@ SZECHENYI TERV

,Stand der Technik™ — Projektion Treibhausgasemissionen
Deutschland 2004-2030*

« In Mt CO2e

1.028** 1.048 L T4
Energie 359 408 415
Industrie 240 247 260
Transport
Entsorgungswirtschaft. | 73 180 196
Landwirtschaft 5159 teq—34 Fag—3-

2004 2020 2030

*Bei Beibehaltung Kernkraftausstieg
**Klimaadjustiert fir 2004. Temperaturkorrektur auf Basis Gradtage Source: McKinsey
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Degraded forest reforestation —

Nuclear
Pastureland afforestation

Degraded land restoration
2n¢ generation biofuels —

Building efficiency
new build

=t

Low penetration wind —
Cars plug-in hybrid

High penetration wind

Solar CSP

Global GHG abatement cost curve beyond business-as-usual 2030

Gas plant CCS retrofit
Coal CCS retrofit
Iron and steel CCS new build -

Coal CCS new build
Power plant biomass
co-firing

Reduced intensive

agriculture conversion

Solar PV

-

— Rice management

15 { [ 20 )
Organic soil restoration
Geothermal

Grassland management
Reduced pastureland conversion
— Reduced slash and bum agriculture conversion
— Small hydro
— 1% generation biofuels

— Efficiency improvements other industry
— Electricity from landfill gas
— Clinker substitution by fly ash

30

Abatement potential
GItCO.e per year

35 38

Source: McKinsey
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Abatement cost
€ pertCO.e
60
50 |—Residential electronics
40 + — Residential appliances
— Retrofit residential HVAC
0y — Tillage and residue mgmt
20 Insulation retrofit (residential)
10 | — Cars full hybrid
|— Waste recycling
0 .
-10
-20
-30
-40
-50
-60
-70
_80 Cropland nutrient management
- Motor systems efficiency

-90 L Insulation retrofit (commercial)
100 _—Lighting - switch incandescent to LED (residential)
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Energiesektor: Vermeidungskostenkurve Deutschland 2020*

Kosten
in EURK CO,e
110 Geothermie
r
100 1
90
. KWK ccs ||
70 CCs Verbesserte Erdgas Steinkohle| |
KWK Biomasse B':“)“k°h'e Biomasse Kraftwerkstechnik (neu)
60 Steinkohle  (gasformig) | (M€Y (Co-firing) Steinkohle (neu) Erdgas statt
Braunkohle |
50 _[Praunkonle |
Wind Off: 1 L
40 Verbesserte Kraft- Erdgas nd Offshore
- statt Wind Onshore
werkstechnik Steinkohl
30 Braunkohle (neu) r___“i"l__e__
20 Biomasse (fest) {
L
10 Vermiedene I
Verluste |
0
10 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
20 Verbesserte Kraftwerkstechnik Erdgas (neu) Kumuliertes Vermeidungspotenzial
) Verbesserte Kraftwerkstechnik Erdgas (,Retrofit’) in Mt COe
-30 hotovoltaik Freiflache (= 1 MWp)
Verbesserte Kraftwerkstechnik o,
-40 Braunkohle (,Retrofit") I Bl Umstellung Energiemix
_50 Verbesserte Kraftwerkstechnik ] Vermeidungshebel < 20 EUR/t CO_e
Stemkohle.(,,Retrof:t ) |1 Vermeidungshebel > 20 EUR/t CO,e
Photovoltaik Gebaude (ca. 50 k\Wp) -

* Bei Beibehaltung Kemkraftausstieg und unter Bertcksichtigung von Fordermitteln fur emeuerbare Energien (EEG)

Quelle: Studie Kosten und Potenziale der Vermeidung von Treibhausgasemissionen in Deutschland” von McKinsey & Company, Inc. im Auftrag von
BDlinitiatv Wirtschaft fur Klimaschutz® = AG Energie

Source: McKinsey
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Industriesektor: Vermeidungskostenkurve Deutschland 2020

