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Energie-Bedarf und Verbrauchsstrukturen

Effizienz ist entscheidend fur
Bedarf & Versorgung
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Fragenstellung

»Wie sieht unser Energiebedarf, Primarenergie
und Strom in 2030 bzw. 2050 aus?

»>Wie sieht die Struktur der Stromerzeugung
in 2030 bzw. 2050 aus?

»Welchen Einfluss hat die Erfullung der
Klimaziele auf unsere Wirtschaft als Ganzes?

»>Gibt es vernunftige Losungen, all diese
Anforderungen zu erfullen?
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—>daraus leitet sich die Frage ab:
»Welche Aufgabe hat in diesem Zusammenhang

die Stromversorgung?

»Welche Auswirkungen haben auf der Bedarfsseite
neue Anwendungs-Technologien bzw.
veranderte Gebrauchsgewohnheiten?

»Welche Moglichkeiten bestehen auf der
Versorgungsseite — bezogen auf den Brennstoff
und die entsprechende Technologie

»>Wie sind die gesamtwirtschaftlichen Zusammenhange
- heruntergebrochen auf die einzelnen Lander der EU
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...entsprechend der Fragestellung gliedert sich
die Vorgehensweise (Role of Electricity) in

- Bedarfs-Analyse - heute und morgen

* Untersuchung kunftiges Technologie-Portfolio
bezogen auf Verbraucher & Versorger Seite

« Modellierung wirtschaftlichen & technischen
Zusammenhange mittels Szenario - Analyse
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Herausforderung Klima Wandel

Composition of the Atmosphere has been
changed in the last Century more than the

Centuries before

anthropogenic Changes in the Composition
of the Atmosphere causes an Unbalance

of a complex System
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Expected Growth of Electricity Demand
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And the Need for new Generation capacity

Increase in TWh/a EU 25
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Forecast of Fossil Fuel up to 2050
according IEA Outlook
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Europaische Energie - Politik

Beschluss des Europ. Rates vom Marz 2007Dezember 2009

EU to advocate a 30% reduction in GHGs by
industrialised nations by 2020 (of 1990 levels)

Unilateral EU target 20% reductions in GHG by 2020

Binding target for renewables: 20% of total EU
energy consumption by 2020

* 10% binding target for bio fuels

* No sector-specific targets for electricity or H/C
Energy efficiency Improvement overall: 20% by 2020
Emission Trading Scheme with 2013, 100% auctioning
Carbon Capture Storage including Funding Scheme
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Bedarfsstrukturen - Einfluss Faktoren

C Bedarf an Energie ist bestimmt durch

> individuelle Praferenzen und Gewohnheiten
» okonomische Moglichkeiten/Zwange
> politische Ziele > Klima Schutz
und
> naturgesetzliche Grenzen



VoB

POWERTECH

Ausblick Bedarf — Anwendungen im Privatsektor

Deamand Cutlook

s, esidential Appliances - EU 25 - Estimated
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Ausblick Bedarf — Anwendungen im Privatsektor
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Ausblick Bedarf — Anwendungen im Privatsektor

Demand Outlook
s, esidential Appliances - EU 25 - Estimated
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Ausblick Bedarf — Anwendungen im Privatsektor

Deamand Cutlook
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Plug-in Hybrid
Kombination: Benzinmotor — Elektromotor
und

aufladbarer Batterie
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Niedrig - Energiehaus

Energetische Sanierung senkt den Brennstoffverbrauch

28t

CO,-Ausstof

unsaniert saniert auf saniert zum
ﬁ*ﬁégnén Neubau- v Niedrigener-
standard giehaus
von Heizol ; i
pro Jahr 4500 Liter 1800 Liter 900 Liter
;“?;_51__‘:__; .;ij erung eines durchschnittliche " lienhauses _§.4 e VAT AT ed i

Niedrigenergiehauser verbrauchen ein Funftel der Brennstoffmenge, die ein unsa
nierter Altbau benotigl. Entsprechend sinken die Heizkosten und CO-Emissionen

Quele: Deutsche Energie-Agentur
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So viel Energie und CO, kann Deutschland einsparen

