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Societal Megatrends for the next Future

[WIN

Illl

Energy Resources

70% of global oil and gas
reserves in just a few counties

Habitability
Increased Population
27 Megacities by 2025
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Energy need

Growing electrification of
society
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Global number of motor vehicles in Billions

VNIVERSITAT
D VALENCIA

2000: 1 Billion
2050: 3 Billions

850 1900 1950 2000 2050 2100
60 -
g Global Gt CO2 emissions
(950 .
REF. OECD Environmental
Outlook to 2050
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* New Business Opportunities
& Energy Dependence Reduction 7" """ N

I

‘ Energy supply

Competitiv;lne\s

] 5 ---------
..ﬁe.ﬁmﬂ'

r Reducing Energ |II

Increase Renewdble Energy oy 20%
Intelligent Boost R&D & ntrkets for EU®slobal leadership
- Create new bl‘lness opportulities

Loss reduction
system and system

level
Smart infrastructure

Security of Energy Suppl)' Susta“lability

Reduce EU’s energy dependence Reduce GRgen House Emissions & Other Particles
Reduce investments in energy depei\dence Limit Enwr‘nmental Degradation
Improve energy balance More Confo‘table Cities

I \
/]

Source :
G.Miladinova,
DG Energy

EU Commission ¢ Energy EfﬂCIenCy * Green HOUSG EmlSS|OnS
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Contributions to reach the EU2020 objectives

Competiveness

—
E-Mobility allows to
create new business
opportunities in
traction systemes,
infrastructure, new
materials

E-Mobility allows to
reduce the EU’s energy
dependence

E-Mobility allows to
reduce the energy bill

E-Mobility allows lower

E- Mobility allows the
Electromo overall well to wheel

integration of EVs into
Smart Grids for
assuring secure
electricity supply

bility CO2 emissions than ICE
vehicles as well as
other contaminants

Secure
Electricity Sustainability

I :
E- Mobility allows more
efficient traction

systems than ICE’s

E-Mobility allows the
use renewable energy
for charging EV's




(Million Metric Tons Carbon Dioxide)

Sustainability

Reduce Green-House Emissions by 20%
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Light Duty
Vehicles
10%

Transportation
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Long-run CO2 concentrations and temperature increase
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Global Carbon Emissions by Sector

Other Sectors Residential
9% 8%

Other

14%

Key Impacts of increasing global
temperature
Decreasing water availability in mid-
latitudes
Up to 30% of species at increasing risk of

extinction

Cereal productivity decrease in some
regions

Increased damage from floods and storms
Increase burden from malnutrition,
cardio-respiratory and infections diseases
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Reduce Green-House Emissions by 20%» ‘e
EU27 Greenhouse Gas EU27 Greenhouse Gas Emissions
Emissions by Sector (%) by Mode of Transport (%)
- Domestic Int’l Maritime; Domestic
Comercial; 3,5 pesidential; 8 Aviation; 1,65 13,64 — Maritime; 1,65

Other; 4,7 Agricultural; : Industrial ,
- ~ Processes; 8 Int’l
s Aviation;
o = 10,74
" Rail

Transport;
0,83

Traggg:;[g‘aansport Emissions in China|( 2007)

Transport Other Transport
Intl. Marine 4%

CO2 Emissions in China (

Manufacturing
& Construction
31%

11% _\
Other Sectors Domestic °
8% Aviation
8%

Intl. Aviation _~
4%

Domestic
Aviation
6%
Energy

53%
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Reduce Green-House Emissions by 20%

CO,g/km - 2013 2017 2020
NEDC Cycle
(MPG - CAFE Cycle)

95
(61 MPG)

1523
(39 MPG)

109
(53 MPG)

167 145
(36 MPG) (41 MPG)

I Enacted (through legislation) Proposed Estimates based on current trend
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Reduce Green-House Emissions by 20%
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300
Carbon Emissions (gr. CO2/km) « | Tank to Wheel (TTW)
250 1 \ = Well to tank (WTT)
200 +— \ Ref_Kromer at al_FElectric
Powertrains: Opportunities
and
WTW WTW Challenges in the U.S. Light-
150 _ 65% 55% n..fy\ hicla Flagt
reduction reduction —
100 - —————
50 I -
0 —- :

ICE HEV PHEV FCV BEV
16,000 100%

Annual Emission per Vehicle ( Lbs of CO2

14,000 | caivaiont

Fartivvalen
cLyuivdichi

100%

Ref. A Roadmap for moving to a
ompetitive low carbon economy in
050. EU Commissiont

0% Power Sector

12,000 1 Current policy
10,000 1 60%-
80%

8,000 - 8 i 2 Reduction

40% -
6,000 |

Transport

4000 EVv . PHEV - HEV - ICE | 20%- “ 20%

Non CO, Agriculture
2 vOOO L - . Non CO, Other Sectors
Ref. DOE Alternative Fuels & Advanced Vehicle 0% - 0%
0 - Da'ta Center - : 1990 2000 2010 2020 2030 2040 2050

80%

Residential & Tertiary 60%

40%




Sustainability

Reduce Green-House Emissions by 20%
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Reduce Green-House Emissions by 20%
a Nissan Leaf

CO, reduction

A
i Ref. Yole Development
100% Pure electric p
-/ (3%,
. ?z_‘, 9
GM chevy volt
e
R rl Plug in Hybrid
~. |
o (PHEV)
Toyota prius
50% R
ap internal At
combustian ectric driving
& FU” engine -
Honda Civic hybrid (Gasoline/Diesel) “emission free”
30% . T
Mild
stop/start mild full plug-in plug-in  fuel cell battery
hybrid hybrid hybrid hybrid hybrid  vehicle electric
10% Citroen C2 degree of (parallel) (serial/ vehicle
Micro electrification range ext.)
5% 0%

hybri

$1,000 $5,000 $10,000 $15,000
Additional cost compared to regular ICE 12
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QGH

R&D phase

SiC
basic
technology

10

SiC
device
technology

Basic te?chnology
or )
power conversion

Power s

stem

technology

[ By replacing the Si by a
SiC Device, the power .
loss can be reduced to _— 4
JAPAN

one-third. By 2030,
close to 6 Millions kW of
energy can be saved in

v Regdction of

5.8 million kW

Power conversion loss (X million kW)

Japan Reduction of sonversion loss v

Conver5|0n loss in dISDerSEd Reductlon of

s | in industrial power suppl conversion
power equipmes 6f smali-medium [Oss In main

Dower systems power system
-
I. ® )
o
O m—E——
1990 2000 2020 2030

oss in case
f S devuce

Loss in main
power system

- DC transmission
- Power
compensation

(SVC etc.)

