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to the International Conference
within the Austrian EU Presidency

ENERGY PATHS - HORIZON 2050
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* Rising oil prices

* Gas supply crisis

* Grid breakdowns

* CO, issues

* Worldwide increasing energy consumption

]

More Research and Development for a
Sustainable Energy System

l M‘ Austrian Federal Ministry for
3 L] ransport, Innovation and Technology
¥ 1) L I ion and Technol



ENERGY PATHS - HORIZON 2050

The international conference "Energy Paths — Horizon 2050" is organised within
the Austrian EU presidency in the first half of the year 2006. The conference
aims at strengthening the long-term energy perspective of the EU with a clear
view to achieve a sustainable and secure energy future that is based on the
implementation of appropriate technologies.

The identification of crucial factors that are going to affect the energy system
over the next 40- to 50- years is essential when making policy decisions.
Exploring and identifying the uncertainties of these factors are therefore critical
in order to formulate strategies. Despite the given uncertainties, these strate-
gies have the aim to produce the fewest drawbacks and to provide the greatest
benefits for our society.

Through adequate European policy and regulatory framework, policy responses
can support the development of a rational mix of the most efficient, environ-
mentally friendly and economical energy technology options in order to
approach a sustainable energy system.

Conference Language: English
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Welcome and Opening

Eduard Mainoni, Secretary of State, Austrian Federal Ministry of
Transport, Innovation and Technology

Martin Bartenstein, Austrian Federal Minister of Economics and Labour

Long-term Policy Perspectives

The Energy Future of EU 25+

Alfonso Gonzalez Finat, European Commission, DG TREN

The Role of RTD to achieve sustainable Energy Paths

Pablo Fernandez Ruiz, European Commission, DG RTD

Global Energy Perspectives to 2050 and Beyond

Nebojsa Nakicenovic, Technical University of Vienna and International
Institute for Applied Systems Analysis (IIASA)

Coffee Break

National Perspectives

UK's Energy Future — Forming a low Carbon Future
Graham White, UK Department of Trade and Industry (DTI)
Policies to shape an alternative Energy Future in Bulgaria
Stoyan Todorov, Bulgarian Energy Efficiency Agency (EEA)

Lunch

Industry Perspectives

Shell's future sustainable Energy Scenarios

Wim Thomas, Shell International

Balancing the Triangle of Economy, Security and Environment in an
open European Energy Market

Kurt Hage, Vattenfall Europe

Future Technologies for Power Generation

Nick Otter, Alstom Power

Financial Impacts of Climate Change

Jane Milne, Association of British Insurers (ABI)

Coffee Break

Alternative Perspectives

Sustainable long-term Energy Perspectives

Arthouros Zervos, European Renewable Energy Council (EREC)
EnR's Vision for a sustainable Energy System

Havard Solem, European Energy Network (EnR) / Enova

Summary
Fritz Unterpertinger, Austrian Energy Agency

End of Conference
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ENERGY 2050

A Strategy Process
has been started

b__th Austrian Federal Ministry for -
] L Transport, Innovation and Technology www.NachhaltigWirtschaften.at

NACHHALTIGWiIrtschaften
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World Primary Energy Demand
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Oil and gas together account for more than 60%6 of the growth in
energy demand between now and 2030 in the Reference Scenario

b__th Austrian Federal Ministry for -
] L Transport, Innovation and Technology www.NachhaltigWirtschaften.at
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2050 ??

= What will our energy sytem look like?

= What does that mean for the
development of our economy?

= Research and development: What will
be needed?

b__th Austrian Federal Ministry for
] L Transport, Innovation and Technology www.NachhaltigWirtschaften.at

@ NACHHALTIGWiIrtschaften
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Austria started a
Strategy Process ENERGY 2050

considering

= Longterm perspectives
= Global development

= Ecological framework
= Sociological change

= New technologies

b__th Austrian Federal Ministry for
] L Transport, Innovation and Technology www.NachhaltigWirtschaften.at
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PRIORITIES OF THE AUSTRIAN
ENERGY RESEARCH

= Renewable energy resources

= Strategies for efficiency

= Innovative company research

= Strategic fundamental research

* International networking and
cooperation

b__th Austrian Federal Ministry for -
] L Transport, Innovation and Technology www.NachhaltigWirtschaften.at

@ NACHHALTIGWiIrtschaften
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Research issues

» Foresight studies

= Smart grids

Key technologies

Renewable energy technologies
Social innovation, life style

etc.

b__th Austrian Federal Ministry for -
] L Transport, Innovation and Technology www.NachhaltigWirtschaften.at



NACHHALTIGWiIrtschaften

@ 2050

Example 1

® Flexible energy
supply model
with 100%
regional biomass

® Combined heat
and power
generation

® Biogenic fuels
Gussing

Energy self-sustaining model Giussing

b__th Austrian Federal Ministry for -
] L Transport, Innovation and Technology www.NachhaltigWirtschaften.at

@ NACHHALTIGWiIrtschaften
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Example 2  Production with solar energy

Study on the potential of thermal solar energy systems in trade and
industry depending on the production processes

® |dentification of production
processes and branches

® Determine the potential of
solarthermal systems to
provide low-temperature
heat

® Case Studies: successful
realization of a car washing
plant ,Sun Wash* in
Koéflach

Austrian Federal Ministry for

Transport, Innovation and Technology www.NachhaltigWirtschaften.at
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Global Energy Perspectives
to 2050 and Beyond

Nebojsa Nakicenovic
Vienna University of Technology [TU
International Institute for Applied Systems Analysis &
naki@eeg.tuwien.ac.at '

International Conference within Austrian EU Presidency
Energy Paths — Horizon 2050, Palais Auersperg, Veinna — 6 March 2006

Nakicenovic



The Example of Lighting

United Kingdom

Trillion lumen-hours

Nakicenovic Source: Fouguet&Pearson (2003) #3 ﬁ.ﬁ 2006
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Global Primary Energy.
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The Atmospheric CO, Increase
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Variations of the Earth’s Surface Temperature
for the past 140 years
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Global Final Energy by Form
IIASA IPCC SRES Scenarios

Grids
(electricity, gas, district heat, hydrogen)

Final Energy Shares (%)

2020 2040 2060 2080 2100

Nakicenovic #9 ﬁs 2006

Carbon Reservoirs

Atmosphere 800 GtC (2004

Biomass N. Gas oil
~500/GtC ~260 GIiC ~270 GtC

Soils
~1,500 GtC

Coal
5,000 to 8,000 GtC

Unconventional Fossil Fuels
15,000 to 40,000 GtC Source: Edmonds, 2005




Methane Hydrate

Nakicenovic

#11 [TV/& 2006
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Source: Kheshgi, Exxon Mobil (2002)




Evolution of Global Primary Energy

Nakicenovic #13 [TV/& 2006

Global Mean Temperature Change
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Decarbonization Strategies

Reduce net carbon emissions to zero

e Improve energy efficiencies & end use

e Introduce zero-carbon technologies

e Decarbonize hydro-carbon sources

> Store carbon over geological time <0.1%/y,
» Develop electricity & hydrogen economy

Nakicenovic #15 [TU/& 2006

@éﬁa The Innovation Chain

Research and Development

Demonstration projects

Early deployment (cost buy-down)

Widespread dissemination

iy @ @ =
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Brazil — Ethanol Learning Curve

Source: Goldemberg, 1996
Producer price

30 % cost reduction
for each doubling
of cum. production

Regression
Estimated

“Buy-Down” o5 ijlion L
Oil price ?
| | |
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Nakicenovic Source: Griibler, 2002 #17 [TU/® 2006
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RENEWABLES

Hoffert et al., Science, 2002
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Nakicenovic # 19 IHASA&VUT 2003

electric
power
conditioning &
to hydrogen 2

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 COg STORAGE

Nakicenovic #20 Source: Sally Benson, 2003
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Hydrogen Airplane Design
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11



Technological Uncertainties:
Learning rates (push) and market growth (pull)

Nuclear Reactors France 1977-2000

50% interval

mean learning rate
(115 case studies):
-20% per doubling

Cost index ($/kW)

N \\
PVs Japan
1976-1995

0.1%
T

3 4 5 6 7 8 9 10 11 12
Number of doublings (installed capacity)

Nakicenovic #23 [TVI& 2006

CO, Emissions from Scenarios with Technological Uncertainty.