-30 %
Endenergieverbrauch : plug-in Hybrid
1000 in Terawattstunden pro Jahr =70 Mio. - :
(1 Terawatt = 1 Billion Watt) Tonnen CO2 =15 Mio.
900 (1 terawatl = L oiion vwatt) To“nen co‘
ket SRS A R R SR S e T LR, 009090 2090 mm moagamamay v
S =20 Mio.
700 Tonnen CO;
600
500 S
400 E
300 5
200 =
100 g
Warmebedarf von Verkehr
Gebauden (ohne Strom) Individual- und Lyftverkehr
in Europa

Das Energiesparpotenzial ist auf allen Sektoren enorm. Den grofiten Effekt haben
Effizienzsteigerungen bei strombetriebenen Geraten und Gebaudeheizungen
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Last Kurven — jahreszeitlich/wochentlich

GWh
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Leistungskredit — jahreszeitlich

GW

120

B Leistungskredit andere EE A Leistungskredit KWK

100 -

B Leistungskredit WEA

80
60 -
40
20 A
0 - .

FrGhjahr Sommer Herbst Winter

B Verflgbare Kapazitat der Kraftwerke
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Power generation structures of selected
European nations in 2005

Gross power generation
TWh Coal sharein %

EU 25 [ — 3.310 28
Poland | 157 91
Greece [ ] 60 59

Czech Republic 83 59
Germany [ ] 620 44

UK I 401 34

Spain I 094 27

Hungary | | 36 20

ltaly I 304 14

Belgium | 87 9

France [ ] 575 5

Bulgaria [ | 44 41
Romania ] 59 37

Sharesin% 0 10 20 30 40 50 60 70 80 90 100

| Coal m Qil O Natural gas B Nuclear W Other/hydro

Source: EUROSTAT - energy/annual statistics 2005 - 2007 edition (resp. RWE) .
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CO,-Ausstol3 bei der Stromerzeugung

Gramm Kohlendioxidiaquivalent pro kWh Strom,
berechnet iliber den Lebenszyklus des Krattwerks

Braunkohlc [ NeEe bis 1230
Steinkohlc [EE bis e s o
erdsl ason
Erdgas 640
Erdgas GuD _43'.'1
Fotovoltaik -bis 160

Kernkraft I 16 bis 23
Wind J| 8 bis 16
Wasserkraft I4 bis 13

Schwankungsbreiten entstehen durch unterschiedliche
Berechnungsmethoden und Standorte der Krattwerke.

L A
Quelle: PSI| Paul-Scherrer-Institut, Schweiz
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CO, avoidance cost for power
generation technologies in 2020
from a macroeconomic perspective
in EUR/t of CO,
159
213
104
S S | GQC)% %00% Q,@O\SG} ¥ cZ,QO@ e & aoe}® \t‘}(\é;\
: N & & 2C & > ,0\}\
o & o & & & N
\2\‘2} ((\Q}% $ @ 6\\(\@ i{z}é‘"
& & \0“0

Source: McKinsey&Company, “Costs and Potentials of Greenhouse Gas Abatement in Germany”,
energy sector perspective; Berlin in September 2007, pp. 48 and 55 (resp. RWE) .
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» Nutzungspotential - Erneuerbare
= Wind

= on shore ~ 1600 - 2000 h/a o
= off shore ~ 3600 - 4000 h/a g.
= Wasserkraft @
. Pump-Speicher ~ 2800 - 3200 h/a 8.
» Laufwasser ~ 6200 - 6600 h/a (é’n-
= Biomasse analog konventionell a
= Solarenergie ®
= Photovoltaik ~ 2200 - 3000 h/a S
= Solarthermie ~ 2200 - 3400 h/a S
= Geothermie ~ 4000 - 5800 h/a )
= Gezeiten/Wellen ~ 2400 - 3000 h/a =)
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Efficiency improvements in coal-fired
plants have the biggest CO, effect
CO, as part of electricity costs
45 — — €30/t of CO,
40 - N ——¢€ 15/t of CO,
-y 7777777 I 3 p
35 - ~ /. 7 X
= ~. existing state of development
; 30 - ~ fleet the art target
= Lignite
o 25 -
20 -
15
10 - —==
I Gas/CCGTY
5 - ngn|_||te d
ard coal W77 & >
0 - Gas/CCGT7z77777777777 7777777777700 >

