI-EV ([CHLERZ2 /M2 D 23 & T D AR — AT
TR TEDEE X DN,

— R, EHEZEREIE, M 5-13 (DR RIS, HEERBH AR B I Z 13 R AT CIEIRE L
D73, BLEE PN O 2SR E IR I D <UITHEWNE DEIR AR MR 2 (I F LT, 2o
ZEFH OB IEZA AL, AI-BV TIE, 2 OR KA T DU M &RRErL, 2261
AWBME T T HRORNEHNTHEETD. ZHICEY, oo —EHA M CEIRTE,
BBV R SHERFCED. D, JORERm DU HT R, Mkt Bl O IE & 50 F
TRELRDN, ZRNVF—=ZRBE N EV ORFTIIRDIS.

AR U7 AE E A R SR T IE IS LY, ZE OB AR T DL EbIT, RARENT)

THREBELZBHEEITICHDRIATLIENTE, HiltiEMA TR TN TES.

522 HBHEEELLTOMREETME
it S L7235 B O e Kiuie BBl Qe 1T ESLER A2 E L7 B l (Bl 7 &) F

TOEMA EOEEFTREEEEIZOUWT, EV & AI-EV 2 bl L7=.
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5221 RET&EH

BEHI AW EV & AI-EV OS5A: L@ D Z2 B O i I St 23R 5-5 10T, Teds, %2
A BT DBICE RN OREIRED 60°CEMZ, ZZMAMNRKEVER B THit
AT o7z,

Table 5-5 Calculated conditions

[EV] [AI-EV]
Battery Capacity 24 kWh
Battery Usable Range 20~100 %
Power Consumption Rate 9.1 km/kWh 8.9 km/kWh
Cruising Speed 50 km/h
. . - 120cc
Engine Displacement
- 160cc
[ Air Conditioning]
Cooling Heating
. ) Air Temperature 32 °C 5 °C
Outside Air - —
Relative Humidity 60 % 80 %
Amount of Solar Radiation 800 W/m? 0 W/m?
Outlet Temperature 10 °C 50 °C
Target Inner Temperature of the Cabin 25 °C 18 °C
COP 4.4 4.7

5.2.2.2 mAMKGEGESEEIT)EEBE
# 5-5 OSMET, WL EREOE G AT TRERBEA X 5-14 (TR T

400 v Air Temperature 32.0°C

350 F N Relative Humidity 60.0 %
g 300 N | Amount of Solar Radiation 0.8 kW/m?

3 AN
E‘ 250 N N Al
5 x\~~;l€w 160cc)
2 200 e~ e __.
2 150 ! ALI-EV(120cc)
= ===
A 100 - Conveﬂtiona\ EV
50

40 50 60 70 80 90 100
Average Running Speed [km/h]

Fig. 5-14 Extend of the maximum driving distance
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ZHEY, AI-EV (X A28 E L7 R 30 km (28T, EV O 2 584 &K
MRt EEEE A DL i ole. 7ok, EITIHRENHIARDL, HAMF AL EV TIX
FHHILEODDIZK LT, AI-EV TIEEL 5. ZOMBIE, EITHEPERRDHITE ELTE
[FIEL<720, ZIUTPEWZE TR O EISIF G FL< R D720 ThD. D FED, md EITRHIE
IR EATHRHICHE AT, BV TR TOWEE BN DB T2 75T, AI-EV T2
B OB LI B END T D10 THS.

5223 ERLOEFETRERR

LI — g7 EAAEL T, ETSRMFEL TR EE 50 km/h T, 78 3 RefETTL,
BUOCHIZ2E O HRHIT 5 R (B By I3EE )L, JR0b 3 RERIEIT 054 L L.

WFREIEE X, 2O KR A T7I7FENVETHY, £/, EV 238 K L7

2%, BATOH VY BIZEEANTRWAREMRBIRFHAEESND. £2T, EEICKRLT,
EV b AI-EV bAMTEEE OO R EITATORN— 7T, BEERICHEEHEEN OO E
ITADERMELT.

