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Participants from Top left: B. Fijalkowski (Poland), R. Atanassov (Bulgaria), H. Payot (France), C. Hayden (U.S.), Z. Feng (China),
W.A. Adams (Canada), Bottom left: M. Chiogioji (US), R. Leembruggen (Australia), I. Lea (Korea), L.. Secord (Canada), C.C.
Chan (Hong Kong), F. Dierkens (A V.E.R.E.), A. Ananthakrishna (India), T. Matsuo (Japan). The above gentlemen signed the
memorandum of agreement for the formation of a World Electric Vehicle Association during EVS.9 last November. Cliff Hayden
(US). Ferdinand Dierkens (Europe) and Dr. C. Chan (Asia) have been appointed a steering committee.



Joh HER D) O A

Premier’'s Consideration

Premier Wen Jia-bao:
In our country, EV Industry is in
crucial phase.
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Executive Summary

The train of EV commercialization has taken off. We
are seeing the dawn.

Key challenges of success: Cost; Usage
Convenience; Energy Saving and Emission
Reduction.

The market will not do it by self. Government
incentives are essential at the beginning.

Innovative Regulatory Leadership is essential.
Technical solutions are available.

The shake hand and compromise between auto
industry and electric power industry is crusial.



Change in Auto

Internal Combustion Engine Car
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Electric Key Components Play Vital Role in EV/HEV

Valt -
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Battery Controller

Power Connector
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The electric vehicle is has a lot of publicity but :
E-mobility is all electric transports, not just EVs

High speed trains, electric buses, people transporters, city merchandise,
electric ferry boats, trolley buses two-wheelers, ...
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2003: Artic ice free by
2070

I'id> Imeireu dawdyv.

2008: Artic ice free
by 2013 ?

ARCTIC SEA
ICE BOUNDARY IN 1979

PHOTO: NASA ©2003 NRDC




2050: 50% Reduction of Global Emission
‘50 by 50’ is not enough...

2010: 850 million vehicles in the global car parc
e Using 55% of oil production
e Approx 15% of global CO, emissions

2050: 3 billion vehicles

2050: 50% reduction in global emissions needed for ‘2°’

Must reduce vehicle emissions by at least a factor of 6

That means 180g/km down to less than 30g/km

We will need some disruptive solutions...
10



Problems from Automobiles

Worldwide Industry and
Technology Developments in the
20th Century

Sharp Increase on Fossil
Fuel Consumption

—1

-Population Growth
-Vehicle Population
Growth

<{Automobile Related Issues

Increase on CO2 emission

Air Pollution (Nitrogen oxides,

Particulates, Ozone

Increase on Traffic Accidents




Fuel-and Powertrain Strategy

HEVR AN 5 17 IR )

Electricity / E|E_Ctr0- i
traction
Bigroges Fuel Cell
(Regenerative) /
SunFuel® /
SynFuel /

Renewable




Let EVs to be competitive !

Price lower than conventional vehicles

Convenience same as conventional vehicles

Energy consumption lower than conventional vehicle

TO EXPLORE THE RESIDUAL VALUE OF THE
BATTERY




Key Issues

Three Goodness Factor :
Good Products; Good Infrastructure; Good Business Model

Market
Success

Business
models




Good Products:
High Performance @ Reasonable Cost

I: Integration of Automotive Technology and Electrical Technology
A: Alliance among Auto Makers and Key Component Suppliers

Powertrain
Technology

Energy Storage
Technology

Chasis &
Body
Technology




Good Infrastructure: Efficient & Convenience

station

"1 Public parking

darea

AT HOME PUBLIC AREA WORK PLACE
Town living E - E
Suburban I G I
i I asolin I
living : :

Parking 14 hrs per day 2 hrs per day 7 hrs per day
Durations

Charging 1 charging point per < 0.5 charging point per vehicle 1 charging point per
Points vehicle vehicle

Power & Low power and High power and quick charging Low power and
Charing time | normal charging (e.g. 22 kW, 2 hrs) normal charging

Requirements

(e.g. 3kW, 10 hrs)

(e.g. 3KW, 7 hrs)







Battery Charging, Swapping, Delivery Network

* ACcharging

— Long charging time

e DCcharging
—  Battery technology does not
support fast charging
—  Grid cannot sustain fast
charging
* Battery swapping