Loss in dispersed

power supply

- Solar cell

- Fuel cell

- Superconductive
power storage

Loss in peripheral
circuit of power
system i
Loss in small-medium
power systems

- Protecting circuit

- Utility pole

Loss in industrial
power egquipment
- Inverter

- Electric vehicle

Source: Kazuo Arai, Trans. Systhesiology vol.3 n
4 (2010)




Security of Energy Supply

Increase Efficiency by 20%
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2,6 billion barrels of oil
import saved/year

Source :

G.Miladinova, DG Energy, : Less Wind Tu-rbines

EU Commission




Security of Energy Supply
Increase Efficiency by 20%
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_5%
-33% electricity grid
electricity -6%
generation battery  -4%
electric motor
_4%
powertrain mechanical Iggses

i

Energy loss

CO, emissions

100%

ENERGY 100 %

ELECTRIC VEHICLE

-q% -64%
reﬁgngry diesel engine

Energy loss

CO, emissions

...70/0
powertrain mechanif§a

SN ERGY 100 %

DIESEL VEHICLE

Ref. PROTOSCAR



VNIVERSITAT
D VALENCIA

Security of Energy Supply: gﬁ’»

Integration with Smart Grids s

V2G concept allows user of SO SIERTERD R
EV’s, to sell back to the

electric utility excess energy
storage from the battery of
the car

N

125%

Grid fre- 4 Stabilization
quency through control
Hz reserve

Ao
'/\/W'J

EV’s can contribute to
improve quality and
stability of the grid

1m%

5%

A
Vo VW
0% 4N

Evs” allow an Unforeseen ’7

efficiency increase by '7;
2%

flatten the Power event ]
delivered by the Grid 4 4 M

¥ y y t >
123 i Eed s s e 123 (6618 samne 08:00 0900 1000 1100 12:00 131.90

0%
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New Business Opportunities & Reduction on Energy Depende:"

Oil Barrels consumption/day

1

1

Ref. Hirsch, Bezdek, and Wendling “Peaking Of World Oil Production: Impacts, Mitigation, & Risk Management” :
1

1

China
2020: 13 Mbd

125 -

Europe
2020: 15 Mbd

million barrels per day

1960 1970 1980 1990 2000 2010 2020 2025
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New Business Opportunities & Reduction on Energy Dependence

22l VNIVERSITAT
“# %7 D VALENCIA

Electricity production share in the next decades = Renewables
y P 37.000 TWh 2030: 5.200 TWh
Renewables 2008:600 Solar:28%
o :
TWh 1452 Biomass: 13%
: Wind:48%
Solar:2% Geothermal: 3%
Biomass: 47% 21.000 TWh
Wind:28%
Geothermal: 13% 3% 13%
- — Source:Dr. Michael Weinhold-
SIEMENS
Share of fuel 1990-2030 13% 21%
(% shares of world energy use) _—
1990 2030 F |
<> Renewables* 04 6.3 22% 055l )
Nuclear 56 6.0 Energies - Renewable
Hydroelectric 60 6.8 _
Coal 273 217 S
Natural gas 218 25.9 Nuclear
il 389 27.2 Gas
Ref. Oil Dictatorships Require High Qil Prices: Can They Hol “
2008 2030

TENERGY

Today, roughly 70% of all electrical energy is estimated to be processed by power electronics and its application
space spans automotive, renewables generation and integration, electric-grid infrastructure upgrades (i.e. smart

grid), and energy efficiency
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%

10m2 roof
needed for
driving
10.000

Sun2Grid
and/or
Wind2Grid

5 'l\‘ 3 & 7‘: e
f Reduce Petrol Bill &

Reduce EU’s Energy
Dependence
by using Renewables

Hydrogen FCEV -> 434 000 km
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New Business Opportunities & Reduction on Energy Dependence

Power Train Costs Estimations

Power Train Market Potential

motor?

Actual Players

Power
electronics electronics
Other? Other¥
2010 2020

Souwce: Rolend Berger [ ] captive [ ] Accessible HEV Il Accessible EVIPHEV EESC_Brussels_20100630pptx | 24

I
I
I
|
EV PHEV” i 11.9 12.0 Ref. Roland Berger
Powertrain costs Powertrain costs E 45%
S i 9 +300% 2l
700 i - 14
. 10% 9
16,500 . | 2.6 | 15%] 15%
I 0 0 %
: || ‘80% 40% — 50%
Battery :
oot i A 2020 2014 2020 2014 2020
Electric)l m o
|
1
1
|

New Players

Energy Storage Systems: up to 60% of EV value and a key
differentiator ( range, size ...)

R&D Large

Power Electronics with high Communication capabilities
Increase

Chain brought by

Ref. Impact of ICT R&D on the Large-scale Deployment of

EVs Electric Motors: with high ICT content

the Electric Vehicle AEA Technology plc
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Cumulative Public, Private, Semi-Public Charging Station
Deployments — EMEA — 000s of Stations

r’.,\

2012 - Total Charging Station Deployments
(Thousands of Stations — Public, Private, Semi-Public)

B e = 3.600.000
54.500 in — 7~ —
2012 ’j_ ging =
3,000 ~
2,500 ] 7
7~
2,000 //
° i 1,500 i
e BE 1,000 -
- 4_—_,_- " . ” " " " "
Ref. Alastair Hayfield, EmerginéTechﬁologies 2012 2013 2014 2015 2016 2017 2018 2019 2020
VG 40000
Ref. CHAdeMO 1—Ref. Alastair Hayfield, Emerging Technologies 35.000
35000 —
3 N / )
30000 ——— Z
] /
] /
25000 - /l
20000 - /
= 15000 1
AP PP 10000
T Zag! ) o
;%%.egauchm EE l
\
\Bul aria- }
Tyrrgggfan d "G == ~ -Istanbul Ank .
Tupis Attiens 12T 2012 2013 2014 2015 2016 2017 2018 2019 212020
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Key Issues for the deployment of EV’s
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comparable to ICE comparable to ICE comparable to ICE
v’ Lower Battery costs v More kWh/litre v More Charging Infrastructure
v" EV Series Production v' Extended Range needed
Battery Size ﬂ@ Pack cost per kWh
Ref. Boston Consulting 1500 - US/kWh Ref. Boston Consulting

