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An electric vehicle, also called an EV, uses one or more electric motors or traction
motors for propulsion. <iZHEHHZ>

EVs include, but are not limited to, road and rail vehicles, surface and underwater
vessels, electric aircraft and electric spacecraft.
<BUITF&HBZ>
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- A LITERATURE REVIEW REVEALED 50 V2G PHYSICAL PROJECTS DELIVERING CLEAR USE =20 moset

CASES. EUROPE AND NORTH AMERICA ARE CLEAR HOTSPOTS OF ACTIVITY versas (oo

CAMADA,
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B PORTUGAL AND SPAIN | ; | Dsaka bnmncas pack
: l'\j Porofas PO 2018 HONG KONG e e T s
L Y20 AEETREmRT Rretseh
DIYSERDA 2018 s % gm,"“‘ ey I HongKongVIG Files 2011 1 e w12 4000+
JumpSmars e 2012 80 = - -
BlweRird School Bus AT 8 7 i i 'N
S e Force 2012 13 50 PROJECTS IDENTIFIED M2 PROJECTS
[RG Evaa, WACEDH s 9 —
KA § Hyundai § L] 016 [ Before embarking on our road-the-world trip, we need QOur criveria for project indugion in lict wae for projecte to Pain o
MREL Intesrace 3 to map out what's out there. Through a combination have phyzical deployment of V2G technology for a sbedfic use { -
S Dol — Fars Carsen W3 5 of literarure review, targeted diccuscions and Linkedin case. The list excludes deck-based studies, experimental Bl
Grid on whesiz 2012 15 promotion, we identfied 50 projects that met the rezearch and narrow technology demonetration. 1
Fist Chryzler VG 2009 threshold oriteria for inclusion. The literature review Collecting detailed d . it challenging: This i i
Clinton Schogl Bus Demo 2014 6 ’{( excluded 8 W2G de!'r_bmcra.t_'.or projectz (and 13 SCEng tmﬂwm'mpquegé:; av:rwl Il'lg'forlilt n
. § Girid Secbiliny o Bcfabili 2015 2 ressarch and feasibility studies) recently funded by h MREL and
Innovare UK, z= documented in Appendix 1. A full stationary storage projects on the giobal databaze, ﬁ
LCLA WinEmanEy 1 3 - _ . " theda:nmmpllmunmnew'aﬂezprqectzmnducmdhy
™ School Bus Bilot 2015 project liet ic provided in Appendix 1, and sources Trade Ace —
BNENT 2017 50 logped in Appendix 2.
Note: Derts ore Desedd on 0 review of public domain soarosy; . e noce Chet Mhese:

Tomence School Bus 014 2 dtapeints ane Bt ahwns cledr, dnd T i @evsen for d b Aumber of chargens and

\-\;;\\_‘ riatfed senvioss o erolve over Gime

Y2G: GLOBAL ROADTRIP A 8

HiE8 : http://everoze.com/app/uploads/2019/02/UKPN001-S-01-J-V2G-global-review.pdf
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Frederiksberg Forsyningtt - HRHDZEEAV2G/\T

P"’I"' Frederiksberg Forsyning - Worlds First Fully Commercial V2G Hub

S o
w A
SO «  Utility company — domestic gas, tap water, district
heating and sewage
e e = « Approximately 100.000 Residents

Part of greater Copenhagen

10x Missan eNV200 electric Vans

10x ENEL WY2G units (bidirectional 10 kw)

Used mainly for maintenance and service tasks.

Driving usage hours = Work day 07:00 — 14:00

Frequency Regulation 14:00 — 06:00 weekdays; 2X 24 hours weekends

Participants:

Customer Aggregator Cars Charging Stations BRP TSO

Project Leader
@) frederiksberg

Forsyning

(clalcll NEASVENERGY ENERGINET

MNovember 27, 2018 Parker End Seminar - Grid Applications -

ii# : http://parker-project.com/parkers-vehicle-grid-integration-summit-was-sold-out-when-v2g-results-were-presented/
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DK2 FCR-NDF| #2017 - 2018 Frederiksberg Forsyning#t
M&(EEL. TUTCTERNTEEH) B8 AtLdp7= D DFCR-NUXA

paker  DK2 FCR-N Availability Payments 2017 — 2018

Prices varies from year to year and within year

s EA
180, Start = 01/01/201 /12/2018 00:00:00
B 600
FCRN 2018
160 -+ 2017 Average 27
- - _2018 verage 44 3
r 500
140
120 + 400
= g
£ £
R 5 300
i
e w
5
o
0