— Immediate replenishment of
electricity

—  Easy battery maintenance
and longer life



EV Charging Infrastructure Solution

© ABB Group
July 30, 2012 | Slide 19



Comparison of Gas Station & Storage Quick
Charging

Advanced Battery Pack Electric
Storage Banks

Available for Peak Load Demand

Using Renewable and/or Off Peak
Power

Traditional Petroleum
Underground Storage Tanks




EV Charger

EV Charger
Power L — AC ﬁ
Generation
100V / 200V
o AC 200V
(TOYOTA INDUSTRIES
Power Grid CORPORATION)

> DC

Rapid charging

DC 500V
(HASETEC Corporation)

AC charger (100V/200V) for daily use

DC charger (rapid charging) for emergency use



Innovative EV/PHEV Business Model

OEM & Key
Component
Suppliers

Energy
Suppliers



Innovative Business Model

Battery

Car

Intelli agement

ERHEINRE »

Vehicle on-board lesting equi

FRRinsmizE »
ttory eloctritior Testing Equi




EV Business Model Exploration

EV range should not comparable with ICE
Not necessary to fully charge. Just charge
sufficient for next trip.

Depending on vehicle typrs anf applications




Two Integration

* Integrate EV with Smart Grid

* Integrate EV with Information &
Communication Techno;ogy (ICT)



Goal: Four Zero

* Zero Emission

* Zero Fossil Fuel

» Zero Traffic Accident

e Zero Traffic Congestion



By 2020, EVs would be about 7-12% of total volumes, China may reach 15-20%

Unit Shipments

» 2:400 -
=}
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£ 2,000
o
=
|_
1,600 —— . . : -
—— Optimistic Scenario —#— F&S Scenario —4— Conservative Sceanrio
1,200 -
800
400
0 A .
2008 2009 2010 2011 2012 2013 2014
2020
Scenario's 2008 2009 2015 (% of total car
sales)
Optimistic Scenario 5,103 17,475 2,266,450 12%
F&S Scenario 5,103 8,911 1,226,607 7%
Conservative Scenario 5,103 7,550 520,953 4%

2015
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Outlook: Hybrid/EV Remain on Test Water Level in Our Forecast Horizon
R 3fe FH 22400 VR 5 80 7 LA FL B ZEAE 202 14F B #P Ab TR K B B

HHREIVIIN G, B REIY AR AT BRI LA E A R 55 AR S A T i kA iz 41

HYBRID/EV OUTLOOK in Passenger Car Market

1,000,000 - — 4.0%
- 'BEV
900,000 - MHEV i 3.5%
800,000 - I FCEV | 3.0%
700,000 - . EREV &
. PHEV 8 2.5% 3
600,000 | 3
B FHEV
500,000 — —|—PV Share —+ 2.0%
400,000 - 1 1.5%
300,000 -
1 1.0%
200,000 | o
100,000 - | I T 0.5%
" —_|_-.-|... 0.0%
2011 2012 2013 2014 2015 2016 2017 2018 2021

© 2012 LMC Automotive Limited,
All Rights Reserved.




Electric Vehicle Roadmap

2010 2012 2016 2020
22?2 10 — 15%
100s of EVs—> | 100,000+ vehicle fleets > 777 10— 15%
new vehicle sales
15t models

> 2nd Gen EVs > ey
avallable ‘Real’_electric innovation ass market EVs

Public famlllarlty and acceptance: Formula 3

e Early adopters e Fleet experience ® Acceleration of
e Government reliability consumer interest
procurement driver response and uptak
® ‘Clean Cities’ ® Infrastructure std”
® Cost reduction

Maintain current momentum * Real ‘electric innovation’ *

Current industry Current
Recession, EU and US regulations... focus CO,, energy security.....government
focus

Phase 1 Phase 2



B | MARKET DEVELOPMENT RolandBerger

Strategy Consultants

By 2020, China is expected to become the largest market for

EVs/PHEVs with over 13 million cumulated vehicles

Cumulated EV/PHEV car park in 2020 [Mio units] — High scenario

13,7
4,6
9,6
25
41 9,1
7,1 1,3
1,3
2.8 .
_0,5_0’8:|

]
\m
.

