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Challenges: SIEMENS

Climate change is a fact, threatening humans and biosphere

Climate change and impact

= Anthropogenic greenhouse gas emissions ") from Effect of greenhouse gases

fossil fuel burning and land use shift the radiation
balance of the earth and cause warming

Infrared rays
Sun « radiated into
! space

Climate

= Scientific consensus that doubling of CO, from pre-
change ...

industrial levels (280 ppm) by non-acting till 2035
causes unacceptable global temperature increase

<
Atmo-
sphere Heat reflected

back to planet

» Feedback amplifies warming

= Melting may cause flooding of >4 million km?
affecting > 300 million people

Urgent need for action

Temperature change in °C

E A
H 1 J 6.4
... threatens | = Spread of diseases expected ; 2 5.0
humans and| (Malaria, Dengue fever etc.) 4 '
. . V34
biosphere | « More frequent extreme weather conditions Ly ] 21 20
jeopardize crops and living conditions 1] o6 ,,,%///
i 0- T . —Time
= 15-20% of species face extinction at only 2°C warming | 1ss0 Today 2030 2100
| “Most likely— |

1) Carbon dioxide, methane, nitrous oxides, etc.
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Challenges: SIEMENS

Business as usual will be more costly than action

Long-term cost of inaction (Business as usual) and action

Business as usual scenario 2050 Action scenario 2050 2
(Cost of inaction) (Cost of action)
% of global annual GDP in a % of global annual GDP in a
case without global warming case without global warming
20%
T

| |

| |

| | Incl. additional impacts
| | .

| | (e.g. amplifying feed-

: : back, non-market

[ |
| |

impact) 0.05-0.5%
adaptation
()
Primary impacts ) o ca. 1.5%
1% mitigation {HE—<—
Cost of Cost of
inaction action 2

Climate change has serious impacts The costs of stabilizing the climate
on growth and development are significant but manageable

1) Assumes 5°C temperature increase by 2050 2) Keep GHG between 500 and 550 CO,e ppm
Source: Stern Review
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Challenges: SIEMENS
Highest CO, emissions in North America and Asia

Population size times average annual per capita emissions, The size of the ) .
circles indicates the product of these varizbles and therefare the region's Development of C02 emissions
total C0h emissions in 2000 and 2020

GHG emissions — responsible
g, 2020 for global warming — will
e increase

% W W, North Amernca
20 {1 :

25 -

Level of GHG emissions will
remain high in industrialized
15 - countries, but will increase
particularly in emerging
countries

10 -

Y

¥

0 1004 2000 30040 4000
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Challenges: SIEMENS
Rapidly increasing energy consumption, mainly in BRIC countries

Energy consumption in different world regions, 2002-2025 Most rapid growth expected
250 in non-OECD countries

nsumption {in quadrillion BTU)

Energy cc

200 - 192 Fastest growth evident in BRIC
. economies
62
150 1 434 134 Growth driven by
g industrialization and rising per
03 . .
100 2o 76 capita consumption, although
Bl per capita consumption remains
50 - 29 32 - at low level
22 13 17
0 1 1 l 1 . 1
Morth Western Middle East Africa BRICs
America Europe
2002 M 2010 2025 Source: EIA 2005
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Challenges:
Large growth of world final energy consumption
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SIEMENS

Growing consumption of natural

resources

Energy consumption is rising
dramatically

Fossil fuels to remain of vital
importance

Ongoing growth in the demand for
oil, gas and coal



Challenges:
Coal will last the longest

Statistical ranges of fossil and nuclear fuels

or [NED
Nuclear |[NEEEETTE

Fuels |62
N T

Gas 69
| T 7T |

Coal 209

T | T T | T T

1] 200 400 600 800 1000 1200 1400 1600

Statistical ranges (in years)
B Resources + Reserves* Reserves
* Reserves: The amount cumrently technologically and economically
recoverable.
Resources: Quantities technically or economically not (yet)

recoverable or not yet proven.

Source: Dresdner Bank 2005
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Ensuring the supply of

resources

= Improve production
infrastructure in order to assure

supply
= Manage political crisis

= Promote diversification in order
to guarantee long-term supply

= Promote renewable energy use
on individual level



Challenges: SIEMENS
Growing relevance of energy security

Political implications Managing political conflict
Energy supply questions are entering Challenge of fair resource
the political agenda: supply needs to be addressed

Nationalization of energy industries

(e.g. in Russia, Bolivia, Venezuela) SEmEE S 15 159 [pievenice

China: Energy supply is vital for
economic development

(e.g. contracts with Iran to secure
supply create dependencies and
influence diplomatic behavior)

Inter-regional trade of energy resources
increasingly important

(international attention will focus on
maintaining the security of sea-lanes
and pipelines)
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Challenges:
Energy diversity will not change fundamentally in the next 10 years

yrsumption (inquadrillion BTU)

Energy cc

Growth of energy use and percentage shares of energy sources, 2002-2015

600

500 -
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300 -

200 -~

100

Page 9

39%

38%

6%

25%

38%

2002

B Other
Muclear
B Coal

M Natural gas
Ol

22 May 2007

2010

Stefan Denig

2015

Source: EIA 2005

SIEMENS

Increasing importance of energy

diversit

= Energy diversity will have to be
a more prominent issue on the
political agenda

= Use of renewables to expand
diversity of supply

= Development of other alternative
energy sources



Solutions:
Achieving more with less

SIEMENS

4 Wind power
L Solar thermal power Nuclear fusi
Energy § Photovoltaic_ tclear fusion
generation Post combustlogrgzg;abput:triin CO,-capture CO,-reduction through
2 photosynthesis
Remaining time of nuclear power plants
Smart grids
Energy
transmission
Energy saving motors
E Building as power plant
nergy ) Energy efficient home appliances New materials
consumption Performance contracting  Superconductivity in drives
Piezoelectric injectors in combustion engine
horizon
Today — 5 years 5 - 15 years 15 - 50 years
Page 10 22 May 2007 Stefan Denig