Zement: Stahl: Abmessungs-
Brennstoff- nahes Gieflen
substitution —— ]
Kosten NE-Metalle:
in EURA CO,e Elektrolyse-
Oberareifend Effizienzver-
VipORShG. besserungen
200 Warmeruckgewinnung _ ’
in Luftungssystemen Stahl: CCS
Gebaude Bl
150 Zement: CCS |+|_ !
.. . .. ) ‘or- I
Ubergreifend: Ubergreifend: Papier. 1
100 . . . o
Ubergreifend: Effizienzoptimierung | Optimierung Chemie: Stahi: Wandel Eflizienzver- -
Energiespar- Beleuchtung Heizungssysteme Effizienz SRBOF 2u besserungen rlll }
50 motoren Gebaude Gebaude Katalysatoren EAF mrT ] II{ !
ot
S i ||I 1
0 L Py g
(I“ IS | 1L) | |1* 25 30 35 40 45 50
-50 Ubergreifend: Chemie: Kumuliertes
Mechanische Lachgasbindung Vermeidungspotenzial
Systemopti- Adipinsaure- in Mt CO.e
-100 mierungen produktion Chemie:
Antriebe (teilweise Lachgasbindung
150 || wirtschatftlich) Salpetersaure-
1 e produktion
-200 . E— Zement:
l Klinkersubstitution
Ubergreifend: Drehzahlregler in
Antriebssystemen ] vermeidungshebel < 20 EUR/t CO.e

|| Vermeidungshebel > 20 EUR/t CO.e
- Source: McKinsey
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Gebaudesektor: Vermeidungskostenkurve Deutschland 2020

Kosten
in EUR/t CO.e
1.000 Zusatzl. 2L-Sanierung
900 N (1-2-Familienhaus) _}f }
iZienzsielgenung Zusatzl. 2L-Sanierun 1
1W-Stand-by Unterhaltungs- T e 9 1
800 Elektronik, IT & Kommunikation Luftungssysteme (tertiarer Sektor) (3-6-Familienhaus) _rL} }
700 || [ Innovative Waschmittel Heizung ungedammter Zusatzl. 2L-Sanierung ]|
o0  1W-Stand-by Birogeréite Wohngebaude (Mehrfamilienhaus) m }
_ Kithluna Handel Energiemonitoring, Regelungstechnik - 11 !
500 L g X (z.B. durch Energiesparcontracting) ~ Regenerative Klimasysteme — | .
uftungsantriebe . . |
9 7L-Sanierung (3-6-Familienhaus) Raumklimagerate bis 12kW } { 1]
400 Regelanlagen zur Liftungssysteme 111
300 Spannungsstabilisierung 7L-Sanier.l.mg Wohngebaude } } } }
Effiziente Motoren (1-2-Familienhaus) Oofimi 111
ptimierte il 1
200 Austausch Klimasysteme LR
Strafienbeleucht Do
100 aRenbeleuchtung Passivhauser r+- }l} ! D
01 TTT — — 11 IRGEEE
100 s 0 1* 20 25 30 65— 40 45 50 55 g0 65 70 75
t Kumuliertes
-200 Vermeidungspotenzial
Beleuchtung tertiar (LFL) Dammung Blrogebaude — in Mt CO,e
-300 7L-Sanierung Mehrfamilienhaus Einsatz LEDs (tertiarer Sektor) ——
-400 Energiesparlampen Dammung Schulen
Effiziente weilke Ware Einsatz LEDs (Haushalte) ——/
Adaptive Beleuchtungssysteme Heizung gedammte Wohngebaude

