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Vehicle-to-home (V2H) . X
Local energy optimization =
@ Pl = -10/-15% on electricity bill Vehicle-to-load (V2L/V2V
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Uninterruptible Power Source
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Frequency regulation

e Spinning reserves =
- . _. e Congestion A
INEIR R B B BE R IR management ==

Black start provision

FARZEESE - HIIBES - FERS
Congestion management
Load shifting
Peak shaving
Valley filling
Voltage drop

0:-"0O

Services

e Smooth grid integration
e Intermittence reduction

e Energy curtailment ,\o-
reduction =
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ERIAE - DTU Elektro (2018), How Will V2G Play a Role on Distribution System Level
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; ke Impact of Grid- e MAME YEAR OF CHARGERS
Powerstream pilot Steort mpact oL S 2018 16 - ACES 2017 50 |
2017 &
2015 1
2013 4 GERMANY
- Bedisparch V2G 2018 10 i
B3 g 2 Honds, Offenbach 2017 1 T [ KQREA
= INEES 2012 40 — —| Korean V26 2015 3
Vehicle-to-coffes 2015 1 ;
ETHERLANDS g W
City-7en Smare City 2014 4 Y
Smart Solar Charging 2015 22 - =} | OTHER EU ] .
MewMotion ¥2G 2016 10 1 3
Ameterdam Vahicle2Grid 2014 2 A, — BESSS2M U2
Solar powered bidirectional EV | Sudilahai pilox R__20n7 1
= e—r—— 2015 1 N Grid Motion FR 2017 15
charging station r
Hitachi, Mitcubishi & Engie w018 1 \ Genos pilec LT JAPAN
\ " SEEV4Ciry Multiple 2016 13 M-tech Labo 2010 5
PORFUGAL AND SPAIN N ¢ | Quaka businoes parks
—— 1 Toyota Teuho!/ Chubu / M 2018
Usa Porto Santo PO 2018 HONG KONG Sros fese e
N . V2G Aggregator project 2018
GrowSmarter SP 2015 & .
MNYSERDA 2016 5 — ZomaAl P 2012 & Hong Kong V2G Pilot : 1‘_011 1 1 Leaf to home 2012 4000+
umpSmartMaui 2012 80 gemo .
BlusBird School Bus 2017 8 -}‘
US Ajr Force 2012 13 0 PRO B D Ne PROJECTS
MNRG Evgo, UCSD 2015 9 _
KIA / Hyundai / UCI 2016 & Before embarking on our road-the-world trip, we need Owr criteria for project inclusion in list was for projects to

MREL Integrate 3 to map out what's out there. Through a combination

US DoD — Fort Carson 2013 5 of literature review, targeted discussions and Linkedin
Grid on wheels 2012 15 promotion, we identified 50 projects that met the
Fiar-Chrysler V2G 2009 threshold criteria for inclusion. The literature review
s Sehool R Deme 2014 P excluded 8 V2G demonstrator projects (and 13

V26 for Imps d Grid Stability for Reli 2015 2 )[( research and feasibility studies) recently funded by
UCLA WinSmartEV 1 Innovate UK, as documented in Appendix 1. A full
Massachusetts School Bus Pilot 2015 project list is provided in Appendix 1, and sources
Y e R logged in Appendix 2.

Torrancs School Bus 2014 2

V2G:

GLOBAL ROADTRIP

ERIAE © everoze (2018), V2G Global Roadtrip : Around the World in 50 Projects .

]
have physical deployment of V2G technology for a specific use /J?

case. The list excludes desk-based studies, experimental

research and narrow technology demonstration. 1

Collecting detailed data on projects is challenging: This is in
stark contrast to the often detailed data available for
stationary storage projects on the global NREL database, and
the data compilation on renewables projects conducted by
Trade Associations.

