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VEHICLE-TO-GRID (V2G) o guoms

Connecting the worlds of energy & mobility
Making the EV an integral part of the future (decarbonised) grid

SMART CHARGING or ‘V1G’
CONTROLLING RATE AT
WHICH CAR IS CHARGED

VEHICLE TO GRID or ‘V2G’ -
TWO WAY FLOW OF POWER TO
AND FROM THE VEHICLE
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Every good raadtrip begins with a plan.
CHAFTER | MAP PI N G O UT O U R plan. What prgects are out there? Ve
We survey the literature and contact
J O U RN EY contact leading experts to form a
definitive list.
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THE V2G MAP OF THE WORLD
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https://www.evwind.es/2012/06/13/mitsubishi-motors-to-use-electric-vehicles-for-vehicle-to-grid-v2g/19083
https://www.level-network.com/wp-content/uploads/2018/02/Tomoko-Blech-CHAdeMO.pdf
http://nuvve.com/2018/06/first-v2g-project-defined-for-japan/
https://www.mitsubishi-motors.com/en/newsrelease/2018/detail1124.html
https://www.nissan-global.com/EN/TECHNOLOGY/OVERVIEW/vehicle_to_home.html
http://www.cityzen-smartcity.eu/ressources/smart-grids/vehicle2grid/
http://smartsolarcharging.eu/en/
https://newmotion.com/en/drive-electric/v2g-charging-next-generation-technology
https://www.tudelft.nl/ewi/over-de-faculteit/afdelingen/electrical-sustainable-energy/dc-systems-energy-conversion-storage/research/electric-vehicle-supported-pv-smart-grid/
https://bizz-energy.com/hitachi_mitsubishi_und_engie_koppeln_e_auto_mit_gebaeude
https://www.tennet.eu/fileadmin/user_upload/Company/News/German/Hoerchens/2018/20180313_PM-Redispatch-e-vehicles_EN.pdf
https://hondanews.eu/eu/en/cars/media/pressreleases/124178/honda-installs-new-bi-directional-charging-technology-at-european-randd-centre
https://www.volkswagen-media-services.com/en/detailpage/-/detail/Intelligent-integration--Electric-vehicles-reduce-power-fluctuations-/view/3677831/61f6afd1b38119ef1fee028ac6ebe96a?p_p_auth=4M9ClfJz
https://www.mobilityhouse.com/int_en/magazine/press-releases/the-mobility-house-brews-coffee-using-green-electricity-from-an-electric-car.html/
https://newsroom.nissan-europe.com/uk/en-gb/media/pressreleases/145248
http://www.smarternetworks.org/project/nia_npg_014/documents
http://www.hitachi.eu/sites/default/files/fields/document/press-release/news_release_20170315_isle_of_scilly_hitachi_europe.pdf
http://www.cenex.co.uk/vehicle-to-grid/itheca/
http://www.cenex.co.uk/vehicle-to-grid/efes/
https://www.greentechmedia.com/articles/read/renault-helps-an-island-ditch-fossil-fuels-with-v2g-technology
https://www.endesa.com/en/projects/a201702-growsmarter-innovative-solutions-for-smart-cities.html
https://www.chademo.com/smart-city-project-in-malaga-with-29-chademo-chargers-inaugurated-by-spanish-crown-prince-felipe/
http://myemail.constantcontact.com/NYSolar-Smart-September-Newsletter.html?soid=1101960157170&aid=-WVaIvsvetE
http://social-innovation.hitachi/en/case_studies/smartgrid_hawaii/index.html
https://www.green-technology.org/gcsummit18/images/ZEV-School-Buses.pdf
http://www.electricvehicle.ieee.org/files/2013/03/DoD-Plug-In-Electric-Vehicle-Program.pdf
http://www.utilitydive.com/news/how-nrg-is-testing-the-next-step-of-energy-storage-vehicle-to-grid-integra/409464/
http://insideevs.com/kia-providing-6-soul-evs-to-university-of-california-irvine-for-v2g-testing/
https://www.nrel.gov/news/program/2017/connecting-electric-vehicles-to-the-grid-for-greater-infrastructure-resilience.html
https://www.army-technology.com/news/newsus-army-receives-bidirectional-electric-vehicle-chargers/
http://grid-on-wheels.com/
EPRI
https://www.clintonfoundation.org/clinton-global-initiative/commitments/launching-market-electric-school-buses
https://www.energy.ca.gov/research/notices/2017-12-05_workshop/presentations/05_EPRI_14-086-DistributionConstrainedV2GServices.pdf
http://smartgrid.ucla.edu/projects_evgrid.html
https://www.mass.gov/files/documents/2018/04/30/Mass DOER EV school bus pilot final report_.pdf
http://www.energy.ca.gov/business_meetings/2017_packets/2017-06-14/Item_13_EPC-16-061.pdf
http://www.aqmd.gov/docs/default-source/Agendas/Governing-Board/2014/2014-feb7-010.pdf
https://www.evconsult.nl/kunnen-elektrische-voertuigen-belgisch-elektriciteitsnet-ondersteunen/
https://www.helen.fi/en/news/2017/first-two-way-charging-point-in-finland-to-be-installed-in-helsinki/
https://media.groupe-psa.com/en/gridmotion-project-reducing-electric-vehicle-usage-cost-thanks-smart-charging-process
https://www.enel.com/media/press/d/2017/05/enel-energia-nissan-italia-and-iit-join-forces-for-the-development-of-electric-mobility
http://www.northsearegion.eu/seev4-city/about/ & http:/www.northsearegion.eu/media/4384/summary-state-of-the-art-report-seev4-city.pdf
http://electriccarsreport.com/2012/07/hydro-quebec-launches-v2g-v2h-project/
https://www.powerstream.ca/attachments/SmartGrid-OT-MicroGridTechnology.pdf
http://parker-project.com/
https://sites.google.com/view/aces-bornholm/home

