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Abstract: Active efforts are being made toward the realization of Society 5.0 with the goal of creating new
value for future industrial creation and social change. In particular, the electric power and energy system
is one of the basic systems. In the electric power and energy fields, renewable energy such as solar power
generation is being introduced for the purpose of low carbonization and decarbonization, and in the trans-
portation field, the introduction of electric vehicles is expanding. Furthermore, in recent years, power out-
ages caused by large-scale natural disasters have occurred frequently and have been prolonged, and there
are movements to utilize electric vehicles as “moving storage batteries’ in order to strengthen the resil-
ience of electric power networks. From 2019, we carried out a power transportation by electric vehicle,
that is, the demonstration experiment of the EV virtual distribution line, by utilizing the DC microgrid
system currently being implemented at Kanazawa Institute of Technology. we describe the results and
considerations of the demonstration experiment. In addition, based on the results of the demonstration ex-
periment, we examined the system required for the virtual distribution line considered in this study, and
developed a system that optimizes the EV operation plan using AI. Then, we will describe the results of
the evaluation experiment conducted to confirm the effectiveness of the system.
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Fig. 1 Overview of EV virtual distribution line.
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Fig. 2 Outline of experiments and system configuration.
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Table 1 Demonstration experiment equipment configuration.
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Fig. 7 System configuration for EV virtual distribution lines.
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Fig. 8 Network model for PV power generation prediction.
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EV OIREEEHE 2K (3) 1”7
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I S F BRI R E) L 7286 0 BEV OIREEETE %
X (4) 1R,
EVit)=EV(t—1)

EV(t)=EV(t—1) - "EV Gmae (2)
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—( Dis - E b
< b Vec+EFFevcd

(4)

%P5, EVOLEBMOMMTR#EIE RG)0oLbshT
H D, TR (EVpinsoo) 2L L 222, 1 R AH
(EVazsoe) VT OEFHNTEV OFLMEZIT .

EVminsoc < EV(t) < EVimagsoe  (5)
(2) BAT OMREESHE
BAT OIRFEZEALIZ, EV OAKEE (B M 12 5 5,
BRI 12X o TR 2, AWM, K4
THBIL72E2BY, BAT BB TERIIS L TCE
NEWET 5. EV ASHEEHILIEF T O BAT OIRRER
5% 5K (6) 1R
BAT(t)= BAT(t - 1)

1.0 (6)
————————— DEMAND(t
EFFdischa,'r'ge ( )

T4 hEE
Table 4 Equipment operation.
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i (FIRIECHELL)
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L | BBEHES FORIC ST
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BLOFRE ML, MRS EET 5.
BAT insoc < BAT(t) < BAT maxsoc (8

4.5.3 EfTETEIDZE(L
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AEbER#ELHEE LTERTAIENTES. 22
T, RWIZETIE, MAEbLERELOHTHREN LTk
THDLEEMT VT XL (GA)[23] & V7 &a#fbico
WCHHET 2. BEMT VY R L F G EV &S
LM 70— %211 12" T, FHEHIZOWTIE,
DU CHAT 5.

(1) FIEAEAREEDAERL

ke LCid, ®121RT L9112, FEZ 0 EV IR
OB ENG. LT, WIEAFEOERTIE K12
WRT L9112, FRHOEV OREEZ T v 7 ALY
4L, NEOBEEEY ERT 5.

(2) BEAEOEAENEH
ABEOBAEOEL TIX, EV OFELOIRES X O
WEDEEMDINT A — 5 % HiZ, ZHPEORMMOIREZ
BHL, #EAoOBESELZELTS. 2B, #HAEORL
E, UTorBhThAs.