[ Jev []PHev

1) Western Europe

Source: Roland Berger PHEV_Outlook_Webminar_17032011.pptx | 10



Electrification Market Emerging in Each Region
Varies by region as policies distort market

Volume

Volume

Volume

11 12 13 14 15 116 17 18 "19 ‘20

2.0M

1.5M

1.0M

.5M

EV
®PLUGIN
FULL
EMILD

EV
mPLUGIN
FULL

mMILD

0

11 12 13 14 15 "16 17 "8 "19 '20

6.0M

5.0M -

4.0M

3.0M |

2.0M |

1.0M

0

EV
BPLUGIN

FULL
LD

11 "2 13 "14 "15 16 "17 '"18 19 '20

North America

= CAFE: cars and light-duty trucks: 34.1 mpg by 2016 (enacted),
54.5 mpg by 2025 (proposed)

*» Medium and heavy-duty vehicles: MY 2014-2018, up to 20%
improvement in emissions and fuel economy depending on class

= Consumer and manufacturer’s incentives, mfg. penalties
» Hybrid will dominate, EV will be niche for urban areas

China
» Heavy government funding (~$15B USD over the next decade)

= Chinese government signaling increased support for HEV and
PHEV; reduced emphasis on EV

» Foreign investment catalogue changes
» Mild hybrid gaining interest
= Manufacturers and consumer incentives and tax treatment

Europe

= Aggressive emissions regulations drive EV/Plug-in
penetration

» Hybrid/EV portfolio will be organized by vehicle type: EV for
city cars, full hybrid for luxury and sports cars

= Current legislation does not pick technology favorites
= Manufacturers penalty and consumer credits DE<L PHI

. ChinaNEVforum



“"N®verall strategy and objectives

ehicle Type “two-Ends to Middle”
Big and Mid Size
City Bus EV

Small and
amMicioEV.7aN

-



Progress in demonstration

®1. Examin

®3. tostr
market cultivatic
phase and enter the fast
growth phase. =



Japan
Diffusion projections & Targets

Projections

(private-sector efforts)

2020 2030
Conyentlonal 80% > 60-70%
Vehicles
NexF-Generatlon @ ———
Vehicles
HEV 10-15% 20-30%
EV/PHEV 10-20%
FCV Miniscule 1%
CDV Miniscule 0-5%

»

Government Targets
2020 2030
50-80% 30-50%
20-50% 50-70%
20-30% 30-40%
0-1% 0-3%
0-5% 5-10%




Japan
Battery Technology Roadmap

Current Improved Advanced Innovative
batteries batteries batteries batteries
(2006) (2010) (2015) (2030)
e . Post
Lithium-ion Battery >>ithium-ion >
Performance 1 1 150% 700%
Cost 1 1/2 1/7 1/40
Private Private Industry- University
Mai e E 3 i government- and
ain initiative initiative academia Institutes

Driver collaboration



'EV/PHV Towns (Second group: Total 18 towns

[ ————

Nagasaki

umamoto ‘n'

) Japan

Blue: First group of EV/PHV towns
Green: Second group of EV/PHV towns

21



Creation of initial demand
& Promotion event

Aomori

CRa=y
Aichi
(Promotion s

Event)

25



Two Pathways for HEV Technology Development

Two Way Powertrain Roadmap
Technical Road Map

Topics
- Single Cylinder Displacement > 400 ccm
- Optimized Combustion (CCS®/GCI)
Zero ,mpact - Optimized Fuels XTL
- Total Emission Reduction
- High Charging, Friction Reduction
- Fully Variability (Air/Fuel)
- E-Technology-Integration in
Powertrain Topics
- High Power Battery - Single Cylinder Displacement < 250 ccm
- Combustion Optimization for high Load
(no HCCI)
- Emission Reduction at Full load
- High Charging, Friction Reduction
- High Power Electric Motor
- High Energy Battery
- 40-50 kW -FC-Stack

Powertrain

Integrated

Full-Hybrid Plug-In-Hybrid

Focus: Combustion Power

Electrical
. Powertrain with
.Range Extender

Combustion
Engine

Electrical Long Distance

Powertrain with - -
Electrical Powertrain
Focus: Electric Power C-Range Extenderg P




Heavy Load

FCV
Stop-and-io
E-REV

Continuous

BEV

Light Load

City Intra-Urban Highway-Cycle Highway
BEV———Battery Electric Vehicles

E-REV— Range Extender Electric Vehicles
FCV—— Fuel Cell Electric Vehicles



Energy Conservation and Displacement

RRETH 55BN

Using electrification technologies to reduce consumption and displace petroleum

R S AR MR AR
~ Petroleum and Biofuels 1 WREMBREL

NEV Catalogue

China
HEFRREEA S




Energy Conservation and Displacement

RRETH 55BN

Using electrification technologies to reduce consumption and displace petroleum

N L SACEAR BRI A B A i TE#E
Petf.le_u_m a:ng:l Biofuels A0 TH A kel

NEV Catalogue

China
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Energy Conservation and Displacement

AR5 BN

Using electrification technologies to reduce consumption and displace petroleum

P B SACBOR R AN B A T TH 78

Petroleum and

|
|

NEV Catalogue

China
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Hybrid Engineering Philosophy: 1+1>2

Hybrid Mule = Horse (Mother) + Moke (Father)

Mule is the hybrid of h§ 'a'h oe, uliakes the best DNA of
horse and moke, hence more powerful and endurance.

