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Herausforderungen
Challenges

Bereitstellung von nachhaltigen
Energiedienstleistungen

Provisioning of energy Services

Technologiediffusionsdauer 20 bis 70 Jahre
Technology diffusion takes 20 to 70 years

Finanzierung des Strukturwandels
Financing energy transformations

Energieeffiizienz und Entkarbonisierung
Efficiency improvements and decarbonization

Energiesicherheit und Zuverlassigkeit
Safety and security
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Scenario Overview (World by 2100)

72400]0) A2r
Population, 10° 6 12
GDP, 10'2% 36 190
PE, EJ 1750
PE intensity, %/yr -0.9 -0.6
Zero-C, % share 15 36
GtC energy I/ 21
GtC forests 1 <1
GtC-e all others 3 10
GtC-¢ total 11 36
ppmv (CO,-equiv) 1390
Stabilization gem-equ) 670-1090
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Scenario Overview (World by 2100)
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Global Final Energy by Form
IASA IPCC SRES Scenarios

Grids
(electricity, gas, district heat, hydrogen)
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ELECTRICITY COSTS
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Historical OIl Prices and In Scenarios
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Evolution of Glebal Primary Energy.

Biomass (including Non-Commercial)
Renewables

Nakicenovic




Evolution of Glebal Primary Energy.

Biomass (including Non-Commercial)
enewables

Nakicenovic



Evolution of Glebal Primary Energy.

Biomass (including Non-Commercial)

0
1850 1900 1950 2000

Nakicenovic



Evolution of Glebal Primary Energy.
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Evolution of Glebal Primary Energy.
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Global Mean Temperature Change
Six illustrative SRES scen_arios, full range
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World GHG Emissions
[IASA A2r Scenario
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improvement
O Baseline: energy intensity
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World GHG Emissions
[IASA A2r Scenario

(@ Baseline: carbon intensity

improvement
O Baseline: energy intensity
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World GHG Emissions
[IASA A2r Scenario

(@ Baseline: carbon intensity

improvement

O Baseline: energy intensity
improvement

@ Energy conservation and
efficiency improvement

B Switch to natural gas

o~
o

w
o
I

O Fossil CCS

25

N
o
!

N
o
|

—
o
I

o
I

=
=
o
[«b]
(&)
e
%)
c
2
%)
2
e
1)
(O]
I
(O]
‘©
>
c
c
<C

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

o

Nakicenovic




World GHG Emissions
[IASA A2r Scenario
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World GHG Emissions
[IASA A2r Scenario
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World GHG Emissions
[IASA B1 Scenario
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World GHG Emissions
[IASA B1 Scenario
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World GHG Emissions
[IASA B1 Scenario
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World GHG Emissions
[IASA B1 Scenario
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World GHG Emissions
[IASA B1 Scenario
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“" Technological Options for Mitigation (Reclip:tom) #res| sz
Methode

Baseline Szenario 2050
» Top-Down Ansatz
IPAT Analyse

(Impact = Population x Affluence x Technology)
_ Erlich, Holdren (1972) i
Basierend auf folgender Literatur

1) Wifg-Szenario(2005) , BIP(VA) E .COZEquiv
Epsionen i EOoggitvze 2 oy — 2
Transport Trends to 2030

200R e RGKERENG PRIMES-Modell)
B ()| Bt &iakAbRsRIGRN Emissions
VAZ._.Q%je?(torielIe_Wertsch('jpfung
> B@??.'E?%?&i@ﬁb’ﬂﬁ'ﬁ 2020-2050
» Intensitaten von (2)
und (3) MESSAGE Al1-B2 Szenarien

» Ubernommen und an (1) angepasst
» Baseline Szenario ist energieintensives Szenario

%gggg;;ﬂ Research for Climate Protection TU =

Mduller, 2006 #31
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Research for Climate Protection
_.Technological Options for Mitigation (Reclip:tom)