Solutions: SIEMENS
Energy generation - Efficiency of up to 60% is possible

World'‘s largest and most efficient gas turbine:

* Can supply electricity to 620,000 three-person households or a city the size of
Barcelona, Spain

» Combined-cycle power plant with this gas turbine will have an efficiency of over
60% — world record

* In comparison with a coal-fired power plant (average efficiency 38%), it saves
2.8 million tons of CO, per year — more than Siemens emits

Shanghai — Efficient coal plant Waigaogiao:

» China's largest and most modern coal-fired power plant, two 900 MW blocks
installed, third in preparation

» Efficiency 42 percent (scheduled to rise to 45), highest of it's kind in China
(average efficiency of black coal power plants in Germany: 37 percent)

* Sets also new standards in low-level nitrogen oxide and sulfur dioxide emissions
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Solutions: SIEMENS
Energy transmission — HVDC enables use of remote sources

Low loss connection of remote power sources: -

* Low energy loss in long distance power transmission (e.g. coal and hydro
power (e.g. China), offshore wind parks in Europe

» Opens up large renewable power potential worldwide
» Allows for decoupling of power generation and load centers

« Flexibility in power sourcing and trading

Page 12 22 May 2007 Stefan Denig



Solutions: SIEMENS
Energy consumption — Huge potential for energy savings

New Siemens trains use 30% less energy than Oslo's current trains:

» Less energy needed by feeding braking energy back into power grid and by using
mostly aluminum for the lightweight body design

= Comprehensive disposal concept: 95% of each train can be utilized (85% through
recycling, 10% through burning)

= QOver their entire lifecycle the trains burden the environment with just 2.6 grams of
CO, per kilometer traveled and per ton of vehicle weight — a very low value for
metros (2.0 grams for actual train operation, depending on energy mix)

Energy saving bulbs use 80% less electricity:
= Lighting accounts for 19% of power demand worldwide

= Life of energy saving bulbs is up to 15 times longer than life of conventional bulbs;
LED’s life is up to 50 times longer

» Savings per energy saving bulb and LED: several hundred euros p.a. and 0.5 t of CO,

Page 13 22 May 2007 Stefan Denig



Increasing awareness: SIEMENS
Environment in top tier of megacities’ infrastructure priorities

Need for Investment

Average % of “Very High” Across All Cities (522 key decision makers in the 25 largest cities worldwide)

Transportation I 7
Education | -©
Environmental protection NG 5 3
Health care | ¢
Public safety/security __49
Water supply / wastewater _45
Public housing _115
solid waste | 5
Energy supply N |
City management -_az
Social services [N © 0
Communications _ 29

Leisure/culture | 25

Source: Siemens Megacity Report 2007
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Increasing awareness: SIEMENS
Environment matters...

Mass transit is the priority Strong role for renewables

Predicted by transport experts Predicted by electricity experts

Individual motorized

transportation (29) Mass transit

infrastructure (71)

Renewable
technologies (48)

Fossil fuels (52)

34 a £y B4

Source: Siemens Megacity Report 2007
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Increasing awareness: SIEMENS
... but may be sacrificed for growth

Views of knowledgeable stakeholders

B Agree Disagree

City leadership recognizes infrastructure’s
vital impact on environment

City will increase infrastructure
at expense of environment

a4l m

Source: Siemens Megacity Report 2007
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The efficiency champion: How to reduce megacities’ SIEMENS
energy consumption and CO, emissions with technolog. innovations

»

A A

wmary energy supply IVOQ emissions
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SIEMENS

Energy-related - i i =
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SIEMENS

Possible scenario of tomorrow’s megacity

51% less primary

Virtual German Megacity - tomorrow

Many measures are realiced regarding efficiency increase and energy Lavings

energy consumption,
51% less CO, emissions*

Site energy consumption today:

Flore el lverent and

Loswver losses

1120 Pl per year energy-saving systems of primary enedgy more, if nuclear energy and
* CO, sequestration are used.
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Energy Implications of Climate Mitigation Policies

Riso International Energy Conference 2007, 22 May 2007

Massimo Tavoni, FEEM




 The WITCH model

« Cost-benefit glimpse

« Climate mitigation policies
— energy
— costs vs delaying
— uncertainty
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A ‘World Induced Technical Change Hybrid Model

WITCH

World Induced Technical Change Hybrid
model

Bosetti V., C. Carraro, M. Galeotti, E. Massetti and M. Tavoni, (2006), "WITCH: A World Induced Technical
Change Hybrid Model", The Energy Journal, Special Issue. Hybrid Modeling of Energy-Environment Policies:
Reconciling Bottom-up and Top-down, 13-38.
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The WITCH Model/1

Hybrid [.LA.M.:
— Economy: Top-down optimal growth (inter-temporal)
— Energy: Energy sector detail (technology scenarios)
— Climate: Damage feedback (global variable)

Economic Activity

Climate

%E ‘ Er?rl“icr:} Mattel




The WITCH Model/2

Two solutions:
« Cooperative (world best)
« Non-cooperative (Nash), interactions among regions on:
— Environmental externality (carbon)
— Exhaustible resources (oil, gas, coal, uranium)
— Technological spillover
— Trade of emission permits
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C.B.A.