[J Vermeidungshebel < 20 EUR/t CO.e

i _1 Vermeidungshebel > 20 EUR/t CO.e
Source: McKinsey
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Transportsektor: Vermeidungskostenkurve Deutschland 2020
Kosten
inEURCO# PKW Diesel: Mild/
5.000 Full Hybrid
PKW Diesel: Motorkennfeld Leicht_e .LKW:
4500 || PKW Benziner: Nebenaggregate Hybridisierunge. -,
C. |
PKW Diesel: Thermomanagement ;’%}’FBZTI‘_?'E%“ !
ill/Fu i
4.000 PKW Diesel: Motorreibung . ' IZT"” |
PKW Benziner: Motorreibung PKW Diesel: Doppelkupplungsgetnebi }{ 1I
3.500 Schwere LKW: Aerodynamik I {l 1|
PKW Diesel: Nebenaggregate Hll %{ ]l
3.000 Leichte LKW:Technische MaRnahmen - Iy |
PKW Diesel: Mittleres Downsizing PKW Benziner: Schwere LKW |
Variable Ventlst '
2500 PKW Diesel: Reifen variable Ventisieuerung - s 2020 1
' PKW Benziner: Thermomanagement PKW Benziner: Start-Stop-System [l S {
Luftfahrt: Veringerung Zusatzdistanzen PKW Diesel: Start-Stop-System ! M T
2.000 PKW Benziner: Reifen PKW Benziner: Direkteinspritzung rr ik 1{ 1
PKW Benziner: Schaltpunkt-/\Verbrauchsanzeige PKW Benziner: Starkes Downsizing } Ill }[ 1'
PKW Diesel: Reifendruckkontrollsystem Ethanol (1. Generation) il Il{ 1{ 1
1.500 Schiene: Technische Optimierung PKW Benziner: Mittleres Downsizing }'” ]| 1}[ i I
Schiene: Auslastung Nahverkehr il | }ﬂl T
1,000 Schiene: Auslastung Fernverkehr _ o m llllll f 1{ 1
' Luftfahrt: Technologie Biomass-to-Liquid (BTL) td G oW
Luftfahrt: Verbrauchsoptimierung ~ Biodiesel b l| { i II: I }ll 1{ 1
500 Ethanol (2. Generation) Hydriertes ,“l 1R Hh i lhl }l {
Ethanol (Brasilien) Pflanzendl I ] R }}H}l Iﬂ }{ !
0 1 I L L L L L e sl l '
—
500 0 2 4 5] 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
[ Umstellung Energiemix Kumuliertes
] Vermeidungshebel < 20 EUR/t COe Vermeidu ngspﬁtegéial
g, , in e
1 _1 Vermeidungshebel > 20 EUR/t CO,e Source: McKinsey
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Capital intensity by abatement measure

Capital intensity

Shift coal plants to higher gas utilization
— Residential water heating

€ per tCOze Cars plug-in hybrid —
180 - Cars full hybrid —
2nd generation biofuels
170 Building efficiency new build —
160 Geothermal—  Reduced intensive agricultural conversion —
150 | Residential electronics Retrofit residential HVAC
140 L Insulation retrofit (commercial) — Electricity from landfill gas—
130 - Ngclear ] Residential appliances —
Iron and steel CCS new bulld — Insulation retrofit (residential) —

120 | Coal CCS new build — Solar PV —
10 Reduced pastureland conversion — Low penefration wind —
100 Reduced slash and burn — 1=t generation biofuels -

9 + agriculture conversion Motor systems efficiency- -

80 | Degraded forest — Gas plant CCS retrofit—

reforestation Solar CSP— i
70 I Lighting — switch incande- — : : -
. . Efficiency improve-
g0 | scentto LED (residential) ments othger in%ustry
50 L Power plant tgg_rfrilrz'ars‘s — Small hydro
Hi , .

