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S Key Figures | of
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Introduction of biofuels
greenhouse gas reduction
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= The Austrain Transportation
"’///))>/ Sector in 2009
RESEA%’CrHamsportation fuel demand: 331 PJ/a

(domestic passenger cars 128 PJ/a)

Transportation biofuels:

transportation

biofuels, 7.0% v'400,000 t/a biodiesel blending to diesel
v'100,000 t/a bioethanol blending to gasoline
v'100,000 t/a pure biodiesel

v’ 17,000 t/a pure vegetable oil

gasoline,
22.0%

diesel, 71.0%

—Datasource: Uba 2010 INNOVATION aus TRADITION
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The Energy Efficiency Issue
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Internal combustion Hybrid-Electric vehicles (HEV) Battery electric
engine (ICE) (electric&internal combustion engine) vehicle (BEV)
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"’///))>/ Characteristics of Battery Systems
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= higher specific energy and/or power compared to other systems

Source: saftbatteries

1) High investment costs, currently 8,000 — 20,000 €/passenger car
Mass prodcution enproduktion necessary
2) Lifetime and 3) Operation below 0°C
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'S/ Reich .
kmr SIJITEE 130 k[""’:r'}EIte bjs 150 :: Joanneum Research,

pyotinden b 30 Ladezeit e
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W///))> Elelectric vehicles since 2011

Tesla Model S
Reichweite: 250 bis 480
km

Batterie: Li lon

$ 49.000.-

.~ Nissan Leaf
P .. = Reichweite: 160 km
‘ & Batterie: Li lon

Loremo EV 5 /s IMini Elektro
Reichweite: 150 bis 200 [ > e Py Reichweite: 168 km
km ¥ e =3 - _'Batterle. Li lon, 35kWh
Batterie: Li lon

- € 30.000.-

=

=

Quelle: Joanneum Research, Marktrecherche Oktober 2009
INNOVATION aus TRADITION




HyDprid-electric venicles since

w) 2011/2012
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Fisker Karma
- Plugin/
Rangeextender

Opel Ampera Plug in
/ Rangeextender

el. Reichweite: 60 km

el. Reichweite: 80 km Batterie: Li lon

Batterie: Li lon

$87.900.- Quelle: Joanneum Research,

Marktrecherche Oktober 2009
Audi Al Sportback

Plug in / paralleler
Hybrid

el. Reichweite: 100 km
Batterie: Li lon

anneum.qa’

BYD Auto F3DM
(Build Your Dreams)

Toyota Prius
Plug-in
paralleler Hybrid

paralleler + serieller
Hybrid

. Reichweite: 100 km
- Battetie: LiFepd- N

el. Reichweite:20 km
Batterie: Li lon
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////))j Two-wheelers and others ()
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—Bauer BIFS26

Vmax: 25 km/h
' Reichweite: bis 60 km
Batterie: Li lon

AlKo XOne

Vmax: 45km/h
Reichweite: bis 40 km
Batterie: Blei Gel,

0,2 kWh 2,8 kWh

! € 1.398.- € 5.399.-
10 derenz Quantaya Track _—
Vmag: 45 km/h Vmax: 80 km/h \
Reichweite: bis 80 : L .

RPN Reichweite: bis 120min

Battetie: Silizium, Crossfahrzeit
2,2 KWh zel

Batterie: LiPo, 48V
€2.370- : €9.108.-
E-max 90s

Vmax: 45 km/h
Reichweite: bis 60 km

Batterie: Silicon Silizium A% Batterie: NiMH,
1,9 kWh "’ 3,7 kKWh

Vectrix VX-1

Vmax: 100 km/h
Reichweite: bis 110 km

€2.990.- = 19 gygs TRADITION


http://www.scooterman.at/images/xoneweb.jpg
http://www.scooterman.at/images/xoneweb.jpg
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Two-wheelers and others (ll)

Segway X2

Vmax: 20 km/h
Reichweite: bis 38 km
Batterie: Li lon

€ 6.590.- exKl.

P Frauscher 750 St. tropez
= Batterie: Li Mn

Bikeboard S500

Vmax: 25 km/h
Reichweite: 60 km
Batterie: Li Po

€ 2.990.- exKkil.