25% 30% 35% 40% 45% 50% 55% 60%

Net efficiency
1 CCGT = combined-cycle gas turbine (resp. RWE)
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CO, reduction through higher efficiency

essential for hard coal plants
CO, emissions per kWh

L Average,
worldwide

30

480

\ EU-25

art technology

38 State-of-the-
881

379

Efficiency’) [%]

CO, emissions [g CO,/kWh]

Fuel input [g coal/kWh]

45 700 °C
743 power plant
320 > 50
| 669 cion
Zero-CQO, efficiency
288 plant losses of
v 8-12% points
2010 2020

1 Average data for hard coal-fired plants (resp. RWE)
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Global cost curve of GHG abatement opportunities beyond business as usual

+ Cost of abatement « Industrial . . Coal-tq- . 2030
« EUR/ACO.e feedstock substitution Forestatio . Soil CCS: as. Sr\;vlfgste

coal

. 40 * LivestackCCSs EOR:; Ing;
» Smart trapsit oils New coal | low « Solar
+ 30 « Small hydro. Nuclehr * Forestatio pen

» 20 * Industrial non<CQx

. * Airplane efficiens

.18 + Stand-by log N

-10 S5 6 7+ 8« &> 10 1t 12 13 14 15 16 14 18 19 2@ 2% 27 23 24 2 26 27
-20 + Cellulose : « Avoided * Industrial
) ethanol Industrial ~ :

28 Sugarcanenon-CO, . Qo-f,rmg . CCS: defor('ao:srtna;lrci)cna CCS

o biofuel biomass new coal

:60 « Fuel efficient vehicles * Industrial motor + Abatement
20 - Water heating systems GtCO,e/year
-80

.90  Air Conditioning
100  Lighting systems
-110 Fue — ~27 Gton CO.,e below 40 EUR/ton (-46% vs. BAU)
-120 | efficient — ~7 Gton of negative and zero cost opportunities
130 commercial — Fragmentation of opportunities
-140 vthcles

« Insulation

-150 improvements
-160 P

www.vattenfall.com/climatemap



CO,-Capture & CO,-Storage

CO, can either separated from the flue
gases or from the fuel before the
combustion process.

CO, will be purified and for permanent
storage compressed in liquefied form in
poroseous rock formations.

CO,-Capture CO,-Storage
 Post-Combustion in « deep saline Aquifere
conventional Power «  Exhausted Oil- and
Plants Gasfields
. Pre-Combustior_l in  not-minable Coal Seams €0, Storage
Power Plants with Mi ke
i fes e . ineralisation
integrated Gasification \

Oxyfuel-Combustion

Intensive Research is necessary for both areas Capture & Storage.
Acceptance for CO,-free Power Plants can only be achieved by a clear
Validation and Confirmation of the Storage Cpabilities.
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Final Energy Demand — EU25

Cansumption
of energy
{Index 2005=100)

End-use Sectors,
except transport

Transport Sector

Electricity
Consumption

Energy Efficiency
{annual average
rate, %)

End-use Sectors,
except transport

Transport Sector

Share of Electricity
in Final Energy

End-use Sectors,
except transport

Transport Sector

BASELINE
2030 2050
117.6 100.0
120.3 115.7
111.5 93.0
144.5 160.3

05-2030 05-2050

-1.35

-1.26

-1.C6&
2030
24.6

341

1.5

-1.46

-1.33

-1.78
2050
20.4

39.1

2.8

EFFICIENCY & RES

2030 2050
102.1 8c.g
10C.3 93.0

9cL.0 8.7
126.8 138.1

05-2030 05-2050

-1.90 -1.99
-1.78 -1.81
-2.19 -2.47
2030 2050
24.8 32.3
341 §2.2

1.8 2.g

SUPPLY SCEMARIO ROLE OF ELECTRICITY

2030 2050 2030 2050
113.3 101.1 105.6 g6.8
1150 109.5 110.4 109.8
100.6 82.2 94.9 67.7
142.8 162.8 172.1 211.5
05-2030 05-2050 05-2030 05-2050
-1.50 -1.62 177 -1.72
-1.44 -1.45 -1.60 -1.44
-1.63 -2,08 -2.19 -2.C0
2030 2050 2030 2050
2.2 2.2 32.6 3.7
353 42.2 40.8 LO.6
LEL 2.3 11.3 18.7

