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Internal Combustion Engine (ICE)

Are Maler | Elad Fiohman

vs. Electric Engine

Electric motors generally Disadvantages of Electric Motors:
Are easier to maintain Battery range (capacity)is also a
Are very efficient (85-97% problem for EVs
compared to 20-40% for ICESs) Temperature constraints can be a
Have a very wide range of operating disadvantage for'electric motors,
speed. so need no gears, or fewer due to the batteries themselves.

gears, to move through their full
speed range

Make it easy to incorporate
regenerative braking

Can provide full torque from
stationary

An electric motor is likely to last
much longer

Electric motors are more quiet than
ICEs.
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Regulation
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Regulation (cont.)
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L& Electric vehicles are seen by governments
as an important part of cutting emissions
and reducing global warming. After all, what

comes out of the car is completely clean,
but nonetheless some scientists are
questioning their green credentials.

Concerns are focused on two areas:

- How electric vehicles (EVs), and particularly their
batteries, are manufactured
- How the electncny whlch powers them is generated
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L& EV’s are clearly better for the environment
when compared to ICEVs or even Hybrids.
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“From Pump

to Plug ”

“ It takes about three minutes to fill up a petrol or diesel engine car at
a filling station with enough fuel to travel about 300 miles, costing
about $35 in the USA and about £52 ($80) in the UK.

To travel 300 miles in a small EV passenger car would need three full
charges of a typical 25kWh battery used to power these vehicles
costing about $2.50 per charge in the USA with electricity priced at
$0.10 per unit (kWh) and £2.50 ($3.90) in the UK with electricity priced
at £0.10 per unit.

Ana Maler | Elad Fiohma
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BEV Revolution vs. LED Revolution
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BEV Revolution vs. LED Revolution (cont.)
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BEV Revolution vs. LED Revolution (cont.)
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km, VAC /
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On-board vs. Off-board equipment  :DC -1 AC n1'wo niv'w mw nin"'p

I
AC Charging 4 I > DC Charging
I
///' I \\‘
/ | h
/ I \
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I — 1 D DC Fast
‘/ On-board | PR ST, Charging
Charger - I r Station
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Every vehicle needs to have its own Infrastructure investmentis shared
onboard equipment with hundreds of users
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The charging level describes the power level of the charging outlet:

“Levels” are indicative of the charging power. The higher the level the higher
the power whether itis AC or DC.

Level 3 charging doesn'timply DC. It can be either AC or DC.

Level 3
AC A DC —
Level 1 Level 1
More
Level 2 “imer
g Level 2 (vait) Level 2 (spark)
Shorter
c.harglng Level 3 (T8D) Level 3 (18D) (audi)
times
Level 1

-

htigs Mesdasys convehamng lavels-axpl sned-Dowsd




n"ya o ™ oo SAPIR CENTER YR, Ltd.

| Elad Frohman

Ana Maler

(IEC-61851) 'non'x |pn 7y oolanw 61851 '"'n

DY 207N ¥ 727 “wn 207 757 nnXNNI YN DIYLARN YIN'YT7 NIYA DN [Pha NThyY
[7N7 NIN'RN

Charging stations:

*Standard: EN 61851
*Topic: General part and setting of modes and cases of recharge

-
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Modes of recharge
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Modes of recharge (cont.)

MODE 1

Connection of the EV to the a.c. mains using domestic connectors up to 16A, type A 30mA
RCD protection in upstream.

MODE 2

Connection of the EV to the a.c. mains using domestic or industrial connectors up to
32A, type A 30mA RCD protection, control device on the cable.

MODE 3
Connection of the EV to the a.c. mains with dedicated connectors, type A 30mA RCD
protection, control device in the charging station.

MODE 4
Connection of the EV to the a.c. mains with off-board battery charger.

GEWISS ~wn nmvma (a1 toen men} axnk nnan nwon EV Chargng Station - JOINON Propesal romin nigh
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Charging Modes and Protective measures (cont.)
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Cases of recharge

CASE A
EV connection to the a.c. mains using a supply cable and plug permanently attached
to the EV.

