@ PRE power developers

Direct solar high-speed charging
with V2G Wallboxes

Thanks to this box my car
is charged directly from
solar energy and my car _—

can power my house too! [~

e

Menno Kardolus
Director
PRE power developers

www.PR-Electronics.nl



PRE Power Developers - Quick facts

* Development and production of Power Electronics FENY ] I_
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Founded 1984, 50 people, 40% R&D CI—IARIN CHAdeMO

* Since 2009 in EV fast charging, The Netherlands




Mission PRE power developers

Serving the energy transition

Whereas energy will be generated by renewable energy

Whereas electrical energy today will be stored

Enabling the potential of EV’s and solar

- With a full portfolio of core energy conversion products (‘engines’)

Nuclear Power Plant

- in the most intelligent (economic) way

= Thermal Power Plant
Factories - S

Hydraulic
Power generation
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Motorway charging - Netherlands
400 km/hour

Locations Pricing

Fast charging
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Charging solutions

* Motorway charging — 400 km/hour
 Home Office 100km/hour charging

* Home/Office — V2G charging

\V2C

Vehicle-to-grid

g .




Catenary (fast) charging in urban areas



The energy transition - trends

* More renewable energy, unpredictable energy
* More EV’s
* More heatpumps for heating/cooling

- more electrical energy, 10kWp per house needed for energy neutrality

Nuclear Power Plant

New equation: i Y SR —

Hydraulic

* EV’s represent storage

* Enabling better utilization of the grid




The potential of V2G: A better grid utilization

An average house connection can supply 3 x 25A (17kW continous)

The TSO and DSO consider a max simultaneous power of 2kW (12%)

The average usage of a household is 200W (only 1.1%)

— all based on the assumption that electrical energy cannot be stored

With EV’s we will have a large amount of (free) storage available

100.000 EV’s equal a 1GW power plant

— V2G aims to provide energy-storage-as-a-service

— V2G enables Virtual Power Plants



V2G value chain
* EV, Charge point, CPO, Aggregation, DSO/TSO

* - Invest in software and regulations — Smart!

* (do not invest in infrastructure hardware)

Car V2ZG Charge Point V2G Charge Point V2G Grid Operaton

s

Hardware Managem ent & Aggreg ation Aggreg ator
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Unlocking the Market of (renewable) Electrical energy

* Generation: 0.03 to 0.06 EURO per kWh
e Consumer rate: 0.25 EURO (flat rate) - 6 times cost price!
* Today: Month price - based on highest month peak
(= Punishment system)
* Future: Price based on supply and demand and congestion

(= Reward system)

— Reward power neutrality!
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V2G in Europe - CCS roadmap

----_md Level 4 —V2G
Aggregated (bidirectional)

* Roadmap CharIN _— C ;. Level 3—V2H \‘l e

Level 2 - V1G/H \ Bidir ectlonalCharglng/

- Level 1 -V1G Cooperative Charging
Controlled Charging
Grid-compliant Charging _
) o economic interests of the EV
- power,generated by locl owner).

N . ower, generated by local PV
(also aggregation); tariff tables = = by * Supports in front of the meter

panels or similar).

< etc; mobility need taken into

2 charging events from grid to CFO, EVuser, EV or home account R = Supports behind the meter (FTM) use cases

2 oy energy management (HEM). . . (BTM) use cases * Swarm Q!Jahﬁﬁﬂtlﬂﬂf"

-§ * The charging power is below + The EV is capable to wake up * Agegregation(local, per charging vigret ation across larger area
a thresholds, requiring for defined start/stops. SEER (entire state or country)

* Reaction timings are defined.
* EV//EVSE, HEM consider
variable power settings.

controllability / load
management by the DSO.

Local regulations
EV and EVSE

+ See level 2
EVSE and grid

* See level 3

* Various local regulations per Local regulations Local regulations Local regulations

country (e.g. grid codes, EV and EVSE EV and EVSE EV and EVSE

IEC61851-1, IEC 60364 series, * PWM signal, IEC 61851 * 150/IEC15118 Ed1 * See level 2

], * DIN-SPEC 70121 (for DC) * Telematics * 150/IEC15118 Ed2
EVSE and grid (Utility, CPQO, ...) EVSE and grid EVSE and grid
* OCPP 1.6 = OCPP 1.6f * See level 2
* Demand-response * See level 1 * EEBus
* Opt-out possibilities * ToU * Many requirements still

missing

* Many requirements still

“
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today till 2020 e ~till 2020 till 2025 ~ T~ around 2025
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Grid connection ~ Gridint ion



{0) PR

Vision: The temporary on-board charger (OBC)

* The OBCis only used for the car <> A DC wallbox is used for multiple cars

* The OBC needs to comply with automotive qualifications <> household qualifications
* It represents costs, weight, volume and potential failure <> wallbox is still expensive
* OEM’s struggle: 3kW or 10kW OBC

* Ipace, Leaf, Model 3 - 3kW OBC

* Home charging: 30 hours charge time

CONNECTED TO |

A DEDICATED
240-voLT |
CIRCUIT




The idea of direct solar charging

* Anticipating on DC Wallboxes offering home/office fast charging

Thanks to this box my car
is charged directly from
solar energy and my car

can power my house too!