EV OEITICHI B EMOEEEEK 5-15 177 2, EVIIITED 3 Refi i
LI CEME R D TR , 120 km BRI CTHLHZEN 53005, OFED, 1E18 v e/ R
BEIT R IER 60 km LLNTHS.

O Air-Conditioner Consumption

B Driving Consumption

LinIn.

Discharge
[kWh]
(9]

0
&= - > >
gg 20H] Driving ! Parking i Driving
2 O= 15y | :
g = 10| :
3 | |
2 SH J'___Batze_ry_L_lm_lt___Jl __________
ST 141118141 :
on
£ 200 2251 2 3 4 5 1 2 3
g 0 50100 150 Time [h]
& EE—— >

120 Distance [km]
Fig.5-15 Limit driving distance of EV
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— 07, UV UHER R 120 cc D/ DU B LT AI-EV O BT EYZEE O

LA 5-16 IR T.

O Air-Conditioner Consumption
@ Driving Consumption WM Charging

Discharge
[kWh]

5 _
O — Ouj—i—"—.—.—.—.—.—r.—.—r.—”-i—ijj—
&”-g - — - g —>
= 2 20 Driving ! Parking - Driving
2 O = ! IR
8 15 . |
< 1 1
> 1 1
BE o) : !
8—1 1 1
S = sHLI- ﬂ:_ _ __L._”,_
ET 07 2 3 1 2 3 4 5 1 2 29
§ 0 50 100 150 Time [h] 150200 250 300
L 1 [ 1 ] L 1 1

Distance [km] 290

Fig. 5-16 Limit driving distance of AI-EV(120cc)

(4 5-16 &V, AI-EV (%, 17E18/9 300 km, A 18K 150km OEITRFIRETHLZ LN

LA, 2RO IERERE OB IR E S D/ N D DR BN B & Hib - T, 22
TR OE ) EE PRS2 L. ZE B BREN R O R EN ) &2 D CTEITRFICTEE T
HZE. B, BEHFHIZEFH O P02 HNT, BESFHETELHILD 3 SOHHIZ
£%. BRI, ZO EV & AI-EV OET Al e Rt OV E, Bz e Lz TERL
fERA 5-17 1R T

¥ 5-17 &Y, AI-EV (%, FICEEMA ELHE#H T2 EV TIIRNEE ThH o7 aUin o+

BROCHIA~D BRIV N TELINTRDIELN 313D,

73



AI-EV (150km)

Fig.5-17 Driving Distance from Tokyo(120cc)

523 IRILF—FHEFEEELLTOMREFTE

EV X ALI-EV 2L OF Bz 5 Lo BB N BRI EIT B oz, B olr
Wk A TR AR E L CORBINIFFTED. e, =M TR (LT, HP
faG el NI G2 7 DGR E O REL A T 5. £ZT, PV, HP s i
EV F7/213 ALEV ZHAADETT N VAT bk, KFEEFIEORa=T (~HA LT

B DMRERGFLI.

5.2.3.1 BEAE
PV ZRFLERREOWTTIZREL, HP #anl IR EDIAIRIE T 5. FRETIL, WE)HLH
WL Uy—AEHEEAT, HEESGE O 2 BERAT5. PV OB ILMEE L A #IcHE
L T-FEMA ST, RFELFEDO DTG TE Db DL
FHAG T, AR =T g DI —4E AN T, HHFRELM LR TEERIC
iz 1 RO —FE(EN, i, HEIEASTRENEE)A 1 48,760

74



R FEDIC B R R A B & § 58018, TELH7ET PV EHZMEAL, PV LT R/LF
— CHWREZMRRWGEIE, RE N2 T804 LU, FHbHEIEICIE, BRDOT 2
T LK D COL HEH EDHIEER(=CO, HI & Btk T 2T LD CO, HEH &) & HLIC
VAT DEREST 5454 @ IRR(Internal Rate of Return)% fV =, g THW-FEB LW
RFOTXNLF—{HE, PV BEEBIOVKRTORIMR, KiRT —2REODETOT —4
1, 2014 FRE O 1HF[#] 450 FE R E A IV z.