990-1,220

i
O
©
[a
>
—
()
4+
4+
©
[as]
=
-~
o
(9]

2011 2020 2030 2009 2020
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Key Issues for the deployment of EV’s
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Average TCO disadvantage of EV vs. ICE

Chinese RMB p.a., segment C * PHEVs with 15 kWh battery are expected

to become cost competitive with ICEs
around 2016, but BEVs only after 2020

é 15,000
* PHEVs with a smaller battery (10 kWh)
| can compete with ICEs around 2014 —
BEV 10 KWh battery can offer 40 km range,
10,000 enough to meet the driving needs of most
commuters in China

5,000 PHEV (15kWh)

Shanghai

-5,000
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Key Issues for the deployment of EV’s

Charger

Main Charger —_—

Auxiliary Charger ko

Converter =

Inverter

Direct
Cumment (DC)
Bectricit v

Electric Motor

_________________________________________________ j r----------_
| Range
11 Extender
11
I Module

Alt ernating 3
Current [AC) MMachanical
Eedricitx_ Tra—-ifs-

rotor Engine

Higher
ot =age
Direct
Current (DC)
Electricity

Inverter

Ahitern=ting
Current [ C)
Bedcricity Transfer

BEV Range: 150 km
Extended Range: 500 km
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Key Issues for the deployment of EV’s

Before By March 2015 the UK Key
:l:'"""“. _ @ Existing Rapid Chargepoints
d chargepoints S
Tokyo - Nagoya : " 5Ny
highway 350km e Yokyo L = UK Mandate:
g rations N Up to 25 rapids / ) One Fast Charging Station in
m prea of gV redl® / being installed /) every Petrol Station in any
4 oya 4 I Scotlend N .*, Motorway by 2020
‘ ‘ \/‘f fr ,5”_»1’;.
A.:f.i . Up to 50 rapids
K Ref. CHAdeMO — © being installed in
%.H @ ® - the North East
CHAdeMO units: 2 k
19% i T
O of EV drivers A, Up to 36 rapids
5 : \ —~—e being installed
using a highway N \ J : in Yorkshire
Ref: CHAdeMO After L 7
T — P~ 29 rapids being
- s Y installed in the
Tokyo - Nagoya g\ 4 b of England

highway 350km ~ Tokyo - PN
’,»-"" ] 2 ) 4 l“ P -
Nagoya @ 120 rapids being Rt | oV 0/9/«{_
/ installed in : 45 ,'
KL | the Midlands ) e , T~ .
E @ Ref. CHAdeMO ’ grogen ® '
—— <P
Up to 63 rapids -~

CHAdeMO units: 6 being installed in RS
46% , JUR\VET (1 {-HI |the South West 97— e
O of EV drivers "

—— —

Up to 125 rapids
being installed in
the South Easb

800.000 Charging Points
using a highway in the EU by 2018

Ref. ln)/es{irfg in ulffa low emission vehicles in the UK, 2015 to 2
Office for Low Emission Vehicles-UK
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Key Issues for the deployment of EV’s
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Phase 1 of ESB ecar
Fast Charge Point roll out plan

relanc

FASTNED NETWORK /2015

Ho”ana |

L)

@ Tank strem med
CLEVER, nar du
er pa farten

shavsveien

1ot doc o bl o hele Horge.

ermany Norway

stonia

5 Q
9Tw'¢' % én %n%g -3
% 'QQ%Q %QQ‘ Q.-

%Iu Thné Q ;

e 0%
Q@ Q (E omabeQ'

S K N
@ Q Q. K.Qu.§(§ > Q

=y »
) %
Kura kurgu Q(] r; 5_:5&")
Dotald Salacgiiva N "Q x Q.
: o Valmiera .. - Y g
Dundaga 4 Limbati -, 4 Google Tém

Currently charging Q Quick charger under construction
A

26
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Infrastructure for the Deployment of EV's
Pilotcities for public EV \’F'
City (planned until 2012) ST vorses
(O 1. Wave: 13 Pilots, anounced in January 2009 .
. 2. Wave: 7 Pilots, anounced in May 2010 o. i e °
& Bl
Ch hun (1.000)
%gc un : i

Tangshan (K.A.)
(ODalian (2.432)

(OJinan (1.610)
Zhengzhou (K.A.)
@

Suzhou (K.A.)
(Oshanghai (4.157)

OHangzhou (3.000)
(ONanchang (980)

Hefei (1.400)()

Wuhan (2.500Y)
Chongging (1.550)()

o 0 0 United States

O o

5&1\1 PYETTn
Changsha (4.000) ~g@”amen (KA) = aJ
Kimchaek
o Guangzhou (K.A.) Al
Tanchén
KusgRe(1.000) Shenzhen (12.000) cStelae
@ Haikou (K.A.) s
250.0 Hang-gu
. . . . B
Motorway DC Charging Charging Station (in thousands) al=
200.0 uth’, S
ea) ﬂﬂﬂ?uz
150.0 Daegu _Ulsan
100.0
50.0 Ref. IHS Inc. (2013)

