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With the aim of achieving a balance between
contribution to society and benefit to users, Honda
has fabricated a plug-in electric vehicle that can
help to stabilize electric power supply and demand
by performing charge-discharge in collaboration
with the power grid and obtaining a user benefit as
compensation for that collaboration. The Accord Plug-
In for the U.S. market was used as the base vehicle. It
was equipped with an on-board bi-directional AC-DC
converter unit that is capable of interconnection with
the power grid and a digital communication unit that
is capable of bi-directional communication between
charge-discharge facilities and the vehicle. It was
also equipped with a control application that has new
power supply control functionality added to a base of
charge control. This vehicle was used to participate in
the frequency regulation market by means of the eV2G
Project, a demonstration of Vehicle-Grid Integration
technology conducted in the state of Delaware in
the United States. The developed technology was
demonstrated and the value to users was quantified.
The results of the demonstration indicated that users
able to participate in Vehicle-Grid Integration at
home and at work for 18 hours per day can expect
to receive an income of 3,000 dollars or more over a
three-year period.
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Table 1 Examples of wholesale power markets

Frequency regulation market

Ancillary service market Primary reserve force market

Secondary reserve force market

Day-ahead electric power market

Energy market
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Transmission rights market

Capacity market
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Fig. 1 Structure of VGI

3. AEDORS WV

VGIIZHRIG L7z PEV ALz —4E, 72 7 —
A% UCHIE DG TSRS T 2 Z &L TINAERS Z
ENTES. —Jf, VGLIZHEWD/ /Ny 7V 2HHT 2 Z &
25, VGIFIHIZ & 2/8y 7 1) OHALEEOHYRE, Hiifl
WIET & VGI Oliz.o 72 O Rk ERIE O, s

MBS RS A IR O a8 2 N EOMERR, SRR EER

X3 2 I8N & RIEPEDOMER 2} > 2 7 LM LR &
5.

IS OFEHIS L 2HfE N — N 7 & REL,
AR 5 U & & FEFEFBRE ] & VD TRGET 5.

4. Bl AT LERK

41. YRAFLACET R

PERD PEV IZE M 6 RET 2HBEDATH 5 DI
TL VGIIZHIE L= PEV TIRE M E HEHili/ Sy 7 1 [

BHEHLANT 5720 ORT5 A8 ZEB6E, B0
&LAh_M¥&ﬁﬁh$%77U#—ﬁt%bﬂ@?é
72D ORFIEGHERE, HE L EHTINS &+ 55
RENDRIZ B,

AW TIE VGI OFEBUIBEL, X—2 &L %% PEV A
Fio T 2R L ERE, RimMEZ R4S Z &< VGI #hE
EEMNT2Z L4V 127 MTED 72, D HRER >
z%A«@%E%%mmtLfvzfA%mjéﬁétb

2, KU IANZ 12548 5 ] B8 Ze A RE & X7 Al (S EE D A
%%t_%ﬁ?é_a,$ﬁkhf@ﬁﬁ%ﬁ&6:t&
< VGI T 5 M A fififiti # e kLT & 260 S 2 7 4 DO
HEHBLZ.

4.2. X7 LERK

VGI 2Fi§ 20 H & 7Y v FOBXN, WEN
B O—Fl%E Fig. 2 1Y, —ik(FEE6lE L=5GaA,
I & BN I3 X AT ML & Electric Vehicle Power
System(EVPS) &IMFEh 3 78 & E A+ HIHd 5 2=
FRSTAET B, EVP S I3E I OIRXK & B FHPA 72 ¢ Tl
B, TV = A4 VA — Z/b@%éﬂ@bfﬁi
595 TCP/IP DFKERIEES % SAE J2931°125E 3%
SNz EVPS & HiijEE OWER TdH 5 HPGP (Home
Plug Green PHY) 5D PLC f§5IC& M4 2 HRES A b
BHHD. EVPS IZ# &z VGI oEifix, EVPS &
SAE J1772'% 3 % v 2 THi & h, 7o) 7 — 2 L Ojifg
CBINRZEBIRI VAT LER STV,

HjIZH AR N — FY 7 I30EKRD PEV ¥ 27 4 %
N—= 2142, SBIZHl 7= HA MRS 2 7 4 & RIS L TR
L7z (Flg. 3). BALEREZS ARV T a1 21
FEY AT LA L7 BHAHR =y M, MO
ACENEZ DCEINIEMRL CTHE Yy 7 VICHKET 5 H
#AH AT 23— & 2= b (On-board charger: OBC)
IZfRA ¢, DCEN % ACEINTENIEIRT 2 HHE & vk
DA T 8 =4 2=y b EERL, BEZTT
< FHEAETO VGI Hfi & nlfglc L7z, £ /-H#Hilj& EVPS

| Distribution |__|

‘.. d|rect|onal

charger

Home area

| network | |

Fig. 2 VGI connection system
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Fig. 3 Comparison of charging system

Table 2 Battery deterioration simulation with VGI

operation
VGl use case Simulation condition
Area LA, California
SOC 90%
Peak power +4 kW
Effective power 2.4 kW
— 8:00 p.m. - 6:00 a.m.
Operating time 10 hr/day (36500 hr)
Simulation period 10 yrs, 100,000 miles

Table 3 Result of battery deterioration ratio with VGI

working
Battery Capacity retention
pack . With V2G Deterioration ratio
capacity |  WHhOUtV2G | (iyseq for 10 yrs)
20 kWh 78% 75.9% -2.1%
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Fig. 4 Communication between aggregator and