723, PV, HP BXW EV £721% AI-EV OV RO L2 AT 5720, ZibLS o

#r(LED ft, Z DM ERE)DE T RF =R RITE FRFfFLL.

5232 WRETEM
FREFC AW PV & HP #G5 e OMERESA 23R 5-6 IR T, 72385, HP #aast X5 LIRF X
b— R T AT /H(COP=3~5)ZfE HL, fril- A ClEERe—2 %58 0&L, COP 1345+

SRAREKIR TR T DAL

Table 5-6 Performances of Each Equipment

[ Photovoltaic Power Generation] *

Maximum Power 240 W
Output per Unit Area 190 W/m?
[Heat Pump Water Heater]
Heating Capacity 6.0 kW
Storage Tank Capacity 460 ¢
Boiling-Up Temperature 65 °C
Reheating Temperature 90 °C
Hot water Supply Temperature 42 ~43 °C
Refrigerant R744

EV & AI-EV OPEREIZEE 2 LIRICEL, EBEMABEIL, 3 5-7 (T I8, 17541

THOITE R FEE LT,
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Table 5-7 Performances of Vehicle

[Vehicles]
Battery Capacity EV 13/40 KWh
Commuting / Daily Use AI-EV 13/21
Average Commuting Distance 28  km/day
Daily Use Maximum Distance 260  km/day
Displacement of Engine(AI-EV) 120 cc
Fuel of Engine LNG

# 57 10, BEHEORRKETHHIL 260km/ H THY, HEYHEIL 28km/ H THD. ZD7=0,
EV @ H & HX 40kWh 2 E7273, AI-EV Tid 21kWh TRV, —J5, ###H TIL EV, AI-EV &
HEEMO LI FIT 13kWh TH5.

PR B EMA RNET D, Bl EESINT 5720, EITOBINEEENET 5.
AL-EV [X[RCEEMAF ELHEH TS EV AT, /M D0 & LNG KN 7T 30kg
il EESHINT 2203, MitlEEE S R OL AT, BN 25 EhE& CTHREINDS. 207
¥, HEHETIXEV O3 AI-EV L0, 60kg LU B EENE /0D, 22T, A8
ELT TR L M B DA b a B E O LT IHE R PR ET VS TIHRGELTZ. £D
fER, HEHEO EV 1L 8.8km/kWh, AI-EV ( 9.2km/kWh THY, AI-EV (T EV LhiELShD
728, WiEREBEN IER 35, LinL, BRSO #4FRS AI-EV ONRE 500 535729,
ARFSTIE, BV b ALBV BlE OB/ THEREFEC L L. Fio, ABFITIE, PV BHRE
DFFEADO TN L —IITORNGAELL, BFHELATD PV ORESIDOFAEF(=1t
FaCEIRNVET) PV FEER)L 3 %L FELT-.

R IEAFAL 3572 O IRR OFEHGMAR 5 1TRT. 7ok, K 5-813 2014 D3
TEEAE .
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Table 5-8 Calculation Conditions of IRR

[ Apparatus Unit Price]
PV & Primary Cost 250 thousand yen/kW
DC/AC Inverter 40 thousand yen/kW
Charging Control Unit 200 thousand yen/unit
Difference of Vehicle Price 500 thousand yen/unit
Difference of Water Heater Price 450 thousand yen/unit
Difference of Cooker Price 100 thousand yen/unit

[Energy Unit Price]

Electricity (University Rates) 20.0 yen/kWh
Electricity (Home Rates) 27.5 yen/kWh
Gasoline 160.0 yen/¢
Kerosene 100.0 yen/t
LPG 360.0 yen/kg
LNG 220.0 yen/kg