NoON-coop VS coop
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World Carbon Emissions
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CO, Mitigation:

C.E. Analysis
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Mitigation Target: 450 and 550 ppmv

Carbon Concentrations (CO2 only)

B e BAU
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Mitigation Target: 450 and 550 ppmv

World Industrial Carbon Emissions (GtC)
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Energy and Carbon Intensities

Trajectories in the energy intensity/carbon intensity
wrt 2002

60% -
50% 2100

40% -

2100 450
550
20% +-——""""" —4— BAU

10% -

30% -

Reduction in Carbon
Intensity wrt 2002

0% &

“10% 0% 20% 40% 60%2‘I 00 80% 100%

Reduction in Energy Intensity wrt 2002
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Power generations mix

550ppmv

World Electricity Generation Shares

World Electricity Generation Shares
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Renewables: role of

Wind& Solar electricity
40000 -

35000 -

30000 -

25000 _ 60% load
factor

20000 -

TWh
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15000 - factor

10000 -
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CCS: gquantities

Carbon sequestred
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CCS: effect of rate in a 450ppmv

Carbon sequestred
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CCS: effect of rate in a 450ppmv

Carbon sequestred
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Endogenous Technical Change

LbD: Investment cost of wind&solar plants wrt to BAU
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Policy Costs
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Costs and procrastination

Costs of procrastination: 3% discounted
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Policy costs: “where” issue

Regional Policy Costs
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Forestry in a 550ppmv

CCS in Power Generation
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» halves 550ppmv policy costs
» achieves 50ppmv extra at no cost
» delay energy abatement
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* M. Tavoni, B. Songhen and V. Bosetti (2007) “Forestry and the carbon market response to stabilize climate”,
FEEM w.p. 15-2007
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Uncertain concentration targets
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Conclusions

Optimal abatement (CBA)
— Coop CBA implies lower emissions (600 ppmv at 2100).

— Non-cooperative CBA does not suggest emission levels that scientists might
like, mainly because of “global externality” nature of problem.

— Real issue is countries free-riding and how to induce cooperation

Stabilization Policies (C.E.)
— 550 “cheap” target, 450 tougher (real climate damages, tech. evolution)
— Power sector can do the job but needs Nuclear, CCS and Renewables
— Forestry important mitigation option with a bearing on carbon market/energ abat
— 550 no regret option, 20 yrs on BAU 450 is gone
— Climate uncertainties: more intermediate mitigation/interim conc. targets
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massimo.tavoni@feem.it

www.feem-web.it/WITCH
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A World Induced Technical Change Hybrid Model



550 costs: “when”

C-E Analysis World GWP loss
0.45 ; ; ; ; ;

0.4
0.35
0.3

oas

I Discounted Policy Cost
[ I Policy Cost

0.2 -

Y%

0.15 -

0.1

0.05

| | | i ‘ 0.2% NPV GWP loss
2020 2040 2060 2080 2100 -0.01% NPV Consumpt. loss

-0.05
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The WITCH Model/2

Distinguishing Features
« Focus on energy sector

OUTPUT
1/2
KL
1
0.4 K L
HE EN
1/2
NEL
EL TradW OGB
> COALnel 1/2
ELHYDRO EL2 .
> OlLnel GASnel Biofuel
o0
Trad Advanced
ELFF ELW&S 0 Biofuel Biofuel
2 ELNUKE
ELCOAL o | kenoOsMren |
M Knuke- URANIUNM-
O&Mnuke
ELPC ELIGCC ELOIL ELGAS
0 0 0 0
[ 1 [ 1
Kpc- COALpce-O&Mpc | | Koil-OlLel-O&Moil |
[ 11 [ 11
Kigcc- COALigcce- | Kgas-GASel-O&Mgas |
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- To ease solution

Initialize ,

Start | searching problem. Each
variables region’s problem solved

assuming no interactions

Nash Compute global variables To compute Temp, price
Main 3 of resources, W&S
Source capacity installed

necessary in each
regional optimization
problem

Regional Regional Opfimization

Subroutines s.t. global and regional equations vneN

heck decision variables
deviation from
previous iteration value<e

i
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Nash

Solution

=The algorithm does not
handle global constraints.



Investigating the role of forestry as a stabilization option

Motivating Issue:
Missing analysis of carbon market response to forestry mgmt

General idea:
Coupling WITCH with a forestry model (Brent Sohngen, Ohio State Univ.)

Carbon prices (to 2150)

T
WITCH Forestry

'\_//

Carbon sequestred per year,
per region
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GtC

0%

Forestry Reslults

LbD: Investment cost of wind&solar plants wrt to BAU

-1%

B e S

2002 2007 2012 2017 2022 2027 2032 2037 2042 2047 2052 2057

8% oo

-4
5%
6% -
7%
-8%
-9 |
-10% -

500 -

400 -

300 -

200 -

100 -

550 with forest
550 w/out forest

0O Other abatement
m Forestry: NON-OECD
@ Forestry: OECD




Applications so far

« Cost-Benefit Analysis

« Cost-effectiveness Analysis of climate policies

« Linking Forestry Management to Climate Change Policy
* Role of Uncertainty in Technological Change Processes
« Energy Technology Spillovers

* Role of Free Riding

* Role of Discounting
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Uncertainty

Investigating uncertain effectiveness of innovation in backstop technology

Motivating Issues:

Literature concentrates on uncertainty of climate damages and costs

1. Some preliminary research on uncertain future arrival of a backstop
technology

2. Just few studies (Baker et al. 2006) on uncertain effectiveness of R&D

General idea:

Develop a stochastic version of WITCH and analyze the effect of uncertainty
on:

» optimal levels of investment in R&D fostering the arrival of a carbon-free
backstop technology

» the costs of a stringent climate policy
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Uncertainty Results

Central _~_
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Future Applications

 Interactions between energy markets and climate policy

« Uncertainty of climate damages

« Spillovers and uncertain technological breakthroughs

« Linking land use management-forestry-energy and climate policy
« CDM and embodied technological spillover

« Accounting for non-cooperative behaviors in choosing the optimal
climate policy instrument under uncertainty

- Mitigation vs Adaptation strategies

o
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*Bosetti V., C. Carraro, M. Galeotti, E. Massetti and M. Tavoni, (2006), "WITCH: A World Induced Technical
Change Hybrid Model", The Energy Journal, Special Issue. Hybrid Modeling of Energy-Environment Policies:
Reconciling Bottom-up and Top-down, 13-38.