HEV should have added value gained from the integration of engine
propulsion and motor propulsion, fully sizes the intelligent electrical,
electronic and control technologies



Functionality/

ICE Power

Electric Power.

Start-Stop Mild Hybrid Full Hybrid Plug-in Hybrid Plug-in Range Electric Vehicle/
Extender EV/
* Engine start- * Engine off on * Full regenerative * Plug-in e Full-function e Plug-in recharge
stop at idle deceleration braking rechargeable electric drive only
* M'Id.rege"eratwe * E"g.' ne cyfle * More electric drivee Initial pure electric « 100% pure electric
braking optimization . o
¢ Electric power assist ¢ Electric launch durmg.charge- range range/100%
* Limited pure electric depletion * Significantly * No refueling
drive e Reduced refueling reduced refueling

FUEL

ECONOMY

¢ Engine downsize

* +2-4% e +10-20% ¢ +30-50% Cars * +100% in charge * Electricity only in EV e Electricity only
o +20-40% Trucks depletion/100% range/7EEV
¢ same as full hybrid ¢ same as full hybrid
afterward afterward




;E.él.ﬁ] j] E * 3 E Eﬁ'& SAIC MOTOR Li@is%E

REH N BRR G R

=

(1) H Ik (serial) (2) FH (parallel)

rEERNE

(3) VR EX = (serioparallel) (4) & A (parallel serial)

EFEAREEARMDAERAHERSERIE
“ SAIC MOTOR New Energy Vehicle Division



Battery Electric & Plug-in Hybrid Vehicles

Chevrolet

BEV — Nissan Leaf PHEV — Chevy Volt

All Electric Range: 60 to 200 Miles,
depending on battery size

Unlimited range on gasoline

10 to 40 mile all electric on battery
Level Il Charging

— 240v (40 amp)

— 4to 6 hours charge

Level | and Level Il Charging
— 120v-240v

— 6to 8 hours Level 1

* Target markets: — 3to4hours Level 2

— Urban Commuters _
* Target Market: all automotive

— Second Car in Every Home applications




2 | CUSTOMER PERFORMANCE EXPECTATIONS

Strategy Consultants

Understanding customer requirements related to electric

performance are critical for delivering the right product

Comparison of electric performance of selected PHEVs — Volt vs. Prius Plug-in

i~

Chevrolet Volt
EV range 64
[km]
Max. speed on 164
electrical mode
[km/h]
Battery size / 16
technology (Li-ion)
[kwh]

Source: Chevrolet; Toyota; Roland Berger

Toyota Prius Plug-in

Comments

> Different Plug-in concepts
today vary greatly in their
electrical performance

> Bigger battery size increases
EV range but also vehicle
price

20

> Clear understanding of
100 customer requirements is
critical for providing the
expected performance at the
minimum possible price

(Li-ion)

PHEV_Outlook_Webminar_17032011.pptx | 15
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Lead Engineering Groups have been defined in order to face the
complex challenge....

Technical LEG-structure within the project

Electronics Powertrain Body
® Energy nets ®m  Motor m Structure
®m Data buses m Power electronics ® Hang-on parts

B Gear box

m Wiring

T | Mnat Exterior
i ®m Paddings

m Climatisation system ® Glazing
| Coolmg system powertrain = Lights
m [solation

Interior

m Cockpit

B Seats
Battery Chassis and Security Systems '\ Full Vehicle
m Cells ® active security m Packaging
® Battery pack B passive security m NVH
m Battery Management System m Chassis ® Homologation
LEG: Lead Engineering Group m Design

© RWTH Aachen

RWTHAACHEN o
UNIVERSITY




Requirements for lithium fon batteries

( Durability )

Cycle Life > 2000

Cost < RMB 3000 (USD 375)/kWh

Reliability: Volume of million vehicles
Mileage of 150000 km



Impact of Temperature and Duty Cycle

Normal Operation




Materials used in current Li-ion batteries (10-20 um)
(Intercalation compound)

’W | L@ TR ::_-: .-...:..-ﬂcu
AA%-—- n'e ] .

U iNi LiMn,O
LiCoO LiNi,Co,_,,Mn,O, 20y
140 mAﬁ/q) (>160 mAh/g) 7(120 mAh/g)
‘ i ‘ 0 " 5

IIIIIII
......
..............
'''''''''''''
.......