Set of 130,000 Scenarios

Optimal set of
13,250 scenari

Relative Frequency in Percent

15 20
GtC in 2100
Gritsevkyi&Nakicenovic #24 [TASA 2000




Energy Services Through Time

Steam

Telegraph | Electricity ‘ Locomotive

Interntet,
Mobile

Phone

Natural gas /

fossils

Convergence

Energy, Mobility Hydrogen

Informatio

Uranium

Source: David Sanborn Scott, 2004

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, new nuclear
and carbon capture and storage.

Nakicenovic #26 [TU/® 2006
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Vision of a Sailing Railway

Monorail using sails proposed by Henry R. Palmer in 1828

Nakicenovic #27 Source: Marshall, 1938

Add as many mail coaches as you please,
you will never get a railroad by so doing
Joseph A. Schumpeter

* A new paradigm is needed with
convergence of innovative
technologies.

Nakicenovic #28 [TVI& 2006
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“UK’s energy future — towards a low
carbon future”

Graham White
Director, Energy Strategy Unit
Department of Trade and Industry

16 March 2006

Overview of current energy policy

The Energy Review

Progress and challenges on climate change

Low carbon electricity generation

Reducing energy demand

The international challenge




dus
The Energy White Paper set ambitious,
complementary goals for the UK

e Getting on a path to cut the UK’s CO, emissions by
60% by 2050

e Maintaining the reliability of energy supplies

e Promoting competitive markets in the UK and
beyond

e Ensuring that every home is adequately and
affordably heated

Aim is to achieve these together

dus
There has been good progress but further
efforts are needed

The UK has already met its Kyoto target of reducing
greenhouse gas emissions to 12'2% below 1990 levels.

Reliability of our gas and electricity systems has
improved with a 30% reduction in outages since 1990

The UK is the most competitive market in Europe with
substantial gas infrastructure investment of £10 billion
coming forward

The number of households in fuel poverty fell sharply,
from 6%z million to 2 million, between 1996 and 2003

But we are facing a number of challenges on security of
supply, prices, and in meeting our environmental and
social objectives




Energy Review launched

Review progress against 2003 Energy White Paper goals
Look at energy security of supply
- Growing UK oil and gas import dependency

- Need to replace 30% of electricity generation capacity
(coal and nuclear) in next 15 years

We will look at what more action we might do to make
further progress against our climate change goal

How to step up progress on energy efficiency
Risk of rising and volatile prices

Energy Review time-scales

e Consultation exercise launched on 23 January, closes
14 April

e Series of seminars, workshops etc

e Review will report to the Secretary of State and Prime
Minister in early Summer and Prime Minister has stated
that proposals will be brought forward this year

e Parallel work under the Stern Review is looking at the
economics of global climate change — report in the
Autumn




for 2010

- EUETS

* CHP measures
» CAT strategy

* CO2 from cars

Government target Key mechanisms (not exhaustive)

* Renewables Obligation

* Energy Efficiency Commitment
» Building regulations

+ Climate Change Agreements

* Enhanced Capital Allowances
* Fuel poverty programmes

Historical and projected CO, emissions in the UK

dts

Current ‘with measures’

140 +

MtC, MtCO, projections indicate a
10.6% reduction by 2010
MtC MtCO,
180
+ 640
170 +

160 1 /\/\_\/\/‘
150 + \ 540

130 | oo —

T 590

+ 490

120 —————————
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——UK Carbon Dioxide Emissions —&— National Goal

Source: 1990-2004 NETCEN, 2005-2010 DTI Projection




o Phase | successfully underway, with active trading in
carbon allowances. Important to get proper analysis
on how Phase | is working

e UK progressing with Phase Il National Allocation
Plan — currently consulting on emissions projections;
intend to issue a draft policy NAP before Easter

e Commission due to review EU-ETS Directive this
year. Important that this considers key issues such
as greater long term certainty and increased
harmonisation

UK electricity from renewable sources
Percent (on a Renewables Obligation basis)

10
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And new wind generation capacity is
being built at a promising rate

Existing and expected wind capacity in the UK

Total =4 GW Planning process = 10 GW
3500

3000 -
2500
2000 ——
% 1500 ——
1000 H
- N
0 - T T T
built under construction  other consented total short term
potential
‘ | offshore O onshore ‘

11

dti
LI
Other renewable technologies also have a
role

If we wish to meet our renewables goals for 2020 and
beyond we must invest in research to realise the full
potential of developing technologies, such as biomass,
wave and tidal, photovoltaics and the hydrogen
economy

Marine Renewables Deployment Fund (£50 million)
Bioenergy Capital Grants Scheme (£66 million)
Low Carbon Building Programme (£30 million)

Hydrogen Strategy — demonstration programmes for
hydrogen and fuel cells (£15 million)

12




dus
But we can also reduce carbon through
carbon abatement technologies

e In June 2005 DTI launched a £35 million Carbon
Abatement Technology Fund

e Aim to improve the efficiency and co-firing of
existing power plant with low carbon alternatives
such as biomass

e Explore the feasibility of demonstration of carbon
capture and storage

13

dus
The potential of carbon capture and
storage

Carbon Capture and Storage (CCS) has the potential to
cut power plant CO2 emissions by up to 85%

Carbon has been captured and stored in a number of
places around the world. Large-scale carbon capture
from electricity generation has not yet taken place

BP/Millfield Project Proposal — this would be the
world’s largest demonstration of CCS applied to a 350
MW power station.

14




The role of energy efficiency

Energy efficiency contributes to:

e Reducing energy demand and carbon emissions

e Security of supply — the less we use the less we
need to import

e UK competitiveness — through reducing business
costs

e Reducing the cost of keeping warm and fuel
poverty

15

dus
Measures and sectors contributing to
reduced demand in 2010

e Range of measures to reduce demand are expected to
contribute some 8% of reduction on 1990 level by
2010 (excluding EUETS).

Expected lower energy demand from:

e Households: about 1/4 through Energy Efficiency
Commitment, tighter building regulations, product
labelling etc.

e Business :about 2/5 through Climate Change Levy and
CCA voluntary agreements, building regulations,
emissions trading (UK and EU)

e Transport : about 1/3 through voluntary agreements,
10 Year Plan, company car tax, fuel duty escalator etc.