> UM

eRockit
Mensch-Maschine Hybrid
~ Faktor 1:50

~ Vmax: 80 km/h
Reichweite: 60-80 km
1 Batterie: Li lon

Nanophosphat 2,9kWh
€ 28.900.- exkKl.

—Quelle-Joanneum Research, Marktrecherche Oktober 2009 INNOVATION aus TRADITION



http://www.scooterman.at/images/bikeboard_serie.jpg

JOANNEUM

S Challenges for the Successtul Market
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,g —w Electric-vehicles
[ 1) On the market available
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Technical Challenges — Power
”’///))>> Capacity for Charging
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Power Driving range:
input:
Gasoline ICE
Gasoline storage wllly  Refueling 6,360 kW 0.53 kWh/km
at fuelling station in3mn, | —— _
600 km
Hydrogen storage H2ZFCHV
at fuelling station @ Hﬂ'«;el"_ng 2,760 kW 0.23 kWh/km
i 2 man.,
- 600 km
= Illﬂlglll?:.l:ulll:illlli[ljl[:ljl h?ll;llrlsl]lll' lllai;ﬁ IRIH L]
Fastfill (3 min.
600 km
Fastfill (3 min. I “‘\
: n I?I!E::'I:ﬂ:l:fll-llllI[I-!lE::II‘I:II{:IJHIrISI]III‘IIIIIIIlI'IIIIII Ku‘14kWhIkm II
2 . A
Electricity grid = — 200 km
H - .
= LFastfill (3 min. s .
g | Electric vehicle
= Slowfill (10 hours) | 0.56 kw i [F0-1kWhikm \
IIIIIIIII'IIIIIII:III’IIIIIIIIIIIIIIIIIIIIIIIIIIIIIk  —
w40 km ‘——/J
Ludwig-Baikow-Systermtechnik GmbH, 2007

> For comparison: standard houshold plug: 4 kW, (250 V, 16 A)!

INNOVATION @i A RS S09
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Power Demand for Charging
30,000 Electric-Vehicles

50 * | mprivate car users (4,000) 45 MW (23:30)
45 - | msecond car users (9,000)
40 - B business vehicles fleets and public sector (7,000)
= 35 @ daily commuters (10,000)
=
— 30 - Power demand for uncontrolled charging
c';’ of 30,700 electric-vehicles on a weekday 25 MW (18:30)
8 25
50% of business-vehicles are fast charged
20
15
10
)
0)

00:0002:0004:0006:0008:0010:0012:0014:0016:0018:0020:0022:00

Time
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Power Demand for Charging
”’///))>> 30,000 Electric-Vehicles
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75 MW (22:45)

45 MW
(23:30)

Power [MW)]
w N o)
o o o

N
o
!

=
o
I

0 T T I T T T T 1
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

===scenario "e-mobility Styria 2020 - uncontrolled charging"

I === scenario "e-mobility Styria 2020 - controlled charging”
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N\ Power Demand During a Winter Week
”///)))>/ with 30,700 Electric-Vehicles
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1,600 -
Peak power demand in Styria on a winter day: 1,430 MW (11:00)

1,400
1,200
1,000
§ 800
B . .
= 600 Additional power demand
o 200 max. 25 MW with uncontrolled charging i.e. + 1,8%
200
0
Monday Tuesday Wednesday Thursday Friday Saturday Sunday
Weekday

— B public electricity grid Styria (winter) ®additional power demand electric-vehicles
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Technical Challenges — Charging
”’///))>> Infrastructure in Cities
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g Charging infrastructure

necessary

g Long stay at charging point

’5_ Legal aspects in public

c areas

WwWw.]joanneu
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= Electric-Vehicles as Energy
”’///)>/ . . torage—,,Vehicle-to-Grid“
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B e G D "*"'~) 2 x 80 Mio. m3 water

Mooserboden
N i 75,000 MWh
fﬁ"‘ﬁwz?ﬂ‘g;m:m ' Capacity: 2 x 240 MW
-sagiggg;,,b;ﬁm Battery electric vehicles:
4 Battery capacity: 24 kWh