....................
'''''''
............

''''''''''''''
......

L i ¥
''''''''''

''''''''''''

v : ' Disordered carbon
iFePO Graphite
( 1?0 renAh‘}q) (370 mAh/g) (200-500 mAh/g)
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Ring-type Li-ion cells

---------




Comparison of Various Batteries

Feature

Specific Energy (Wh/Kg)
Wh/Kg — Cold (<0°C)
Wh/Kg — Hot (>65°C)

Wh/Kg - High Rate (>6C)

Lead Acid

35
300 — 500

Cycle Life @ 100% Discharge 300 — 600 ,
(Typical Rate) (4 to 12 hrs)|(2 to 4 hrs)|(2 to 4 hrs)|(1 to 4 hrs)| (6 minutes)
Safety (Fire Hazard) Moderate Safest
Charge Time (0 - >95%) 1- 2 Hours|1 - 2 Hours|1-2 Hours | 6 Minutes
Operating Temp Range 0° to 50°C | 0° to 40°C | 0° to 40°C |-40° to 70°C
Environmental Impact Low Minimal Minimal
Pulse Power Utilization Moderate | Moderate | Broadest
Range
Leakage (Dissipation) Lowest Low Low
Memory Effect Very Low Moderate None None
Power Delivery Good Moderate | Moderate | Moderate High
Manufacturability Easy Adequate | Adequate Easy Easy
Maintenance Moderate | Moderate None None
Market Position High Volume Modest Good Rising
Cost -Cheap Tied to Ni | Tied to Ni | Moderate | Moderate
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Conventional graphite cells perform
poorly at -20°C.

14 — 140
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~ Temperature (°C) / Temperature (°C)

LTO cells show superb temperature performance at both high and
low temperatures.

BRiERB L EA R /A E | Zhuhai Yintong Energy Co.,Ltd.




Cell Manufacturing

* Equipment

* Materials
* Man-power
LW HUMEITY ROOM CLAMSHELL VACLIUM mren = Arw——
OVENS
EQUIPMENT (e EoUm woRa MnI CuENEInG) k=i i amnea wac o oasm cuttin
o sie bl nsh okl S oo manare = b frry p—— e m— T—
MATERIRLE e, e m—— =
TOTALS s T HLEmaE e T A imn manm dapapm A A Wi Rt foEL iema v
FERSONEL — o o . . - - |
- TOTAL HEADCOUNT :

Cell manufacturing is 90% experience, skill, & know-how, 10% buildings and machinery



Lithium-ion Battery

High capacity battery module (16kWh) can be placed under the
floor panel without being modified, regardless of the vertical or
transverse position.

Module Battery Package




Battery Management System — Architecture

Vehicle Energy Management

Battery Management System




Necessity of Balancing — Unbalanced Stack

Set date

Confidential

Usable
Capacity

Nominal
Capacity

Copyright © Infineon Technologies 2010. All rights reserved.

(infineon

Page 62



YINTONG ENERGY

Bl e R

The wind, solar & battery system combination will be a perfect
source for all families including those in the remote area.
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ARE TG [ BAHEBEAR

Simpreved Stator Manufacturability Techniques

Segmented Stato Pole

Segmented stators with
concentrated windings

New coil interconnection
techniques

15 June 2009 ¥t Int’l Electric Machine Sy Seminar, Beljing

2010484218



Inverter System: —
Inf
Safety Is a System Approach —

Low Voltage ] High Voltage

< > >
Control Board Driver Board Power Module
PS + Safing log.
Guardian | IGBI::.
. SIL &l

Driver Ctr

pno. ;
SIL’

w zlransceiver
] |
4]
- ~

I
; e |
AT |
Signal Acqui - Sen:
Cond. & Trar|gr i;‘iq Motor
Position fre@®
SIU
........... |
P & _T SIL Motor
Receive ‘ Temperatu rEm ]
.......................... SIL

08/10/2011 Confidential Copyright © Infineon Technologies 2011. All rights reserved. Page 66



Improved Traceability: —
Preparation for Single Component Tracking L/'"f'"eon

Base plate:
DMX code
by supplier

DBC:
DMX code chip

Frame:
DMX code by supplier

Confidential Copyright © Infineon Technologies 2010. All rights reserved. Page 67



2X Improvement in Heat Transfer

Delphi Double Side Cooled IGBT Power Package
- Double Side Cooling to IGBT
- No Wire Bonds

Heat Exchanger

i
Heat Exchanger

Heat Exchanger

Ry, = 0.15 Co/W

DELPHI

g} - ChinaNEVforum



Stability use for renewable energy by electric vehicle

B The renewable energy of sunlight, wind, etc. into which the amount of power generation
greatly changes depending on the weather and time is saved in storage battery (LiB) with
high efficiency.