P“’}e’ Frederiksberg Forsyning - FCR-N Revenues Per Car Bid

FCR-N Revenues per car, Denmark
Total monthly (EUR/car)

Avg: 1,860 EUR / CAR / year

s‘“x‘“x"’@\‘s‘«?\‘-éx‘éé{\»‘\‘{\-& ﬁﬁﬁﬁﬁﬁﬁﬁﬁ

i : http://parker-project.com/parkers-vehicle-grid-integration-summit-was-sold-out-when-v2g-results-were-presented/

- &FBEICKD>TEAL - ARlD1&HIZD DU
o 2018 (F2017F &R L. S ChDO - EF159 35 E1,860ERO/E/FE (£92475M)
201791 : 27.88€/MWh
201819 : 44.34€/MWh TS Mg (CRENDIBEDD.
2] CNIZITDIRAZISD0lEEEZ
FCR-N (Frequency Containment Reserve for Normal WHTULNS

Operation) : BEEERAOEREINHE VS —-T
DK2 : iU zmis
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BEUL<TO>T0 MNISNT2%%ERE (CAISO) . Eh&tt (PG&E. SCE. SDG&E
%) PELOBEFEA—H—EEEURNSEIRBEMNMTHN TS,

1) A—=T>71V1G/V2GT 5w T4 — /v (Open VGI Platform : OVGIP) {HARDBIFE &
EIENMTHN TS

2) 27O h=IBYETB3T)L—TDERBIRE Vehicle-Grid Integration (VGI)
Communication Protocol Working Groupl T. EVERIFEEDERICEAT IBEETO
)L 5 (CEFME - 4R5T L CTULD

3) BMW. Fiat Chrysler. Ford. GM. Honda. Lucid. Mercedes Benz. Nissan.
Porsche. Audi. Volkswagen&. BEKIZIT TR SBHADBEIEX—H—EADTHED
ChaDeMoift&HE 5. IESKUSEVIG/V2GITEONZSRILERTONIILZE
EHiRET L CTULVD
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1) EPRIODOpen VGI Platform (OVGIP) D4F4

® OpenVGI Platforml(cdWTIE, EPRI (CKEEHPRIAFFN) HdbER>THRETSNZ0EM
Central Serverh' FHULWTWS,

B RIATLTE, BHOB#HESH (OEM; Original Equipment Manufacture) oY —/(—%Hi&T 5L TEARE
A-HOEVETIVT - o, BHSHICHUTEBSEELTRHET LA - 256,

m BEEATOBVNCED, 2IBOA > A-J1-ACEBZEEHITHN TS,

- OpenADR 2.070RJJLERL) A N internet (526) =L SN
TERBIERI T Y FL AR & B e ‘|\/~|/{ j
m ‘lj F— T HH \ i : .__-
U. BHEINS R TZEIEIRE 5
g ﬂEM —
BAWETS Utility Central
Server DEM’s
AMISWAN own
(Direct) q,"&‘ link
AMIr—2 * w
« Ad—=pA—F— (ﬁ"hﬂm Cellular
SEP2.0IZEBHAN (Home
Area Network) ZRLZE PLC link
()] 2R HhEH

EEHHTS ESI/HAN EV

WHAR) EPRITSmart Charging and Vehicle Grid Integration |
IAE —womzn TRILF—RBETEHRRR
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1) EPRIODOpen VGI Platform (OVGIP) D4F4

OPEN VGI PLATFORM

UTILITY/
INFRASTRUCTURE
INTERFACE

IEEE 2030.5/
IECNSO 15118/
IEEE 2030.1.1/

OpenADR 2.0b

GRID SERVICES

UTILITY
DRAS

Data Analytics:
Energy Use,
Behavior, Customer
Preferences

g EVSE Network
Interface

CHARGING

NETWORK

PROVIDER

BUILDING
EMS

PRIVACY & SECURITY

Source: Electric Power Research Institute, 2016
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1) EPRIODOpen VGI Platform (OVGIP) D4F4

