Technological
Readiness

State-of-the-art technology used by PARKER
Needs towards standardization

Testing the equipment’s abilities using the Parker Grid Keys Test

parker

Thomas Meier Sgrensen
Project Officer at PowerLabDK
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== The goal:

VGl

VEHICLE-GRID VGI = Area Of research
INTEGRATION

V1G = Normal Charging
(Dumb or Smart)
(Normal or Controlled)

V2G = Bi-directional charging

OWNER ELECTRIC
ﬂ I— VEHICLE

BUILDING REGION
The EV may support The EV may support
energy-optimized balanced and economical
buildings with lacal power-system based on
production. renewable energy.
[T 11
NEIGHBORHOOD

Tha EV may support

local distribution grids and new urban energy m}er

infrastructures and communities.



== The Challenge

_ High TRL level on V2G

System Test, Launch
& Operations

System/Subsystem
Development

But - VGI is more than V2G

Technology
Demonstration

And - Standards lack essential
informational objects for V2G/VGI

Technology
Development

Research to Prove
Feasibility
Basic Technology B

Research




ol State-Of-The-Art (1947)




ok« The EV’s

Plug-In Electric Vehicle Comparison- U.S.

$0 $50 000 $100 000 $150 000

Honda Clarity Electric (2017) | 89 lease only

smart fortwo ED Coupe (2018) |58 $17150
Hyundai IONIQ Plug-in Hybrid (2018) |28 $21292 I n S I D E E VS BMW 13 S & facedft

smart fortwo ED Cabrio (2018) |57 $21350
Ford Focus Electric (2018) |T15  $22495
Hyundai IONIQ Electric (2018) |24~ $22885
Nissan LEAF (40 kWh) (2018) |T51" $23375 : [—
Toyota Prius Prime (2018) |25 $23493 : o, S
Volkswagen e-Golf (2018) |T25” $23845
Ford C-Max Energi (2017) |20 $23988
Kia Niro PHEV (2018) |26 $24 297
Fiat 500e (2017) |84 $26490
Chevrolet Volt (2018) |53 $26595

Honda Clarity Plug-in Hybrid (2018) |[247™™ $26790 Base price (MSRP + DS
KiaSoul EV (2018) |TTT™ $27345 and after Tax Credit) -

Ford Fusion Energi (2018) |21 $28268
Tesla Model 3Standard |2207 $28500 H All-electric range (
Mitsubishi Outlander PHEV 2018) |27 $29754
Chevrolet Bolt EV (2018) |238 $29995
Hyundai Sonata PHEV (2017) |27 $30566
Kia Optima PHEV (2018) |29 $31186
Chrysler Pacifica Hybrid (2018) |33 $33590
MINI Cooper S E Countryman ALL4 (2018) |12 $33 649
Audi A3 Sportback e-tron (2018) |16 $35973
Tesla Model 3 Long Range (2018) |310 " 837500
BMW i3 (33.2 kWh) (2018) | 114 $37945
BMW i3s (33.2kWh) (2018) |T07 $41145
BMW i3 REx (33.2 kWh) (2018) |97 $41795
BMW 330e iPerformance (2018) |14 $42594
BMW i3s REx (33.2 kWh) (2018) |97 $44 995
Mercedes C350e (2018) |8 $45394
Volvo XC60 T8 Twin Engine (2018) |17 $48893
BMW 530e iPerformance (2018) |16 $48977
BMW 530e xDrive iPerformance (2018) |14 851277
Volvo $90 T8 Twin Engine (2018) |21 $59 643
BMW X5 xDrived0e (2018) |13 $60077
Volvo XC90 T8 Twin Engine (2018) |19 $60943
Mercedes GLE 550e (2018) |8 $63 235
Tesla Model S 75D (2018) | 259 $68 200
Cadillac CT6 PHEV (2018) |31 $68 590
Tesla Model X 75D (2018) |238 $73 200
Porsche Cayenne S E-Hybrid (2018) |14 $75614
BMW 740e xDrive iPerformance (2018) |14 $87 027
Tesla Model S 100D (2018) |335
Tesla Model X 100D (2018) |295
Mercedes S550e (2017) |12
Porsche Panamera 4 E-Hybrid (2018) |2%
Karma Revero (2018) | 37
Tesla Model S P100DL (2018) |'315
Tesla Model X P100DL (2018) |289
BMW i8 Coupe (2018) |23
BMW i8 Roadster (2018) |22 $159
Porsche Panamera Turbo S E-Hybrid (2018) |22