Fit = wl - cntpatiower + W2 - cNtevlower

=
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(9)
T8, Fit Z#EEE, entpaiower (35 BN EDYT RIE
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EATBRMELLTIC % o 20, entepmove (32BN 5 EV
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Fig. 11 EV operation plan optimization processing flow.
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Fig. 12 Generation of initial population.
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B, SN, MEEORRICTRIRL2EE GEEEOE
WS EE SIEISER) 2BV, MHISHAEZIEY, —
BRI TREEERT S, $72, kD EEEOEWERE
EFZDOWRITHEE DB NERIZLTEO T F ORETKME

52



IBMAIBF R/ TV 2NT T 71X Vol.3 No.2 45-58 (Apr. 2022)

R L& L7

(5) EABEORIAER

AR DZZIRAE R TIE, MAERORTIT L o THB S
T ZAMRICR LT, —ERTREEOREEZLEET L. %
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AHEITIE, PVEEBEETHRKEICLZ PVEEZ O
FREREM 2179 . REMFERTHHAT 2 PV ARy 7 %3k
5 1289
5.1.1 fFHEF7—4%

PV B TFUNMHEHT 2H% 7 — 7 1A ST et 5
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WX RHORH ETOTF—% 2587 — 5 12 L T#Y
ETFNVEMEL, WELFEETVE AW TRIMEE &
W20 EBTHSH. L, Sl 2021 5O
RESEDERASE T LT b e W FEF 5 % 950 L 72
720, Bon-HHTco7r -7 L2»TE3, PV IE
BEFMTLI)2T, FHT—FOREPBE eI N2
O, FHF—sOWME L) RIBICTLIEE L.
5.1.2 TFRIER

PV EBRZO TR L LT, FGfixihzs & Fofxt
MAERLKGIIRT. /o, BT EOTHME S EEE
*R13 1R, FHEEEE LT, TR H ORIt
AL, 104.2 W, PRI ERESRIE, 2.83% &) AR
Lotz F72, KI3ITRT LI, FRENSKE 2R
Bd B Hs, TR R R I FA A AR T L9 (2,
EERMIIBBORBIFZHBECTFNTLIENTETNS

®5 PVDOARY 7
Table 5 PV spec.
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TEREHI T 6,760 W
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5.2.2 FlliER
BNFEBEOTERR L LT, FHMREES L OFi
WEAERARTIRT. T2, BEIEOFHMEE £
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HOBUBET700W 225 800 W F TENFEN LN - T
WS, 3HEWR, F0L) BRI > Tniwn, &
BIFH LT 2L TCL3HED L) 2 HP%
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EWVI DT ol 020, BIFEED LI LHIE
BAESEDO Ry FT =27 EFIVTIRFEBTLIENTE

xR 6 PV IEEE T OTPIGH e & P i
Table 6 MAE & MAPE for PV power generation prediction.
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Fig. 13 PV power generation predicted value and actual.
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R7 EHRETWO TS & T s
Table 7 MAE & MAPE for power demand prediction.
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51.3W

THIREARER
7.56%

-
w

0 12 o 12 ] 12 ]
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Fig. 14 Power demand predicted value / actual value and tempera-

ture.
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F8 EV OZhiEH
Table 8 EV equipment information.

HH B % A
R = EV 40.0kWh
| BEWATEE SocC 1.0
Ny T EV axsoc
) R (100.0%)
i I8 SOC 0.2
EVmin:o:
TREAE (20.0%)
0.16
v
kWh/km
%ﬁ EVec
0.09
Th
kWh/km
b2 Ube S EVpeed 35.0km/h

Fo (EEMIO M

Table 9 Equipment information in power outage areas.

HH B BOEH
KA BAT 0 14.6kWh
5 AT RE 1.0
BAT axsoc
SOC _E R (100.0%)
5 AT RE 0.2
e BATinsoc
& PRt SOC FREfE (20.0%)
N 0.9
FEBRRNH EFF charge
(90.0%)
N 0.8
GRS EFF jischarge
(80.0%)
KA EVCoax 6.0kW
EV
N N 0.80
Fe i w BIES EFFeca
(80.0%)
F 10 HEHIN O Z;E R
Table 10 Equipment information in the energized area.
HAH R REME
R
EVemax 3.0kW
EV i/
wEE | 0.9
PIRS Eff
(90.0%)
£11 EE-SEM O
Table 11 Information between energization and power outage.
HH B REME
e Distance 30.0km
b AR hZ3T] A>B: |0
N Flat
BN B->A: TV
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Fz12 GAD/INTA—%
Table 12 GA parameters.