POWERTECH

Abnahme des
Verbrauches



Final Energy Demand — EU25

BASELINE EFFICIENCY & RES SUPPLY SCEMARIO ROLE OF ELECTRICITY

2030 2050
Cansumption 117.6 100.0
of energy
{Index 2005=100)
End-use Sectors, 120.3 115.7
except transport
Transport Sector 111.5 93.9
Electricity 144.5 160.3

Consumption

2030 2050
102.1 8c.g
10C.3 93.0

9cL.0 8.7
126.8 138.1

05-2030 05-2050 05-2030 05-2050

Energy Efficiency -1.35

{annual average

rate, %)

End-use Sectors, -1.26

except transport

Transport Sector -1.C6&
2030

Share of Electricity 24.6

in Final Energy

End-use Sectors, 4.1

except transport
Transport Sector 1.5

-1.46

-1.33

-1.78
2050
20.4

39.1

2.8

-1.90 -1.99
-1.78 -1.81
-2.19 -2.47
2030 2050
24.8 32.3
341 §2.2

1.8 2.g

2030
113.3
115.0

100.6
142.8

2050
101.1

109.5

B2.2
162.8

05-2030 05-2050

-1.50

-l.44

-1.63
2030
26,2

353

1.5

-1.62

145

-2.08
2050
32.2

4§2.2

B

2030 2050
105.6 g6.8
110.4 109.8

949 67.7
172.1 211.5

05-2030 05-2050

-L.77 -1.72
-1.60 -1.44
-2.19 -2.50
2030 2050
326 43.7
40.8 LO.6
11.3 18.7
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Einsparung
Bedarfsseite

.

Anstieg im
Elektrizitats-Sektor
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Overall Performance of all Scenarios

DEPENDENCE ON CO: Emissions

ToTaL CosT oF ENERGY IMpoRrTED OIL & GAS FROM ENERGY

2005 =100 2030 2050 2030 2050 2030 2050
Baseline 146 159 126 138 110 b
Role of Electricity 164 102 &0
Supply Scenario 161 169 115 114 70 50
Efficiency & RES 156 164 128 137 70 50

(Results for 2030 and 2050 expressed as an index, with 2005 = 100)’

[Transition Process into a new low Carbon World!]

at lowest Cost, nearly zero Import Dependency




VoB

POWERTECH

Zusammenfassung
< ; global und in der EU

» Anstieg des Bedarfs-an Energie und Strom
» Forderung: Versorgungssicherheit
» Muss der Sozialvertraglichkeit >Kosten
> Notwendigkeit fur verstarkte
F&E Aktivitaten CO,-arme Technologien
aber wir benotigen
> offentliches Bewusstsein/Akzeptanz

Effizienz ist und wird ,,erste Wahl* sein!
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e 2

~ Danke fiir Inre Aufmerksamkeit
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->Three Options to
achieve the target 2020 5
0;
: Post-combustion i
« All using known ..ig;'gfmmn
technologies and e Sa
Components oS! ;r : Power & Heat
* All need Optimisation, _;_“—;_—t'_ ________________________ co,
Scale-up and Process- Lenl i | * Compression
: & Dehydrati
Integration. ossil fugl — |RETOTmEr ——— ehydration
. . +C0; Sep.
* Increase of Efficiency is i 1
an indispensabe @~ @ | ——""w"—"nw--——— —— .
Prerequisite. :
9 Oxy-fuel Fossil fuel =#|Fower & Heat
Alr —»{Air Sep. Unit

Year
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Pathways towards cost-competitiveness for fossil power generation
technologies
Technologies 2010 2020 2030 2040 2050 "L 1 200
Combined cycle [natural gas) 16
Advanced steam cycles (coal) 02
Integrated Gasification Combined Cycle [codl] ———— 0.2
Fuel Cell B 5 0
separation (coal) : B 13
CCS Advanced steam with oxylueling
eoch 4
CCS Integraled Gasification Combined 13
yecle with caphure [coal)
CCS Chemical abscrption flue-gas 0
separation {natural gas)

the R&D stage .