Phase 1: Proof Of Concept “The Big Demo”, Sacramento — Basis for OEM /
Utilities Collaboration Led by EPRI

Charge Status Display
L:MICMWM

* Development Phase: 08/2013-10/2014
« Completed 10/16/2014 at SMUD

* Live Event - Executed OpenADRZ2.0b DR Event signal
through OVGIP to manage 7 OEM PEVs

+ Demonstrated Interoperability with multiple protocols
— SEP2.0, ISO/EC 15118, OpenADR2 .0b, Telematics

Shngyi-Toim Lsnge e —————
i

£ LE DG HO M

Eastern
Sector

B Southern ¥
Sector o

The Line Up: 7 OEM PEVs

H 8 :EPRI, 201753 A . [Open Vehicle Grid Integration Platform Phase 2 Development and Demonstration Program |
IAE —sotmsn TRIVF—BE TSR
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1) EPRIODOpen VGI Platform (OVGIP) D4F4

Priority 1 Use Case i Priority 2 Use Case - o :
Field Trial - Eield Trial Prionty 3 Ulse Cases
: +
Market Entity | Priority 1 Use Case Priority 2 Use Case
Simulation 5 Commercialization Commercialization
[ Business Case Customer /Business [ Market/Customer
Systems L Engagement |

L& &

MARKET ENTITY

88 . EPRI. Open Vehicle-Grid Integration Platform General Overview (3002008705)

0 9. FIRME LU THESEI#EM (RR—288) L. BEEDEV1—AT—ANSE
PEEY(C T 0O MY T DVERL - RiE. BAMEZBEIR L TUL\S,

® IRTESE2ERPENHE T
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2) EVEREDERICAAT 2®ETO ML

n ADR
0.5, OD' -
? Iet 103 memﬂ
>

— eMmat
: Hﬂ'ﬂ;nu T — -K.s —
\ ] o —
[ Internet ——
Utility Nterne; P oc oo, (D

SAE2B47/2 (ISONEC 15118/3) or IEEE2030.1.1

R
? ??au“?”‘ow .

1T al[fﬁ'ﬂj{] 1 omﬂﬁm
Utility

I ISO/IEC 151183 (SAE2847/2) or IEFE2030.1.1

Bl EV Centric Bl  EVSE Centric

H B :PG&E April 2018 VGI Communications Protocols
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3) MESIUSHERVIG/V2GICFEONZESRTIO NIV (DHEER)

® CHAdeMO : IEEE2030.1.1

CHAdeMOIZ. BARDFEIRBEEZI(C KD TERII=NIZCHAdeMOHERICEKD
EVRURFTEMS E U CRESN. JISOIREMLER (TS D0007) & U TREILSNT,
BACHIL T DEMPOTEBRNLEANTER LTS, FE. 2014F(CEBERE
IEC61851-23/24, IEC62196-3(CERE 1120154 (CIEEE2030.1.1(SEBE =N,
ZTOREENIBFIROV2X (V2H, V2GEDNE) NOHEEIIREXM D, FBEEMND T
12< . RFADFEFRY. 350kWitER) HASRESN TS,

128, DCFREANIC(E. CHADeMOBHDMICHETRDKXDEHAND D,

System A System B System C
CHAdeMO (Japan] CATARC (PRC) COMBO1 (US) COMBO2 (DE)

i ™
\
.

H 88 : EVS27. CHAdeMO Fast Charging Projects

TR

"ﬁ

Vehicle Inlet .