3.1 Mio. vehicle necessary for same

Wasserschliofl e

SK Limberg 103 ZYB amount of electricity

WWW.joanneum.daf

New Infrastructure for fast
Ioadlng/unloadlng necessary

Source: Brauner, TU-Wien, 2009 [
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|  All Types of Electricity Generation
"’///)>/ have GHG-Emissions
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1,000 - 971
basis: life cycle assement
(incl. Construction & disposal)

750 4 source: Joanneum Research 2011 719

- 483
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Austria
renewable F ™

heating oil
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= Number of Electric-Vehicles
”’///))>/ In Styria until 2020
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35,000 -
Passenger cars in Styria (2009): 30,000
30,000 - > stock: 664,000

» annual registrations: 43,000
25,000 -

20,000 -

15,000 -

B scenario "e-mobility Styria 2020"
B 50% scenario "e-mobility Styria 2020"

10,000 -

5,600
5,000 7 3,100
870 1,400

440 700

possible stock of electric vehicles in Styria
[-]

250

220,,, 480

2011 2012 2013 2014 2015 2016 2017 2018 2019 ' 2020




e Electricity Demand for
"’///))>/ Electric-Vehicles in 2020
Additional electricity demand for

30,000 electric-vehicles
1.2%

v’ Styria: 8.300 GWh/a (30 PJ/a)
v electric vehicles: 98 GWh/a

v 30.000 electric-vehicles are 5%
of passenger car stock in Styria

Electricity demand
Styria (2009)
98.8%

source: Joanneum Research 2011
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=
”///)))>/ Electricity Mix in the Austrian Grid
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large hydro power
49%

55% renewable
energy

small hydro
power
1%

wind power
3%

PV
0.02%

biomass
3%
natural gas, coal,
oil

misc. generation 18%

1%
electricity import
25%

source: Federal Ministry of Agriculture, Forestry,
Environment and Water Management, 2009
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S Current Generation of Renewable
”’////))>/ Electricity In Styria
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sewage gas

landfill gas
0.3%

1%

geothermal ‘/520 GWh/a
0.1% .
(excluding large hydro power)

v 6% green-electricity in Styria

small hydro power
34%

biomass

24%

wind power
19%

source: LEV 2011
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<~ The Additional Electricity Generation
"’///)>/ should be....
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o 300 . 28 GWh/a additional renewable electricity demand for 30,000
o electric-vehicles
*2 550 24,000
%‘; average installed power per plant 500
c
.g o large hydro power: 20 MW .
© § 200 1 small hydro power: 7 MW
8 O wind power: 2 MW
8, 0 biogas: 1 MW
> 150 - PV-large: 0,2 MW
S O PV-small: 0,015 MW
52
TS 100 -
©
c
)
= 50 -
©
2 23 19
1 3
large hydro  small hydro  wind power biogas PV-large PV-small

power power source: Joanneum Research 2011
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S The Additional Electricity
”’///)>/ Generation will be.....
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New power plants in Styria

Power plants under construction Annual | Investement

/planned Power production Mio. €
MW GWh/a

Hydro power plant Géssendorf (2012) 18,5 88,6 75 - 80

Hydro power plant Kalsdorf (2013) 18,8 81,2 75 - 80

Hydro power plant Graz (2015) 16,1 72,6 87

PV-plant Mureck (2011) 1 1 3,5-4,5

PV-stations subsidised by climate and 35 35 100 — 140

energy fund (2011- 2015)

Combined cycle power plant - 832 4.500 550

Mellach (2011)

Power plant Werndorf (2015) 580 3.000

sources: Osterreichs Energie (11/2010); PV assumptions
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~ Additional Electricity Generation in
”’///))>/ Styria until 2013
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PV-plant Mureck
(2011)
0,02%
Combined cycle
power plant
Mellach (2011)
96,0%

PV-stations
subsidised by
climate and
energy fund
(2011-2013)
0,40%

additional
production
4,700 GWh/a

Hydro power plant
Gossendorf (2012)
1,90%

Hydro power plant
Kalsdorf (2013)
1,70%

sources: Osterreichs Energie, 11/2010
PV assumptions
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~ Additional Electricity Generation in
”’///)>/ Styria until 2015

RESEARCH
Additonal Co;?)s\jgreglngle
prOdUCthn Mellach (201.)