Renewable Energy
Solar power Wind power

Example: Equipment of one house
(southeast2.6kW+southwest1.4kW)




Smart House

M Increasing low carbon electricity and reduce peak electricity consumed
B Management of electricity storage by EV and/or Lithium ion battery

Converter
DC
Sell ?AC !
Back up 0 s/& F [ | | [—
Smart %0 I I II II I I II
Meter S = == XN
electricity - e "
—f e ppliances

EV Battery (LiB)

=




EVs would be plugged into home outlet for hours. ]

High-speed response with synchronization could be realized | Autonomous
by using self-terminal frequency measurement. Distributed V2G
Maintaining battery condition and charging request by itself _

pad

y "4
..Centralized control scheme dispatching LFC signals to storage devices

Pump Storage '@ @
/) Ar
Teibﬂ \ ’
\ Vs
d

Ubiquitous Power Grid <N~

.7 Battery

Ne-ling Power Grid

Y -
-~
-~
-~
-
-—
-—
-
-
-
-~

ECU/BMU

oc0e B veri
Battery inverter

Plug-in Hybrid Electric Vehicle
Electric Vehicle

Regional Load
Dispaching Center
v
Smart Charging

7 < -
Vehicle-to-Grid (V2G) @ > -~

o
-
-
-
-
-
-
—

Wind
N Photovoltaic
[TRIT]/[T]]]]

\
Distrilﬁuted GP{d
M;]crogrid !

1

B atter,

\
‘ istributdd
Heat Storage Generatpr




EVs are at the frontier of two worlds
electricity and automobile

Domains Electricty Other Telecomuni
sectors cation

International IEC 1ISO ITU

Europe CENELEC |CEN ETSI

EV Charging

standardisation is
at the frontier




Two worlds that must learn to work

Electricity industry Automotive industry

Different clients
Different standards
Different working methods
Different regulations
- Regional regulations : global market !

One objective : simple, cheap, efficient and global solution

BUEFENES

UOIHUM uor Aq paniasal



Traditional Power System

" Enough deterministic and controllable generation

Generation Demand

Stochastic

Controllable Deterministic

Generation follows the load



Smart Grid Environment

" Increase In (stochastic) renewable generation

- Demand
Generation ShEeE G
Deterministic
Controllable
Increase _oad

energy storage follows generation



Just an example :
20 fast charge Evs in a town of 75

Aﬁﬁ(ﬁ]é ormer typically serves 75 homes : If 20
gge at the same time :

3,3 kW charge = 66 kW
22 kW charge = 440 kW
44 kW charge = 880 kW

( )

e Load control is necessary

e Fast charge cannot be done
simultaneously
e Smart grid is necessary

G J

75 to 100 house holds (1.2 kW/house)




In the future we must orientate the client to chose the
optimum charging time fo_rw,cost and CO2

Please
don’t charge
here

Charge here

Mid winter example — (not dated)

B Turbines a combustion (TAC)

B Hydraulique de lac

B Thermique a flamme (fioul et charbon)
MNucléaire

B Hydraulique {éclusée et fil de I'eau)
obligations d'achat (cogénération, éolien,...)



Such load control requires :

Require : Pricing policy because present price
differences may not be dissuasive to the client for
day-time charging

Require : Intelligent grid
Require : Vehicle to grid communication
Require : Client incentives

Require : A new relation and client communication



Billing of Electricity

« Electricity costs are low compared to the other costs
(infrastructure and parking)

* Home charging and all office charging will normally be done
directly from the client meter

« Night/ day tariffs permit the balancing of domestic power
consumption

 Electricity costs on public charging areas are far lower than
the parking fees. The electricity could be directly integrated
Into the fees.