40 + Pastureland 'gh per:etrlaln on wind |

30 | afforestation Coal CCS retrofit

20 Waste recycling

All agriculture
10 sector levers
0 ' ' T
-10 _ 5 10 15 20 25 30 35 40
Clinker substitution by fly ash

-20 ¢

Abatement potential
GtCO.e per year

Source: McKinsey
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Lock-in into high-carbon infrastructure

Annual abatement

Lifespan of high-carbon

Cumulative emissions
caused by each year

opportunity” infrastructure built of inaction
GtCO,e per year Years™ GtCO.e
Power 0.3 38 123
Industry 0.3 : 24 8.2
Buildings ] 0.1 i| 15 2.0
Transport :|0.1 ® i1 15 :| 1.3
Waste ] 0.1 1 ' 0.1
Forestry 06 1 ] 0.6
Agriculture 0.3 1 ' 0.3
wornge  EED <@ 25 J
average
Source: McKinsey
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CO2 Limitation Forecast worldwide
GHG Emission for Passenger Vehicle by Country
» 2020 US fuel economy
o 270 - | mirrors Europe and Japan
© i fleet of toda
£ 250 Canada Y
S o 230 - = Global issue, global
S :;}210 _ OEMs, global solutions
§ ? 190 - _ = Europe is leading the
*Z‘, ; 170 - ChAustralla battle
9 A ina : . :
S w 150 - US | = CO, legislation is opening
ugJ- 130 - L Japan dOOFS for neW
S 110 - : technologies
o 90 1 LI Il LI LI 1 1 LI 1 1 1 IEuIrope
N & © 00 O N «w W o0 o
2O O O et
o O O O O O O O O o
AN AN N &N &N N N N N «~
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Several players have to be a part in the game...

, with it's battery
Il becomes an intelligent
: and mobile

capacitor

Source: Siemens
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Begin of standardisation

up to:

- 63 Amps
- 400 Volt
- three phase

=> 40 kW max
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THEORIE: ENERGIETRAGER FUR 0,5 kWh

= Tafel Schokolade: 85 g

» Benzin: 55 ¢

= Lithium lonen: 5.263 g

Source: AVL

Mobilitas
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PRAXIS: UM 0,5 kWh ENERGIE ZU ERZEUGEN BENOTIGT MAN...

= Tafel Schokolade: 85 g

» Benzin: 165 g

= Lithium lonen: 14.620 g
(@40% SOC range)

Source: AVL
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Az aram eldallitasi koltsege ma:

2,5-6 ct/kWh

Mennyibe keril a tarolasa egy litium-ion

akkumulatorban?
[INSZEGHENYI PANNON EGYETEM @Mobmtas
ass EGYETEM Q') B komnyezet
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Mennyibe keril a tarolasa egy litium-ion akkumulatorban?

1 kWh-s litium-ion akkumulator perspektivikus ara: 200 €
Maximalis élettartama: 10 év

Maximalis ciklusszama (200 munkanap/év): 2000
Tenyleges kihasznalhatd kapacitasa: 0,4-(0,5) kWh

igy 1 kWh tdrolasi koltsége > 20 ct
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Mennyi energiat takaritunk meg az elektromos autoval?
Energiebedarf in KWh/100km Stadtfahrerin Uberlandfahrerin
Bsterreich Diesel-PKW 939 100% 924 100 %
E-PKW 624 66 % 649 T70%
Eurondiische Union Diesel-PKW 9111 100% 8951 100 %
P E-PKW 870 959 23| 103%
[N SZECHENYT Q) ooy Mobitas
@ EGYETEM @ | ) @es kdrnyezet
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Milyen messzire jutunk az elektromos autdval?
Reichweite abzUglich einer Umgebungstemperatur
Reservereichweite von 25 km 20 °C 0°C -10°C
ohne Heizung inkl. Heizung inkl. Heizung

Fahrzeug und Klimaanlage

Mitsubishi i-MIEV 83 km 48 km 41 km
Mercedes Benz A-Klasse E-Cell 150 km 101 km 85 km
Smart Fortwo Electric Drive 100 km 64 km 52 km
Nissan Leaf 76 km 53 km 41 km
Volkswagen Polo BlueMotion 1.090 km 1.036 km 989 km
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Shell Scenarios

Power growth primarily from
coal, gas and renewables

Globadl
Power

Demand

reldive

gowth Renewabl es

Hydro

Nuclear

2000 2025

Heat draws primarily gas for
growth....