An indicator how mature
are the tecnologies IEA Energy Outlook 2006
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Perspective of Demand for Primary Resources

- Assessment/Comment

> Challenge Climate Change

» sustainable Development

» social Balance

» Availability resp. Access to Resources

independent from different Scenarios
- Portfolio of Primary Resources
will not change dramatically
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cost of elcetricity - Overview

2005
Hard Coal 4.11
Natural Gas bl
Lignite 3.72
IGCC 4.79
OxyFuel
Nuclear 4.30
Hydro run river 4.10
Wind offshore 7.62

2030
6.18

6.95
6.47
6.54

4.70

POWERTECH

2030 CC 2050 CC
6.72 6.46
7.06 8.76
6.21 6.19
572 5-43
6.09 5-95
4.90

4.10+

757

Cost of Electricity figures are in €-ct/kWh in 2005 prices ‘

reine Erzeugungskosten ohne Ubertragung und Verteilung
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Perspective of Demand for Primary Resources

15.000 bin
2005 2030

11.40 bln toe 17.7 bln toe
Oil 35 % 32 % share
Coal 25 % 28 % share
Gas 21 % 22 % share

Electricity 17 % 22 % share
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Endenergieeffizienz

BIP real/Endenergie in €/GJ Veranderungsraten gegentiber 2000 in %
_ 2000 2005 2010 2015 2020 2025 2030 || 2005 2010 2015 2020 2025 2030
Scenario | ™23 232 [[ 258 288 320 357 395 || 0,77 143 1,71 181 190 1,92
Scenario 1] 203 232 256 285 317 355 393 077 137 163 176 186 1,90
Primarenergieeffizienz
BIP real/Primérenergie in €/GJ Veranderungsraten gegeniiber 2000 in %
2000 2005 2010 2015 2020 2025 2030 || 2005 2010 2015 2020 2025 2030
‘Scenariol | 143 150 174 198 225 256 285 (| 097 197 217 228 236 232
Scenario ll | 143 150 180 206 235 270 302 [| 097 230 244 251 257 252
Stromintensitat
Stromverbrauch /BIP real in kWh/1000 € Veranderungsraten gegeniiber 2000 in %
_ 2000 2005 2010 2015 2020 2025 2030 || 2005 2010 2015 2020 2025 2030
Scenario | 7540 237 220 201 182 166 151 [[-023 -084 -118 -137 -146 -1,53
Scenario Il | 240 237 220 200 182 165 149 |[-023 -083 -120 -1,38 -148 -157
CO2-Intensitat
CO2-Emissionen/BIP real in kg/1000 € Veranderungsraten gegenitiber 2000 in %
_ 2000 2005 2010 2015 2020 2025 2030 || 2005 2010 2015 2020 2025 2030
(Scenario | 7454 494 [[ 359 321 293 265 240 ||-182 2,32 -228 -216 2,12 -2,10
| Scenario W) 454 414 337 297 270 243 216 ||-182 295 -278 -256 -247 -244
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Consumption
of energy
(Index 2005=100)

End-use Sectors,
except transport

Transport Sector

Electricity
Consumption

2030

117.6

120.3

111.5
144.5

BASELINE
2050

109.0

115.7

93.9
160.3

EFFICIENCY & RES

2030 2050
102.1 Bc.g
105.3 93.0

95.0 8.7
126.8 138.1

05-2030 05-2050

SUPPLY SCENARIO

POWERTECH

ROLE oF ELECTRICITY
2030 2050
105.6 06.8
110.4 1009.8

94.9 67.7
172.1 211.5

05-2030 05-2050

Energy Efficiency
{annual average
rate, %)

End-use Sectaors,
except transport

Transpaort Sector

Share of Electricity
in Final Energy

End-use Sectors,
except transport

Transport Sector

-1.35

-1.26

-1.LCE
2030
24.6

341

1.5

-1.46

-1.33

-1.78
2050
29.4

39:1

2.8

-1.90 -1.99
-1.78 -1.81
-2.19 -2.47
2030 2050
24.8 32.3
341 §2.2
1.8 2.g

2030 2050
113.3 101.1
115.0 109.5
109.6 82.2
142.8 162.8
05-2030 05-2050
-1.50 -1.62
-1.44 -L45
-1.63 -2,08
2030 2050
2L.2 32.2
3L.3 §2.2
15 2.3

177 -1.72
-1.60 -1L.44
-2.19 -2.50
2030 2050
32.6 43.7
f0.8 LO.6
11.3 18.7
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Challenge Climate Change

2030 — 2000: MFR

Al (SOw (0w dw GSw Sm S0 S0 MOk #OL  ABDE  (SS0 aEOE

2030 with CC- 2030 without CC: CLE

WO i N W Mw Em S XC e ol nad ol Ml
s ey

POWERTECH

¢) Change in surface ozone
reductions between 2000
and 2030 achieved when all
currently available emission
reduction technologies would
be implemented (MFR),
assuming climate to be
stable.

d) Effect of allowing climate to
change between 2000 and
2030 on surface ozone in the
year 2030. Climate change
alone is expected to reduce
ozone over the oceans.