-l

Aston Martin DAX Audl 04 e-{ron Bentiey £V SUV

Citroén £-Beringo Audie:{ron A7 Sporbeck | JRETLC I BMW 5 SUV
Jaguar £-Pace BMW X3 EV 04 Cactus Ev Citrodn 04 £V g
i hybid SUV DSBSUVEV ' Honda Civic hyxid CitroénNew C3 £V
: Peugeot New 3008 SV
Kia Nio Hybrid & PHEV
UtV e "'"“3;:‘3&” VauxnalDSIVEY | (et
7 Ww{%egm Ford Mocek€ SUV £0E £ S SUVS
” 4 Honda 77 £V Mazda Pl 0 ybid _
SRl MiniE Countyman ) Al UL | Mercedes-BenzE0E, -
pgnmbng 1 . SE=C KabsW EQ'S sakoons y
° Land Rover Discovery Nissan Leal SUV Peugeot UV EY

Porsche Mission £ SUV ~
Rontault CSUVEV Established car makers

fear being left behind in
S il atechnology battl

Sport hyorid
Mitsubishi Ecipse mid hybrid

Cross PHEV

ST e Nssan Aknow Lea PR Peuoeotlew 308 EV
Turbo S E-Hybrid

{ - =3 Maseratl Allern-£
‘& mc-hytid ) \ =3
Wl  vooiceo B T Y
A DR ybrid - \C@
: a Supet hybrid -
Renault Scenc Hybrd o SK0da SEDTYUN | -,
mid! hybrid — = L compact SUV
Smart Fortwo/ Peugeot 5L £V
i i Renault A New Z0e
TestaMose! 3 R

Skoda Vision £ SUv

Tesia Model ¥ SUV
Voivo e-S60 EV saioon

Volkswagen e-Goll
lacest

205 Volvo S90, Y90 18
$178 piLg-n hybrids



«t« The Grid Keys
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Needed for all interfaces:
* Power set point
(P/Q pr. sec)
* SoC
* ID
* Battery Size

* Performance
indicators




«t« The Control

IEC 61851
CHAdeMO

Grid Keys




~f« The GAP (Standards)

EV-EVSE

IEC 61851
CHAdeMO

Needed for all standards:
* Power set point
(P/Q pr. sec)
* SoC
* ID
* Battery Size

* Performance
indicators

Link
Information

object

IEC
61851

IEC
15118

CHAdeMx

Power Set
point

+

+

Activation
time

<3s

<60s

<1s

V2G

Reactive
Power Set
point

SoC

EVID

Battery size

Vehicle status

(Performance
!\dicators)




~l« The Set up

e | o
’.“I L‘ *é

enel

V2G

Aggregator




«t« The Grid Keys test (Performance

(M)1amod

Active power test pattern

Active Smooth control signal
power Step response

w1l

12

Performance evaluation

Name Description

1 Bi-directionality Support of
bidirectional
powerflow

2 Set point granularity Supported
setpoint
througout the
power range

Activation time Time between
setpoint request
and change in
active power.
Ramping rate (Up) Supported rate of
zhange in power
(increase)

Ramping rate (Down Supported rate of
change in power

(decrease)

Difference
between required
and delivered

Set point accuracy

Set point precision
delivered
response

Unit

wi]

[s]

w]




«t« The Latency

11




«t« The Recommendations (Performance)

Name

Bi-directionality

Set point granularity

Activation time

Ramping rate (Up)

Ramping rate (Down)

Set point accuracy

Set point precision

Description

Support of bidirectional
powerflow

Supported setpoint
througout the power
range

Time between setpoint
request and change in
active power.