2012

2013 2014 2015 2016 2017 2018 2019 2020

Datos de mapa ©2014 AutoNavi. Google. Kingway. SK planet, ZENRIN
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Market Forecasts
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market.
. . 300,000
"3 BaS|caIIy BEV Sales
BEV
250,000
g 200,000 ® China
"
@ 150,000 ® United States
(%]
- " Germany
> 100,000
Electric Vehicles 50,000
in 2020
0 -
Ref. The electric vehicle: plugging in to smarter energy management
by Parthiban Periyaswamy aﬁ’hilippe Vollet 2010 2014 2012 2013 2014 2015
180 — . Schneider Electric (Source: Pike Research)
B Hydrogen fuel cell M Diesel
160 - m Electric B Gasoline Plug-in hybrid ‘ 4
140 - M Liquid petrolem gas/ B Gasoline Hybrid :
Compressed natural gas G li Mainly
120 . " . Sl L Electric Cars
M Diesel Plug-in hybrid
i A 2020: 1.200 M Vehicles and 5-7 M HEV & BEV
100 - W Diesel hybrid 2020: 0,4-0,6 % of the vehicles are forecasted to be electric
80
60 \
40 Mainly Gasoline Maln‘ly
Cars Hybrid Cars
20
0 I | I 1 I I I 1 I

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

2012: Mainly ICE cars 2035: Mainly PHEV 2050: Mainly BEV B¥
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Advanced Power
Processing Systems

Interface

S~

Advanced ICT
Technologies




e-Mobility Charging Systems

Basic Concepts
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Utility Company

Household
Plug
Cdntroller m
Rechargeable Gas Tank
Batteries Gas
i Pump
J

30
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Mechanical & Electrical Drive ' ¥/ D VALENCIA

nergy source nhergy carrier “ropuision System 70 Of clectrification

Mechanical Drive

— Gasoline or Diesel

Liquid Fuels

Hybrid

Hybrid

Biomass

- / Electric Drive \
Natural Gas ||
e

Pure Electric Vehiche

Hydrogen

FCEV /




e-Mobility Charging Systems

Charger Fundamentals

AC Charging

AC Charger

Charging Mode 3

==

DC Charger

Charging Mode 4

DC Charging

) VNIVERSITAT
' ¥/ I VALENCIA

GH

Communication with the car
Communication with OC
Safety Features

Charging Mode 3

Power Electronics

Communication with the car
Communication with OC
Safety Features

Power Electronics

Charging Mode 4



VNIVERSITAT
® VALENCIA

GH

e-Mobility Charging Systems ﬁ%

Charger applicable Standards

Y

ChargePxint

by Coulomb Technologies

OCPP
MOBIE $

ELECTRIC MOBILITY

EV Charger

=3 Charging
” E‘F Communication
Power
PN S Electronics
v IC Tecnology

Electrical Safety

DIN 70.121
Regulations
IEC 61.851-2:
Communication
SW

33
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Most Relevant Standards for e-Mobility Charging

e-Mobility Charging Systems

China

Comparison of the standard structure between ISO/IEC and China

ISO/IEC

.

.
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e-Mobility Charging Systems

Most Relevant Standards for e-Mobility Charging

4

A\

4

4

a.
Q.

IEC 61.851: Electric Vehicle Conductive
Charging Systems

= Part 1: General Requirements
Part 21: Electric Vehicle Requirements
Part 22: AC Charging Station
= Part 23. DC Charging

IEC 62.196: Plugs, Socket Outlets and
Vehicle Couplers

= Part 1: General Requirements

» Part 2: Dimensional Interchange ability
requirements

Part 3: DC Charging Connector

IEC 15.118: Vehicle to Grid Comm..
Interface

Part 1: Definitions and Use cases
Part 2: V2G Protocol
Part 3: Physical Layer (PLC)

ATy
S i

& W,

= !
s i E! H
avaatyy

4>1'

VNIVERSITAT
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€ GB/T 18487: Electric Vehicle Conductive

Charging Systems
= GB/T 18487.1: General Requirements

A » GB/T 18487.2: EV Requirements for

conductive connection to an AC/DC
supply

= GB/T 18487.3 AC/DC EV charging

station

€ GB/T 20234: Plugs, Socket Outlets and
L \Vehicle Couplers........
‘ = GB/T 20234.1: General Requirements
=  GB/T 20234.2: AC Charging Coupler

= GB/T 20234.3: DC Charging Station

€ GB/T 27930: Comm. Protocols between
off-board conductive charger & BMS for

GH
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Charging Modes acc. IEC 61.851-1 B ¥J D VALENCIA

vty

QGH

16 A. _ Modelx

230 or 400 VAC : _ AC Charging

3.7 0r 7,2 kW il

— . Home
Charging Time e R
3....8 hours E—

_J
32 A. Mode2 )

230 or 400 VAC F . AC Charging

11 or 22 kW ' -
Charging Time e Sl Home

2....8 hours

AC

-\~

COM
—
AC COM
—
(—

H

Safety Interlock

AN

Charging Time . ) A “w’ Home
30 min...2 hours b &/ g .
Comercial

125 ADC/ ' Mode4 \

400 VDC A / o DC Charging
50 kW : ¢

Charging Time ! A :' Motorway
: 36 /

AC DC

nectior 63 A. e e
230 or 400 VAC g |V|ode3
22 or 43 kW AC Charging

15...20 min

-




e-Mobility Charging Systems

b ) VNIVERSITAT
#J I VALENCIA

Charging times

.
Time for full charge

( hou rs) Ref. The electric vehicle: plugging in to smarter energy
8 management

1 by Parthiban Periyaswamy and Philippe Vollet

Schneider Electric

W
6 —_—
> —
4
3 —
. S
[/ [—

_1 16 A/ 32 A/ 16 A/ 32 A/ Fast charging

3 kKW 7 KW 11 KW 22 kKwW 500 V/125 A

37
Single-phase 230V Three-phase 400V




e-Mobility Charging Systems i‘ﬂia VNIVERSITAT @I_E

DC Chargers Typical Requirements P ¥/ D VALENCIA

Output Voltage Range: 50..500 VDC q
Output Current: 125 ADC Rated power at a temperature

Output Power: 50 kW range: -52C to + 40°C.