Over land only small
Increases (< 1 ppb) are
expected in some areas.
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a) Global surface ozone
concentration [ppbv] in

the year 2000 calculated
with an ensemble of
global air pollution models.

b) Change of surface ozone
between 2000 and 2030 as
a result of development and
currently decided world-wide
emission reductions policies
(CLE), but assuming climate
to remain stable.
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Scenarios | |l

Scenario | |

GHG Reduction of 30 % in 2030

high Price —CO, — low Price

CO, Price is Indicator for Climate Protection Measures
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Energy Consumption for the different Sectors in PJ |

Scenario |
2005 2010 2015 2020 2025 2030
Industrie 24600 23051 22596 22285 21618 21305
Verkehr 26280 || 25860 24807 24126 23716 23708
GHD 1445 0 14380 13922 13738 13456 13224
Haushalte 26400 20417 25926 25584 25072 247906
total 9173,0 89708 87250 85734 83861 8303,
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Energy Consumption for the Transport Sector in PJ

Scenario | Scenario ll

2005 || 2010 2015 2000 2025 2030 || 2010 2015 2020 2025 2030

Biokraftstoffe M40 || 582 e84 IO 841 947 || 554 596 630 637 664
Benzin 10320 || 9400 8462 7875 7258 7038 || 9701 8930 8426 7827 7637
Diesel 1370 || 11077 10746 10427 10326 10239 ||11084 10879 10595 10510 10508
Kerosin M4 || 77 4006 4066 4133 4143 || 3678 4017 4083 4155 4168
Erdgas w7 || 49 305 35 BT T34 || 49 M7 302 519 758
(brig, Gase 00 00 00 00 00 001 00 00 00 00 00
Strom 0 || 585 604 614 600 608 || 580 604 616 590 508
total 26280 || 25860 24807 24126 23716 23708 |[26045 25352 24743 24306 24333
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Perspectives of Power plant Portfolio in Germany

- L
. Existing Plants Plants in planning Cogeneration Plants

Plants in Construction . Renewable Plants - Bedarf

with / without Life Time Extension Nuclear
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2005 2010 2015 2020 2025 2030 2005 2010 2015 2020 2025 2030
1) Inklusive Kraft-Wirme-Kopplung (KWE). Quelle: Deutsche Energie-Agentur / FA. Z-Grafik Dobratz
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R&D&D Pathway and Goal
CO,-Capture Technologies (auelte: zer - wa1)

Necessary to . R&D to create
enable commercial R&D to realize future more Targets
application by 2020 next generation optimal solutions

Avoidance
cost <20€/ton

*Develop new solvent
based capture systems
* Establish European
solvent system vendor
* Capitalise on R&D
infrastructure

* Non-water based solvents
Break through concepts Reduced
Highly integrated schemes investments

Sorbents and systems

*Calcination/carbonation Reduced O&
*Antisublimation costs
“Membranes

Minimized
energy

;Bﬁ::ar::t:::notg ?;r * Undiluted Low NOx * H2 membranes requirements
ZEIGCC/ZEIRCC high H2 combustors * Micro-channel reforming Hiah
.System * New gasification * SER (Sorbent Enhanced kel
simplification and ;"hem‘:s 7 ef‘c’;l'_“cf"gi Pre-Combustion Nkt

r ion * New reforming * reforming . .
?.;’:‘t,ef::zlgignated schemes * Integrated H2 production SUSt_amable
H2 combustion * Improved hot gas clean / utilising new reactor types fossil fuel

turbines -up . power
generation

Ste.p change in mixed flow Several
turbine dvs (100= °C) ) -
*New control system logics mdus"'a_l
*CLC (Chemical Looping plants with
bmbustion) for coal CCS put to
* New cycles work

* Improve radiation/heat
transfer tools

* Oxygen Sorbents

* High temp. O, prod.

* High temperature HEX
* New integrated reactor
systems