Noter Detailz are based on a review of public domain sources;

. we note that these
datapoints are not always dear, and it is common for a project’s number of chargers and
trialled services to evolve over time.
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SOCALESUES OTRN OVRLOOKD

PROJECT FOCUS — MULTIPLE SELECTIONS PERMITTED Other (Volkswagen, Fiat-

Chrysler, Kia, Hyundai, Toyota, Renautt Nissan

Social _ Bluebird bus, Smith Electric)  Misubih
Transpower »
resecd. | B e Rl
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ERIAE © everoze (2018), V2G Global Roadtrip : Around the World in 50 Projects .
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SERVICE # OF PROJECTS SERVICE READINESS LEVEL (SRL™)
S

FRANCE DENMARK

ARBITRAGE
DSO SERVICES 10 Expected in US 18119

TIME SHIFTING™=* 1 KOREA USA, UK |  JAPAN (Expected in US 18/19) Expected in UK shartly

ERIAE © everoze (2018), V2G Global Roadtrip : Around the World in 50 Projects .

Copyright 2018 ITRI 1 ¥ HjisF7 7 2



UK
o ;2> Innovate UK

everoze s CONSULT

“We delivered V2G at scale...from real world
families we had no control over”

- Project representative, Hitachi

2012-16

JUMPSMARTMAUI

Deployed 80 V2H chargers which demonstrated discharge in response to
grid signals over the 6-9pm peak period, thereby helping manage
distribution system loads and frequency events.

PROJECT WEBPAGE

The project was part of major broader smart PARTNERS .
grid project seeking to integrate renewable (HITACHI Lead ) CUSTOMER SNAPSHOT [ PLUG-IN TIME _
energy, electric vehicles, energy storage, and NEDO T
controllable loads in Maui, Hawaii. [ ‘ J PROJECT FOCUS — Lolfestieinze Sawas au/pi buvered tenihaltof
Lo S e SEGMENT o |liocamion | POME | Y ATRermeresee
Maul; Maul Electric Company and Hawallan -
i m:::‘m l-hva\l'ymﬂ Energy bll SOCIAL \
[PROJECT VALUE|_ unknown ] i nbershy ot v T Coloee L |3. COMMERCIAL CHARGE 6kW Nissan Lack of incentive to plug in may have reduced how
POINT Hitachi VEHICLE LEAF often people plugged in when they got home,
SERVICE PROVISION bC 80 cars particular!y when‘ they could charge using the public
fast charging stations.
~CO/ S Free charger provided, with no other Complicated to get new users interested. Significant
3 CUSTOMER )
RERCICIARY : 2 OFFER Eﬂ seonomie incencve Paricpnnts imvoved || and targeted recruitment campaign, with jargon free
> s 5 on u vi : unity i ) ; ) .
Peok vediiction Frequency response® ouions branding, marketing material and one to one visits

*Service provided in the
demonstration project

V2G? Yes through peak reduction at homes

Yes through peak reduction a¢ homes

'WHEN TO ACT Forecast based on system req. Change in frequency led by Hawaiian Electric
TRGGERNG ACTION s e s | OPERATIONAL SNAPSHOT | BATTERY USAGE FOR V2G: 30-95% ]
RESPONSE SPEED <4 secs <4 secs
DURATION OF SERVICE 3 hours (6-9pm) 2 hours) USER BEHAVIOUR ARCHITECTURE AVAILABILITY & PERFORMANCE
STATUS Proven Proven 80 families using the vehicles ‘normally’, Energy control via autonomous, decentralized Export limited to 1kW, although 6kW
h typically plugging in on return from work. system. Hitachi developed integrated Demand modelled. Interconnection standards were
This meant limited diversity and restricted Management System (DMS), with localised onerous and Hawaii specific. (These have now
when V2G could be provided. autonomous DMS. EV charging utilised these been replaced with US-wide UL certificate
READINESS I SERVICE I 3 l (in trial) I 3 I (in trial) Families often used other DC fast chargers, DMS with EV Control Centre to create a which is helpful). Forecast of vehicle
which meant only plugged in on average every charging schedule so as to fill up the gap behaviour in aggregate was challenging.
LEVEL other day. between the estimated power generated by Hawaiian electric have now revised demand
I TECHNOLOGY I“IMI“I Commercially available | Trial ran in 2013-2014 with V1G which made renewable energy and load of the next day. It response programme. V2G not directly
easier to introduce V2G as good data on then takes account of each EV's connection included but V2H as a form of DR will be
driving patterns had already been recorded. status to the normal charger and the desired eligible. Bidding underway for delivery late
) . charge end time to instruct the charge start time 18/19. EVs are very fast and flexible and when
At time of trial, active demand response market, although limited to I&C. Now to each EV. ChaDeMo protocol used. combined with other resources can be very
E MARKET M>H revised to allow access by broader range including V2H. Interconnection standards valuable to grid.
were challenging — now revised to UL certification