16
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The international challenge

Climate change is a global problem — needs global action

UK only contributes 2% of global greenhouse gas
emissions

International action helps the competitiveness of
business

Action required by developed and developing countries —
subject to their common but differentiated
responsibilities

Action needed on both mitigation and adaptation
17

du

The international agenda going forward

Convention process — long term co-operative action (all
countries)

Kyoto protocol — post 2012 commitments (Kyoto countries
to discuss)

G8 Gleneagles Dialogue — Mexico Ministerial
G8 Summit — St Petersburg, July 2006
EU - Energy Green Paper

UK Stern Review, Energy Review, Climate Change
Programme Review 18




Summary

Significant progress is being made towards the
Government’s energy and climate change policy
objectives

On balance, markets and market instruments are
delivering progress on a range of policies

However, the major transition to a lower carbon
economy will inevitably present some challenges

The Government’s role remains not to intervene but to
ensure the right policy, incentives and regulatory
frameworks are in place

But countries cannot move alone, there has to be
global action

19
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ENERGY EFFICIENCY AGENCY

ENERGY PATHS — HORIZON 2050
International Conference within the

Austrian EU Presidency

Thursday, 16 March 2006
Palais Auersperg, Auerspergstrasse 1

A-1080, Vienna, Austria

Energy paths — horizon 2050

Current Situation - FEC, Bulgaria

Shares of fuels and energy in the Final Energy Consumption 2004

biomass
heat 8,3%
9,7%

Liquid fuels
38,7%

electricity
23,8%
coal natural gas
10,5% 9,0%

‘I Liquid fuels m natural gas O coal O electricity ® heat @ biomass ‘

The biomass share 8.3% (mainly wood) in Final Energy Consumption (FEC) in 2004
is comparable with the shares of natural gas and heat energy.

The power produced from other kinds of Renewable Energy Sources (RES) is
insignificantly small and without a real share in the country energy balance.




Energy paths — horizon 2050

Energy Consumption - Recent Official Data

Sector Shares in the Final Energy Consumption 2004

Senices Agriculture
7.7% 3.1%

Industry
38,4%

Households
24,2%

Transport
26,5%

mIndustry @ Transport mHouseholds [ Senices @ Agriculture

Households and transport consume more than 50% from the FEC — the largest part of this energy
does not produce added value.

The approximate evaluation of energy saving measures in industry has reached up to 30% of the
present specific energy consumption.

The approximate evaluation of energy saving measures in households has reached up to 40% of
the present specific energy consumption. 3

Energy paths — horizon 2050

Energy Efficiency in Bulgaria

Current situation
* Primary Energy Intensity (2004) ~ 0.336 koe/€2000 ppp
* Final Energy Intensity  (2004) ~ 0.158 koe/€2000 ppp

« Ratio ~0.468

The Bulgarian economy remains energy intensive to a
significant extent.

Bulgaria has vast potential for implementation of
profitable EE measures.

There is a need to develop a more aggressive
strategy to improve energy efficiency.




Energy paths — horizon 2050
Target -Sustainable and Secure Energy Future

Final energy consumption and RES utilization for 2005 - 2050 Tasks
18000 1 * Governments should
16000 4 — e
14000 e promote RES utilization
@ 10000 * Combination of
2 8000 - / introducing RES with
6000 —— EE measures.
4000 - / /
2000 = * Application of
0 ‘ ‘ ‘ ‘ ‘ measures for sustainable

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 | energy development

years
——FEC —=—Necessary RES increase —— Prognosis RES increase

The increase of energy from RES till 2050 is insufficient to achieve
sustainable energy development

In the forthcoming years, EE measures will be more efficient than measures for RES
utilization. 5

Energy paths — horizon 2050

Basic Conditions for Sustainable Energy
Development

Available energy potential of today’s technologies

The available RES potential in Bulgaria is considerable.

Wood — with major share within all RES in the Energy Balance of
the country. 6




Energy paths — horizon 2050

Economic Preconditions for the Present
and Future Use of Wood in Bulgaria

Prices for 1 Gcal heat energy - 01.01.2006

180

160

BGN/Gcal 140+
120+
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o4

Heatpump
( GSHP)
Coal
Wood
Natural
gas
Boiler fuel
Central
heating
Electricity

Heating energy from wood is more economically efficient

A special interest for investments in future will be production, processing and
burning of wood and its derivatives. 7

Energy paths — horizon 2050

Elements of Effective National Sustainable
Development Strategies

At first — to reach the targets of the Long-term EE
and RES programs (developed by EEA)

Assessment of measures to be implemented

Partnership with EU countries for development and
RES utilization

Enhance scientific and technical exchange with EU
countries




Energy paths — horizon 2050

Future Utilization of Renewable Energy Sources

Total utilization of the energy potential of
firewood — main objective

* For heating.

* For electricity production.

* Replacing the consumption of liquid fuels by firewood
» Utilization of wood for co-generation.

Rapidly increasing the bio-energy production.
Implementation of heat pumps.

Utilization of geothermal resources.

Energy paths — horizon 2050

Implementing new Technologies

Amount of the investments for incorporation of hydrogen into
vehicles

Fuel cells have the potential to power cars, trucks, and buses
without emitting harmful emissions

Distributed generation (DG), Co-generation, Three-
generation

Photovoltaic systems

Stirling engines - powerful alternative to the internal
combustion engine

New generation heat pumps

10




Energy paths — horizon 2050

Targets

* Increasing of wood consumption for energy
purposes.

* Considerable power generation with biomass
utilization.

* Mass utilization of earth and water connected heat
pumps.

* The utilization of liquid fuels for generation of heat
power should be stopped.

* The production of liquid bio-fuels must sharply be
increased.

* Re-orientation of end consumers (especially the
industry) towards alternative fuels and energies.

Energy paths — horizon 2050

Thank you
for your
attention !

STodorov@SEEA.government.bg
12




Shell
Global

Scenarios
2005

Wim Thomas
Head Energy Analyses
Shell Scenario Group

March 2006

The Shell Global Scenarios




What are scenarios?

Shell’s Global Scenarios 2005
The dual crisis of ‘Security’ and ‘Market Trust

=
-
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Increasing energy intensity of global
economy
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Energy demand growth
primarily in developing world

2000 2025 low 2025 high

Power demand growth 3 times higher than
Transport or Heat

Total 2005 Increment to 2025




Unconventional scope dwarfs Conventional
Resources - potentially
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Call on OPEC (Crude)

2005 2010 2025

Market share Primary Energy
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Carbon
Worrisome CO, Trends

Potentially sufficient renewable resources
for 10 bln people ...




Shell
Globdl

Scenarios
2005

www.shell.com
/scenarios

Wim Thomas
Head Energy Analyses
Shell Scenario Group

March 2006




VATTENFALL EUROPE

,Balancing the triangle of economy, security and
environment in an open European energy market*

Energy Paths — Horizon 2050

Thursday, 16th March 2006 Vienna, Austria

Professor Dr.-Ing. Dr. h.c. Kurt Hage

VATTENFALL =

VATTENFALL EUROPE
Europe is the world‘s third largest consumer of coal behind China and
the US
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VATTENFALL EUROPE

Fossil Fuels — indispensable for a long time

Others
- 1.6%

Nuclear
16.9%

Share of different
primary fuels for
electricity generation

Hydro
17.1%

Fossil
Fuels
64.4%

picture 2 VATTENFALL o

VATTENFALL EUROPE

Fossil fuels will be needed — Coal has an essential role

® Fossil fuels — global use will increase during the next decades

* The CLEAN COAL concept fits in the context of climate protection as
well as security of supply

* Vattenfall wants to give a major thrust to the development of the CO,-
free power plant.