7,800 GWh/a, pv-stations (2011-

2015)

- 97% fossil 0,50%

Hydro Power
plant Kalsdorf
(2013)
1,0%

Hydro power plan
Gossendorf (2012)
1,1%

Fossil power plant
Werndorf (2015)
39%

Hydro power plant
Graz (2015)
0,9%

sources: Osterreichs Energie, 11/2010
| PV assumptions
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Development of Passenger Cars

IN Austria

5000
4000
3000
2000
1000
0

1980 1985 1990 1995 2000 2005 2010 2015

1980 2005 2015

[in 1000] [in 1000] [in 1000]

B PKW-Diesel 8 2.540 2.999

PKW-Benzin 2.147 1.980 1.876

Summe 2.225 4,520 4875 I1s TRADITION



SN T he Electric-MoDiity started

W//)))> already long time ago.....
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..and Is now going to be continued on
2 and 4 wheels......

O
©
=
>
=

INNOVATION aus TRADITION
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...and Initially on 2 wheels...

Elektrisch unterwegs zu neuen Erfolgen: Mag. Peter Engert (Sprecher der Geschéftsfiihrung Raiffeisen Leasing GmbH), Mag. Or. Eveline
Steinberger-Kern (Geschéftsfiihrarin green minds), Dl Thomas Raffeiner MBA (Partner The Advisory House), Mag, Hans Lukits (Vorstandssprecher

Bewag), Sigi Kémmerer (Pressesprecher Salzburg AG) und Kai Karring, MSBA (Geschaftsfiihrer Mability House) - v.L.n.r.

Quelle: VEO 01/2010

The Mobility House goes Europe

Konigsdisziplin E-Mobilitat
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Development of Shares of
Transportation Means

100% -
90% -
80% -

Share of ways [%]

30% -
20% -
10% -

0% -

70% -
60% -
50% -
40% -

® Cars
O Pedestrian&bicycle
B Public transport

Source: nach Hoélske&Schopf 2010

1900 1925 1950 1963 1975 2000 2010
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S\ Graz: Analyses of
”////))>/ Share of Ways 1982 - 2008
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Public transport

Shared vehicle

o\?
()]
> - -
g Vehicles driver
ks
v
< Bicycle
N
31,0 i
25,3 23,6 Walking

1982 1988 1991 1998 2004 2008
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S Expected costs of battery
"’///))>/ development
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Lithium-ion battery cost assumptions, Projected breakthrough for materials and/or productivity, in addition
$ per kilowatt hour (KWh), pack level to improvements in battery’s state-of-charge window’

2,000

Scenarios

| = High cost

: = Medium cost

currently 700 €/kWh Low cost

1,750
1500 1448 ,

1250 o

necessary

0
2006 2010 2015 2020 2025 2030

McKinsey Quarterly 2000 Number 3
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Cost of

,Small Passenger Car*:
Example Mitsubishi

technical data

Mitsubishi Colt 1.1 - gasoline

Mitsubishi MIEv - electric

L)
2.

tare weight 935 kg 1.110 kg
power 55 kW 49 kW
consumption 5,4 1/100km 17 kWh/100km
range (max) 800 km 150 km
cost incl. Taxes 8,999 € 35,900 €
battery leasing - -
energy costs 1,35 €/1 0,20 €/kWh
mileage 10.000 km/Jahr 10.000 km/a
maintenance 400 €/a 220 €/a
insurance 600 €/a 250 €/a
rate of interest 5 %l/a 5 %l/a

INNOVATION aus TRADITION
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Possible Costs of Transportation
Service of a Small Passenger Car

RESEARCH
B maintenance insurance m tax fuel/lenergy  mfuel/energy
E 0.70 - m sales tax W battery m car
4
' 0.60 -+
@ 053 0.55 0.56
E 0.50 -
3]
= 0.40
= 0.30
= Y 0.26
o |
o 0.20 -+
Q
» 0.10 -
o
© 0.00 -
electricity-mix | PV-electricity | electricity-mix | PV-electricity
"Austria” "Austria" incl. Jincl. energy tax
energy tax
passenger car- pasenger car-electric

gmall - gasoline
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Cost of ,Middle Class Passenger
Car”. Example Renault