ERIAE © everoze (2018), V2G Global Roadtrip : Around the World in 50 Projects .
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everoze s JCONSULT

“We are celebrating our second full year of providing
frequency response to the Danish TSO~

- Marc Trahand, nuvve

2016-18

PARKER

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

PROJECT WEBPAGE

- . ot PARTMNERS

Project sought to test ability of electric vehicles
to provide grid services using real world fleets. | | DTU Bekro/PowerlabDK CUSTOMER SNAPSHOT | PLUG-IN TIME _m‘
Identified and addressed barriers to Epfqeﬂthdl.m
commercialisation. Compared capability of mm"m“m}“mm” PROJECT FOCUS WORK 24/7 servics provided to Energinst. Usiliy vehicles used by Fraderiksbery

y ¥ CHARGING Farsyning during day and parked ovemight and weekends. Other locations
e o fonchor xite | | UGy | (@ common score o, ETON | e e e

Fleet), Enel (Charger), Mitsubishi L(2 TECHNICAL

[PROJECTS VALUE ik 14731471 (pranced by oty | | P (To<h) L

CHARGE 50 units :“”‘“’ ;ﬁjﬂ;‘:‘;‘:‘km‘ Mobility-as-service offer —a fee per month which
POINT ENEL 10kW DC | |VEHICLE ¢ o Duttandsr provides charger and maintenance and tools to
SERVICE PROVISION charger T2kh manage charging. V2G is used to reduce charging cost

for consumers, with FR revenues reducing costs paid.
Roll out limited by high taxes on EVs (no. of EVS
CUSTOMER : . ’
SENERICIARY OFFER I‘.l Monthly fee which includes charger went down in Denmark in 2017)

Constraint management
VG

Trading on dzy-ahead / Intraday
Y1G

WHEN TO ACT Post-fault Price differential
TRIGGERING ACTION Backoffica contral signal Bid / offer accaptad OPERATIONAL SNAPSHOT [ BATTERY USAGE FOR V2G: 30% to 95%
RESPOMNSE SPEED < 3-5 minutes < 15 minutes
DURATION OF SERVICE R hours 15 min Hocks ( USER BEHAVIOUR W [ ARCHITECTURE W ( AVAILABILITY & PERFORMANCE
STATUS Researched
Every fleet is different. App informs Nuvve of drivers’ Different vehicles tested and show different
preferences and charge required. performance levels. Technical barriers
Customers hi“e_ access to app This resource is then matched to included:
READINESS ‘ SERVICE l 5 l ‘ 1 ‘ l 1 ‘ 2: ihone;:) |nd||:at|: wha; state grid and market signals to i) long duration freq. bias — service required
LEVEL charge they would need at provide service. often exceeded kWh capacity requiring
) what point in the day. lower kWV bids ii) two way energy loss - (dis-
‘ TECHNOLOGY “III Commerdaly available l Some users don't want to use For V2G CHAdeMO protocal is charging at power levels lower than the
Main Daily Market 72 FCR-N in DK Project | market Enerpinet particbation & the app, so then a schedule is being used. rating of.the char‘gin_g equipment can resultin
now have commercial contracts with customers. Key regulatory barriers identified include i} grid put in for them. low efficiency and high losses. Efficiency of
MARKET connection pre-qualification process poorly defined for this asset, particularly given likelihood of 0%+ expected in future. i) battery
different cars & chargers and nsed to assess performance at aggregated level i) high cost of Important to understand degradation impact (see INVENT slide for
. - settiament meters iv) high energy tariffs and taxes, induding double counting | customer schedule. | | _further derails)