Supported rate of
change in power
(increase)

Supported rate of
change in power
(decrease)

Difference between
required and delivered
response

Variation of the
delivered response

Unit

W]

[s]

[W/s]

[Wis]

W]

W]

Target
(First draft)

Yes

<1kW

<10 s
<1s
<100ms

> 10 kW/s
> 1 kWIs

> 10 kW/s
> 1 kWIs

<1kW
<500 W

<1kW
<500 W

Results
EV

OK

to W

Results
EVSE

OK

!
1 ka S\.a(\da

6s (Parker control)

~50 ms (Communication)

(>10 kWI/s

>10 kW/s

(~ow

~0 W




«l«  The Recommendations (Standards)

Needed for all interfaces:

Power set point (P/Q pr. sec), SoC, ID, Battery Size, Performance indicators

© @

@ N

op(i:_:ltorP———{Aggregator}———{ CPO ] ————— ~[ EVSE } ————— { EV
OSCP OSCP OCPP . IEC 15118

OpenADR : OpenADR IEC 63110 '(:E:Azlfﬁé
e




«l« The Summery

1. The V1G/V2G Technology works

2. EV/EVSE's with CHAdeMO 2.0 are V2G ready

3. VGI is more than simple V2G

4. The standards needs the Grid Keys Recommendations.
5. AllEV's and EVSE'’s can be VGI ready

14




1= The End

Thank you!

UBO0
%ﬁfﬁﬁ

Have a great summit.




Parker

Demonstration
- I
Thomas Meier Sgrensen
Project Officer at PowerLabDK
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«t= The 5 VGI control options

ENEL DC

ox @R[
Ton @RI

PWM

NUVVE
EVSE X ev 20

a I oK =\

Aggregator +——
| V2G-DC | VZG'AC‘} j

_V1G-DC
V1G-AC VlG:Amj

\_ _/  CABLE \_ W 4

e GIV-AC

Evlagger
—

-\V

-
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DTU patent
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ol The Parker reference setup




«t« The Grid Keys test (Performance

Active power test pattern Performance evaluation
Active Smooth control signal W] Name Description Unit
power Step response
1 Bi-directionality Support of +/-
bidirectional
powerflow
2 Set point granularity Supported [W1]

setpoint
througout the
power range

3 Activation time Time between [s]
setpoint request
and change in

\ active power.

4 Ramping rate (Up) Supported rate of [Wis]
change in power
(increase)

(M)1amod

5 Ramping rate (Down) Supported rate of [Wis]
change in power
(decrease)

6 Set point accuracy Difference [W1]

between required
and delivered
response

7 Set point precision Variation of the [W1]
delivered
response




Thank you!

Have a great summit.



wlr The results

V1Gac V2Gac DC  V2Gpe GIVoe GIVac

Controlled

Charging  1EC61851 CHAdeMO 2.0 Grid Keys Grid Keys
Leaf ok ok ok
Evalia ok ok ok
lon ok ok ok
Outlander ok ok ok
Berlingo ok ok
DTU-C1 ok (ok)
DTU AC-charger ok ok (ok)

ENEL DC-charger ok ok ok (ok)
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«t«  The GAP — more details

OpenADR

- -{Aggregator}— —_—
SCP oscP

OpenADR

Link EV-EVSE EVSE-CPO CPO-Agg EVSE-Agg
Information IEC IEC CHAdeMO |(OCPP1.6| OCPP 2.0 OpenADR | OSCP | IEC 61850-
object 61851 15118 90-8
Active + + + + + + +

Power
Control
Reactive - + - - ? + ?
Power
Control
V2G - = + - ? + ?
SOC - + + - ? + ?
Activation <3s <60s <1s - - - -
time
EV ID - + - - ? - ?
Vehicle + + + + + - ?
status
EVSE ID NA + + + +
Grid ID - ? ? +

IEC 63110 | IEC 61851
| CHAdeMO

Standards for all
interfaces

ID
SoC
Battery Size

Power set
point

(P/Q pr.

sec)