Renault Fluence 1.6 16V - gasoline Renault Fluence Z.E. - electric

WWW.joanneum.df

technical data

tare weight 1.265 kg 1.610 kg
power 81 kW 70 KW
consumption 6,7 1/200km 25 kWh/100km
range (max) 900 km 180 km
cost incl. Taxes 19,990 € 26,400 €
battery leasing - 79 €/month
energy costs 1,35 €/l 0,20 €/kWh
mileage 10.000 km/a 10.000 km/a
maintenance 400 €/a 220 €/a
insurance 600 €/a 250 €/a
rate of interest 5 %/a 5 %l/a

INNOVATION aus TRADITION




JOANNEUM

Possible Costs of Transportation Service
of a Middle Class Passenger Car

RESEARCH
® maintenance insurance m tax fuel/energy  mfuel/energy
— 0.70
- = sales tax m battery m car
=< 0.60 A 0.55
W, 0.51 0.54 '
E 0.50 - 0.45
O 0.40 -
S
© 0.30 -
=
)
2 0.10 -
7))
8 0.00 -
electricity-mix | PV-electricity | electricity-mix | PV-electricity
"Austria" "Austria" incl. [incl. energy tax
energy tax
passenger car- passenger car-middle class - electric
middle class -
gasoline
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L Electric-vehicles
R | I 1) On the market available
9 The consumer §¥ENA_¢ — 2) Substituting gasoline&diesel
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Life Cyle Assessment of Electric
”////))>> Vehicles
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Primary Energy

| Electricity production |

!

| Electricity grid |

!

| Charging infrastructure |

{

Production

of vehicle

Electric vehicle |—> ,,En_d of “fe_ management

Production
of battery

1 Dismantling of vehicle

__ Transportation service




. The Three Phases In the Life
W///))) Cycle of A Vehicle
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Cumulated emissions

\

> A

Environmental effects
e.g. GHG-emissions

>~ B
J

Time INNOVATION aus TRADITION
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S Greenhouse Gas Emissions of
"’//))>/ Vehicle Production
?_310
e — 296

serielle hybrid —zm

|e|ectr.

fll hybrid —zm
O
< mild hybrid 20.9
5
micro hybrid —m-o
ce —zw
0 5 10 15 20 25 30 35

| Source: JOANNEUM RESEARCH 2010

Greenhouse gas emissions [g CO,-eq./km]
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— Greenhouse Gas Emissions of
”’///))>/ Electric Battery Vehicle
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natural gas 143.2

Austrian grid mix

Austrian grid mix:
34.1 530 hydro; 3.1% wind, 2.2% biomass,
22% natural gas, 1.1% oil, 14% coal, 4.6% nuclear

hydro power

wind power 33.8 M vehicle production
M operation
PV
wood chips

Source: JOANNEUM RESEARCH 2010

53.8

-10 10 30 50 70 90 110 130 150

short rotation forestry

Greenhouse gas emissions [g CO,-eq/km]



e Cumulated Energy Demand of
////))2 Vehicle Production
co | o 71

micro hybrid - | 0.68
mild hybrid | 0.63
full hybrid (] 0.62
serielle hybrid [ 0.59
battery vehicle | 0.48 B vehicle production

[ operation
fuel cell _0-51

Source: 0.00 0.20 _ 0.40 0.60 0.80 1.00
— JOANNEUM RESEARCH 2010 Cumulated primary energy demand [kWh/km]

diesel

H2 |electr.
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S The possible GHG reduction until
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Number of electric vehicles

100.000 200.000 300.000 400.000
O hnd | ] | ] |} |}
<
O
v
O 02 -
O 0,2
O
-
5 04
O
=) AN
3 <
) -
O 06 <
O
08 - INNOVATION aus TRADITION
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= PM10 Immission in Austria —
”’////))>/ Reduction of life time expectation
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Monate
B 130-2 CI1000-1
M z20o1-3 C] 1101 -12
B0 -4 B 1201 -13
B 401-5 B 13.01 - 14
B 501-8 B 1401 - 15
Bsal-7 B 1501 - 18
m7o1-8 =
-

[
=

——
D
(-
C
i _ Pemreidieien Bty Busbbmbat (Cnellinttaniarmd 1§ 2005 o
; Capale . Bipnde-wanct lia ol wnd Veorme esimgsesesen JBEG . Slalalb Rl u mwc'l t bl..l T'ldE'Sa mt
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