*Valentina Bosetti, Carlo Carraro, Emanuele Massetti, Massimo Tavoni (2007) “Optimal Investment Strategies
to stabilize GHG Atmospheric Concentrations” FEEM working paper

*M. Tavoni, B. Songhen and V. Bosetti (2007) “Forestry and the carbon market response to stabilize climate”,
FEEM working paper

*V. Bosetti, M. Tavoni (2007) “Uncertain R&D, Backstop Technology and GHG
Stabilization”, FEEM working paper

www.feem-web.it/witch . ainaf
ey i
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CO2, energy and income
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Existing Models

TOP DOWN

= DICE (Nordhaus) and Entice-BR (Popp) no energy detail nor regional
disaggregation.

*DEMETER (Gerlagh), no regional disaggregation nor strategic choice
of optimal investment profiles.

BOTTOM UP

= Energy system models (e.g., Markal, Message), no forward looking
nor accounting for strategic behavior and related inefficiencies.

HYBRID MODELS SOFT LINKED

= MERGE (Richels et al.) stand-alone optimization nor accounting for
strategic behavior and related inefficiencies.

HYBRID MODELS HARD LINKED

*MIND (Edenhofer et al.) no regional disaggregation nor strategic
choice of optimal investment profiles. Single fuel.

= WITCH (World Induced Technical Change Hybrid model)



_ The Objective Function

For each region (n) forward-looking central planner maximizes present
value of (log) per capita consumption (5-yr time steps):

(1) Wm)=> L(n,t){log[c(nt)] | R()

choosing the optimal path of investment variables simultaneously and
strategically with respect to the other decision makers.

Consumption of the single final good obeys to the economy budget

constraint: Final Energy Electricity Operation &

Good R&Ds Generation Maintanance

(2)

Net fuel CCS (Transport and
expenditures storage costs)



_ Output and Climate Damage

Gross output produced via capital, labour (=population) and energy

services.
(3) Y(n,t)=TFP(n,t)

1/p

/0(n,1)

a(n)- (Kcl_ﬂ(") (n,t)Lﬂ(”) (n,t))o +(I-a(n))- ES(”’t)p ]

J

[ Emissions

Climate Module

\\ Climate

Damage

P
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The Energy Sector
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_ Technical Change/1

ETC is represented through both accumulation of experience and R&D investment:

i. Learning by Doing via experience curves in power plants investment cost

(4) SC.(n.1)=B,> K.(nr—1)]"" +¢

world learning, assume technology spillover

ii. Energy R&D for increasing energy efficiency (Popp)
(5) ES (n,t): [CZHHE(n,t)P +0!ENEN(n,t)p]”p

(6) HE(n,t+1) = al,,,(n,t)" HE(n,t)* + HE(n,t)(1—8yy,)
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1. Introduction

2. Additional costs for final customers
3. A comparison of the success

4. Achievements and prospects

5. The issue of competition

6. Conclusions
Thanks to the EC (DG RESEARCH,

DG TREN)



2% 1 INTRODUCTION TV _

CORE MOTIVATION:

Policy targets for an
INCREASE of RES-E!

(e.g. currently discussed targets of
20% for 2020)
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What is the problem? TU

SURVEY ON INSTRUMENTS TO PROMOTE

ELECTRICITY FROM RENEWABLES

REGULATORY

Capacity-
driven
strategies

Generation-based

VOLUNTARY

e RPS
Ouota-based TGC

Investment focused

e National generation targets

e Bidding/Tendering

Price-
driven
strategies

Generation-based

e National installation or capacity
targets

o feed-in tariffs,

e Net metering

Investment focused

e Green Power Marketing
e Green tariffs
e Solar stock exchange

e Rebates
o Soft loans

e Tax incentives

e Contracting
e Shareholder progr.
e Contribution
e Bidding

Other

e NGO-marketing
e Selling green buildings
e Retailer progr.
e Financing
e Public building prog.




{w, What is the problem? -U
—Which-instrumer RESI?™

Answer depends
‘ POLICY ‘
OBJECTIVE

Source: GREEN-X




£  INTRODUCTION _TU

MAJOR PROBLEM:

* with respect to:
* renewable targets
* Financial incentives
 Credibility for investors
« Consideration of external costs?



£ 2THEISSUEOF 4,
“” TRANSFER COSTS ===

All requlatory promotion schemes
(Quota-based TGC systems, tendering
systems, Feed-in tariffs) create an

artificial market

and cause

transfer costs (additional costs)



- [
nergy
conomics
THCHREBDHL UXIVEESITAT WH IS

roup

It is important to minimize

these additional transfer costs.
Why?

These additional costs have finally to be
paid by the electricity customers

(regardless which promotion scheme is
chosen)
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Method of approach U
(EU-project GREEN-X) 13 _

STATIC COST RESOURCE CURVES

EURO/
kWh

Uncertainty

more expensive
capacities

cheapest capacities

Potential of RES



., Method of approach U
{"’?335’ ~  (EU-project GREEN-X) Y

Minimise additional costs for consumers = Producer

Surplus + Generation costs - Revenues electricity market

Price, costs . :
[Euro/MWh] ( = Avoided External costs), MC (Static

cost curve)

Pmc

MC ... marginal
generation costs

price of
Pele ... market price for
certificate (conventional)
electricity

pmc ... Marginal price
p - for green
ele electricity (due to
. bligati
Generation Costs (GC) Auota obligation

>
Quota Q Quantity kWh)




Transfer costs vs

: ]
\ f1eri gy
Conomics
TECHNECHE UNIVERSITAT Wil

avoided costs
Example: Promotion of wind in Germany 2005
3

Billion EUR/yt
O

-t

o
3

o

Transfer costs EEG Avoided external costs

Source: Krewitt/Schlomann: Externe Kosten ...( 2006)
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The lower the additional costs
(=transfer costs) are which have
finally to be paid by electricity
customers

the higher will be public acceptance

the larger will be the amount of
additional electricity generated from
RES.
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An example from the conventional
electricity market:

in several countries (e.g. Germany,
Belgium) customers are fed up with the

high profits the large incumbent

utilities make in the “free” market

they request a re-regulation of electricity
prices!