«t« The PARKER protocol

/%@« .
oh® <g0°% 559
§ Ho . = - ﬂ =~

&@g\) €;§V N & Communication

L —
¢O=
?/ = Energy Energy = Power Flow
- Provider | Market

Standards for all interfaces I
EMSP J | UEs\ér

ID
SoC OpenADR / OCPI\ OCHP
Battery Size Grid P Clearing
Operator House
=

Power set point (P/Q pr. sec)

IEC15118
IEC61851
ChadeMO

< EV \/ OEM




«t« The Timeline

30 new BEVs by 2025, 20-25%
of sales (2016)

7 new electrified vehicles

@ announced, $700M to upgrade

| factory (January 2017)

EVs to be
15-25% of sales by
2025 (March 2017)

[ $560M battery plant
‘ L} $11B to bring 10 EVs
by 2022, 15-25% of
| sales by 2025

India — expect all electric
by 2030, official policy
expected in Dec

lobbied against

Netherlands — lower house passes

motion to ban petrol vehicle sales
by 2025 (March 2016)

Norway — Norway discussing ban of
petrol vehicles by 2025 (June 2016)

Germany — passes resolution
seeking to approve ZEV only by
2030 (October 2016)

China — EV mandates

All new models
emmy) electrified by

2019
—
' starts
7%, Expects
R 20% of EU
sales be ZEV
by 2022 ij
|

sales by 2040

France — to ban petrol
vehicle sales by 2040

Norway — update: to use a mix of incentives
and fees to reach goal of no petrol vehicles
sold by 2025. June 2017

% Venture

O

Model 3 production

Expects 70% of
models in China to
be hybrid+ by 2025

Fully
. = electrified
2 by ~2025

Joint EV

UK —to ban petrol vehicle

12 BEVs by 2025 +
13 electrified

| ™\ S1B refit USA plant for EV, reiterates
S10B for EVs and S1B for batteries

S All new models
sncsumes electrified by 2020 ‘

$84B investment to bring
300 EVs to market by 2030

. |
t hﬂ’ ; New BEV concepts ‘

dyson

Expects all China sales
to be EV by 2030

§2.7 Billion in
batteries and EVS|

Scotland — government pledges
to phase our petrol vehicle

sales by 2032 !
China — “New energy

vehicles” requirements
published

BEV = Battery Electric Vehicle
PEV = Plug-in Electric Vehicle
ZEV = Zero Emission Vehicle

2 new BEV models in 18
months, 20 new BEV
models by 2023

@ Team Edison to make
BEVs, reiterates 13 new
electrified vehicles by
2020, 54.5B in
‘ investments +

reallocating 1/3 of
combustion investment

EV or “electrified” = hybrid, plug-in hybrid, or BEV




«t« The new ref. Arc.
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PROGRAM OVERVIEW

Day one - November 21+

Parker - Recommendations, conclusions and
next steps

Technological Presentation

Open discussion and Parker wrap-up
14.45 - 17.00 ACES - Project Overview
17.00 - 19.00 Walking tour and buffet

m Parker - Technological Readiness

Day two - November 224

[
R CrTr———
I
T T S
R
N

Industry
Initiatives
Projects



«l« The program

12.15 = 13.00 | Lunch and VG Exhibits
»  State-olthe-art techn wsed by Parker
*  Meeds towards standardization
13.00 = 13.30 Fnrl:-n.r 'J“m'i“‘ *  Testing the equipment’s abilities using the Parker test protocel
Speaker: Thomas Meier Serensen
»  Summarized learnings of Parker
Parker - Recommendations, | lm"“!ﬂlm
13.30 - 13.45 P — *  Mext seps achions
Speaker: Peter Bach Andersen
*  Presentation of the Parker cors and chargers
13.45 - 14.15 Technological P sotion * Controlling power based on frequency and marginal C02 emission
Speakers: Thomas Meier Serensen, Olivier Corradi
Discussion directly with the speakers af three stations on the main lopics:
*  Procical
14151445 | Opendiscussion and Parker | |\ L., Colentiol
wrapup . Ti:lnnlngi-nd readiness
Wrap-up of Parker session