Output Current Ripple<6Aer } ~ < Isolation Monitoring Device

OEM Requirement <2App : with Self Test Capability

(Voltage Ripple < 100 mV at 400 VDC)

everflash

Compliance with IEC 61.000-3-12.
THDI <12% for direct connection
to the LV Grid ( recommended

Interoperability

IP33 or higher for indoor
IP44 or higher for outdoor
IP 54 Recommended

Efficiency >95%
PF:>0,95

Compliance with the limits for Group 1
( Classes A & B) of CISPR 11

Vandalism protection
(IEC 61851-1 Ed. 2.0 11.11.2)

High Cost Pressure: 80-140 €/kW

Converter Features

gh Price Pressure: 350-600 €/kW

Charger Features



e-Mobility Charging Systems
DC Charger Qualification

Sl VNIVERSITAT m
@5 D VALENCIA

Construction Construction
UL 2202, ADA requirements IEC 61.851-23
GB/T 18.487.3

Mechanical Safety

Conformity Declaration
UL 2202

CE Mark

everflash

Electrical Safety Electrical Safety

UL 2231-2 y
| Y .851-
GB/T 18.487.3 - - IEC 61.851-23

Connector
[EC 62.196.3
GB/T 20.234.3

Connector
|EC 62.196.3

Conducted, Radiated Emissions &
Immunity
IEC61.851-21-1

Conducted, Radiated Emissions &
Immunity
FCC, Part 15, Subpart B

Qualification Requirements for the Qualification Requirements for the

US Market China Market EU Market

39
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IEC 62.196-2:Connectors for AC Charging & © VALENCIA

Car o
side .
’

Infrastr
uc. side Q ,

‘v
Voltage 230V 500V 500V 250/400 V
Phases 10 1or30 1or30 10, 3O reserved
Current  32A 16,32,630r 70 A 16 or32 A 16/32 A
Power Up to 7,2 kW Up to 43 kW Up to 22 kW Up to 7,2 kW




e-Mobility Charging Systems , %3 PO— m_a
IEC 62.196-3:Connectors for DC Charging ¥/ D VALENCIA

- COMBO SAE J 1772 GB /T 20234.3

Infrastr.
side

Voltage  Unom=400 VDC Unom=400 VDC Unom=400 VDC Unom=400 VDC
Umax =500 VDC Umax= 850 VDC Umax =500 VDC Umax= 750 VDC

Current 125 ADC 200 ADC 125 ADC 250 A

Power 50 kW 80 kW 50 kW 100 kW

41



e-Mobility Charging Systems

EV/ DC Charger Communication

Sl VNIVERSITAT
@5 D VALENCIA

JAPAN CHINA EUROPE USA

Connector Connector Connector Connector
IEC 62196-3 (Draft) GB/T 20243/Part 3 IEC 62196-3 (Draft) SAE J1772
IEC 62196-3 (Draft
Protocol: Protocol: Protocol: Protocol:
CHAdeMO Spec. GB/T 27930 IEC-61851-24 (Draft) IEC-61851-24 (Draft)
IEC-61851-24 (Draft) IEC-15118-2; -3 (Draft) IEC-15118-2;-3 (Draft)
DIN Spec 70121 DIN Spec 70121
CAN (2 termina-ls) CAN (2 terminals) PLC (2 terminals) PLC (2 terminals)
5 Control Terminals 5 Control Terminals CP, PP, PE CP, PP, PE
2 Power Terminals 2 Power Terminals 2 Power Terminals 2 Power Terminals
NATIONAL STANDARD THE COMBINED CHARGER CONNECTOR
SOESIOL U L2 FOR APPROVAL SOLUTION IN USE



e-Mobility Charging Systems N — @I‘E
Combined Charging System ﬁa D VALENCIA

CHAdeMO

Only one plug
for AC& DC
charging

Charger Charger DC Charger DC Charger

Communication & AC Power Communication everflash
2 @
-

43
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Multi-standard Chargers

; All'%j; VNIVERSITAT
¥J I VALENCIA

MITSUBISHI




Power Electronics for Charging Electric Vehicles
Charging Electric Vehicles Fundamentals

22l VNIVERSITAT
“# %7 D VALENCIA
EV Charger

HV Battery
400VDC

T e

Ref. BRUSA

Mode 4

|
i

Conductive
DC Charging

Inductive
Charging

Conductive
AC Charging

Quick
Charging

Low Power
HF Charging

Low & High Power
AC Charging

LP: 8-10 Hours 20-30 min.

HP: 20-30 min

8-10 Hours

On- Board
DC Charger

Off- Board Inverter & Off- Board

On Board rectifier DC Charger

45
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Electric Vehicles Charger Types “# &/ D VALENCIA

Charging Charging

AC Charging- DC Charging- Inductive

Mode 1,2, 3 Mode 4 Charging
On Board { Off-Board Off/On -Board

Chargers \ Chargers Chargers

Low Power High Power Off- Board DC Wireless
On Board Chargers  On Board Chargers Chargers Chargers
AC/DC Integrated High Low HF Resonant
Frequency Frequency
Converters Chargers Isolation  Isolation Converter
Low Power High Power High Power Low Power
3,7..7,2 kW 22...43 kW 20...50 kW 3,7..7,2 kW

|IEC 61.851-22 IEC 61.851-23 |IEC 61.980-1

GB/T 18.487 46
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Power Electronics for Charging Electric Vehicles
Low & Medium Power On- Board Charger Topologies

¢ albe ) VNIVERSITAT
\ W' D VALENCIA

AC Charger

700 AC Input Voltage Range
600 v/ 220 VRMS....440 VRMS (311
Vpk 622Vpk)

500 DC Output Voltage Range:

v
400 i >z(§)’g S\)/Dc 450 VDC
300 == =" Efficiency >0,9
200 Cooling: water

Power Density: Typ. 2 kwW/litre
100 Temperature Range: -402C... +852C

48
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Low & Medium Power On- Board Charger Topologies &2

RFI Rectifier/
Filter PFC Inverter Trafo Rectlfler F|Iter Fuse

Unidirectional

3,3 kW with galvanic isolation

Bridgeless PFC | ZVT Full Bridge
B4 +Boost Resonant
Interleaved Phase shift

JOHHHEHH 3

- -

RFI Rectifier/
Filter PFC Inverter Trafo Rectlfler F|Iter Fuse
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High Power On- Board Chargers: Integrated Chargers «® 97 © VALENCIA

3 Phase
DC — Inverter

'

=
b5t

Il 6

’—-----

2
B
y
.
\!

\
\
i

Y

R4

A

L ||
a= o=
.