Table 4 Design target of bi-directional converter

ltem Design target Note

Volume =10L Equal to or less than 2013 model

Charge | = 90.6% (240 VAC) |Equal to or more than 2013 model

Efficiency More than power

i >
Discharge | = 87% conditioner for facilities

TEDTEBIMNAa Y N—2 2=y b R ERERL 7=
MAE Y IN—2 2=y M, OBC &HiE$ % Bl
L SR UE (Power Factor Correction: PFC) [BIp&Es %,
AC-DC Z A AT 5 Z L is k> Tl X 7,
KIjma yox— s 2=y | OFEHHEHE % Table 4 127K
. RO HRIIIERFFLL L& U TTemERE % fiff
RUZZ, B2 =y b3 4 DIZHEELEEOZR— 22 —F 4
VT 4 NOFEERGE U AR, DERERAR 10 L 2 HiE
& U TR I EE L 7z,

HIFAIT VN — & ORIEHER & 5 RIEUE L 22805 = v
N—a DT Ty kK% Fig. 6 1289, AC-DC IV~
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®__ fiter [7e PFC Meonverter[] fiter battery
Traction
motor o—y
Ig ]
= |% %
Y
Bi-directional converter
@__ AC | | AC-DC | | DC-DC [ | DC Traction
filter converter converter filter battery
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motor

Fig. 6 Comparison between uni-directional and

vehicle bi-directional converters
Without timer setting (user intention) With timer setting (user intention)
soc i int 1 -
Charge restraint Timer setting time
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VG| Low limit pe===sssssesassssssssnnanasansnsnnnnnnads § ..................................... * ...............
Discharge restraint ﬁ | Minimum guarantee mileage
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Drive Charge VGI
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Fig. 5 VGI control for customer
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Table 5 Standards related to VGI

charge VGl

WASeanal =772 | | ouerauin) NEC 702
power quali
OBC

— SAE J2894
W |EC 61851 leak intercept I NEC 705
grid parallel off I

grid follow I
Grld. . grid protection I |IEEE 1547
connection
anti islanding
operation
automatic
recovery

IN— B EIEE AR AR (AC-DC Z4) & J R ERE L
A CEXBHE# Y 7V DO DCEBHE=BHIWO ACENH
NZEWRT DR A & D, B A kT 5 2 &
12V, DC-DC a2 v 83— &30 2 %M O3 7 V) & &
A F — FEGHRIEEE 2 & FBR 2 4 F R TIZEHE L TAT
1276 ) & 254 T % B ik kR & L 7=,

4.4.2. R

OBC 38 Idh 6 OB S)IZEDHADRE T H - 72728,
il Z AR AR TR RN OMEE B KO3 27 4 %0
Ve eI B HE TH S SAE standard B KO
IEC standard “%Mét"% ZETRIBLTER. LarL,
ROHIE T V73— 2 OGA T REREREII A TE I L
ThvE #51%&4%/\2‘9%#}0 Ens, BIMOEEEH
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IR AT EE )0 S i N 2 O % ) VB MERR B9 %
FRICHERL L 223851 2 B 2 5 BN 5. WERLS LB
Jk& % Table 5 12789

AR R HIEA IR TH S Z L h 5 IEEE 1547
IZHERLL 723%5t & L 7=

443 RHEEHREICHT B HEHBOONZ ME

SRS O MBI RE L, REAM, BWEICLDE
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Voltage

Spike-like noise

Fig. 7 Example of grid power quality
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WE2=y b (VSL 2=y ) 2HEKL 7=, RKEEF LD
TA=F- T34 N4 7))y FEX—=2Hlj& L7,
VSL 2= v M3l R7z PLC # CAN IZfRE L2288 D
T, FBEIC CPLICEHEBX®TWA, 7267 7)) r—
Vg VIZREAMRORERE AN -2 & Lan s, ]
THREHE Jo & O IR DR A RE, 7 = — Lt — T HhE
EHAUEMU 7.

MEEIE 2013 4 11 A2 5 2014 & 11 A D 12 » HE9hE
L, VGIfil#ER SOC A4 & DY AT L a1k i
R, AYN— L=y MIERE U2 RAERICEE T 5 Kk
EEDO TG EORGE, BL VP2 —H 2T 4 v FOEEL
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FLAEEERTIZ ) o FEEeERE, TR AR, S A M
BT — 2 %87 7, FMAEBOIHEL L7 2 — 0
B 7 — 2 O & 5 Z 0 VGT JFERERh oo tishw &M
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Fig. 8 VGI capable Accord participating in eV2G project
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Table 6 SOC control responsiveness

Item Expectation Experimental
data
+4.1%
SOC band +10%
-3.5%
+0.55 kW
Average output +0.5 kW
-0.46 kKW
+1.9 kW
Peak output +2.0 kW
-1.5 kW

L7=% v AR — FABRUf1H AC-DC 2 /3 — &3, a/vZ b
MER 72872858, FEHERABRE T £ CIERIC/FEI§46 2 &
ZfifEsd L 7=,

5.2. AMAEKRICH § 2 04 & HlfE

TN — A3 E S VGLIZFIHTE 5 SOC TR
liz2ZE L Th 0, VGl k0B A O Pk
FOFH L, KEM X 2 FHE TR R E O Y 2]
L TWw3. #HljAO SOC ERHIH & &b T, Table 6
B LU Fig. 91Z/R T &L H12 SOC TR ZNESF T % 5 i
AR L T2 Z & ARl L7z, 72, BIEIRIC
K UBHR OB AN TIIERTE TS Z L 2R L 7
(Fig. 10).
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Fig. 9 SOC control performance
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Fig. 10 Transient response performance of VGI
system

Table 7 Incentive obtained through VGI

Connected time Estimated value based Average Estimated value
(hiday) ~(O" (@1 2018 = Q22019 (imonty) | I3 years
$) )
18 1,733 91 3,276
12 1,065 56 2,016
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