TECHNISCHE
UNIVERSITAT
WIEn

VIENNA
UNIVERSITY OF
TecHNOLOGY

El‘llibbiUlIEil

Vermeidungsmalinahmen

» Analysen werden bei konstanter
Energiedienstleistungsnachfrage

und Nachfragestruktur durchgefiahrt

Durch
effizientere Bereitstellung
der Energiedienstleistung

» Technologien mit h6herem
Jahresnutzungsgrad

» Gebaudedammung 7/ -struktur
» Reduktion des Flottenverbrauchs

Durch

Treibhausgasemissionen
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CO, no changes

Baseline

Additional
measures

GDP
(BIP)

Substitution von emissionsintensiven Technologien

» Anderung der Energietrager

»Verstarkte Nutzung von offentlichen Verkehrsmittel

» CO2-Abtrennung

Mduller, 2006
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Research for Climate Protection

Technological Options for Mitigation (Reclip:tom)

TECHNISCHE
UNIVERSITAT
WIEn

VIENNA
UNIVERSITY OF
TecHNOLOGY

Mduller, 2006
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== Energieeffizienz Transport
== Kein Neubau von Kohlekraftwerken
== Ergasfahrzeuge und forcierter Einsatz von Biofuels

Bruttoinlandsprodukt (Mrd. €)

== Haushalte, Tertiarer Sektor: Vollstandiger Ersatz von Kohle u. Ol durch Gas

== Industrie: Vollstandiger Ersatz von Kohle u. Ol durch Gas
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TECHNOLOGIE-ENTWICKLUNG
Technology Dynamics

e [echnologische Unsicherheit:
Beschranktes Wissen uber zukunftige
Technologien

Deep Uncertainty:
Limited knowledge on feasibility and costs of future
technologies

Endogene Technologiedynamik:
Kostensenkungen von Technologien
sind Folgen der gesammelten Erfahrung

Trechnological Learning:
Improvements are a function of accumulated experience
(learning curve)

Nakicenovic 434 S 2006
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Japan - PV Costs vs. Expenditures
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Existing and Planned Projects

« Sleipner Project, saline formation, North Sea
 Weyburn, EOR, Saskatchewan, Canada

« In Salah, gas reservoir, Algeria (development)
» Snohvit, off-shore saline formation, North Sea
= Gorgon, saline formation, Australia (planning)

SLEIPNER AQUIFER CO» STORAGE

s
=

CO, Injection Well

Utsira
Formation

Sleipner East
Production-and Injection Wells

Heimdal Formation

Nakicenovic #36 Source: Sally Benson, 2003




RENEWABLES
Hoffert et al., Science, 2002

. H,O
photovoltaic 2
A % arrays \

O, Renewable
electrolyzer | electricity and

hydrogen

Hy

wind farms

electric

power
conditioning
to hydroge
pipelines and
storage

to superconducting

liquid nitrogen
electric power grid

chiller N,, (liquid '

Nakicenovic # 37 [HASA&VUT 2003



" HONDA
- ome Ketueling System Concept EREES AU

» Home-size combined system, which provides Hydrogen to FCV
as well as Electricity and Heat to household.




Hydrogen Airplane Design
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Climate-related Investments (2000-2030)
(mitigation in the energy sector)

Stabilization targets:

B Low: 3 W/m2
700 - @ Intermediate: 45W/m2 — — — — —
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Climate Mitigation vs Total Energy Investments
(World, 2000-2030)

Trillion US$2000

25+

20

15-
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Jlimate mitigation investments

-‘ — —
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A2

B2

B1

“Upfront”

L [nvestments




s W A
Total Energy-related Investments
(World, short & long-term)

[ASA

Trillion US$2000

200+

1754

150

1254

100

75

50+

254

- Austria (> 15 billion) —
-EU (>3000 billion) -

Long-term
Investment
Savings
" (~40 trillion)

I
A2 B2

I I I I
B1 A2 B2 B1

2000-2030

2000-2100
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IEA, 2004
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Public Expenditure on E-R&D

Fossil and nuclear
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Global Energy Assessment:
Towards a more Sustainable Future

* The magnitude of the change required Is
huge

* The challenge is to find' a way forward
that addresses all the issues
simultaneously

* A paradigm shift is needed: energy end-
use efficiency, renewables, and carbon
capture and storage.
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