Right, so we're off! Time to see the must-see

SHARIERS STO P' O F FS O N T H E landmark prgiects! We shortlist 3 showcase
progects and marvel at what's been achieved,

WAY taking Dashboard Snapshots along the way:
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“We are celebrating our second full year of providing

frequency response to the Danish TSSO~
- Marc Trahand, nuvve

201618

PARKER

Landmark commercial deployment of V2G in Danish frequency
response market — engaging multiple fleets, vehicles & locations. PROJECT WEBPAGE

. N PARTMERS
Project soupht to tect ity of slectric vehides S
to provide i sevices using real workd fieets. | | DTU ElearaPomsrtabOK CUSTOMER SNAPSHOT | PLUGIN TIME = =
idertified and oddreszed barmisrs to (Preject bead], MUWVE
ommercialzation. Combared cobability of (Agareguoes). Missea, Exrouga PROJECT FOCLIS AT sefvice proeided [ Ererpieet LBty vebides ined by Frodeciisberg
different corz. Foiiows from Edizon and Mikola oty st :]:””E:m SEGMENT  commeraaL | |CHARGING  WORK Farupring dhuring dy and parked overnight and weskands. Other focation
projectz Linked to ACES project on Bornholm. Fredey ety Foogniig [Fast sl L LOCATION  (UTILITY) Indiude municipaliie, commencial mmpanies and poeTs.
Fleet], Bned (Charger], Misbishi k(2 TECHMICAL b
[H.E]EE-'I'E?N.UE DR T4, 1T 147| fnasos! by Pkl ] Corp {Tech) h_[!_ ECELAL P P Pl £ EAF 0%, Tn Mobility-as-service offer — a fee per month which
T ENEL 10kWDC || WVEHICLE i ENGI0 1 kah provides charger and maintenance and tools to
charger i 1Eh | manage charging ¥2G is used to reduce charging cost
fior consumers, with FR revenises reducing costs paid.
— Roll out limited by high taxes on EVs (no. of EVS
Iﬂ Manthly fae which includes charper ‘ went down in Denmark in 2017}

WHEN T ACT
TRIGGERING ACTION OPERATIOMAL SMAPSHOT | BATTERY USAGE FOR V25: 30% eo 95%
B.ESFOMEE SPEED %
DILBATICIN OF SERVICE [ USER BEHAVIOUR ” ARCHITECTURE ][ AVAILABILITY & PERFORMAMNCE
STATLE Every lent it dilliarent App inforres Miawve of drivers Dilierers wehiicles tected s show dillerent
e o app F'miﬂddﬂlﬁ required. Fﬁ'ﬁ:rn'u'h::leml:.TndIu:dhrrﬂ':
o whet state 'I'I-.u.lrl:n:l.ln:cul.*f-rmrrutlzlbdtn Il'ﬂl-ldﬂlt ) . ) .
READIMESS | gemwice 5 1 1 : F el grid and market signals o i) long duration freq. biss — service required
|EVEL charge: they would need at provide service. often exceeded k¥Wh capacity requiring
whet point in the dey. lepwer kW bids ) two way energy loss - jdis-
TECHMOLOGY - Commerzinly seoiuble c don'e want to ws= For V25 CHAdeMO protacal is charging at povwer levels lower than the
[ e Disily Market & FORN i DEZ. aucmised merkel L the app, so then & schedule is being used. rating ﬂf_ﬂﬂdﬂfm'_ equipment I::lnru-llt'n
N i v sl s . i sl sl rd e e put in for them. low efiency and high lozzez. Eficiency of
HARKET [ H ]MWpﬂdﬂpﬁ#mﬁfﬁﬂmpﬂwu’ )%=+ expected in future i) bartery
different cors & charpers ded mesd 1o dwei perfermoncs of apprepated kevel 1] biph cor of Imp=ortent to understand degradation impact (see INVENT slide for
. - ] sefDessent melerd i) bigh enacgy arfTs one bdves, incheding double muntieg oustormer schedule.  further detsik)



http://parker-project.com/
http://www.cityzen-smartcity.eu/wp-content/uploads/2016/01/cityzen-kif-lian-integration-v2g.pdf

M-TECH LABO

“We proved the technical feasibility of
vehicle-to-building fi ars ago.

nomics®”
201013

M-TECH LABO

Early V2B trial using 5 iMIEVs, reducing peaks by 12.7% at
Micsubishi Motors’ office — together with second life batcery.