ERIAE © everoze (2018), V2G Global Roadtrip : Around the World in 50 Projects .
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Hawaii Electricity Production by Source (2015) U.S. Electricity Production by Source (2015)
. Wind Coal _ Gaotherval Other _ Solar  Biomass
Biomass e
36% 6.4% 1% “Hydro 2:6% 0.3% - x |.5%Wind
G g L i09% ‘ S
'(S)o;:: T V4@ — — Other Natual Gas ___ 5.6%
: 32% 33.8%
__—Coal
30.4%
Nudear. 8 P Geothermal
Petroleum 19.8% Petroleum~\Hydro 0.4%
67.3% 0.9% 6.4%
ELECTRIC UTILITES
Hawaii's electricity prices are more than double the U.S. average.
0.40
:'g: 0.3s
- e > = —
é o.30 ~ o \ E EJZ %
= RS ‘,./ S il b S
& o020 —% c o ——LE
:“:‘; o.15 | —a— Hawaii
;;o 010 o - 3 = —= -——8— e A e
& oos FE¥19
- ooo
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017




[R-ERY Fid

1 P ¥t ileanizidg > § = & Fikdadon g o

2.% = % "H2008+# F& ) i % a i 15 & (Clean Energy Initiative)
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BERIACJE - Hawaii State Energy Office (2018), Hawaii Energy Facts & Facts .
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JUMPSmartMaui (JSM3+ 3 )
(A Japan-US Smart Grid Demonstration Project)

E—
| JUMPSmartMauﬁ*%(JSM)%“2011+=E6’g }é;cﬁv FHEE S E L o d NEDOF RS » S22
t&f# 3= P = (Hitachi) ~ Iﬁ';,ﬁ!ﬂf‘r > fFL% > enCyber Defensef® 3 %7 ~ § = %

N ELE i LR 4 25 ~ T A& P AR T B HE(HNEN 2
B

B 5w 52384 % - %4 520164 f §990200MW » b 4 82 % [ kT %3
193MW = 562 4 0 B 4c B 2 i S S FIT BA S R £ 2 &R
FREE RETRE M‘E‘iﬁﬁi”'\/ﬁ&% B A A - Bl BT ET
eRfr2 R d I fEA S kR o RTRERET B CNRJIY L AN R o

\.\.

Bulk Battery (Li-ion)

3 JUMPSMartmaul

DMS/EVECC/DLC

SMART ENERGY. SMART CARS. SMART GRID. — e e P
— Normal Chargers 190 sets
o SWC
-
o
_—
Maui Island_— UDMS 21 sets
- \\-'-\ SmartPCS 10 sets
Home Getaway 30 sets
Home Battery 10 set
\”“L-ﬁu_ﬁ\ Switch 12 sets
—
State of Hawa T
T @) :DC Fast Charging Station
—
T Bulk Battery
- [LanAtid]
® Maui County
® NEDO
® Hitachi ® MEDB (Maui Economic Development Board) R .
reach ® MECO (Maui Electric Company)} Fast EV Charging Station
S ank ® HNEI, Univ. of Hawaii Enanes
® Cyber Defense Institute ; N EV Charging Management

® UHMC, Univ. of Hawaii etc---

V2G program

o ) . Control of distributed storage batteries
Activity on distribution

— . L substation level Voltage regulation of distribution grid
1350 D b AL B B R (v reeieten et e
z'ﬁl_:E /J?E }\j\ EV%H; \.(I’Soll_‘:]zg: ;ecggl;atjon of distribution grid
3. /) R BB A B R B TS ALt 19 S o it L)

ol

Copyright 2018 ITRI 1 ¥ HjisF7 7 2



JUMPSmartMaui 3+ &

JSM7 guw\ AU R B e daz BEVARM R TR AT g, 0 T

1. Phase 1 (2011 10~2015. 03) %p%zt&ﬁzoo PRb Bty o R RSFEE TR M
g s ﬁ: LEAF® » ¥ 30 p 9% 3 % B L sh(level 2) ~ T E L AT RIESE o
I FREI3B ik o g o2 Fé‘ﬁ)v EAWERY o NERIRELE A NR