CASEB

EV connection to the a.c. mains using a detachable cable equipped with plug and socket.

CASEC
EV connection to the a.c. mains using cable and socket permanently attached to the
charging station,

GEWISS um npewna (meas en nen) 2w nan ggan EV Charging Station < JOINON Propesal numn i
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IEC-61196-2 |7n '97 (Plugs) omann 210 3om'y
D'1I0ON N¥' DY W7 X727 2000 707 Plug-n nnxknn nn'oan |[7na nTny

Connectors

*Standard: EN 62196
*Topic: General part and setting of dedicated connectors for the recharge of the

electrical vehicles both in AC and in DC

S
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EV recharging connectors

O O 4 L
aracte CS DE DEe AndeMO ombo
Poles Sigle phase Single / Three-phase DC Single / Three-phase
Max Current 32A 63A 125A 63A 125A
Max voltage 250V 500V 500V
Scheme o \‘3__/_/
o N :
\AS)
Nissan, Renault, Citroen, H d Soass Renault, Daimier,
Automotive Mitsubishi, Peugeot, gﬁ:"mg:::’fe; 1;7;'\70' hg:sazol:ng;g.:u Tesla®, Smart, BMW, VW, GM,
brand Opel, Chevrolet, Toyota .BMW VW f ug K'i % : Mercedes, Volvo, Porsche, Audi
e Ford ; BMW, VW
'” e—
A
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Cont. EV recharging connectors (a.k.a. plugs)

> Type 1 Plug
The tgpe T plug i ¥ single-phase plug which aloes St crarging pows ekt of up 1o 74 MV (200 ¥ X1 A) The standard is mainly uaed in Car
moduls fromn e Asles regioes. and Is 1400 I Eurspe. which is wiyy thare e vary faw publc fype | charging stal

» Typ 2 Plug

The tipda-phane phug s o aees of datrioutan iy £ 1o be Pie standiard model n privaly

PG power wawiy of

opte 2

2N
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of guck chargng . asd wapp

. » Combination Plugs (Combined Charging System, or CCS)

w lovel) of up %0 170 AW, In g
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> Tesla Supercharger

Fot ity sepercharger. Tests uses & macdied varvion of the Sype J Mannekes phuy This shows for the Model § 1o isttape o
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» CHAdeMO Plug
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Connector type

AC

Tipo conector

A/CT_RVE_EN pdf

Cont. EV recharging connectors (a.k.a. plugs)

No. of pins

(L1, L2/N, PE, CP, CS)

fL

No. of pins

9

(2 Power, 7 signal)

9
(L, L2 L3, N, PE
CP, PP, DC+ DCH)

L2, L3, N, PE, CP, PP)

Maximum voltage

250 V_ Single-phasa

500V, Three-phase

250V, Single-phase

Maximum voltage

S00V,

850V,

Maximum current

32 A single-phaae

(up to 7.2 kW)

B3 A three-phase
(up 10 43 kW)

70 A single-phase

Maximum current

120 A

1254

Reogulationa

IEC 62196-2

IEC 62196-2

Regulations
IEC 621961

UL 2651

IEC 62196-2
IEC 62196-3

Footures

SAE J1772 Regulation

For single-phase
or ivea-phase charging

Features
Fast charging In OC

In comphance with JEVS
G105

Type CHAdeMO

Combined AC/DC connector

Type COMBO 2 CCS

| Elad Frohman
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Which Plugs Are There for the Home, for Garages and for Using Whilst in Transit?