‘____________‘

§ :
<.
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High Power On- Board Chargers: Integrated Chargers € 8/ D VALENCIA

4 )

el

5

Two Wheel A
Traction Drives —

Grid

Integrated Charger for a
two Wheel Traction

LEACESATIEAY

o
o
.
.

:
iE
;
d
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High Power On- Board Chargers: Integrated Chargers E D VALENCIA

J

J[;]}J%} JQ} J[;}J[;} JQ}

Lig 14

il

333

i

YYYL
YYY\,

Il MJ—GJK:\ J[;}

2

— /YYN
- L YYYU—UYYN
]

il mm G

Grid

Integrated Charger for
a Four Wheel Traction

1| Traction Mode

2 | Charging Mode

Charging Mode

5
Ry
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High Power On- Board Chargers: Integrated Chargers R

Grid connection ad middle
point of stator windings

Ref. L. De Souza et al. VALEO

— ek B
. = |=| i 2 1 Nl
) § o5 \ \ (g %
g P » o}
‘o &

m; Split-Winding Integrated Charger for a
ameieon Lharger AC Machine one Wheel Traction

S o ca

[ o
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High Power On- Board Chargers: Integrated Chargers 8 ¥/ D VALENCIA

Inverter 1
op = I I IR R DL [ [ R TR DD [ [ = = ~
/ - +VDC
é i |
T2 F K3 K3
1 I 1
Y YN ] I
m 1
I I E :
| il _ _ I
AC : : I :
Grid, — SN B ¥ 7
1Phase 1 Spht‘Wm-dmg 1 \~ _______________________ - _
or 3 : AC Machine :
] i i ~ L
Phase I T /7 \
| 1 1 X
: Lo !
= i ok oF
e aal .
L Y Y Y\ ]
N Ve ‘e e e W !
M e ——— -’ : 1
e < I <
: ;
Integrated Charger for a one Wheel N e -~
Electric Vehicle Inverter 2

55



Power Electronics for Charging Electric Vehicles g VN[VER;[T”m
DC Charger Architectures acc. IEC 61.851-23 %) © VALENCIA

AC LF Inductive DCnon - . DC
coupler regulated LF |so|at|on regulated
1 1
I ! I I
ISy | -
1
i ! i | ——
1 1 LF LF 1 DC/DC converter ( HF 1 -
+ 1 ™ Rectification 1 Smoothi + isolation not necessaryto == Rectification : i
1 : meatl moothing 1 be considered) &Smoothing | | E——
I i I I T
1 I 1 1
I i 1 I
1 - 1 1
! I ! 1
Non Isolated ) !
Isolated Isolated
AC DCnon - HF Inductive DC
reguldted coupler regulated
1 1 : 1
1 1 1
-
-=' Primary = PFC -:- Inverter == : — HF == Smoothin : I
1| Rectification I I Rectification 8 i 1
1 1 1 1
1 1 1 1 -|_
1 1 1 1
1 1 i 1
. . DIHEE .
| | 1 |
Non Is}:lated Non Isi)lated lsol}ted :
I ! ! I
Isolated

No isolation: under consideration IEC 61.851-23 69/227 FDIS
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Interoperability
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Connector

Communication bus

Safety signals

Control Unit

Power Converter Power connections

Battery PACK

Battery
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Battery Charging

19 % ﬁﬁﬁl 'j"l.. ] ;.:I:.:.f:. l f"fﬁﬁ'l"' S

3 min Charge for 40 km range
10 min charge for 80 km
range

13 km/kKWh

1
;
R e e T T
. e i

200 400 600 800 1000 1200 1400 i
[sec]

Percent Change in G, Energy Capacnty from Baselme

Battery degradation depends
more on the miles travelled

10k Miles
i 20k Miles than on the nature of
= 30k Miles .
W 40k Miles rECharglng

With 3,3 kW Charging after
40.000 miles around 23% of

=25 4

SoC is lost while with 50 kW

Change in Energy Capacity (% Baseline)

3, 3 kW
g 'l ’ . .
AC Level- 2 Charged DC-Fast Charged Leafs DC Charglng 25% Of SoCis IOSt

50 kW

-30
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DC Off-Board Charger with LF Isolation “# @7 D VALENCIA

-

AR 4 H -
ey - 3 , - = Z3
W i s
| . . .
= S o s
- .4 (ol ; . |
T . \ 2 \ =) 12
L 2 o -
.
:
. P
%, = SRS i
Ba. . (el 2 . {
o S i

INTERLEAVED BUCK

59

DC/DC CONVERTERS
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DC Off-Board Charger with HF Isolation é ¥/ © VALENCIA

AINS NPUT PASSIVE DC-LINK HF ZVS HF F OUTPU F OUTPUT, TO EV
30 ILTER OR (PFC FILTER NVERTER| RAFO RECTIFIER FILTER ONNECTOR
L T L

A —
:Q 00

\ 3
\ {
' N

everflash
- ] Hatmonic Filter ZVS full bridge DC/DC Converter w or w/o PFC

[cu)

L

DC

Capacitor

Communications 60
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DC Off-Board Charger with HF Isolation 48 ¥/ D VALENCIA

Matrix Uni-Directional DC Charger

i
\Ié
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Wireless Chargers 5 57  VALENCIA

“ INDUCTIVE CHARGER

off-board on-board EV Converte<r_>
Y J_ 1 ks
POORHEEREHRE
= GFI  AC/AC HF  Filter GFI  Bat Cap  3ph Motor
Fuse Rectifier Fuse inverter

Wireless = Transforme
Charger r + Rectif.

Grid Side

—, .