[
picture 3 VATTENFALL o




VATTENFALL EUROPE

Coal is a key part of the world’s energy mix — and growing
in Mtoe
Europe & Eurasia
2454 Mtoe M Coal
moil
North America- { / []Gas
2392 Mtog= . . ~ 4 [] expected
i &L~ o o= 2030

Asn’aPamflc

~—

. 5% /
Q)

48% /
Africa & Middle East

702 Mtoe

Source: BP — 2004, EU Commission

Primary Energy Consumption of Fossil Fuels — 2003 to 2030
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VATTENFALL EUROPE

Vattenfalls ambition — the goal

Development of a reliable and economic feasible generation
technology for coal under the condition of ambitious CO,-reduction

targets in the future

picture 5 WATTENFALL o




VATTENFALL EUROPE

Further development - two ways are needed

1. According to what we know today, efficiencies of coal-fired power plants
of approx. 53% can be attained by 2020:

»  Integration of coal drying in lignite-fired power plants
» Increase in process parameters — the 700°C power plant
»  Optimised hook-up of the heat systems
»  Advancement of combined processes
2. A new step will be to design power plant concepts featuring CO,

sequestration envisaged for implementation after 2020 according to the
following principles:

»  Combustion with pure oxygen (Oxyfuel process)
»  Coal gasification (IGCC)

»  CO, sequestration from flue gas (post-combustion)

e —
picture 6 VATTENFALL o

VATTENFALL EUROPE

Carbon Capture Technologies - overview

| T

- Post Combustion - Chemical Looping - Oxycoal
- Oxyfuel - CO,-Wheel - Hybrid-Processes
-IGCC - CO,-Mineralisation -Fuel Cells

- ZECA-Process

picture 7 R




VATTENFALL EUROPE

The Oxyfuel-Process - 0,/CO,- Recirculation

05/ C0; rmeyels (oxyfusl) eaombustion eaplure
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VATTENFALL EUROPE

The Pilot Plant - Boundary conditions

Why Oxyfuel?

- Process with high efficiency potential

- Vattenfall Knowledge regarding pulverized firing and flue gas cleaning systems
- Production of CO2 with necessary purity for storage

Why 30 MW thermal?
- Combustion chamber as big as needed and as small as possible
- Scale-up-Possibilities for Demo Plant (600 MWth)

What are the possibilities?

- Testing of the whole process (coal feed in till CO2 liquefaction and compression)
- Use of “Lausitzer Braunkohle” (also possible for hard coal)

- Possibilities for reconstruction and exchange of components (e.g. Burners)

picture 9 VATTENFALL e




VATTENFALL EUROPE

Location for the pilot plant — Key elements

- Industry location (Permission)

- Use of the infrastructure of a

Power station (Supply and
disposal, cooling water, water

treatment ...)

- Possibilities for steam supply for
an industrial park

- Production of dry lignite at the site
(VE-Mining)

picture 10
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The foresight - upscaling

2004 2008 2015 2020 |
* Investigation of « Interconnection of | « Efficiency- » Competitive full
single components the process chain optimisation of the cost
R (but no full steam entire process .
* Basic principles cycle) * No subsidies
* Very high not
« Interaction of competitive fixed
components costs

* Procedural basic * Necessity for
principles competitive

marginal costs
* No revenues from

electricity

picture 11 VATTENFALL 7




Technology Platform ZEFFPP: Advisory Goundil #5
Organisational Structure Brussels 22" February 2006

Mirror Group ~ |-eseesens

of Member States Advisory Council

Coordination Group { Secretariat

Plants & CO,-Use & Infrastructure & Market, Communication &
CO,-Capture Storage Environment Regulation & Policy| | Public Acceptance

Strategic IlQlesearch Agenclila (SRA) : ‘
Il Il [l Il I
Deployment Strategy (DS) \

picture 12

VATTENFALL EUROPE

A Three Phase Argumentation

I.  Reducing emissions and increasing efficiency in ecologically
and economically optimized steps
B Modernization of existing plants: SO,, NO,, dust, retrofit
B Construction of new state of the art power plants

II. Development of high-efficiency power stations with the aim to
minimize consumption of resources and reduce specific
emissions, particularly those of CO,

[ll.  New Technologies for CO, capture and storage

e
picture 13
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VATTENFALL EUROPE

European Power Plant Portfolio
Power generating capacity in EU 15

Power plants younger than 40 years

900 - 1stand 2nd
ET Period

p

Ultra low
CO, emission
power plant?

No single
solution —
Coal will

be a part

picture 14 VATTENFALL o

VATTENFALL EUROPE

Towards Zero CO, Emission Power Generation

CO,-capture CO,-storage

* pre-combustion at + depleted oil and gas fields
gasification plants + deep saline aquifers

*  post-combustion at + unmineable coal seams
conventional plants . mineralisation

» oxy-fuel combustion

Some technologies are well-proven, others need significant R&D. All
require demonstration with monitoring & verification of storage sites.

Research in both areas with the same effort. There will be no acceptance for
a near zero emission power station without CO, storage possibilities

picture 15 VATTENFALL o
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Thank you for your attention
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Energy Paths — Horizon 2050
Vienna
16th March 2006

Technologies for Power Generation

ey Challenges in the Transition towards Zero Emission Fossil
Fuel Power Generation”

Nick Otter

Director of Technology and External Affairs, ALSTOM Power Ltd

ALSTOM

Contents of Presentation ALSTOM

AN INDUSTRY POINT OF VIEW

IMPLICATIONS AND CHALLENGES

NEED FOR AN INTEGRATED APPROACH

THE TECHNOLOGIES

SOME CONCLUDING REMARKS

Energy Paths 2050 Future PG Technologies Vienna OTTER 16Mar06 2




() viewpoint ALSTOM

e Energy Equipment/Systems Supply Company

- ALSTOM Power : world-wide supplier of power generation systems/services

e UK Advanced Power Generation Sector

- UK Advanced Power Generation Technology Forum (APGTF)
- UK DTI Advisory Committee on Carbon Abatement Technologies (ACCAT)

e European and an International Context

- Active in EC arena, especially ETP on Zero Emission FF Power Plant
- Involved in IEA Zero Emission and associated actions
- UK representative on the Carbon Sequestration Leadership Forum (CSLF)

Energy Paths 2050 Future PG Technologies Vienna OTTER 16Mar06
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ALSTOM

AN OVERALL PERSPECTIVE

Energy Paths 2050 Future PG Technologies Vienna OTTER 16Mar06




@Tﬂ Near Term Global Position ALSTOM

Market Development
50 Years of Order Volumes by Regions

220 us Future growth
200 \ merchants - importance of
w \ . emerge developing
s 180 Oilcrisis  Liberalization & countries
g 160 V emerging Asia@ - upsurge in China
o 140 — Post WW I AN 7 A0" and Asia
| economic __ | [
g :(z)g development \z" 9 ;> = NAM
O ‘g0 7 AN O LAM
8 60 \ B China
E 40 O Asia
20 + B MEA
0 H Europe
54 59 64 69 74 79 84 89 94 99 04
Order Year
Significant market changes .............. increased liberalisation,

de/re-regulation and privatisation

@fﬁ Long Term Energy Market ALSTOM

IEA projections of
global power station
build to 2030

IEA World Energy Outlook 2004

Capacity

B Gas ECoal OHydro EOther renewables M Oil ONuclear D@Fuel Cells\

Continuing reliance

on fossil fuels
- especially likes of
China and India

o Different needs world-wide
- uneven access to modern energy

e Growth of Renewable Energy and
potential resurgence of nuclear but ....