‘normaly. typcally plugging in when
wark.

photovoitsic syszem, 3 slectricaly.
armiving at. =
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over 1 year.

anzporcaion.

“We proved the technical
feasibility of vehicle-to-building
five years ago.

The next challenge is economics”
-Project representative, Mitsubishi Corp.

Vehicle-to-Building (V2B) trial for behind-the-
meter services

Building energy peak shaving proven with electric
cars and 2™ life batteries

No noticeable impact on battery degradation.



CITY ZEN

Lo “Let’s revise grid acceptance
standards for V2G chargepoints”

Marisca Zweistra, Alliander

2014-19

CITY-ZEN

Small-scale commercial trial of DSO service,
ust

i iverse customers: commercial, individual & car-sharing PROJECT WEBPAGE

with 45C
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D50 smpin ety with V26, d s s arpectd 5 croate s e
MARKET Bl | sopmonnns famarsncade ngoc st st g an uncinae i scespees

“Let’s revise grid
acceptance standards
for V2G chargepoints”

- Marisca Zweistra, Alliander

Introduced ‘slow start’ to chargers to help
overcome issues with voltage inrush (implications
of this for speed of response)

V2G can help increase local consumption of solar
(charging on excess in day and exporting at night)

DSO services not priced effectively in the market



JUMPSmartMAUI

verore (@ onT “We delivered V2G at scale...from real world

families we had no control over”
- Project representative, Hitachi

2012-16

JUMPSMARTMAUI

80 V2H chargers which demanstrated discharge in resbonse to
als aver the 6-9pm peak period, thereby helping manage
atribution 3y ds and

Etachi

omrcun 1 Howad spectic (Thase b 50w
b VIC el o
R e

READINESS | SERVICE 3
LEVEL
e e
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“We delivered V2G at scale...
from real world families we had

no control over”
- Project representative, Hitachi

Successful in reducing in peaks on system

Export limited to 1kWV, due to regulations
although 6kW charger capacity

Single user group (families) meant limited diversity
and restricted when V2G could be provided (just
evenings)

No incentive provided to users, which may have
reduced how often people plugged in at home.



This time away has prompted some reflection.
SAREEEE J O U RNAL We log what we've leamed — and the

implications for the UK

1
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FOR NETWORK OPERATORS

‘ Ej 1. ADAPT INTERCONNECTION It takes 6 months to connect a V2G
_ STANDARDS & PROCESSES charger in the UK
NPG project

A key challenge is that services such as
2. CLARIFY THE VALUE OF DSO SERVICES grid management are not clearly
priced in the market
City-zen project

3. DESIGN SERVICE SPECIFICATIONS WITH V2G Speed of response, duration and availability all
IN MIND need to be carefully considered
Parker project

V2G: GLOBAL ROADTRIP 12



LESSONS

FOR INDUSTRY

@E{é‘@ 4. MATURE THE HARDWARE

@@f 5. TARGET SERVICES WHERE V2G
ADDS VALUE

(% 6. SEGMENT USER BEHAVIOUR

V2G: GLOBAL ROADTRIP
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High cost and performance issues with

chargers
Cited by many project

i.e. (1) where export is required (2) locations with
surplus solar capacity; (3) markets with high peak
pricing or charges; and/or (4) for longer duration

services
Report conclusion

We had 80 families using the vehicles ‘normally’,
typically plugging in on return from work. This
limited diversity and restricted when V2G could
be provided

JumpSmartMaui Project

13
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FOR NETWORK OPERATORS FOR INDUSTRY

—) 1. ADAPT INTERCONNECTION STANDARDS & {{)} 4. MATURE THE HARDWARE
— | PROCESSES
QB
2 P tels i dole el e sllis s lr ~|1 5. TARGET SERVICES WHERE V2G ADDS VALUE

%3. DESIGN SERVICE SPECIFICATIONS WITH V2G

IN MIND < !l% 6. SEGMENT USER BEHAVIOUR

FOR GOVERNMENT

Support and enable

V2G: GLOBAL ROADTRIP 14
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CURRENTLY, COMMERCIAL V2G OFFERS AVAILABE IN: DENMARK, UK & US

- x
V2G surge: EDF Energy and Nuvve to install

1,500 smart EV chargers

NASVIESFITITII ST

—t Sl
~ e )

CREDIT: EDF Energy

Two companies team up to offer EDF Energy's business customers V2G chargers aimed at
providing 15MW of additional energy storage capacity

“We are celebrating our second full year of providing

frequency response to the Danish TSO”
- Marc Trahand, nuvve

Commercial V2G rollout in UK
- Innovate UK projects -

V2G: GLOBAL ROADTRIP
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+316 1190 3585 07737 399 733
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