Global

Heat
Demand

reldive
growth

2000 2025

* Sourced by pover

|:> The transport sector will be the natural home for the growing oil demand.

...while transport continues to

be the preserve of oil

reldive
gowth

Global

Transport
Demand

2000 2025

Source: Shell
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Indicative Order of Magnitude of Energy Resources

I Annual world
consumption
- ;
a Qil
e Gas
3
o
m .
e Uranium
>
| '
c
® Coal
=
L o d
o
-
o=
[ ™
0
=
]
-
-
-]
(1)
©
-
c
c
<

Source: Shell
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World Hydrocarbon Resources

Conventional Qil and Gas are less than 2%

A
Viscosity
1,000,000 cP
>100-10,000 cP
> 100 cP
. Conventional Gas
1 0.6%
v

Source: Shell
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Options for Transport Fuels

Energy sources

energy carrier drive-train options

W

@ I oil I Liquid
Conventianal & adveneed biofe b Synthetic Gels Fuels

(M Bas o ()
Tropzh
D [ Goal _ I
Partial > Syngas
@ TP Oxidation COH,
W =
@ [ Wind | T
] [
[Nuckar | e | [
|

1
1 o
_______ Hydrogen
1 Fusion ? r-'-- Becholyss [=———meememeee————

W

=

L—L.l

Hug-In bybeid d mel /K CCI

Beckic Vehi de -

Source: Shell

ﬂ!SZE%S(T:vIX%ENYI E PANNON EGYETEM
=m EGYETEM u UNIVERSITY OF PANNONIA

IMobilitas

es kdrnyezet



@ SZECHENYI TERV

New Car Sales Germany
2007 vs. 2006

by CO, Emission class

Up to 90

91120

121-140 S

141-180

181-180

181-200

201-240 g

CO, Emission —g/km

241-280

281-320 -

over 320 . Source: AID / KI'3A

Passenger Car Sales Germany 2007 vs. 2006

® Clear consumer trend towards
more fuel efficient vehicles
already in 2007 (not only in
Europe but also worldwide)

" This trend will increase during the
next years

=» Fuel economy / CO, will become
the key buying factor with
passenger cars
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CO2 Penalties according to EU Legislation

Porsche
DC
BMW
Mazda

B oropnosed leqislation 2020

= System (conventional Powertrain)
Optimization as Key? — the Engine
alone cannot fulfil Future
Requirements

Nissan
Hyundai
VW
Ford
GM

=> Slow Follower have to change their
complete Range of Products by the
End of the Decade

=>Rather invest into new Technologies
than in Penalties!

Honda
Toyota

Renault

Fiat
PSA
] ] ] ] ] ] ] ]
Q \} \} \} \} Q Q Q Q Q Q QO
QO O O O \) \) \) \) \) \) \)
S N R RN N R N T )
Penalty per Vehicle by Brand [EUROJ* coz Emissionin 2007
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Technology OEM On-Cost vs. Benefit (related to Gasoline)

= Changes in Conventional Gasoline Powertrain leads to
limited Improvement in FC and CO2-Reduction - only Near
Term Solution

Fuel Consumption
Potential

= OEMs are looking for the lowest Cost per Benefit Ratio

Cost/Benefit Ratio 9|..O\fv Cost/Benefit Ratio @ Stop / Start Functionality, but
(FC) limited Improvement

= Best Cost/Benefit Ratio @ Mild Hybrid (today) compared
to conventional Diesel Technology

CO2 Emission
Reduction Potentia

= Higher Energy Demand and higher Battery Costs for Full

Cost/Benefit Ratio)  Hybrid leads to high Cost/Benefit Ratio. Situation might
(CO, Reduction)

change in Future.

Total Cost/Benefit Reference 50 €/ % 87 €/ % 136 €/ % 90 €/ %

]!SZE&:\%\JENYI U PANNON EGYETEM @Mobllltas
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The future Powertrain will be Different...
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