5233 RETHER

BURY AT BEDIEFE R EL T, 4 DO —2AD 1 FEROK CO, PEH EAX] 5-18 1IR
I, 4 r—REE, PV & EV A EETZV AT A(PVAEV), PV & HP (G Sa i ad
723 A7 IN(PV+HP), PV, EV LN HP falGaea fl G B 722 A7 A(PVHEV+HP), PV,
Al- EV BX O HP #agaa A&7 A7 A(PV+AI-EV +HP) TH 5. X 10 (2381 T
CO, HEHAREL, RHE S 0.579 kg-CO/kWh (2014 FEERFEE F¥HE), LPG
3.48 kg-COy/kg, LNG 2.70 kg-COyx/kg, #/VU> 2.62 kg-CO»/L, 4T 2.65 kg-CO»/L, % JHU>

7.
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Fig. 5-18 Comparison of CO; emissions

5-18 &, FKEED CO, R EmDHIBRITAE H 9 5&, PVHEV & PVHHP £ 21 fl
BNZIE 48%E 19% T, A it32L 67 %D CO HEHENHIHIND. ZIUTH LT, 3 2%
FABEDE 79 %IZZDHNTERN RAIERSND. [FAERIZ, PVFAL-EVHHP (ZBWTHZD
WD T5%~FERT 5.

—7J7, IRR |2 B9 5L, EV EOMAAEENELRL, Ma—, AI-EV EOMAAEDEN
IRR=7.2%% 6% & A TEY, HETRERMIMATHS. ZOBHEELT, HEHIL, 1 [

/1~2 7 AZ1E18 260 km/H O E-FBEZ E1T9 5720, EEMOMLERED 40 kWh &K
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&, BEEMOYIIBRE N RENTZDTHL.

ZOFMHD, PVHAI-EVHHP @ CO, HITEZN R 1T EV EOMAEGHEIVLE T4 505D
D, BFEETIHENRLTODIENS D, T ORGSR, PVHAI-EVHHP OFL A& bH1E, #%
FHEOBWBLENRFETHY, Linb, FEED CO P RIL 75%LL LRI T, 2322

TARRELTUE 50%LL D CO, ZHIH TELZEN /M oTz.

524 B

PV, AI-EV BXL U HP Z#l G E 2L RIER T LB M IZOUVT, H B L OREH
WA DTN —FHEHENT AL CO P BENER DU AT KL LT /5 R %X 5-19 12
AL 5-19 1ITRBWT, RV AT AT, STHERERE, LPG (e E TS, #ri A
T LTI, LNG X AI-EV ERFE TSNS, ok, BAOIXRMMOH SN EERL

7.
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Fig.5-19 CO2 Emissions of Each Month of HOME
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BNV B e B TOFREDO TR —FFEOIALE PV T TV
HZEWG D, FD—FT, 12 A~2 AD 3 » ARIE, CO, HEHEDHITEHED 60~70%
BETHL. 2L, ZOME O PV BEEN S AD 1/3 BEIZHEL— T, BHE
FBEOFRENE KT L0 THD. OFD, ZOVATLATH, 2Rl bk PV BENEEINT5
&, KBEPRERITRD 5 H TREORMENNDIEAET LRI RRIND. ZOZE
1%, ¥ 5-20 \2" 3 5 H ORERHETRIOZFED =R VX—FFAG N T AN LN THD.

B 5-20 £V, AI-EV (T # L 7= E B HP fan TR M O PV B E &L SR, H3
RAEEICF YL TRY, FEOFHMEITIBNT, RERFERERNEZAL TNDLILR
5. BT, M 5-19 OFEFREGDOETERDE, FREOE TG HEICLER BV OFE
M DZFIE 20kWh LU R CTHRTHY, REMZ @D H720I20E, EV ICH R T & B s
TELLET/NETHL RS TEHERIEL DT,

Supol { l: AI-EV—Home [ :HP Tank — Hot Water
UPPY 1 3: Power System H:PV—Home

Storage { ¥:PVoAL-EV  E8:PV—HP Tank

i 1: AI-EV Generated Power
Losses  {i:Surplus
g
g 200F
£
2 qoo} Byusing g
53 AI-EV Battery o
)
50
E O =gl- HHEHEIHIHIHIS IAIB
k=
o
é -50
=% 100 F O :Home Power
2 B :Hot Water
g 150 F |3 :ALEV Traveling
[
_200 11 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 J
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Time [h]

Fig. 5-20 One Day Energy Consumption at Home
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BT, 5 AR AR ZL, IR AIZIIRFERFREIC AI-EV BEEEL TV, &
MBI OFREDEIMLG . 2072, 5 AL 1B TRAETHRIBETIOK 50%53 1 4
A ORI ETD.