£ 3. REQUIREMENTS _TU
TO SUCCESSFUL STRATEGIES
Major objectives:
* increase the

= _

= =

c 2

= @
s amount of
2 = electricity from

1
S~ renewables and
* reduce costs!

MW /Number of plants
(=effectiveness)



EFFECTIVENESS  TU

-4 VSCOSTS , ~~
12 - -
0. [ /
3 E;I'radahle ertlflcates Feed-in tariffs
5 I \
z \ &
g R\
2 \\\\\\\\\
SE

oo/ 4

40 60 80 100 120

(2000-2004)  kWhicapiyr




SUCCESS CRITERIA

~nergy
conomics

roup

TU

FOR FIT's

1 Use a stepped FIT and calculate
starting values carefully

prices, costs

2 ldentify
——fcological bonus

e erngye DE@CKEASE OVEer

eency 0T "t me, link to
conv. electr.

[EURO/MWh]
Prao
Pr100 —
PE1s0 == guaranteed feed-in tariff
[] producer surplus (profit)
stepped feed-in tariff
higher efficiency < P lower efficiency
= :
reference plant generation by installed kW)
(100% efficiency)
A expected producer surplus P
[EURO/MWh]
150 140 130 120 110 100 90 80

Electricity generation compared to reference plant
(efficiency)

efficiency indicator m a r ket r I ces
(e.g. for wind turbines: - electricity

generation by installed kW)



_ CONSIDER DYNAMICS
FOF PRICES AND COSTS:TH..

) RES-E-costs
@ Support
= 0 must
Q. -5 d
> ecrease
c 9 towards
= '("; eco-bonus!
© wi| conventional electricity prices
o

- fime

* For FIT/premium: Consider ,learning“ by a
dynamic component!
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.. SUCCESS CRITERIA o,
£%FOR QUOTA-BASED TGGL™-

EURO/
kWh

L1 Penalty >> MC
e —

Marginal
Costs

Market price

2 Ensure long-
term planning
horizon!

3 Focus on
new plants

4 Allow
banking



... MAJOR PITFALLS FOR =
&% QUOTA-BASED TGC's— -

1 Market to small: e.g. in a small country
for one technology with very limited
potential -> Non-Liquid because every

single plant is known (e.g Flanders (BE))

2 Penalty is to low (e.g. UK)
3 Short planning horizon (e.g. UK 2003, Italy)

4 The problem of windfall profits for
(existing) capacities (e.g Flanders (BE),

Sweden)



' .
b 1ergy
conomics
TROHBEBLDHE UNIVEESITAT Wi

roup

4. WHAT HAS BEEN ACHIEVED SO
FAR AND WHAT CAN BE EXPECTED
FOR THE FUTURE?
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TOTAL ELECTRICITY —U
GENERATION FROM -1V

RENEWABLES IN EUROPE

500

450 -
400 -

O ‘7/ ‘b 0 ‘0 © ’\ DO O b O & 93

1997: 12.9%

\

)\

2005: 13.6%

N
e a” ¥ @ 9 7

@ Large-scale hydro @ Small-scale hydro @ New' RES-E excl. hydro
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ELECTRICITY GENERATION —U

FROM ,NEW“ RENEWABLES =~
IN EUROPE

2005: 4.5 % |

1997: 1.4 %

KRR DMUMD
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I Biowaste
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Biogas B Solid biomass
B Geothermal electricity [0 Photovoltaics
Wind off-shore

Wind on-shore




SOME RESULTS OF
GREEN-X: CASE STUDY 2020

o 1156 TWh
= Historical development (improved national
35057 ™ Indicative RES-E Target (2010) —&-harmonised
TOI a/ curren l‘ ) ® Introduction of harmonised policies (2015) polici
" " o
electricit b4 _,E' 309+ = BAU-forecast .
» . == Strengthened national policies :
consumpt ion. € Jeorl ven Tochnology-specii a
=.25% gy-specific
3200 TW/‘] o harmonised FIT scheme
%20%—- Non technology-specific 1 TWh
E harmonised TGC system (BAU)
N 15%
OPT i
RES N
OO/O T T T i| ]
I nyest igated 1990 1995 2000 2005 2010 2015 2020

: NO HARMONISATION HARMONISATION IN 2015

cases.

Improved LT [e1 (1 \"20e . Non technology- .
national specific specific .
policies support p support 1

Efficient & effective
national policies

Feed-in tariffs Quota obligation basecf
- harmonised ©on TGCs - harmonlsed-
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Total electricity generation from RES (EU25)
as share of gross electricity demand
BAU scenario ...how far will we come with current RES policies?

<:- BAU with low energ
prices

aenT T 229%

ment - in relative terms

~—4—BAU - continuation
of current national
RES-E policies

- - - o

°
o ® °
..

...the impact of an active Dol POIICY and .CONnverional energy prices .



£z 5. COMPETITION? _1TU

conventional electricity market: To maximize
profits utilities merge to avoid competition

hard to imagine that a European-wide TGC market
will work disconnected from these large
incumbents

TGC markets: Why should competition work if it
does not in the conventional electricity market?

Utilities/generators are in favour of TGC because
they can make much more money and control the
market, the construction of nhew plants much
better
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#z- 6. CONCLUSIONS (1) _TU

« We are far away from an optimal solution but
we are on the way!

« Careful design of strategies:

by far the most important success criteria!
 There should be a clear focus on NEW

capacities!

* To ensure significant RES-E deployment in the
long-term, it is essential to promote a broad
portfolio of different technologies

« Ensure credibility of the system! Avoid ,,stop-
and-go“ approaches



#%-6. CONCLUSIONS (2) _TU

« Currently, a well-designed (dynamic) FIT system
nrovides a certain denlovment of RES-e fastest

'IMPROVE THE CURRENT -
SYSTEMS!

€.J. reca-in-cooperduorl veE difid co == VWily not d
“Club” of TGC — countries (learning from SE)?