« Complex payment systems (Roaming) does not seem
warranted

But almost all govenrments and companies seem to want roaming.
It is difficult to understand why as simple systems are possible



The ALTI-ESS 20MW/5MWh Grid Stability System

Designed for rapid response power
management applications

* Frequency regulation

* Photovoltaic smoothing
¢  Wind smoothing

* Micro-grids/Island grids

Improves equipment utilization and
operational efficiency

o Zero direct emissions
* High efficiency
* Reduced fuel consumption

S a1 311131 O



The House of Standardization

"

U Un"’%{sss'%“érgﬁe P. Van den Bossche I-" I] i c|T&0LE° 4
./ BRUSSEL NP




Committees in charge

= : - EV electrical aspects
Fixed installations Charging interface e
IEC 60364 IEC 61851 ISO TS22/SC21

(TC69)
( A % A___ [/ \1

Data transfer

Connective
Interfaces
IEC 62196

(SC23h)

Battery cells

I[EC SC21A
Battery assembly
ISO TC22/SC21

<

>

SAE also has activities

[
ERASNIUS
e
HOGESCHEOOL
-
BRUSSETL

/w

o, e po)hi  CITSLEC




Range added through 30 min charging [km]

300 - AC Technology ﬂ h DC Technology
250 A
200 -~
150 -
100 -
50 -
0
VI10-16A Q0V/16A 400V 32A CHAdeMO DC Combo Chinese std
Coupler
~~.J
Connection "’ ~ \ ‘
Cars on OEM ) -0~ ;& German / US ——
roadmap until 2013 Practically all EVs o< OEMs h

AC charging systems for EVs are generally much slower than DC variants

© ABB Group
July 30, 2012 | Slide 83



Charging Modes and Plug Types

A

@

IDIADA

Type 2

Mennekes
VDE-2623-2-2

Type 3

EV Plug
Alliance

Type 1
Yazaki
Modes/ Current Operation SAE J1772
Levels type Characteristics
IEC
IEC
61851 /
SAE max Power
J1772 (1P /3F) 1P
[kW]
1 AC Domestic plug (not 12A
3,7 /11 allowed in US)
AC Domestic plug + .
21 74722 | ICCB (control pilot) | 32A
3/2 &% Charging station (?Josl:.
57.5/100 (V2G planned) only)
DC _.
4/3 Offboard Charger

240 kW

CHAdeMO




Segmentation of charging infrastructure — new customer patterns

At Home Workplace Public Area

Home fyrnishings

& @
Pr—

Companies / Mobility

Investment Private Individuals providers Companies / Mobility providers
Parking duration 14h per day 7h per day 2h per day
Charging time/ Output < 8h (< 4 kW) < 4h (< 8 kW) < 2h (> 20 kW DC/ 3ph/32A AC)
Charging priority Nighttime Daytime fast charging Daytime
Impact on the Grid Positive Neutral Neutral -

Load management necessary!

Share of consumption 20%

According to given charging table calculated with a standard battery ( 20 kWh )

Charging at home/ workplace with 80% share of consumption is the “Enabler” for
E-Mobility because it is possible everywhere and every time!

Iy,
Auodi

85



Segmentation of charging infrastructure — new customer patterns

At dedicated parking places (home and working place)

Sufficient Sufficient
Charging still Charging still
possible possible

10A (8A used) 16A (13A used) 16A 32A
7 - 14h per day
< 14h (< 2 kW) < 10h (< 3 kW) < 8h (< 4 kW) < 4h (< 8 kW)
Nighttime & Daytime
80 %

$ $$$ $$58$

According to given charging table calculated with a standard battery ( 20 kWh )

Charging at home/ workplace with 80% share of consumption is the “Enabler” for E-Mobility
because it is possible everywhere and every time! Even with the smallest power supply,
customer can achieve sufficient charging during nighttime

@y

Auodi
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DC Charging Systems

CHAdeMO/ China DC

Bulky, very heavy

Expensive

Complicated to use

Can’t support integration into smart grid
Can’t support value added services

VS. Combo 1/ Combo 2

Compact design

Less expensive

Easy handling

Ready for integration into smart grid
Support additional value services

Coordination Office Charging Interface
c/o Carmeq GmbH

GBZ@ DAIMLER @

Auodi PORSCHE
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Current Status Charging Connectors

Various regional connectors should be migrated into one global solution in the
second generation.

2nd Generation

IEC 62196-2-2

. GBIT XX

SAE J1772

Regional, mutually Global Combo
incompatible system for AC- and
DC-charging
Coordination Office Charging Interface GﬁﬂD DAIMLER '

c/o Carmeq GmbH Audi

PORSCHE

88



Design Principle for the Combined Charging System

AC regional approaches will stay in service.
Two additional pins allow DC charging in the same vehicle inlet.

* X x
* * EEBE . '
@ K B @ a
* * | —_— A
b el Audi CHRYSLER

Coordination Office Charging Interface C(m@ DAIMLER @
c/o Carmeq GmbH Audi

PORSCHE
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Design Principle for the Combined Charging System

Backward Compatibility: The Combo Inlet accepts existing conventional AC
Connectors as well as new, high power Combo Connectors.