L7z, H/2d CO, HIIAEFTH 728 i OBV AT T OB RE S L BT
72%. ZORIZHOWTIE, K 5-18 &V, Mgl —ATlE, AI-EV O4EH OB 2
FRETH AT IREZ 15%LL FIZTEDIENG, KEDOIIIZ EI0® 03 EK ST
WDIETIE, SAAREE WD B, HIEORKENEHNTRFELLTEZ, &I
RBLEL TS ik EMB 2605, Wi, N D 0BG ELT, BB K
OB ZHIE T UL, ZNOOBREHE R Z T ICHIR TEHILITEIETHR .

525 F&&H
ARIETIX, AI-EV O BB HE L TOMEREE ALEV ICHHL- BBz = 3L X —E G
BAEELLUTEMALZS GO CO, HIBENRSCRF IOV TRFI L2, BoN7fE R
LT D#EYThHD.
ALI-EV O BHEHLEL COMERRIE, 252 BE 5 VU PR EDS 120cc T, Hili f8
BLIGE, FH LIIRCAEOEEMZEH LT EV O 2 521 EOEREZ E17 T
.
PV, HP #5eB LN EV £7203 AI-EV OfAADbEICIY, FED Co, HEti &%
T5%LL BRI CTES. £z, 332=7 42 FEL TE 50%LL LD CO, ZHITH TES.
HIZ, AI-EV O AEDEIT IRR=7.2%E, EV EOMAEDLED 3.9%I2x LT,
BV EMEE G 5.
FIEDTE ) TAn o B ML EE7R EV OF B O% &1 20kWh LA T THE3 THY, #EF
Mmoo, IR T2 B A TELET /NS H LR e CTHE
Thb.
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53 EEHREDLCEFEAMMNELIEZEDTHR
— POV Al R EEEERENRR DG E ORI ONT, S AN—T 4T3

L =IO,

531 R —R

FEIFIEDE L, LLTFD 4 77 —A 2O TRl L7=.
(DPERA— @ (UGG O A TICHY, (ERHEfE 140m?, 2 BEEE, 2 AE{E, B
FH 2 BO8EIE B E M2 A . LRI AR AL, B2 RAT 2.
Q)A—/vEL— PRI LGS O PR HNICHY, (EJEHER 65m?, “FE, 4 NE{E,
HZEME 2 GOaEe A IITA. fMinlEnE, BaE#asiI e TElIh T,
G)yvrvar  HHERNICHY, (EEREE 90m?, 14 BEEO 6 B, 2 NED, HFEAHE 1 A(H
WA . G EEE I AR AL, BRI a2 2. BERG IR 2
PEEE(BEES 00 PV SR E AR I D7 — D57,
(A7 78— b g T OISR T DY, IR 45m?, 2 BERE 2 B, 1 NJE(E, HFEHA
B ROREMATA . LRI AR AL, BRI a2 5.

7235, PV OB —AY, 2l —arOfR, PV 2 0B D 1/4~1/10 LHRET

XNl EHHALETO PV BRI A RN REVEOH MBS, KHEtORRI4ELT-.