> Domestic Socket

Charging power levels of up 10 37 kW (230 V. 16 A) can ba reached with & domestic socket with the appropriats fusing Your electric car will be
charged via a mode 2 charging cable YWe would definiely recommend a maximum charging power of 23 kW (230 V. 10 A) if the socket has not
been checkad befarshand Domestic sockats can afso sometimes be found at public charging stations  This charging mathed is avallable for all

esactric cars

» CEEPlug

>
00 |
@ O 0O ha CEE plug is available in the folowing varants
O

1 @s a single-phase blue option, the so-called camping plug with a charging power of up 10 3.7 kW (230 V. 16 A)
2 as a triple-phasa red verslon for industrial socksts

o the small Industrial plug (CEE 16) allows for charging power Javels of up to 11 KW (400 V 2B A)

« e large Industrial plug (CEE 32) allows for charging power levels of up to 22 kW (400 V. 32 4)

-4

ichargmg.cable and plog types

lit1p [y
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What Types of Charging Cables Are There for Charging Electric Cars?

> Mode 2 Charging Cable

The Mode 2 charging cable is available in different versions. Often the Mode 2 charging cable for connection to an ordinary domestic socket is
supplied by the car manufacturer. So if necessary drivers can charge electric cars from a domestic socket in an emergency. Communication
between vehicle and charging port is provided via a box connected between the vehicle plug and connector plug (ICCB In-Cable Control Box). The
more advanced version is a Mode 2 charging cable with a connector for different CEE industrial sockets, such as NRGkick This allows you to fully
charge your electric car, depending on the Cf ' in a short time at up to 22 kW

> Mode 3 Charging Cable

The mode 3 charging cable is a connector cable between the charging station and the electric car In Europe, the type 2 plug has been set as the
standard. To allow slectric cars to be charged using type 1 and type 2 plugs, charging stations are usually equipped with a type 2 socket. To charge
your alactric car, you require either a mode 3 charging cable from type 2 to type 2 (e g. for the Renault ZOE) or a mode 3 charging cable from type
210 type 1 (e.g. for the Nissan Leaf)

.

btap [ivwww, mobdtyheuss canyen/chargmg-cable and plogtypea/
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Charging time for 100 km of BEV range Power supply Power Voltage Max. current

6-8 hours Single phase 3.3 kW 230 VAC 16 A
3-4 hours Single phase 7.4 kW 230 VAC 32 A
2-3 hours Three phase 11 kW 400 V AC 16 A
1-2 hours Three phase 22 kW 400 V AC 32 A
20-30 minutes Three phase 43 kW 400 V AC 63 A
20-30 minutes Direct current 50 kW 400-500VDC 100-125 A
10 minutes Direct current 120 kW 300-500 VDC 300-350 A

.

hitps Jevenpedis oeg/vaie/C haraing_station:
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Follow the car through Europe, and open standard protocols

2010 - 2016 2017 2018 2019 2020 2021, ...

L

DC high-power charging CCS (2350 kW @400/900 V)

DC high-power charging CCS (2150 kW @400 V) ; ag ﬁ
s e
= “ =
ool

DC fast charging CCS ““
(50-150 KW @400 V) - o
2 =
e WG W, ke

YWl Vwetor .
- e
o

DC fast charging g“ e O =
CHAdeMO Wisaan Laal 10 m* S Teula +atigtie
Crrods

(50-150 kw @400 V) _‘.v,,',.(. Wissan L 0s

- G
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B
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AC fast charging 43 kw
A =13 LTSN —
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Tesla 10001 S Dglrrder vt £ o8 ! o011 SRR,
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Hr, kW, km, VAC / VDC

Follow the car: key car developments
Step-by-step range improvement, long range in future

30 kwh / =50 kW charging
) BMW i3
33 kwh / =50 kW charging ngh volume

e production

o Hyundai loniq
w 28 kwh / ~50 kW charging

VW e-golf update
35.8 kwh / ~50 kW charging

Mainstream segment

_‘_’. Chevrolet Bolt / Opel Ampera-E

w 60 kWh / ~50 KW charging

Audi e-tron
4 94 kWh /=150 kW chargin:
Medium volume i

production - Porsche Misston-E
7 kWi / =300 kW charging
2016 2017 2018 2019 2020

S
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Hr, kW, km, VAC / VDC
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Driver: The EV range roadmap for EU, USA, APAC