* K %
* * . '
Yy @ K DAIMLER &ZZ2D a
- — V)
b el Audi CHRYSLER .

Coordination Office Charging Interface &}Z‘D DAIMLER a
c/o Carmeq GmbH Audi

PORSCHE
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Current State: Standardization of Connectors

Main regions for e-mobility have developed individual charging systems.
Combo system is driven by US and German OEMSs.

c/o Carmeq GmbH Audi

Coordination Office Charging Interface @m DAIMLER . @
PORSCHE
91



Application of Combo System offers significant reduction of
complexity for electric vehicles

Comb02 ﬁ

Type 2/ Combo 2 Type 2/ Combo 2 Type 2/ Combo 2

oot = ® @ )
‘ é] Type 1/ Combo 1 Type 1/ Combo 1 Type 1/ Combo 1

Combo 1 L 4 5 @ @
Type 1/ CHAdeMO Type 1/ Combo 1 Type 1/ Combo 1
8 Type CN AC / Type CN DC Type CN AC/ Type CN DC| Type 2/ Combo 2
Type 1/ Combo 1 Type 1/ Combo 1

| | ® 5 or o1
Type 1* / CHAdeMO* Type 2 / Combo 2 Type 2 / Combo 2

Type CN Acq
8 Connector
Type CN DC@@) Systems 6 4 2
* Korean version .— connector system

Audi

92



Standards needed to complete a charging system

Vehicle &a

B ITHTL P Bl

SARD2047-2 =
ISO/IEC 15118 =1 [k
ICommunication =) e
IEC61851-24 =

ISO/IEC 1511

545511 ﬁ_ :

i
_ 1{;@“1
|

E
2
=L e
61851-23 N
ﬁ
Plug =
IECB62196-1/2/3 5
J1772 )
Coordination Office Charging Interface @QD DAIMLER '
c/o Carmeq GmbH Audi PORSCHE
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Advantages of the Combo-System

With PLC HomePlug GreenPHY technology, the system can cover
a lot of additional Functions and Services:

Certification
Authority

certification

BMW Server - — Billing

Server <

key management
remote service relay
user gateway

e sl

remote update 714

é[andardized Communication based on\
ISO/IEC 15118 (PLC Home-Plug,
GreenPHY) between Car and EVSE

Fleet Management

fleet supervision
authentication Charge negotiation User
charge negotiation charge monitoring
charge monitoring authorization evaluation
metering
remotce control
remote service Grid Operator . .
media access P ﬁlearlng : i}g
ouse
ASAN >
. < E | /
grid parameters ! N o authorization . i |
payment e charge monitor
e remote control
media access
Coordination Office Charging Interface CO:_I@ DAIMLER @
c/o Carmeq GmbH Audi

PORSCHE
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OEM Roadmap charging solutions
COMBO supports all charging modes - Therefore all different OEM strategies!

Max. Output
Mode 2 - 3,6KW 3,6 kW
Mode 3 1ph - 7kW 19 kW (Combo 1)
(Combo GB)

COMBO 2

Mode 3 3ph - 22kW 43 KW

Mode 4 - 10kW

10 kW °
Home Use (input 3x16 ® o
AA 400V
C, 380/400V) Preferred by
® k BMW

Mode 4 - 100kw | 100 kW ® ; BYD is aiming the same strategy:
Public Use . :

DC “Independent of charging stations.

The e6 can be fully charged with a
10kW home charging cabinet
within 6 hours” (Source: from
current BYD catalogue)

@y

Auoi
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Where do we go from here

% Need for international collaboration
< Defining of competence areas
< Danger of overstandardization

< The ideal of infrastructure standards

<Any vehicle can safely charge anywhere

ERASNUS

universitaire,,
" . U associatie P.Van den Bossche m
BRUSSEL NN

|] I CIT&LEC




Standardization enables the Vision

PRAEAL R 2 P R I SR B,

Retail Services ZER %

Rates

(App, Web, E-mail) Charge locations
... - L Weather
e SOC data fHURES
- Charge History 78 H.JJ; 5
Public Charging eevlizin B comverge

Charge Control 7t HL 1%

NIEFTEH :
Location i &

Providers
I i £ S T

SlLVERSPRAU%
NETWORKS

Home Energy
Management
Solutions

Utility
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E Mobile Internet & Cloud Computation

oud Compu elife]g= ‘ Intelligents
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ADAPTING: THE NEW ENERGY PARADIGM




SUCCESS

SUCCES$S &




Inspiration
Imagination

lnnovaﬂon

lnteg ration

lmplementation

lnvestment




Thank you!