IRT A=K {8
A%k 100
ZEIRIE B 0.3
A 10000

WA OFE (W) 10
T8 A FE OO H A (w2) 10
A O FE IR (W3) 10
A E 0O B I (wd) 1

R 13 EV EHENE OB A
Table 13 EV operation plan optimization result.
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Fig. 15 EV operation plan optimization results.
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Fig. 16 Battery operation plan optimization results.
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Fig. 17 Changes in fitness for each generation.

TTHEIIILT VD, FD, HRFEROIFEZE T HE
WU, SROR L FEOGRICR 2D TIE VL
EZDH INOLOBENPLRY AT IIBIT S GA ZH
Wz BV EAFTE ORI L)Y EV ARE BRI & A 7 412
BWTHHATHLE VR A,

F72, SROEERERIC BT 5 EV O {51 0 i
IbLFHEE LT CA DA HRET L7201, T e
DM EFEDHERIZ DOV THERR L, EOPHMEIZ DV THERR
5.

K17 IR 3 &9 12, HilFEK (FEmEE =D T RED,
Tz o72m%, B#HT 5 EVOBEMERLSTRMELT
o208 501275 T, B LN CHlFE R A
B, FOHEFNFIVT 1+ (BEIT S EV A3 Hb L
FREL2EE, EEHETO EV ORERE OB
IS FTEEDYT DAL, 5000 HACKRE TRF VT 1 UL
HLTWD, 207, BT IVT) XAD45 R ORI
FLEMIZ BT 5 EV ORAFTE OR#ELFEE L THRIT
HHEFZD.

—}T, EVOEMAFEOERIMEH L7 GAIZBIT 5
kBRI ) — MERZMEH L. S0NE, EHF
FOXMRD EV A 1A, ST RHIEAS 2 #57 & RE OB A
INEDroTei, BTS2 LR xR lT L
WCTE7z. LaL, HEOEV BEB SIS0 S5

55



IBRAIBF R/ TV 2N T T 71X Vol.3 No.2 45-58 (Apr. 2022)

MR B, MBEOHBSKECRY, =) — MERTIE
R Ka A TTHEM A D 5. FD120, S, &0
WSO EREINSE T HRT, ) — FERIRDSLOER
FERMB OBIRTE L EIZOoVTHRE L Tw L.
5.3.3 FiEIFSEIC & B R ERT

CITIE, THEEREICL ZREFMNE LT, PVEER
FHIHREL L CBEDEETFUEREIC & o THEE L2 FillfE
W EVOEHEI I OWTERMELr HVW-Y I 2
L—2a &0 EDL) BN H 5 0HERT L. &
B, YIal—Yarid, 452 THHL 2IRAERER
FHAWC PV EER L ENFEEOFEEMESL L EV Of
T8 (FRH O EV OIRE (EoMSicwv5s2)) 12
FoTERMLZ YIal—YardEiEs»X18 X 19
WCART. B, K18 &M 19 @ AL, K15 &[4 16 D
EVBLUEEBOEHFEZ LT, K18 B LA 1912
AT LI, FHIEEEIZE 5T 3 HE®BAT O JHT Rk
SOC O FREIZIHEVWEZAFTTIKTLTWAAS, TIRE
DFics b BIMGT 3 HM#ETE T, £
DGR S SO FHFEE T O MER RV AT L% FEH
THETHY), K ATLADVENTHDLE VRS,

THR{E

“O 12 0 12 0 12 0
18 FERMHEAHW/ZEVDY I 2L —Y 3 ViR

Fig. 18 EV simulation results using actual values.
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Fig. 19 Battery simulation results using actual values.
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