1

il
A

iV 20 "2 ) W=

—— Car Side

I

— >
l1
]

?

|

—>
>
Fa

o
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Wireless Chargers @ ® VALENCIA
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Universal On-Board Charger: Contact + Wireless 5

3§ VNIVERSITAT
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GH

Energy Flow
- > a
Higher Integrated On-board Charger l 1 'phaSIg kabelgebunden
Bensey [WNECEC RGN e Ens | aid DC/DC-Wandler DG/AC- baw. DC/DC-Wandler
DC/AC or DC/DC NEEEE S s s D, eSS e e N
— — ' ] | T T |
= = |
— - | | I
I % =it | !b {‘} +>: | {% b D
1 sE=i== | | 1 . T .
_ o s s i — L ]
= | = J =1 = 7 ‘ =
| = | 1l I !
: | - — — g | = I | :
[ - : 1 4 |
' | ‘BB e > ] iR L .
| Operatitilrl Control | AC-DC Converter Compensation : W KS, |
I Comm;;ication | | PP | - ’j _____ o /
w Inductive Coupling -DC +DC
W 3-phasig kabelgebunden B 3-phasig kabellos
DC/DC-Wandler DC/AC- bzw. DC/DC-Wandler ___Dbe/oc-Wander | - _* DC/AC- baw. DG/DCWendier
__________________________________ \ / ;
( T | | IR |
| | | ! l 11 |
| | S | ik L al
I ik T 4 | 1 T —
| | 1 L
: = l: | e {—tZ— i r= :—: ‘ :~§ f/i
jp—= i . = 1|’ = | - ik . i
= |4 ==
Froofr b b : T b :
I 1 ]! Ll L b |
- as N A ———— 7 janraiE
""""""" | | \__\Ksz : | ! \_AKSZ I
N L / S I P —— -
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Ref. Marco Jung, IWES Fraunhofer -DC 7 +4DC
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Wireless Charging Requirements

Frequency: 30-1.000 kHz

Power: 3,3 kW

Efficiency: 0,9%

Topology: Series Resonant Converter

Alignment

Geometry

Shape

Gap: Vehicle Standards Compatibility:
Merkblatt 751, Anhang 2, Absatz 5.1.9 (
vdTOV)

3 VNIVERSITAT
@5 D VALENCIA

RFID Identification
User friendly HMI
Interoperability
Wireless data transfer
between EVSE and EV

Comm.

Standards
& Safety

IEC 61.980-1 Electric vehicle wireless power
transfer (WPT) systems

SAE J 2954: Electric Vehicle Inductively
Coupled Charging

High Frequency Safety: EMC Regulations
Human Security: ICNIRP Recommendations

65



EV Charging Infrastructure

Charging Modes related to the Infrastructure

Operator

NO LOOP
CHARGING

(Charging lead
by the Driver)

LoorP
CHARGING

(Charging lead
by the Utility)

Controlled
Charging

Programme
d Charging

Smart
Charging

Smart Grid
Integration

| want to charge my
car NOW

| Plug the car and
want to start the
charging at 3.00 am

| plug the car and my
route will start
tomorrow at 9.00 am
and will be ....
Charge the car for a
minimum electricity
price according the
SoC of my battery

| plug the car and my
route will start
tomorrow at 9.00 am
and will be ....
Charge/ discharge
the car for a optimum
electricity price

@ CS Localization

@ CS Reservation

@ Identification, Authentication & Authorization
@ Billing & Payment for the Charging Service

+

& Negotiate Incentive plan for best electricity price
& Charging renegotiation during the charging

€ Dynamic metering

€@ Roaming services

+
Negotiate the best electricity price in the smart grid
context by optimising charging/discharging the
battery

3 VNIVERSITAT

D VALENCIA

VE-CS Communication

& [EC61.851-1

& [EC61.851-24

CS- EMSP Communication
4 OCPP

VE-CS Communication

@ ISO/IEC 15.118

CS- EMIO Communication
& |EC 61.850-90-8

EV integration in the DER
@ |EC 61.850-7-420

VE-CS Communication

& ISO/IEC 15.118

CS- EMIO Communication
& |EC 61.850-90-8

EV integration in the DER
& |EC61.850-7-420

G

"!!nnn!lw

-- DRIVER CHARGE SPOT/ E-MOBILITY SERVICE PROVIDER Communication Standard -

NO
Smart
Grid
Integra
tion

Allows
Smart
Grid
Integra
tion

66



EV Charging Infrastructure

Grid Integration

Electrical Infra w

Battery to Grid-B2G

Other Energy Sources- T2V
Vehicle to Home-V2H
Sustainable e- Filling Stations

Distribution | ) |

P oW

Secure Communication Protocol for billing

Identification, Authentication & Authorization

Billing & Payment for the Charging Service

CS Localization

CS Reservation

E- Mobility Service
Provider-EMSP

Intelligence Infrastructure-SW

w ) VNIVERSITAT
¥/ D VALENCIA

Unidirectional
Power

Converter POWG r F OV \

N

A
75 S
— ’

@ Safety Basic Requirements through CP Signal

@ Battery Information

NON CONTROLLED CHARGING ( IEC 61.851-1/24)

The charging process is initiated at any moment according EV
user wishes

PROGRAMMED CHARGING (IEC 61.851-1/24)
The charging process is programmed by the EV user..

Non Controlled
Charging

Programmed
Charging
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Grid Integration: Battery to Grid System-B2G ﬁ!' D VALENCIA

Grid Bidirectional Rectifier Unidirectional DC/DC
Converter

W W oW >
T —

everflash,

Electric Vehicle

N \,

Grid Capacity 25 kVA

60 kW
B2G System
|
4BKW [ | Energy delivered to the E\ Lower Impact to the Grid
M . e Less Grid Power infrastructure

36 kW - - Recharging of the Batteries

| | needed

! NG Mains Power 25 kw  |SEANINN N Battery Recharging after
24 KW - .

\ charging the EV
— e Capability of Integration in a
Smart Grid due to Storage &
0 kW ‘ Bidirectional Input Rectifier
0 Min 5 Min 11 Min 17 Min 23 Min 28 Min

68



EV Charging Infrastructure
Train to Vehicle-T2V

) VNIVERSITAT
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Train 2 Car Project
Takes the braking energy

from the train to be used for
charging electric vehicles

Proyecto

3 ' = “\'
«Train 2 Car» =
Se trata de un punto de carga para t T < Charging post in the
coches eléctricos en superficie que = it
aprovecha la energia del frenado 1 i % street level

de los trenes que circulan o - »
en la red suburbana N - t
; .