Communication
Protocol

Connector

CAN PLC
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3) MESIUSHERVIG/V2GICFEONZESRTIO NIV (DHEER)

O ISO/IEC 15118 &0CPP (Open Charge Point Protocol)

CHAdeMOICX LT, BRI EAEKTIE. BEIEXA—H—. ENSHNROLER D> TEBERE S
SRFTERE1DDOIRISFITITAD [Combined Charging System (COMBO) | (RIR—2
#FH System C) MDEVFREEZZRDMEMNET EH S, 201441SO/IEC 15118 [Vehicle to Grid-
Communication Interface] (CERESNTUL\D,

ISO/IEC 151188 DXRECH (FFEER EV./ PHEVORIDBEFTICH, BELTLDI—
AT —ATHREVPENHIBRATZ 21 —ILDT—HZPDEDTEDLSIC, BEAYE—>%
Ef&E. FRTBERPZHZIZEDBEREZILIDDOT, TFaUT v (CEEEBLTWVD,
E5(C FENCA Y-y MREZFERUTERBBHEDI-—YMNEE T DL DMIINE
RO —EXZRHTEDILSRMEHAFEABTSINTNSD OT. VGIERETO M IJLWGHD1—
R —APTWGTH. ISO/IEC15118DI1—RT—A%ZEE(CL TS,

—75. OCPPIZ. EVRERXF— | Frimary Acter |

Secondary Actor

> 3 > HMEREEETOMZzF A Sk -
— ~ ~ % o)

UfERRERT—2 3>y hDJ— @Mde ion Ow%g

0 %jl\ LJ t q:l %%IE :/17—_A tﬁ ISONEC @ 3“-:‘;:2:%;;;:}01

{%j% 7—:@@77} IJ b-_ :/ E \/ * Electric Vehicle 15118 l. Supply Equipment j i :

Communication Controller Communication Controller

JORIJLT, A—T>Fv—> -
JLE UTSOAP (OCPP1.5)
SOAP&JISON (OCPP1.6) %=X C.
2018444, ISO/IEC 151181
R— N(OCOPP2.0) 3B LDICHED
TW3,

e PentaSecurlty\ [ (O54A) ZEITDIRFKEEEDS DDOESR : £1[@ |
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3) WESLUSRVIG/NV2GICEODNESRTO ML (DEER)

¢ IEEE2030.5 : SEP2.0

IEEE 2030(%. A¥— I Uvw ROEEERMODSBETILICEATIBIHE L TERESNLE
DT, BHZRXFTLA (EPS) . 7TUT—>3>, BHMERCHINDB IR —#0l & 1B
i E(CDULT. . fl%'l‘i BEEE/ D A — VY R EFHMEEREDERZTITUN. HEEE1>
FIIT—ADEE. wiEERET—FI0—, =15 —>a> &E@EE. 25)VIEHRER
HA/)\—tF+1UF7r. RERARCERZELTLD,

—73. SEP (Smart Energy Profile) 1.0(32008%. ZigBee?7 S5 A 7> AN, 2H—FRwv
D—0%ZEEHN &I DIAERERBEMRIEE UTHRE LI ZigBee (IEEE802.15.4) (D LEfinE
ELAVDRIET. AX— bA—=F—(C KBTI EBREFIHEB LUTI RLAR XDz
DIV —23> - TJOT7AILEVUTRELIEEDIED 2.

Nz, A—=T >IP0IV ETEMET DTzbDiEE U THEEEZ UIZBDMNSEP2.0T.
d1—HOIFRIIF-REEZEEIDHOF7TIo—23> - JORIILELT. 20134,
IEEE2030.5-2013 & UTEE{LSNTLD,

IEEE 2030.5 - AC Charging IEEE 2030.5 - DC Charging
1= I:‘-'F E/BMS to EV (Bridged through EVSE) [‘_—):u Mt B N
£ A : @ 3- I..EEE .203.0.5 communicates batwean
5 May be used for DR to communicate @""M : PF.EJEM'S and DCPC -
beatwesn PFESBMS and EVSE l 3 1 i
& Communications between PFE and EVBS T M A p |
pcts.ih‘lo if IEEF 2020.5 iz rum aover Telamatics @ L ¥ = Pt ; % I |
- “0 8 - Tetematics to User (secondary @
har Al L . mu.@ 6 G PP
e [E
- {
-~ <

IAE —seimes TRIVE—BSTEMIZAT  H8 : Vehicle-Grid Integration Communication Protocol Working Groupigs® ™
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