T F*‘Lﬁ_i ?‘fgl\‘ °

2.Phase 2 (2015.04~2017.02) : & £ 801 %7 —‘F%’ T A2 % ZEHitachi B % «0EV-Power
Conditioning System (EV-PCS) » & EV-PCS: & & L § » » BT 4 #%xd| 7de~ £ ¥
E\‘)—:),:‘?‘:?_,’;Q\ﬁ U T T R0 PFEEP ﬁ:“ég ‘?ﬁ?ékF\%iEb/@ﬁ?
= \?7 - | = o
8 o fligfl g IDMA : BAREEEAM
= | EVECC ] < | EVECC : E&EaERIZEHIS /0
= | orcomr |- __E EMS : BEREE R
g: Smart City Piatform (Information Control Hub) AMNMI
g M2M Network ™\ . 3 i«
. ElEg= e sumesmanmau
= S A Station Phase2
-:)§
,§,: - : =
§ - BR‘:J.—' 7 = Q-:- 45 ; Se—— L 7;——
| — 8, & riemo :
DC Fast EV Level2 O — = - = = 2 J
Charger Charger Smart l—vl\;aattee'; (E:t‘/atge;{?l2 g
ﬁ; DC F=a jl%nh%_tfejf Station Re:i:jn%unteers e so B =
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DC Fast Charger usage during the demonstration PJ
(Sep.2013 - Jul.2016)

oo
=
=2
=

6000

4000

Session Counts
(September, 2013- July, 2016)

[
=
=2
=

=

01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23

o kiR : NEDO (2018), NEDO Smart Community Demonstration Projects.
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(@uacquire the forecast value of renewable

generation output and load — Volunteers ==y JUMPSmartMaui volunteer charging behavior at home

|  Before starting load shift |

B
=}

(Dinput the desired charge
end time

Before November 2014

Percentag
Se

(o) (o)
............ Charger Ev

»
"
a

_ Integrated DIMS
Power System Side

[=T"
-

. & 4| e ——— i EV charging load shifts by 3 hours E
@nput the starting time of chargin *
¢ O AN R RREANNNNNATF iy,
- anEN
L AP I TICIA RSN N AN R NN N T ——T K 1 1 SAEE i
.‘1. ____________________________________ 1 ol L -
K] Lill
jat el offpeak | onpeak [ Priority peak [ Off peak ]
TouR - Off peak On peak |_Prio Kk Off peak
0
’o System load and wind output curtailed in Maui System Load Load[MW]
15 ,Wlnd oufput curtailed 180

n_
Wind
Wind 10 4 g / q‘\
s —— N ~ L 130
MWl 5

0 T T T T T T T

oy 1 2 3 4 5 6 7 8 I 9 I1[)I11I12I13I‘14I‘15I‘16I1T-’I18I19I2'[JI21 I22I23I24 %
h Expected effects of Advanced Load Shift 3 ;2:3 ::::O::nzzal:‘tput T
Structure of Chargmg Management Program

: NEDO (2017), Japan-U.S. Collaborative Smart Grid Demonstration Project in Maui Island of Hawaii State : A case study.
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2015#4 % B dophase 267V2G 3+ 4 > S 4 F AL & K& & KEV-PCS > LR EV
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B U EHAS R RRATEA 4 5 AL §4(18:00-21: OO)FE
: R AP TR FEVRT 0 b TR BB

R4 e
B o T P A d IDMS:E (7 247 o gL 2k %*% P B EV-PCSE & % 50 o
Tg BT VB BPCSE A T A
Charge/Discharge results on average (Oct. ~ Jan. vs Sept.)
200
MW 150 w’-/_/\
100 prm " —Actual Load
50 - Off Peak ! | E (*) Schedule TOU-R base

12AM  3AM  BAM  OAM  12PM 6PM_ 9P
4 Bmcharge Drspatghed

3 -
kW 2
Auto Discharge
1 {different scale)
8 i
mmm Auto Charge
10 I.lll[ i ____'.
20 JOF 5 ||
20 7 Charge Increased ll Manual Charge
-30 —— Manual Charge
kW Charge (Sep.)
-40 - - Decreased