= 3

A Three Phase inverter
transforms the stored energy
into a three phase network
to feed a DC charger or an AC
charger

The kinetic energy is stored via a
free Flywheel or capacitor bank o

350 kW

6.500 rpm

The braking energy is
detected via several sensors
in the catenary

FUENTE: Metro do Madrid

<25 kih

= — - ' %25 kWh — — - w25 kWh
= Smsmsstesssen n = g an

N

1 Flywheel Charging 2 Flywheel Discharging

» When stopping the train gives back energy to > The motor behaves as an energy generator

N tT';ie HV Grid ) e free wheel to 6.500 > This energy chargers the EV

I’PII: Energy ciargersthe neewieel o & » The motor stops feeding energy to the EV when

» The energy is stored in the free wheel the rotor speed is 900 rpm 69



EV Charging Infrastructure
Vehicle to Home Concept-V2H

Mitsubishi Power Box

Low=-power-consumption electrics High-power-consumption electrics
OW or less (1500W class)

<available> <under development>
Washing
_machine
' Rice cooker | Sy |
g " (———— Electric pot ¥ /
V2H concept allows ' ) ol )\
user of EV’s, to have : i S ~/
an electricity ‘ V e drer
reservoir in the case \ _ ' © Ol fan heater 0 ‘ -
of need \ T Fan /A
~ 3 - 14 % ~ g L - ?
- 0 A ‘ Electric shaver Vacuum cleaner LCD TV
N J\ Y,

Lapt te|
Cell phone FAprm
AR\ [
('\ d /} ‘
-
L 0il fan heater

Fan
g Electric shaver

\. P




EV Charging Infrastructure S

3 VNIVERSITAT m
Sustainable e- Filling Stations #J D VALENCIA

e v
Ly vwian

Renewable Energy Sources Quick Charge Points Smart

metering
DC BUS
TN
y -7/
r / /|
Solar energy St
B2
Payment
DC Quick Charge @ ‘ﬁ
Wind energy
o Battery to Grid (BZG)J Control and Quick
communications Charger
f — Location
i

Energy storage

Electric network Sustainable e-Filling Stations
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EV Charging Infrastructure

VNIVERSITAT m
D VALENCIA
Smart Grid Integration

. ﬁﬁiﬁﬁﬁﬁﬁﬁZﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁiﬁﬁﬁﬁ;é \\\&&\Q\X\RX\\X\\\&\\X\\\N\\X\\\\& ///////%/%////////%/%//%%////////////%W
Electrical Infsgstrtcture-HW

Bi- Directional Power Flow

@ 1SO 15.118: Comm. between EV and CS SMART CHARGING ( ISO/IEC 15.118 + IEC 61.850)

@ |IEC 61.850: Comm. Between CS and EIOP *The charging process is authorised by the charge
manager according to energy prices and grid stability
*A negotiation process is initiated according the grid
availability and the user wishes

L < IEC 61.850 SUCIS I8 SVART GRID INTEGRATION ( SAE J 2847 + IEC 61.850)
g‘fzztt:‘rc?:gep _ *Energy can transferred from the grid to the car and
P Smart Grid also from the battery of the car to the grid

Integration

E- Mobility Service
Provider < OCPP

Intelligence Infrastructure-SW
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Smart Grid Integration ﬁ 5 B VALENCIA

o
w nuclear power plant

- : I Z Thermal power plant

Factories

‘i 34 hydraulic power
generation

Photovoltaic
Cities and offices

The EV integration into the Smart
Grid is more complex than just a
battery integration as the EV has to
try to fulfil the grid needs as well as
the EV driver route planning wishes
and this means more complex
communication between the EV and
the grid 7

AC Home
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EV Charging Infrastructure
Smart Grid SW Integration

Smart Charglng is the ability for an electric vehicle to communicate I —

) . - 0 ) ) Information
information and services between electro-mobility and Smart grid stakeholders, in

order to supply and maintain a safe, reliable and user friendly charging infrastructure.
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Power discovery & delivery

Meter Reading

Signed Meter Reading

Charging finished

Last Signed Meter Reading
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Safety HW Connection Termination

Power

Electronics 1SO 15.118

IEC 61.850-90-8 describes how the I1SO
15118 standard can be linked to the IEC
61850-7-420 standard for Distributed Energy
Resources (DER)

|SO/|EC 15.118 defines the requirements

of certification, metering, billing, charging process
management for electric vehicle charging




EV Charging Infrastructure

Smart Grid Services Integration

» Energy need day ahead forecast

> Battery status

» Time when the charging should be

completed

E-Mobility Service Provider

> ldentification

> Authorization

» Localization of CS
> Reservation of CS
> Billing
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» CS Information
> CS Reservation
» Status of the battery

Individual
Driver

E-Mobility Infrastructure
Operator

> Required data from the User/ fleet as
ID, battery status, SoC, SoH,
temperature, day ahead energy

AC Home or
Comercial CS
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E-Mobility Clearing House

> Clearing Charging Activities between

different Service providers

» Providing Interoperability between

Operators

» Charging Profiles
» Charging Renegociation

Information Flow

Energy Flow

Balancing Responsible Party

» Balancing Production and Consumption
» When, How much and how long the

expected charging

> Trading the power on stock market and

with TSO

» Possibility of using the EV as a resource in

the energy market, including extra energy
storage capacity, to stabilize the grid

Distribution System Operator
(DSO)

» Day ahead energy availability forecast
» Smart metering Services
» Safety of supply managing the charging to

“off peak” hours

> Information of possible grid congestions
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V2G HW Integration Trial System (Mitsubishi) 55

Industrial application V2X (Japan) I’\

MITSUBISHI
MOTORS
N e s e EMS Energy Management
EIS — system
Electric vehicle q 50kw total power supply

integration system
i ‘ 20kw photovoltaic system .
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M-tech Labo V2X-
|' T 1

15kw discharge from re used
batteries (5X)

15kw discharge
from vehicles (5X)

DC chargers

V2G System in Okazaki — Mitsubishi Factory /
Development centre — as trial system to check V2G
in an industrial application.




i

R -

Salh ) VNIVERSITAT
“® ¥ D VALENCIA

e
=
O
i)
|-
©
=
w
(@]

Communi
cations
Local
Integration/
Smart Home
G4V/ smart
charging
V2G/
bidirectional
integration
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POWER ELECTRONICS, A KEY TECHNOLOGY
FOR THE DEPLOYMENT OF ELECTRIC VEHICLES
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