Energy Paths 2050 Future PG Technologies Vienna OTTER 16Mar06




Installed Base Capacity - .
Aging Fleet ALSTOM

GW
140

1054 GW>=30 Years

Tot. Installed 2002 : 3791 GW

120

100 - /’\ a
\/\/\/ I Others
80 O Hydro
‘ ONuclear

en

B Conventional Steam

GW ‘Volume of plants reaching 40 years of age, by year: M Gas Plant (GT & CC)
60
507 O LAM
40 B MEA Age of
B China 31 36 M 46 Power Plant
30 O Asia
20 1 B North America
B Europe
10+
0- * Over 1/4 of world-wide capacity

is more than 30 years old
..... a lot in the developed world

Energy Paths 2050 Future PG Technologies Vienna OTTER 16Mar06

/7=, Environmental Issues - _
) “longer term” aspects ALSTOM

e Environment
— What happens post 2012?

— 60% GHG reductions by 20507 Forecasted CO, Increases
Source: EC/EEA, 2004

10000 — — — — —/ — —/ — — - — - — -
Independent 190ct05 9000 1
]“il"'-'.'. 'GT.‘.' TET !’, T 8000 -
1AL S hla L Lie] [ 7000 -
- . - » 6000 -

5000 -
4000 {000 q oo teooo .y
3000 JhchAAA c: ot T A AA AR AT p— = e —
2000 -
1000 | ==mpife e e e e ————ee -
0

Mt of CO2

1990 2000 2010 2020 2030

i i —a—European Union —e—EU & Accession Countries
China will overtake US aep

—e—U Brazil

as biggest CO, emitter India Brazi
by 2015

importance of engaging Emerging Market Economies
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IMPLICATIONS and CHALLENGES

Energy Paths 2050 Future PG Technologies Vienna OTTER 16Mar06 9

@“))ﬁ Implications ALSTOM

* Importance of clean use of fossil fuels
» a critical transitional issue in getting to a sustainable energy future
» an essential part of the portfolio

» Importance of accelerating the take-up of clean fossil
»need for incentives for early action on “zero emission’ power plant
»stable financial and regulatory framework to get “many of a kind”

= Importance of engaging Emerging Market Economies
> use of high efficiency technologies, and ..........
P prepare the way ‘zero emission’
* retrofitting of high efficient coal plant for CCS to avoid “carbon lock-in”
* how to ensure new plant is “capture ready”

Energy Paths 2050 Future PG Technologies Vienna OTTER 16Mar06 10




I\ﬁ“))? Technology/Research Challenges ALSTOM

= Environmental
» near zero emission but ...............
P not just CO2, other emissions as well

= Economics
» competitive conversion and performance costs
» fuel flexibility : gas, coal, cofiring, .................
» optimisation of overall system and components

= Operability

> highest reliability and availability
» cost effective maintenance and performance

Need for an integrated strategy to get to “zero emission”

@ ALSTOM

AN INTEGRATED APPROACH

Energy Paths 2050 Future PG Technologies Vienna OTTER 16Mar06 12




f"jil Pathway to zero emission power

for fossil fuels ALSTOM

Carbon _
Reduction Zero Emissions
Storage of CO,
90% Target
Capture ready concept - «
O:.
EOR
.~ Framework/Market? K
s Value of CO,? i
+ __ Policy/Regulation?
0 Geography? * High efficiency plant, one key
< — element of zero emission
g power generation
20%
Near-term Mid-term Long-term ~ Time

Approach needs to be compatible with other emission requirements

C)ﬁ* Elements of Integrated Approach ALSTOM

e Must be developed with the following in mind
— Long term time frame : out to 2030 and beyond
— Technology needs to be “in-tune” with market to engage investors
— Needs of different markets and countries

e Must contain the overall approach of
— Increased efficiency, fuel flexibility and re-powering
— Near-zero emission with CO, capture and storage
— Link to Hydrogen issues or long term sustainable “vision

e Must include aspects of
— Research and technology development  Technology
— Component and system validation
— Demonstration/ Lighthouse™ Projects

2010 2020 2030

Lighthous:
~ Deployment mechanism Projets crsaing complety e with ks deveipment
Must embrace non- Sl
technical issues as well as
technical

Energy Paths 2050 Future PG Technologies Vienna OTTER 16Mar06 14




;@-’-’5_?? EC FP7 Content Draft : _
I\,\;)) Energy EC Proposals 6Apr05 A LSTG]M

7 year Energy programme of ~3b euro

e 9 Major Themes in FP7 over 2007-2013 being sought
— Health
— Food, Agriculture and Biotechnology
— Information and Communication Technologies
— Nanosciences/technologies, Materials and New Production
— Energy

— Environment and Climate Change 9 Key Topics
* Hydrogen and Fuels Cells
— Transport * Renewable Electricity Generation
— Socio-economic Sciences and the Hu * Renewable Fuel Production
. . * Renewables for Heating and Cooling
— Space and Security Technologies - CO, Capture and Storage for ZEPG
* Clean Coal Technologies
» Smart Energy Networks

EC W|sh to align Themes W|th . Energy Savings and Efficiency
European Technology Platform » Knowledge for Energy Policy Making
approach |

Energy Paths 2050 Future PG Technologies Vienna OTTER 16Mar06 15

7= Critical Mass European _
I\,@:))EI Action : 21Juneos ALSTOM

e ETP “Zero Emission Fossil Fuel
Power Plants”
— Advisory Council formed 21Jun05

Vision Statement

. To enable European fossil fuel power
> gng;;\gators * EoN, Endesa, ENEL, RWE, Vattenfall,  plants to have zero emission of co,
by 2020

» 6 Equipment suppliers : Ansaldo, ALSTOM, Air
Liquide, Foster Wheeler, Mitsui Babcock, Siemens

» 5 oillgas companies : BP, Shell, Statoil, Total,
Schlumberger

» 4 researchers : BGS, CIRCE, IFP, Polish CMI Chair : HaegelVattenfalI (Germany)

» 3 NGOs : Bellona, CAN Europe, WWF
Vice Chairs : Appert/IFP (France)

Hill/BP (UK)
— EU agenda setting out to 2030-2050 Valero/CIRCE (Spain)
— Major input to EC FP7 (2006-2013) Soothil/ALSTOM (UK)

» Strategic Research Agenda (SRA)
» Deployment Plan (SDD)

Good industry support




Critical Mass European Action : .
Organisational Structure : 2Dec05 ALSTG]M

Technology Platform Structure
Zero Emission Fossil Fuel Power Plant

Chair : UK —————————— . .
& | Mirror Group Advisory Council

of Member Statest-- Secretariat

Coordination Group

Plants & CO,-Use & Infrastructure & Market, Communication &
CO,-Capture Storage Environment Regulation & Policy| | Public Acceptance

ZEFFPP ETP Action Plan :