£57-6. CONCLUSIONS (3) _TU

In the long run?

* Re-regulation?

 Priority production from renewables should
persist

- Ecological bonus of the magnitude of external
cost relief could prevail “eternally” (at least as
long as no environmental taxes are introduced)

 However, for sustainable policy -> parallel focus
on demand-side conservation of high priority!



TRCHNESUHE UNIVERSTTAT W

INTERESTED IN
FURTHER INFORMATION?

www . eeg . tuwien . ac . at
www . green-x . at
www . optres . fhg . de

e E-Malil to:

Reinhard.Haas @ tuwien. ac.at



Technical Change/2

The cost of the cellulosic biofuels, P,pyg0(N:t) , is modeled as decreasing with

investments in dedicated R&D through a power formulation:
(7) PADVBIO (n’ t) = PADVBIO (n,O)- (TOTR&D,ADVBIO (n’ t))_n

where n for the relationship between new knowledge and cost and LAG=2

t
(8) TOTygp apvsio (1) = Z K &, apvsio (Mt = LAG) + Z I re.p.apveio (1, 7)

7=t—1

Spillovers: different assumptions on completeness of spillovers (through lag time)
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Perspectives of the
IDA Energy Year 2006 project

Per Norgard
Riso DTU, Denmark

Henrik Lund and Brian Vad Mathiesen
Aalborg University, Denmark

RISO



y ENERGY YEAR
UB ENERGY FOR THE FUTURE

ok o

T

The Danish Society -
of Enigineers”.”
Energy/Plan 2030

SUMMARY

Per Ngrgard -




DTU
e RISO

IDA Energy Year 2006 project

A one-year process 7 themes:
* Involving 1600 professionals * Buildings
* Transport
2 conferences * Wind, sun & waves
* Jan 2006: Opening * Fuel cells, hydrogen, bio &
* Dec 2006: Concluding batteries
* QOil & gas
40 workshops * Industrial processes
* knowledge workshops * Energy systems

* vision workshops
* roadmap workshops

Energy technologies in 2030
* performance
* price

Per Ngrgard - Risg International Energy Conference, May 2007
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IDA objectives

by year 2030
* environment
to reduce the CO2-emission by 50%
* energy
to maintain the security of energy supply
* business
to increase the technology export by 200%

Per Ngrgard - Risg International Energy Conference, May 2007
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A

Danish Board of Technology — Energy Combi Scenario

. _II

Savings Energy+
ne!ufnrsynl
uahuru
omverds
e=ndring ' :
udvikling™s L = Rﬁfemﬂtﬁ :
Ikke noget der
skubber | &n retning.
E arkede
4‘\, ™. erafgorende for
L Jr - -"'T L::r- . MI‘H‘W
Wind e Bio

L
......

Per Ngrgard - Risg International Energy Conference, May 2007
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Reference scenario

DK Energy Strategy 2025 Energistrategi 2025

° by The Danish Energy Perspektiver frem mod 2025 og

AUthOfity, :lpl:tgdi_:il Ila:u_.‘llifngs:la:t for den
remtidige el-infrastruktur

for The Danish Ministry of
Transport and Energy, 2005

* IDA: 2025 -> 2030

Per Ngrgard - Risg International Energy Conference, May 2007
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Reference - DK energy projections
1000 tons

75000
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65000
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45000

40000

RISO

1990 1995

— B AsI15

2000 2005
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2010 2015 2020
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2025
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Reference - DK oil and gas

mia, m?
10

0 — — . — — e e
1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020 2024

wom Reservebidrag mmmm Teknologibidrag mmsm Efterforskningsbidrag -~ Forbrug
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EnergyPLAN simulation

EnergyPLAN characteristics:

* Time series analysis on hourly
basis

* All energy exchange in one node
* Links between energy sectors
* Include energy storage

RISO

EnergyPLAN simulations include:

* Heat buffer capacity in district
heating systems

* Conversion from electricity to heat
by heat pumps

* Electricity buffering by electrical
cars

Per Ngrgard - Risg International Energy Conference, May 2007
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Measures

Buildings
* Energy for space heating:
-50 % relative to Ref 2030

* Solar heating:
30 % of heating

* Electricity consumption:
-50 % relative to Ref 2030

Industry

* Fuel consumption:
-40 % relative to Ref 2030

* Electricity consumption:
-30 % relative to Ref 2030

* Industrial CHP:
+20 % electricity

* Biofuels:
+80 PJ

Per Ngrgard - Risg International Energy Conference, May 2007

RISO
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Measures
Wind, sun, wave Oil & gas
* Wind: * North Sea:
+3000 MW -45 % CO2 emission
* Wave:

5% of electricity in 2030

* Photovoltaic:
2% of electricity in 2030

Per Ngrgard - Risg International Energy Conference, May 2007
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Measures
Transport Biomass
* Stabilising the total person- * In 2030: 30 % of primary

transport work

* Air traffic: 50% -> 30% increase
(2005 — 2030)

e 20% transport work from road to
rail and ship

* Energy efficiency: +30 %
* Biofuels in 2030: 20 %
* Electricity in 2030: 20 %

Per Ngrgard - Risg International Energy Conference, May 2007
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Results - Primary energy supply
Peta Joule (P))
1.000 B Export

900 B RE electricity
200 Solar thermal
700 B Biomass
600 B Natural gas
500 . H Oil
400 B Coal
300
200
100

0

2004 Ref. 2030 IDA 2030

Per Ngrgard - Risg International Energy Conference, May 2007
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Results - CO2 emissions

Million ton per year

RISO

70

60

B Export
B Danish

demand

50

40

30

20

10

0
1990 Ref. 2030

Per Ngrgard - Risg International Energy Conference, May 2007

IDA 2030
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Results - Business potential

Export in billion DKK per year M Energy-efficient
renovation

180 y
Biofuels

160

r W Bioethanol

140 . B Heat pumps

120

100 W Wave power
B Solar thermal

20
-: B Photovoltaics
60

Management and

Fuel cells

40 ———  measuring
20 -— B Electricity, oil and gas
management
=== "— Wind power
2004 IDA 2030 M District heating and CHP

Per Ngrgard - Risg International Energy Conference, May 2007
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Results - Economic costs

Million DKK per year

100.000 B CO, costs
B Fuel
80.000 B Operation
and main-
tenance
60.000 B Investments
40.000
20.000
0

Ref. 2030 IDA 2030

Per Ngrgard - Risg International Energy Conference, May 2007
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Sensitivity analysis

Fluctuating oil prices +50% investment costs 6% interest rate
100,000 : . 100,000
: -

80.000 + - |
| =
EuﬂMn | | as - E
40.000 4— e L
20,000 _ : il — !