-30

R %k - NEDO (2017), Japan-U.S. Collaborative Smart Grid Demonstration Project in Maui Island of Hawaii State : A case study.
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REE L EL A RF TR R f P e FERNEYETF S8
FUAEHE TR BT 2 T UERT SR
2. LN RER T IMSK B2 L AR R A (- BT - BT H)
d IDMS#z4] » 3 = B & * - 3 F AR > T * EMS-PLUSH
Beniffe kb i1 FIRREST 4 PFEHF LT » A T PR K L 18
izo,é!z&w DMSfI&ﬁ BT EFERTEAL FZ B/ AL Ly &3
st o IDMS AR DSFET AT afg Tl d o
3UMSS § ¥ R R AR N EAD R R RS B rpe Tk BT -

&

~

Use Casel: Scheduling

Mod Battery1: Li-ion

Daily operation ADSOIDS SUrP el ) @ UHMC
electricity
Integrated DMS Makes operation schedule with P :

P PowerSystem Side consideration of the effective use of - = [ .
electricity generated by renewable _ Program Partidpants Scheduling {
energy and the reduction of peak (Volunteer)
demand of the electric power system

. Integrated
F i B
. P —
i . Battery2: Lead Acid
Emergency operation Dispatching

@ Sewage Treatment

electric water heater » Facility
Sends signal and has the power Use Case2: Emergency ’
N — consumptioninterrupt operation mode =

Mitigates frequency
ation

Controlling distributed bulk battery energy storage
NEDO (2017), Japan-U.S. Collaborative Smart Grid Demonstration Project in Maui Island of Hawaii State : A case study.

Structure of Direct Load Control program
AL KR
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R
4 s

3UMSH E Flak EiE®ig ¥ b =< ,“gf‘v%-‘% A % baseline » A k¥ ﬁ 3R
B pn i R KR b 0 4 T 5B A (EHETR B oh % SEV-PCS 0 B ¥ X EV

Remaining SocC in i Ratio of (D) to the
condition (%) in the demonstration which an EV can be total capacity of 80
the demonstration considered EVs
effective to be as
an energy resource
(for 80 EVs)
(A) x(B) x{C)=xBD

Discharge (peak hours) 6.0 kw 27 — 41 % 50 — 75 % 67 — 149 kw 14.0 — 31.0 %
Charge (nighttime) 5.4 kw 28 -43 % 30 — 70 % 36 — 130 kw 8.2 — 30.1 %
Charge (daytime) 5.4 kw 8- 11 9% 20 — 35 % 9 — 17 kw 2.1-3.9%
Discharge (early afternoon) 6.0 kKW 9 - 20 % 70 — 80 % 30 - 77 kW 6.2 — 16.0 %%

Motes) “Remaining SoC” means the percentage of EVs that can charge and discharge during the intended time Zero to serve as SoC.
The results are on the assumption that an EV-PCS is able to output 6kW as per the output specifications.

4 %k - NEDO (2018), NEDO Smart Community Demonstration Projects.
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L % Parker V2Gt #£3+ 3

|
ACES
r)" \"‘-.
[ 10.000+
{ a + E Vehicles
~—~_ {(Virtual)
—J
Full-scale validation
-: based on Bornholm
EDISCH  —= NIK®LA == paker 404
Initial research on EV I i
technologies and nuestlg?tlon o'_f ! _ Vehicles
t - gt ti smart grid services ! Operational fleet .
system ntegration by electric vehicles validation on OEM (Physical)
' vehicles
2008 2013 2016/2017

Initial Upscaled
investigations : service
and research : validation

Partners:
-5 P B 'ﬁﬁ Nissan, Mitsubishi Corporation, Mitsubishi Motors Corporation, PSA ID
-V2G & T : NUVVE
-wikh/T A ’2 #' : Frederiksberg Forsyning A/S, Enel
— KRR 22 llnseroA/S iR RfEA S X2 B P
—FpF< B I DTU.
Duration: August 2016 to July 2018.
Budget: 14738 5. » d 2 &5 /Em#stﬁvlm T ;FQ’LEAEW(EDUP)
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Parker V2G:+ & i & P
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Grid Applications Grid Readiness Scalability and replicability
Certificate
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23 E BP £ V2G¢ = -Frederiksberg Forsyning