. . — y 1
High Level 2-Year Milestones and Timing ALST@ M
Key Tasks
Vision N

Strategic v

Research Agenda ‘ l
= FP7 -
‘ FP7 : Definition of WP FP7 : Call for Proposals
Deployment ‘ -~
Strategy | ‘
Launch 1Dec05 General A bly #1 General A bly #2

Communication 4 ‘ ‘ ‘

and Engagement — T T

Implementation ‘ ‘
of Strategy Joint Undertaking/Joint T gy Initiative?

ot

Member State Mirror Group/FENCO Recommendations
| | |

2006 2007 ‘

Energy Paths 2050 Future PG Technologies Vienna OTTER 16Mar06 18
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'«ﬁ*)} Worldwide Engagement ALSTOM

e Carbon Sequestration Leadership Forum (CSLF)
— Technology Route Map

Bl Australia ® Japan
— Project Initiation and Review Team i racil Bl Mexico
I+] canada == Netherlands (new)
— Stakeholder engagement through projects B crina Hl Norwey
s Colombia %, Republic of Korea (new)
= == Denmark (new) mEE Russian Federation
([ ] G8 ACtlon Plan Il European Commission [l Saudi Arabia (new)
. . . B 1 France (new) Bl south Africa (new)
— Financial Mechanisms/World Bank B Germany (newl BE Uk
. . == India BT usa
— “Capture Ready" Technology/IEA e EB Grooce (applied)

e EU/UK China Zero Emission Plant
— DEFRA/DTI Initiative through EC

— Feasibility study leading to demonstration of Near Zero Emissions Coal plant
(NZEC)

e |IPCC Special Report on CCS

— Summary for Policy Makers agreed Sept05

Thrust for co-ordination and interaction internationally

40

ALSTOM
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THE TECHNOLOGIES

Energy Paths 2050 Future PG Technologies Vienna OTTER 16Mar06 20
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)3' Carbon Abatement Technologies ALSTOM

Efficiency Improvement

>50% Ihv

38-40% I 5400/130011325(psil"FI'F) 1200 7
o

)
1100

j % biomass

1000

900

800

Co-firing/Fuel Flexibility

700 -

€Oz emission (g/kWh)

600

50!

400 4

25 30 35 40 45 50
Net efficiency (Ihv, %)

Oxy-fired CFB

AR
INFILTRATION

CONDENSATE

Towards zero emission with CO,

capture and storage
‘ ENCAP: pre-combustion carbon capture. ‘

coa. —| ¢ e Goal: Develop lean- Axial fuel injection (independent of NG LPM system).

premixed H, burner
— fuel-flexibility
(NG/oil/H,/syngas)

AsH FLUDIZNG
|cooLe cAs
BLOWER

 Technologie

55 6

r”"if" Post Combustion :

Alternate Paths to CO, Capture ALSTG]M

. Arﬁine Based Systems

— Further Improvements in Solvents New plant
— Application of Membranes Technologies and retrofit
] application
e Ammonia

— 10 % of Amine Cost and 1/3 of Amine’s Steam Use

e Frosting
— Uses refrigeration principle to capture CO, from

Flue Gas. n

e CO, Wheel
— Use Regenerative Air-Heater-Like Device with &=
Solid Absorbent Material to Capture ~ 60% CO,

from Flue Gas. “

Focused on Reducing Cost and Power Usage

It
o e

11



e

)g. Oxygen-Fired Combustion ALSTOM

e Near-term solution for CO,

capture

» Uses commercially available air
fired PC technology
O, production by commercial
cryogenic air separation

A%

> Coz cleanup, COmpreSSiOﬂ, and 30 MWth Schwarze Pumpe Vattenfall
liquefaction 01,7651 e ey hint] masminattian s
> Intermediate step leadingto ;... =,

advanced processes

Energy Paths 2050 Future PG Technologies Vienna OTTER 16Mar06

e

)ﬁﬁ Advanced Processes ALSTOM

0, fired CFB

e Oxygen Fired CFB

e Chemical Looping
»Combustion
» Gasification

Depleted Air,
CO, & H,0 Ash,

cas — Caso, co,
! | } caco; 2.
] S ” \ / l 2 "%, cold
Coal, o o B B *, Solids
-oal, Caso, Air P
[ o feeh
Chemical Looping H Solid™,, %
Combustion 2 S = Air, Ash
X . L 77 caso,
Coal, Alr Chemical Looping

Ste . .
eem Gasification

Long-Term Development Technology for CO, Capture,
Hydrogen Economy, and Power Generation

12



2 3' Multi-pollutant Control Systems ALSTOM

Integrated APC system based around
commercially proven and reliable technologies
Uses readily available reagents

Produces reusable byproduct(s)

Superior cost/performance ratio:
— Extremely compact design

Fewer moving parts reduces maintenance
Superior environmental performance

Targeted emissions levels:
— S0,: 0.02 Ib/MMBTU (> 99.5%)
— Hg: 1.0 Ib/TBTU (> 90%)
— PM: 0.01 Ib/MMBTU (99.99%)
NO,: 0.05 Ib/MMBTU w/SCR

Controls SO,, PM,,/PM, 5
Mercury & NOx

Control outlet emissions to ‘near zero’ levels

bz
(\'3' Overall System Performance ALSTOM

] =~ gl #

Low NOx Systems —— Swer]
-LNCFS Y TP - Transformer | Research and
- TFS 2000™ Ll Steam Turbine Development
- Fuel Switching 1

- Air Modeling
Capabilities
- CFD Modeling

Air Preheater

Burner NOx Retrofits Environmental
Mills -RSFC™ Systems
= “FeD
- Precipitators
- Scrubbers
Construction 0, Capture

Importance of System Integration




(%) ALSTOM

Some Concluding Remarks

Energy Paths 2050 Future PG Technologies Vienna OTTER 16Mar06

hos

)
i'},

éﬁ Final Concluding Thoughts ALSTOM

e The need for clarity in the future

— difficult to forecast future; no one single winning technology; broad balanced
portfolio approach

— need for stable regulatory/fiscal framework to encourage investment
— impact of ETS and value for CO, : visibility into the future

e The need for clean fossil fuel technology
— will continue to play a major role for decades yet
— clean use of fossil will be paramount : a key element in the mix
— aglobal issue : importance of engaging emerging market economies
— retrofit application and new (capture ready) plant approach

e The need for accelerated action
— maintain the impetus of 2005
— work towards an agreed post-2012 position as soon as possible

Innovation and continued technology development will be essential to
meet complex demands of the future

14



ALSTOM

www.alstom.com




FDONYHD ALVIWITD 40 5351 TVIDNYNIH .

AR i 1 D U @
1
\ A

W IS

abueyoajewl|o/n-bio’1ge- mmm
sJainsu| ysilig JO uoneinossy

abueyn ajewl|n ‘Jepesa Alliold
au|l|\ auer

abueyn ajewl|n
JO S)SIY [eloueul

S121Nsuj Ysillig JO UOIIRIDOSSY




VvV I

|[ENPIAIPU] o
JloAed-xe| .
paJnsu| .