Ref 2030 IDA 2030 Rel 2030 IDA 2030

80.000

60.000 -—

40.000

20,000 -

Per Ngrgard - Risg International Energy Conference, May 2007
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Conclusion

The actual figures indicate:
* Energy: -40 %
Ref 2030: 1000 PJ
IDA 2030: 600 PJ
* CO2 emission: -60 %
1990: 50 mio ton
IDA 2030: 20 mio ton
* Fossil fuels: -65 %
Ref 2030: 800 PJ
IDA 2030: 300 PJ

* Technology export: +500 %

DKK 30 billion @ 2005
DKK 160 billion @ 2030
* Costs: -20 %

Ref 2030: DKK 80 billion
IDA 2030: DKK 65 billion

RISO

It is both technical possible and
economic feasible at the same time
in 2030 to achieve:

* |less total energy consumption,

* less total CO2-emission,

* less fossil fuels consumption and
* increased technology export

* even at reduced economic costs.

Sustanable solution can only be
achieved through:

* Energy conservation

* Energy efficiency

* System solutions

* Flexibility

* Couplings between energy sectors

Per Ngrgard - Risg International Energy Conference, May 2007



Millioner kroner pr. ar

Dansk Referene 2030

M Ingenigrforeningens energiplan 2030

Elbesparelse i husholdningen
Rumvarmebesp. i fiernvarmeomradet
Rumvarmebesp. uden for fjernvarmeomr.
Solvarme, sma individuelle
Solvarme, store i flernvarmeomrader
Elbesparelse i industrien
Braendselsbesparelse i industrien
Biomasse i industrien
Effektiviseringer pa Nordseen
Nulvakst | persontransport

Mindre vaekst i luftfarten

Kollektiv trafik

Elbiler

Effektiv vejtransport

Bioethanol i vejtransport

Mikro breendselscelle kraftvarme
Fjernvarmeudvidelse

Store braendselscelle kraftvarme
Vindkraft

Bolgekraft

Solceller

Varmepumper i flernvarmeomrader
Fleksibelt elforbrug

| -1.000

500

500

1.000

1.500

2000 2500 3000 3500 4.000
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Example: The IBUS bio-refinery concept

Hydrothermal pretreatment
] LWheatsirog 80°C 160-200°C 190-230°C

-
L //
\/

Water
4t

Chopping

0.65 GJ

Power

6.6 GJ

Solid Biofuel
Lignin: 356 kg m

' 3.7GJ

Power €——
Heat <_!
Power Plant w _—
E ffici . 76 % 450 kg % Bioethanol (99% konc.) f‘.df;FP t
"er9V e ICIenCY' ) ° C5-molasses 180 litre (2800 km) H
Fossil fuel substitution: 11GJ
* Production of heat and power: 0,65/0,45+4/1,66 44 GJ

Per Ngrgard - Risg International Energy Conference, May 2007
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Some of challenging discussions at IDA workshops

Buildings
* New building energy standards — but 70 % of the buildings in DK in
2030 are from before today
* District heating infrastructure in the future?
Biomass feedstock is a limited resource
* CO2-reduction: CHP
* Independency of oil: transport
* Business: bio fuels technologies
* Biomass for energy -> increased food prices
Transport sector
* Energy efficient technologies are present — but are not introduced!
* -10 % person road transport -> +50 % rail transport
* Energy and CO2 related to international transport not included!
* International person transport: alternatives to fly?

Per Ngrgard - Risg International Energy Conference, May 2007
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IDA recommendations (€ 1.5 billion / year)

* The existing agreement on energy

savings should be extended and
continued (1.7 % annual
reductions in energy
consumption).

An industry energy savings
fund should be established (€ 100
mio annually).

A heat conservation fund should
be established (€ 100 mio
annually).

€ 30 billion should be invested in
the Danish rail road system over
the next 30 years.

The Danish national funds for
research, development and
demonstration should be
increased to € 100 mio annually.

* Innovation markets for

renewable energy technologies
should be established by quotas in
order to accelerate the
development.

All costs — including externalities
— should be included in the market
prices.

Popular engagement in energy
savings and renewable
technologies should be supported.

CO2 quotas should be sold
through biddings.

A thorough service control of all
energy taxes and tariffs should be
made.

100 % renewable energy cities
should be established in Denmark.

Per Ngrgard - Risg International Energy Conference, May 2007
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IDA 2050 100 % RE — Primary energy supply (PJ)
1.000
—
900
800
700 B Eksport
B VE-el
220 | Solvarme
500 —- O Biomasse
400 - O Naturgas
m Olie
300 - H Kul
200 -
100 -
0 n | | |

Ref 2030 IDA 2030 IDA 2050 Bio IDA 2050 Vind IDA 2050

Per Ngrgard - Risg International Energy Conference, May 2007
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Follow-up
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En visionar dansk
nergipolitik

Januar 2007

Per Ngrgard - Risg International Energy Conference, May 2007  National Rail Authority
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| ntegrated European Energy RTD
as part of the innovation chain to enhance
renewable energy market breakthrough

Professor Peter Lund
Helsinki University of Technology, Finland
peter.lund@tkKk.fi

RisoO | nternational Energy Conference 2007
22-24 May 2007
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Observations from the past on market @
penetration of new energy technologies

|t may take decades to reach a noteworthy share on world markets

« The public support required to bring a new major energy source into
wor |d-scale may be some hundred billion dollars intotal

10

Figure. Penetration of selected energy
technologies (MW).

solar heat (MWth)

—wind (MW)

— PV (MWp)

—nuclear (MW) /

T T A I A | Ll
o I O 1 O IO O 1B O 1 O w
0 B © O© I~ I 0 0 OO o O O
oD OO O O OO O OO0 OO OO O O (C\)I

Table . Estimated public support to selected

technologies in billion $ (2003 prices).