532 BET&EHE
5321 H@EEH
FHELICH W - B HEEROMERELFE T A R 5-9 1R T . KBRS CHW-HEZRE, EMEEE V2H

EELT RN = RV ANI AT DUAMIETH RS CWDL DO ZE X RIZ LT,
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Table 5-9 Performances of each equipment

[Photovoltaic Power Generation)

Maximum Power 240 W
Output per Unit Area 190 W/m?
[EV]

Power consumption rate 9.1 km/kWh
Available capacity of battery 20~ 100 %

[Heat Pump Water Heater]
Heating Capacity 6.0 kW
Storage Tank Capacity 460 L
Boiling-Up Temperature 65 °C
Hot water Supply Temperature 42 ~43 °C

5.3.2.2 {AREH

KA —ADIERIE TR 5-10 IR T. PV O E 1L, #55C3EEHE 1 6H7-0oimh
FE 12.5m? (FX(E ) :2.4kW)EL, HFRE~IT, BB ATREAS—AZ X IV FEIFAN T, A&
T UER(FIEEEH L) D PV RIRFEAERD 5%LL T L%k bELTz. v iaRo7 73—k
D PV FHEAREAR—RIX, B b, Nla=—BEmB IO RS-, BV OF BA &I,
1 AR Cleb RV e 1 TREBEA T 2 351018 E LT, Il 3B % el B B0 E
17, BE IS FEOEITINEN DED 1 FmERIEL, VW=, PV REE, Sk
HP #35as DE B HEE AW KIEB L OVKIBORSR YT — 213, 2016 4FEEO 1 KEH
15D R FNFEAE A2 =GO, Fiz, PV BRI L2V iU, 7238, COx
PEHAR ST, R E ST 0.556 kg-CO/kWh (2016 4K EX F 3 H = Ei), LPG 3.48 kg-
COykg, 7V 2.62 kg-COy/L, TiH 2.65 kg- COo/L Z =032, =3 L —HifliL, &

73 27.5 F9/kWh, %>V 160 [/L, LPG 360 [/kg, T 100 [I/L &L7x.
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Table 5-10 Calculation conditions for different housing types

House House Apartment Apartment
conventional | all electricity | 14 stories 2 stories
[Number of residents [person] 2 4 2 1
[Number of owned vehicles [vehicle] 2 2 1 1
Conventional system Electricity  [kWh/year] 4,430 8,350 4,770 1,790
Gasoline [L/year] 1,230 1,270 640 160
LPG [kg/year] 360 340 160
Kerosene [L/year] 160
[New system PV output(PV area) Home kW]’ | 5.6(29.5) 6.0 3L.5) 5.6 (29.5) 1.2(6.2)
Workspace  [kW]([m?])| 2.4(12.5) 2.4 (12.5) 2.4 (12.5)
EV battery Commuting [kWh] 16 16 40
Daily use [kWh] 40 62 40

5.3.3 iR

ERREDENICES COy BB EERFE N RAZK 5-21 (-7, Zd&D, PV REFEER

<5% (< 6%=

T 78~85%D CO, HEHBEAHIKTE5. /-, X 5

V E 1D EV ik shsk —

V N ORBEEDE) OB B

2%, BETCOEE

ICBNT, =RAF — ORI AR,

%jj)k%@’fﬁﬁﬁio)tt%:!i%ﬁ WIpAZLIND, BV WA 2T AT, FlE T HAIN
HES, BB ORI TITIRPEONDLZEN DS,

%77,

FREDTHILX — L HIZOWTH, (EEEREIC

IZB3H5T, 2T 80%LL RHIBELS.

B ZE, PR — FREE T, 1ERO3HIT 464 THAERED, KL AT LB AN

53 THMAEICARD, fEREET 411 THAEB9%) D= R /L¥— K HEZHIH TE5. ZO%EH

X OHTEIE, TEkD H B EIZ T

RN T DI, MeARNETDRESREWH B O OLDITRDLEZLND.
2B, AR TIHMEAREIE R ) FICHEIE TRl 5720, CO HEHEZ V-,
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B IMEE THY, 2—PI2&oTiE, HE)
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Fig. 5-24 A comparison of CO; reduction and surplus rate in each house
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Fig. 6-2 Operation diagram of the VG during the week
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Fig. 6-3 Specific example of Virtual Grid