FF (Frederiksberg Forsyning) & Parker:* & e s34t » FF5 "% 48897 £+ 1T 4
o @ Enel & Nissan & Tk B 23k 5 B ¥ 11V2G? & - 353 F M T 1048 P 4 e-NV200
F#2 @ {10 - Enels7V2G e & % > d Nuvve aggregatorit &34 #f PR7x-(Frequency
Regulation, FCR-N) & £ & DK27 % » I j& ¥ JEB{|E o

Utility company — domestic gas, tap water, district heating and sewage
e Approximately 100.000 Residents

— 10x Nissan eNV200 electric Vans (24kWh)

— -10x ENEL V2G units (bidirectional 10 kW)

— - Used mainly for maintenance and service tasks.

— - Driving usage hours = Work day 07:00 — 16:00

— - Frequency Regulation 16:00 — 06:00 weekdays; 24 hours weekends

7 4% %k : Nuvve Corp. (2018), Grid Applications - Demonstrating how electric vehicles can support our power system, Parker End Seminar, 2018.11.27
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Project V2G architecture for FCR-N in DK2

&

B Nuvve aggregatorizjc & & §x3% FiRends js 7 & 78 o J1 % v 5g Tl e
o AT SEREFE -
ﬁ?}i‘:;ﬁi’ ?,ﬁ?ﬁﬁé?,f@ N J—E_‘%ﬂﬂsk%i\ /{\: m;}*g@(SOC) > ‘}qu_)ii > -"ft-’-ﬂ to %‘ﬁiﬁ%
o hrify i FAAAT o B LT Tk p DEIF MTRBmﬂp EL 0 A e

% w&ﬁﬂﬁﬁéﬁﬁﬁ“&ﬁ’d%ﬁ REE RE{ ATF 297
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15
S
=
ok
i

-

i ENERGINET

from the chargers is

through certified
meters TSO Market
@) fredetiksberg a
ey

NEASA/ENERGY

@ Hroderik - T ; BRP — trading platform
S B NGVYvE
@) frederiksberg & ‘ F
GIVe™ B .
@) Hede k sberg #

DTU |
= =A

Aggregator A
Pzzgi jgg o8 Nuvve measures Frequency via a
certified DEIF MTR3

[ [ [ [

NUV\/E

7 4% %k : Nuvve Corp. (2018), Grid Applications - Demonstrating how electric vehicles can support our power system, Parker End Seminar, 2018.11.27
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Frederiksberg Forsyning - FCR-N Revenues Per Car Bid
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- . . 0- !
9 10 11 12 0 2 4 6 8 10 12 14 16 18 20
Leave time [h] Energy usage per day [KWh]
FCR-MN Revenues per car, Denmark
Total monthly (EUR/car)
Avg: 1,860 EUR / CAR / vear
476
359
188 189 °2° 206 207
158 151 140
119 117 117 111
i I I I I I I I AN 1 I I
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7 4% %k : Nuvve Corp. (2018), Grid Applications - Demonstrating how electric vehicles can support our power system, Parker End Seminar, 2018.11.27
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Parker Reference Configuration

I
u Parker%% % = ll?; «Fleféiif 2 & ﬁi:}i 29 T &(DTU Riso Campus) » ip|z&
eI PR E %rav L _' THH EneImVZG Iy ﬁ v & % giNuvve

aggregator ° ;&Fﬁz:}/? é*"’lﬁ ’,‘i BT o PIEAPFR Y F T AN G
N T Jé,i(canned/recorded) B35 PR o