A1a100s AQ auloq S1S09)

e
D
O)
©
-
©
&
D

O
O

e
7))

©
)
)
C

X

D

nd
[ J

9|gel}IAaul
JOU ‘ebewep Jayjeam |BUOISBII0 J0J UOI0310.d
)sii Bbuipeaidg

UOI}08]0.4d Jayleap)
Ul 82UBINSU| JO 8|0Y




yn'Bioige l . ‘ ‘ I

ug £g$ Jo pJooal
M3U B payoeal GoozZ [pun =

) fbiiiLn pru] pusig | ._..__...s.___.._...._..__ L[ [T — ...3..___.__.____..:_ wnuy [ s1sasa parejacsipeam " eEs wmwwo_
T _ : painsul uqg Qy$ :pJ02aJ uo

JeaA 1Sal|1S00 sem 1007 o

obelane uo Jeak
o) yoes uq 91$ ‘0661 22UIS .

apeosp yoes Buljgnop S)S0)
layjeam awaJ)xs
JO S)S02 buibueyn lovg




W

WJo)S pue poo|4 @
aouspIsqng |

L L
d &
SO\

L
S
>

®

N
Q

Jeap

)

N N
L &P

QY
) ©

7 &

)
K &

Q

0
00G
- 0001

- 00G1
- 000Z

00G¢

000¢€

(w3) swiejy asueansuj YN Jo 1S09H

w3

swie|n abeweq Jayieap\ MN

e



yn‘Bio'ige

'$191197 YoJIeasay |edisAydoan

01 Pa13IWqgns (S00Z) SJAYI0 pue eulWZNY %02 Aq (s$9] 10) Sieak
‘aguey) Aieiaueld pue 1eqoin 03 0Z AJ9A3 92U0 IN2D0 Jey}
Pa11IWANS ($002) Y2UqIN PUB YdsngaydaT | swliols Jo Aousnbauy pasessou adoung WIOISPUIA

%6+ 0} 1+ 10}
$1591 AUAILISUDS YIMm ‘949 AQ

'S6YE—L/YE ((81)/1 ‘91eWND | paads-puim ageane pasea.oul uede[ uooydA|
40 1ewinof (+00z) eAs|nL pue uosinuy
y2-2odrmmmy/:d1ay %6+ 01 y+ 10} 5159)
‘L00Z ‘98urYD 33eWND U0 JdURd | ANARISUSS Yum ‘99 Aq paads
1RIUBLIUIBA0SIRIU| ‘10day JUBWISSISSY PAIYL -puUIM 98BISAR Pasea.dU| SN auedLINH
EPIEIEIENIE) :1591-552.1S uoISay | 2in1e34 JBYIRIAA

SW.I0J)S saWwalIxa
pue abueyo sjewi|n




8601CF | 8901 /T |G9 O1GZ| %6y | SIS
HAJISUSS
uI abuey
abueyo
+ + g 0 alewl|o
¢9 LV OV %09 10 1oedw
|enualod
(uag) (ugg)
Aouanba.y Aouanbauy | (ugg) sesso|
Jleah 0Gz:| Jeah 00L:L lenuue paadspuim
YlIM SB8SSO0T | YlIM SBSSOT obeloAy | Ul asealou|

S9SSO| aueodliiny
SN :Ss)joadsoud ainin4 Q



paau jelded paseq-ysiy 3
=4
=
=
e )
]

- > =3
paau jended peseq-ysiy \
| WAy |
swieps Jo SwIe| Jo
966 %966
| @8etan
1 ui as| 1

|elided Jo s)sod buisealoul ‘uq 00Z2$
0} SpJiyj-om) Ag asll p|jnod paldinbad |ejiden

sjayJew |euded
|1eqo|b 1o} suoneoljduwy e




i VvV I

uq 0ZL — 0012 O} 8SI1J P|N0Y S}SOD [enuUUY




(wdd z9G)

%G9 %0.- %G9- MO -WNIPSIA

(wdd G1/)

%G |- %0¢- %0¢- YBIH-WNIpa

uq/9o% uqGey$ uqg % (wdd 018) UbIH
Aouanbaly Aouanbaly | (Jusuind anoge)

Jleal 0Gez:1L leah 00L:1 SSO| |euoljippe OlLIeuUads

UlIM SOSS0T UlIIM S8SS0T | |enuue abelany uolissiwg

S9SSO| suedLINY SN pUB SOLIBUSDS
SUOISSIWT :SYSlI ajewlo bulbeuey e




AljigesaunA buionpay
'SYSIJ dlewl|o buibeuen




¢ uqe'L$ uqo'c$
0} S@onpal 0} S@onpal 0} Saonpal
ugy 0% uqe'v$ uql'e$ MO 0802
& uqlL-9$ uql-G$
O] s=@2Nnpal O]} s=20Nnpal O]} s=@0Nnpal
uae 0% uay'cl$ uqe ges YbIH 0802
udqo 0% udqo'0$ uqgL$ JualIny
Buipooy|} | Bulpooy} |e1seod
2ouapIsSgng |  uegin-eaul MN pue JaAll MN OlIBUBDS

uoljeidepe Jo 1oeduwli |eloueul
'SYSIJ dlewl|o buibeuen e



w

'S9JNSEAW UOIJBIAD||e POO|} dAIRUId)|E
aulwexa pue suoijdo asualjisas Auadoud Jueasjau Ajyuapi

4

“jou |

£ OAI1}09)J9 }S09 [3](ISED} S9IUDJIP POO|} a1y

4

, ~oU ]

. S1ybBiay pooy} anoqe pasies ag seade paidnaso ue)

4

, TIouT]

;. Seale )Sli poo|} }1SOMo| ay} Ul pajedso| aq saiadoad uesn

4

~TouT|

uie|dpoojj ayj apisino pajedso| aq saiyadoud/alis uen

suoido - sysll poo|} buionpay
'SYSIJ dlewl|o buibeuen e



8y yolunjy :92in0g

abueyo Jo Jeabuassaw
B Sk adueinsu| @




Energy Paths - Horizon 2050
International Conference within the Austrian
EV Presidency

Renewable Energy Scenario to 2040

Half of the Global Energy Supply
from Renewables in 2040

Prof. Arthouros Zervos, President

EREC

European Renewable Energy Council

EREC - European Renewable Energy Council
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Umbrella organisation representing all RES sectors:

+~ AEBIOM European Biomass Association

+ EGEC European Geothermal Energy Council

+ EPIA European Photovoltaic Industry
Association

v~ ESHA European Small Hydropower Association

v ESTIF European Solar Thermal Industry
Federation

+ EUBIA European Biomass Industry Association

+~ EWEA European Wind Energy Association

+ EUREC Agency

European Renewable
Energy Research Centres Agency




EREC - activities

¢ To act as a forum for exchange of information and
discussion on issues related to RES

¢ To provide information and consultancy on renewable
energies for the political decision makers on local,
regional, national and international level

+ Information dissemination on RES issues (organisation of
conferences, workshops, publications, etc.)