Table 6-1 Energy conversion efficiencies

n, :PCS effective efficiency 0.94
n, :Transformer efficiency (in the Power System) 0.97
1, :Transmission efficiency 0.99
7, :Charging and discharging efficiency™ 0.95
ns :V2H charging efficiency (DC/DC) 0.93
ne :V2H charging efficiency (AC/DC) 0.89
n, :V2H discharging efficiency (DC/AC) 0.90
ns :Inverter efficiency (DC/AC) 0.95

6.3 STEEMH

PV & EV DX RLF—L L2 —a T, PV EERESCHIEFEDOE HE N
W CRRDID, NE— ATz T —Z O, FEE W O, 22502 5 E72 WM Tl
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KR AT — S %X 6-4 | TR,
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Fig. 6-4 Meteorological data (temperature and solar radiation)

6.3.2 BREIIDILH
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Table 6-2 Performances of each equipment

[Photovoltaic power generation])

Output per unit area 190 W/m?
[EV]

Battery capacity of EV 40 kW

Power consumption rate 0.12 kW/kW

Available capacity of battery 20 ~ 100 %
[Heat Pump Water Heater)

Heating capacity 6.0 kW

Storage tank capacity 460 ¢

Hot water temperature 65 °C

Hot water supply temperature 42~43 °C

PV & H /1L, EV1 BH7-0OEEH R 12.5m2 (H77: 2.4 kW)EL, FIEDHEE L

BEOLFCELT-. 7ok, FHEMITIFFERFOLETIC, BHED 10%z F LI RELLE.

6.3.3 IRIRDIEMEH
EHIA AV 7T 2EI(0R I RERSI BT 2% 6-5 1T~ T
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Fig.6-5 Bus traveling diagram

JR I B BROIE B R SEIFBE R 8.4 km T 36,439 AMAECHE @), 10,363 A/4E(EATIE),
I B = &I B R AIRBERIIE 15.8km T 21,620 A4, 13- & A(PEERFR) X 20km T 1,928
KAETHD. ARET IR EST (I R FRpr e BER O 2.8 km)bBEL. LFLOE

TIZWBEZ: EB L 30 BlZ7R5.

6.34 EB ~NDFEEHE

EB OFE TG BRFHENICKE L2 PV 046795 BB B REEBLRWG AL, Sy 77
DOEBEMIZPV BENEFTETS. KHE, HRBIOLFERET, EB DLEE )% PV Tz
RGBT, RAEE IO,

FEmOERER 6-3 (RT. FTEMMIL, 5K 15 532L EEL, BIRTZ7BOSN %D
FRVERERIT 3 e Lz,

Table 6-3 Performances of charging system

Charging speed 100 kW
Charger connection port 2 port
Stationary battery capacity 0~ 1,000 kWh
Minimum charging time 15 min

CO, HEHFRERIE, R#FETT 0.431 kg-COo/kWh (2019 4 1 EREE 7), B 2.81kg-CO/L,

H YU 2.62 kg-CO/L, LPG 3.48 kg-COu/kg, kTiH1 2.65 kg- COo/t % FV =
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(b) Supply of the PV power via the power grid (V2G, VPP)

Fig. 6-8 Comparison of the effect of the PV power supply system
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(b) Supply of the PV power via the power grid
Fig. 6-10 Difference of battery load by the PV power supply route
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(IR CTRREM, HASDOSRMEDRRELIE RS> TND. ZNHD RN CO, HIZRET D
Kt 970 ICH BRI 2 B 2o 7.

Table 7-1 Demand and supply conditions for each system

RS 1 B&HEOD |5z - e
Co, | TruE- | mrnE- P w0 VL i
HiRE| (RS AR | ) | &Wh (kWth';; (fljé)ﬁ (kW)
kWh/E) | kWh/H)
JA—HUIRNTH | 45% | 372,000 1,320 110] 624 91 1.98 50
ZEMEEEK | 56% | 1,744,000 4,780| 460/ 1,260 1,610 3.35 50
E )\ ZEA 83% | 420,000 1,150 280| 1,800 767 1.71 100
EE/ ALK 26% (13,090,000 40,120 3600 1,800| 1,096 1.71 100
—FPETEE
(EHEr g | 8% 8,320 23| 8.0 70 14 8.10 6
A—IVELEES
(ERhme ) | 80% 10,080 28| 8.4 92 15 8.10 6
2> (BEH) | 79% 7,270 20| 5.6 54 11 8.10 6
7)(—NGEEE) | 78% 2,750 8| 36 54 5 8.46 6
— ~ NG ~ /
EEDEH HBBDEE