Aggregator

Grid Services
4 Energy to/from
OCPP based protocol Electric Grid
- Vehicles
Q ssiectond Vehicle Battery size
. N i Parker Vehicle ID Brand/Model (kWh)
| ' DTU Leaf Nissan Leaf 30
i e @ = . . o @ i DTU Evalia Nissan Evalia 24
@ a 4 1 DTU Outlander Mitsubishi Outlander 12
) . ¢ ) v DTU iOn PSA iOn 16
= L B S & t4 DTU iOn2 PSA iOn 16
vv  Standordized profocol b Sapceind pidiocd \ . EVSEs Enel V2G Chargers +-10kW
N , A Freq.
ﬁ w Measurement DEIF MTR-3
z Aggregator Nuvve GlIVe Cloud based

S

e
sl
‘ Vehicle System Link Software - Software Defined Charging Station

: : Control signals < » Bi-directional energy flow

7 4% %k : Nuvve Corp. (2018), Grid Applications - Demonstrating how electric vehicles can support our power system, Parker End Seminar, 2018.11.27

Copyright 2018 ITRI 1 ¥ HjisF7 7 2



Parker Reference Configuration /B| %1'3.3‘“—:- %

Cross-Brand Test Frequency Containment 2 Cross-Brand Test Frequency Containment 1
Nordic Regional group Continental Europe Regional group

e=pequested =M ftsubishi Outland —HMissan Lesf  —Paugeoti0
Requested m leques subishi Outlander issan Led augeot i0n ::guestn!d —fequested —Nissan Leaf —Nissan Evalia — Peugeot I0n
and .
provided ] provided
power 6 power
4
:: ;
5 T
- :
4 o
-4
il
-6
.3 !
g
-10 Iy
koo o0l 002 003 o4 Q05 006 007 0B 009 O:10 000 001 o 003 OOl 005 006 GO7 008 000
Tirme (hh:mm)
10 Time (hh:mm)
Absolute 8 a'-"-_bsolme -
difference E difference 8
26 )
L = E
;! =
52 . 3 4
0 a 2
D A P A e i

000 001 o022 003 004 005 0:06 007 008 009 0:10 000 001 000 02 004 005 006 007 DOR 009
Time (hh:mm) Time [hh:mm])
Parker End Seminar - Grid Applications

7 4% %k : Nuvve Corp. (2018), Grid Applications - Demonstrating how electric vehicles can support our power system, Parker End Seminar, 2018.11.27
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Business Cases — Calculated Values

FCR-D DK2 Service — 14 hours per weekday and 48 hours in weekends @9.25 kW

DK2
. FCR-D DK2 Projected Yearly
Period )
Price/MWh-h Revenue per car
Jan 01 - Dec 31, 2017 €7.45 | €422.85
Jan 01 - Oct 2, 2018 €19.56 €811.29

FNR DK1 Service — 14 hours per weekday and 48 hours in weekends @ 9.25 kW

DK1
; : ; Projected
Period 2 FCR-UP DK1 - FCR-DOWNDK1 = COMBINED DK1 Yearly
~ Price/MWh-h Price/MWh-h ~ Price/MWh-h Revenue
f 3 5 per car
Jan01-Dec31,2017 €375 €151 €526 | €1,549.95
jan01-0ct2,2018 &  €3016 , = €154 & 2~ €31.70 | €1,314.82 |

7 4% %k : Nuvve Corp. (2018), Grid Applications - Demonstrating how electric vehicles can support our power system, Parker End Seminar, 2018.11.27
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Partl: Assessment of Charging
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1 A : ! 1 =Y A z A
T4 | i i R g B %J
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| ! i 4k kue
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74 %k - European Commission (2018),Effect of electromobility on the power system and the integration of RES S13 Report.
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74 %k - European Commission (2018),Effect of electromobility on the power system and the integration of RES S13 Report.
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Figure 6.3: Charging Profile of Immediate and ToU Scenario, France in summer

Figure 6.5 : Charging Profile of Mixed and RTP Scenario, France in summer

74 %k - European Commission (2018),Effect of electromobility on the power system and the integration of RES S13 Report.
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74 %k - European Commission (2018),Effect of electromobility on the power system and the integration of RES S13 Report.
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74 %k - European Commission (2018),Effect of electromobility on the power system and the integration of RES S13 Report.
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