Batteries get bigger, range gets longer / DC Charging power increases in the coming years

an | a2 | 213 | 2me [ s | ame | a7 | 8 | 29 | 2 | 2m Small cars:
Mass market EVs 50 - <150 kW

b

Mid/ high segment:
120 - 150 kW

Top segment:
0 G at co ercial locatio 0 ~300/350 kW

A
L arging ome / orrice O H:”
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Public and commercial car charging - use cases
Charging service should match charging application and demand

Public and commercial EV Charging

AC destination DC destination DC Fast

CTU TR TR BT

l 13 - | | ] = Trd

N

B

=

Office, workplace
Multi family housing
Hotel and hospitality
Overnight fleet

Supplement at DC charging
sites for PHEVS

Office, workplace

Muiti family housing

Hotel and hospitality
Parking structures
Dealerships

Urban fleets

Public or private campus
Sensitive grid applications

[Agnl 5th, 2018 / Andreas Musliee / Johan Peeters / Bat Nederstigt / Steven Doresteyn /EpEw ] ABB owun

Retail, grocery, mall, big
box, restaurant

High turnover parking
Convenience fueling
stations

Highway truck stops and
travel plazas

OEM R&D

Highway corridor travel
Metro ‘charge and go'
Highway rest stops
Petrol station area's

City ring service stations
OEM R&D

EV Chargng Inhastructure - High Power Chasging pressntation nawn niph
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Range anxiety
Charging anxiety

{_ @ o
" svmiA >150 kW
S
= P
didig sokw
Jdddddddai
-

More Outlets more
Locations!
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How It Works? Charging Mechanism

Are Maler | Elad Fichman

EV Chargers

Meteringand Billing
(Public Charging)

2kWto 20 kW
Single or 3 Phase
AC Supply

Meteringand Billing

3 Phase AC Supplye | Variable ﬂ
Al oC interiocks §° |
|_Variable DC  (Controlied Voltage and Curr .u'*-

htip i =yl ¢ 4l piurs
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How It Works? BMS Implementation

Ane Maler | Elad Fiehman

Vehicle Energy Management Functions

Battery Management System
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Utilizing Street Lighting Infrastructure for
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EV Charging
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Utilizing Street Lighting Infrastructure for

Ane Maler

EV Charging
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Utilizing Street Lighting Infrastructure for

Ana Maler

EV Charging
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Utilizing Street Lighting Infrastructure for
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EV Charging
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Utilizing Street Lighting Infrastructure for
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EV Charging
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eBus Charging
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eBus Charging

e @ S Tnrrmao'knn B& C
. n'7'yo eBuses
217002 0'V1 TWUN
D'YIA7 NY'0)
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NMTAINM NN
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: OPPORTUNITY TNIMA O'R’Nn A

it CHARGING n'1yo X7 eBuses-Y

AN\ NY7 NIINN2 021N YW

_ END-STOP n1'yu") 0'slona IX

OVERNIGHT { RS ("N
CHARGING

SIEMENS tyon :-Ch.tgmg cht!n:lm On:rmw nann ngt SESIEMENS uv_m Charge your h.ture .m ’u: Snerwn: eBu "h.rgmg Infrastructute naxon m;fx

Opportunity charging

« Charging time 15 seconds

« Charging power 400 kW/ 200 kW

= Energy storage grid connect 50 kW
* Automated on-board pantograph

* Location each 3-4 stops

Opponunity end-stop charging
Charging time 6-8 minutes

« Charging power 150/300/450 kW

* Demands typically CSS

* Inverted pantograph at station

« approaching to Street Parity

« Location on each end-stop

Plug based charging AC or DC
Charging time 2-14 hours

+ Charging power 20-50 kW

« AC on-board charge

+ DC ofi-board charging

+ Location depot or end-stop

Ana Maler | Elad Fiohman
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THANKS!

Any questions?

e/
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