F T2 \TRT IO HAERUT CO HITER, SIS R DT AT LD G2 e — T

TH-0IT, PV R E R, EEMAEL, PV EOEE v e, S##~0 PV £E &
LTz ZNBEER AT T DL, 3£ 7-3 10, ERER2 1309 LLETHY, ZENDEE

DFEFET PV SEE R —FREL, RICEMA BT

Table 7-2 Objective and explanatory variables used in multiple regression analysis (Example)

BT BT
e |OPVRE QBT [OPVEOEE  [OBBEAD
COMIRRE | "2 | "mmtr | masmEb/E) | PVEEEL
AN TR 15% 025 | 047 1.08 0.15
S EMEEEK 56% 0.29 0.26 3.35 1.28
BB 83% 0.74 | 1.56 1.71 0.43
EE))AEKFE 26% 0.27 0.04 1.71 0.61
—ERCAT(ENEOED) 85% 1.07 | 3.07 8.10 0.20
70— hNGEEHER) 78% 1.46 7.17 8.46 0.09

(EE]O= 1 BHIDOPVEER/ 1 BHEDOIRIF—ERE @=
@=BHENOPVIEES

TaEoee
BHeae
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Table 7-3 Result of multiple regression analysis

ElUFEARE  EEMERRGE t P&

PV E B Lt 0.926 0.219 423 0.0242

LEMOR &I -0.116 0.0371 -3.13 0.0522

PVkOD%%fE HEREHE 0.00141 0.0141 0.100 0.926

@@«xmvﬁﬂ? B 0.0314 0.0804 0.391 0.722

A 0.259 0.0958 2.71 0.0733
L72235 T, CO, T A720121E, FFEITHL T, +4372 PV & 11 & & EMA E

BTHHIENERMNI ol Tz, RIE(—FET, T/3—MIEFEICHLT 3 FUL
LENBEEFFOTCNDIZD, CO HITBERD 80%LL LE7roTe. FRELIAN DT AT A TIX EV
ICHER L 7= BB UM LUV, FEED S AT L TIE BV EEM 40kWh/B 2z,

LT 14kWh OZ ER (b — MR 7 #8105 D COP=3 O&E)IME A TE5 8 THDH. EV

PFFETHERRSIVTUVRNIED, E— MR TG CE A BUCA L TEXDR PR

0,

F72, EV OBEHFRFRITIEZFH EV 23b KRES, ERRRLENO B FZ A HAEE O ETT
FIEDDTDFEEN 95%LL ETHY, HFH EV IXE BRI EME R &N
Gyinole. BT DHIEL AT DO KOFHRIL, ETOBIHEICL>TRERNZAEL
D1z, K HFEBEOFRE IR E AL, (RO EM TOUMBIT T, e HE KA &
K 30%EIH TEXH R THS. FrIZ, BEIL, KEEEEBEOMA%E PCS(Power conditioning
system), EV J3J 0" V2H(Vehicle to home)D A& CHERL TX, EEMFEEM, LB H, 55E

Bz TAELIENTE, famli D/ Mbz s, Zozh=m kL D/ IMbiZd->
T, KR ENPOEEICEDEAANBUROF53 L FIZTELZEEPIHNIZLT.

%6 BT, KBBEHE, BB\ ABLOFKELRALLTI-A2=T 4%, IR KFOE

FET — 2 ERICRE LTz, ZORER, a32=T 4 2KEL T CO % 60%LL R TEHZEMN

GrhoT.

S OBEIX, AT HRFIEOIEH THY. RFIFE )% COLBIA ZFIH R (CCU)
R H2 BUEREOEBIPRICTEIL, I—AR L =a— NSO FEBLNTREICET 25
26D,
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