 DC wallboxes that will be bidirectional for V2G services

* Having a solar installation next to them...
* - Guide the solar energy directly to the EV battery —

or a local battery storage

* Developed in cooperation with Delft University of Technology, group DC Systems,

DCE&S

(Proff. P. Bauer, Dr Gautham Ram)

DC systems, Energy
conversion & Storage

]
TUDelft




How it works

QD Pre




Four power flows

« Solar inverter + V2G EV charger
* NO cost added for Bi-directionality (software enabled feature)

« Bypass the solar AC/DC converter
— Shortcuts are the best inventions! (Patent the obvious)

PV > EV e o o

Grid > EV %-

EV > Grid _@

PV > Grid - - "}
‘__ |

W




The benefits of V2G direct solar charging

* All-in-one, integrated solution for: fast charging, solar generation and storage

* Cost reduction for PV solar investment (50%)

* Excess solar stored in EV batt.
* or local battery

* - contributing to effective solutions

for Virtual Power Plants

L8\ ppor
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Innovate UK trial / first results / Nissan Leaf owner

12.8 kWh 10.3 kWh

* Energy trading
* Aggregation by Kaluza
* Services by Ovo Energy

* Charged by Indra Technology

Daily Charging Profile

. | Imported Exported

image source: Indra Technology UK




Innovate UK trial / first results / cost savings

Cost savings for EV owner

Energy bill of a Nissan Leaf owner

Electricity

Consumption charge

513 kWh at 13.72p from 1st - 23rd August
28 kWh at 17.54p from 24th August

167 kWh at 14.24p from 25th - 31st
August

Standing charge

27.40p a day from 1st - 23rd August
21.73p a day from 24th August
27.40p a day from 25th - 31st August

() Gas

Consumption charge

131 kWh at 3.08p from 1st - 23rd August
5 kWh at 3.91p from 24th August

37 kWh at 2.81p from 25th - 31st August

Standing charge

27.40p a day from 1st - 23rd August
24.86p a day from 24th August
27.40p a day from 25th - 31st August

@& Upgrades

£99.07

£8.44

£5.28

£8.47

POLAR plus 285 £0.00

Green Electricity £500 £0.00

OVO Interest Reward
Vehicle-to-Grid Export Credit

VAT
5% of £62.51

Total charges for August 2019

-£1.20
-£57.55

£3.13

£65.64



Innovate UK trial / first results / cost savings

Electricity

Consumption charge

513 kWh at 13.72p from 1st - 23rd August
28 kWh at 17.54p from 24th August

167 kWh at 14.24p from 25th - 31st

* Cost savings for EV owner

Standing charge

* Energy bill of a Nissan Leaf owner i ek S

27.40p a day from 25th - 31st August

* EV plugged in at night for 13 hours a day ) Gas

Consumption charge
131 kWh at 3.08p from 1st - 23rd August

® 50% SaVi ngs 5 kWh at 3.91p from 24th August

37 kWh at 2.81p from 25th - 31st August

Standing charge

27.40p a day from 1st - 23rd August
24.86p a day from 24th August
27.40p a day from 25th - 31st August

& Upgrades
POLAR plus o

Green Electricity £565

-

/\’ Vehicle-to-Grid Export Credit

Total charges for August 2019

OVO InterestROWAIG — — — — _ -

£99.07

£8.44

£5.28

£8.47

£65.64
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Next step V2G: Direct solar charging

* Combined PV, Home fast charging, storage = lower initial investment
* Higher efficiency: 5 to 20% less losses

* All-in-one solution: better user experience




Share the sun project, The Netherlands

(BRON: www.DeelDeZon.eu), Mr. Johan Janse



http://www.deeldezon.eu/




Thank you for your attention!

* Products PRE power developers

* Linkedln

* Facebook

* Flyer

Fast Charging POWER MODULES V2X Home & Office POWER MODULES

PRE

power developers



http://www.pr-electronics.nl/en/news/32/pre-launches-new-ev-charging-solutions-for-2017-at-electronica-m-nchen/
https://www.linkedin.com/company/pr-electronics/
https://www.facebook.com/PreNL/
http://www.pr-electronics.nl/media/documenten/PRE-Flyer-Charging-2017.171016.100934.pdf