+ To promote European RES equipment, products and
services on world markets

Renewable Energy House

+ Central meeting point for RES issues in the heart
of Brussels

+ Headquarters for the European renewable energy
sector

+ Ambitious energy concept for renovation of
monument protected building (RES & RUE
measures)

> Insulation of roof and fagade

> Double glazing

> 100 % RES heating and cooling supply from RES
(pellets, solar thermal, geothermal installation)

> Electricity production with PV (modules, semi-
transparent, thin film)




RES target for :r:

Europe g

20 % by 2020 in 20% sy 2020
Europe i
-t

. R < : EREC

Benefits of 20 % target
»Total RES investment of 443 billion € in the period 2001-2020

»126,7 — 323,9 billion € of cumulated avoided external costs
between 2001 and 2020

» 728 million tons/year of CO2 emission reduction in 2020

»115,8 billion € of cumulative avoided fuel cost reduction in
EU15 (2001-2020)

» Creation of more than 2 million full time jobs until 2020




Renewable
Energy Scenario
to 2040

Why a Scenario

+ images of alternative futures
+ neither predictions nor forecasts
+ image of how the future could unfold

+ useful tools for investigating alternative
future developments and their implications

Scenarios can create a vision for the future




The Advanced International
Policies Scenario (AIP
Scenario)

Half of the global energy supply by
renewables in 2040

AIP Scenario assumptions

L 2
L 2
L 2

ambitious growth rates
additional support measures

regions already active in the promotion of renewables will
increase their efforts

Higher prices for conventional energy supply

growing support for electrification of the poor regions by
renewables

Implementation of the Kyoto protocol and additional
measures

International cooperation

total energy consumption are based on a scenario from the
ITASA
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Growth rates of
technologies in AIP Scenario

%

EREC

1996-2001  2001-2010  2000-2000  2020-2030  2030-2040
Hiomass % 1% 3% 13% 18%
Large hydro 2% % 1% 1% 0%
small hydro % 8% 10% &% %
Wind 3% 18% 20 % %
Py 5% 8% 0% 75% 13%
Solar thermal 10% 16% 16% 14% %
Solar thermal electnicity 2% 16% % 18% 15%
Geathermal 6% B 8% 5% "i
Magnf :Iidalr'uﬂl_.wucean} B 15% 1% %
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The contribution of Renewable Energy Sources to the
world energy supply in 2040 - Projections in Mtoe -
Advanced International Policy Scenario

The contribution of Renewable Energy Sources to
the world energy supply in 2040 - Projections in
Mtoe - Advanced International Policy Scenario
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Electricity Scenario — Advanced
International Policies

%

EREC

Exemplary detailed scenario for electricity
- AIP scenario

Large Hydro 2580 3005 3500 1065 4165

RES Contribution




Exemplary detailed scenario for electricity
- AIP Scenario
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The contribution of RES to the world
energy supply in 2040 - AIP
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Dynamic Current Policies
Scenario

)

EREC

DCP Scenario assumptions

¢ Does not mean ,,business as usual®

& Model based on less international co-operation
that in AIP scenario

+ Expects amibitious policy measures on national
level at least in the industrialised part of the world

+ additional support measures

+ total energy consumption are based on a scenario
from the IIASA, but higher consumption is
assumed
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Growth ra'res of dlffer'en'r
technologies DCP Scenario
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Dynamic Current Policies
Scenario (projection in Mtoe)
lﬂ EIE'E- !-!I .?Ii'
e T s
Large Hydro 227 255 261 296 308
Small Hydro 95 16 M 62 a1
Wind 47 3 167 3% T
W 0.2 1 15 10 a5
Solar Thermal 4 n i Tl EH
Sodar Thermal Paver 01 D4 1 9 i)

Gegthermal - 432 13 13 194 161

RES Coatribution

Summary

+ RE has the technological potential to play a leading
role in the energy mix of the future.

+ RE is integral part of the energy supply in many
countries today.

+ RE has tangible economic, ecological and social
benefits.

¢ BUT: RE market development depends on a
coherent, predictable, supportive political & legal

framework.
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Thank you for your attention!

For more information
www.erec-renewables.org

EREC - European Renewable Energy Council
Renewable Energy House
Rue d’Arlon 63-65, B-1040 Brussels, Belgium
T: +322 546 1933 - F: +32 2 546 1934

erec@erec-renewables.org
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M‘ Spearheading Environmentally Sound and Rational Use of Energy
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E"R's Vision for a Sustainable

Energy System

Dr. Havard Solem, Enova SF
E"R President 2006

Energy Paths — Horizon 2050

M‘ Spearheading Environmentally Sound and Rational Use of Energy
= - ]

Outline f’%

1. E"R
2. Enova SF

3. Enova SF — E"R interaction




Mm‘ . Spearheading Environmentally Sound and Rational Use of Energy
E"R - a short introduction f""f

R

European Energy Network, established 1991

Voluntary network of organisations with a national

responsibility for energy efficiency and renewable energy

23 member organisations:
ADEME (France), CEA (Czech Republic), CRES (Greece),
EST (UK), IDEA (Spain), STEM (Sweden), ...

Mm‘ . Spearheading Environmentally Sound and Rational Use of Energy
E"R - a short introduction f""f

Goal

“E"R is always an authoritative contributing partner to the (
improvement of policy making and the development and
implementation of RUE and RES programmes and climate
change abatement activities, both on a national and European
level.”

Vision
“E"R’s vision is to be at the forefront of Europe’s drive towards
increased energy efficiency and use of renewable energy
sources by enhancing the role of its members through
communication, coordination and collaboration and by acting as
a bridge between national activities and those of the European
Community and other relevant international bodies.”
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Enova SF f’ﬁf

State enterprise owned by the Ministry of Petroleum
and Energy

Funds originate from a levy on transmission of electricity for
domestic consumption, app. 70 mill Euro per year

Funds are channeled into an Energy Fund, Enova acts as the fund
manager
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Enova SF f’ﬁf

Vision 2050:
“A driving force towards a sustainable energy system”

Main challenges

Increase production of renewable energy
Decrease growth in energy consumption

Main policy instruments: E'R

— Removing barriers WG Energy Efficiency

" iiormation WG Labelling
- WG Behavioural Change
* Normative measures

— Closing the efficiency gap HH E WG Renewable Energy

=
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Tomorrow’s decision-makers
determines our future

Regnmakerne — “The Rainmakers”

» A national concept for children

+ The goal is to involve and create interest and
engagement in energy related subjects among
children and young people.

+ Children in Norway between the ages of 6 and 15 can
meet the Rainmakers on www.regnmakerne.no, on
national TV and in primary school

- v =
m Spearheading Environmentally Sound and Rational Use of Energy
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Enova - E"R interaction

Kids4future usave)

Based on the Rainmakers concept

Partners from Belgium, Finland, Greece,
Poland, Slovenia, Spain, Sweden,
and Slovakia

Develop a common European platform:
— Activities in primary school
— Book about the Rainmakers
— Children’s programme on national TV
— Website




ME‘-‘- ] Spearheading Environmentally Sound and Rational Use of Energy
Concluding remarks f""w
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Success criteria for policy development in 2050

Taking diversity into consideration

National energy and environmental issues
Economic situation

Legislation

Culture

Benchmarking and exchange of information on best practice
— Among members
— Between E"R and the European Commission

.- =
. § B Spearheading Environmentally Sound and Rational Use of Energy
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Thank you for your attention!

Energy Paths — Horizon 2050




Responsibility and Coordination

Dr. Gerald Vones

Austrian Federal Ministry of Economics
and Labour

Division Energy — Technology and
Safety

Dipl.Ing. Theodor Ziliner

Austrian Federal Ministry of Transport,
Innovation and Technology

Division Energy and Environmental
Technologies



Organisers
Austrian Federal Ministry of Economics and Labour
Austrian Federal Ministry of Transport, Innovation and Technology

in cooperationwith:
Austrian Energy Agency ®

AUSTRIAN ENERGY AGENCY

WA bm@

BUNDESMINISTERIUM fir for Transport,
WIRTSCHAFT und ARBEIT Innovation and Technology