Techno- All Market R&D | Total
logy support |deployment| 1974- | 1947-
1947-73 | 1974-2004 | 2004 | 2004
PV 0 10.6 8.3 19.2
Solar th. 0 10.3 3.4 13.7
Wind 0 49.1 4.2 53.3
Nuclear 176.6 0 157 | 333.6




Public and private support to energy @
technology R&D has dropped dramatically

Public energy R&D support of EU-15 Energy RD&D Expenditures

Member Statesis <1/3 of the 5000
1980,3 |eve|; renewabIeS Only a W Total other Tech./Research

” h r 5000 | i i O Total Power & Storage Tech.
Small snare %\ i i H i i B Nuclear Fusion

. . 2 O Total Nuclear Fission
Energy companies invest 5 4000 | i D : O Total Renewable Energy
«0.5% of turnover in R&D § i B Total Fossil Fuels
- 3000 [ Total Conservation

Energy in EU's 7t FPis <15% & 2000
of the budget ; 20 yearsago s |
it was 50% = 1000 | MMMMH
EU’s Advisory Group on 0 !EMHMMMM ““““““““
Energy (FP6) advised a 4x S LRSI LSS ST \%q%q,QQQ %QQ%

increase in energy R&D
f undi ng Source: European Commission, IEA



European Strategic Energy Technology Plan @

« “The European Strategic Energy Technology Plan (SET-Pan) calls for a
mor e integrat ed approach to match the most appropriate set of policy
instruments to the needs of different technologies at dif f erent stages of
t he development and deployment cycle”. [An Energy Policy f or Europe,

Eur opean Commission, 10 Jan. 2007]

« Key objectives for energy technology: 1) to lower the cost of clean energy,
2) toput EU industry at forefront of low carbon technology

A vision to match the long term challenge competitively 2020 2030 2050
Energy efficiency ® 20% energy reduction target
Biof uels (2" gener ation) o
Large-scale of f shore & e 20% renewable target
Eur opean supergrid

Phot ovolt aics PY

Fuel cells and hydrogen ®

Sust ainable coal and gas (CCS) °
4th gen. fission and f usion °
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Starting point : Advisory Group of Energy’s recommendations and
concerns on energy R&D from 2006 and the EU’s Energy Policy
Communication from 2007

Outline of the presentation

Aim: | nvestigating f ut ure market breakt hrough of renewable
ener gy technologies (€ and yrs); key parameter is cost -
ef f ectiveness

Scope: mat ching policy measures (t echnology, market support) with
specif ic technology needs over t he whole innovat ion process

Approach: modeling t he commercialization process with links to
policy measures




Three important elements/ aspects in an @
integrated RTD strategy

1. Commercialization process of new innovations or
improvements of energy technologies

— precedes the more massive market penetration and is very development
intensive and needs strong public support

2. Technology dif f usion process

— describes the market share of the new technology over time once the ‘take-
off’ has occurred after market introduction and the new technology is
becoming competitive against the prevailing ones;

3. Policies and instruments

— enhance above processes to enable full commercial market breakthrough

— includes also the overall policy needed to master the whole
commercialization process.



Commercialization process

The commercialization
process involves several
stages (non- linear)

Several endogenous and
exogenous factors
affect breakthrough

Distance from market

— Incremental
improvements for
existing products <<
radical innovations
without established
markets

Commercialization process

Research and
development

Technology
demonstration

F 3

L 3

¥

Filot production
Test markets

F 3

Early market
intraduction

F 3

¥

¥

-

Mlarket
deplayment

F 3

F 3

Market breakthrough

value = price = cost

Fesearch

Development

Filoting

Information

Subsidies

'

Other support

N

Different support measures

|

Technology diffusion

|

A81aua Jo aoud 52

L 4

‘saojoe] snouafoxy

Distanice from market

all-

Existing prodeut | Mew prodeut



Technology dif f usion @

 Boundary between commercialization process and market
penetration often overlapping

 Penetration described by dif fusion (speed of penetration,inertia)

/§ A: introduction

o/ B: lock-in
................... C: growth

R&D ﬁ % D: saturation

/‘NA time

S >

Public support or
learning investments




Policy instruments Iin an integrated strategy @

. « Here policy instrument s consider
Cossa o[ R [Py the whole commer cializat ion
process and aim at a f ull market
breakt hrough

Mof-lingar model:

« Technology push and market pull
measures are interlinked and
considered in parallel

« (Catalyzing measures to boost the
commercialization
— market forces and mechanisms

(close cooperation between the
different market players

time to market

Examples of different profiles of the innovation chain. R=research, D =development,
D,=demonstration (pilot production), D ;=dissemination, D ,=deployment

Source: P.D. Lund: Effectiveness of policy measures in transforming the energy system. Energy Policy, 35, 627-639, 2007.
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C = {annualized cost of investment + O &M

Combined dif f usion and learning model

The tool combines price-
conditioned and segment ed

: _ . + fuel +risk premiums] + [public subsidy]
technology dif f usion with an + [system integration cost] = [CO2 cost]}
endogenous lear ning model / annually produced energy
Three interlinked submodels: 1) l
calculation of the production cost
of energy (C), 2) estimation of the market penetration occurs if C <
market volume increase (dV,) and reference cost of energy
3) cost reduction (dG,) |

. dv, v,
The speed of market penetration | —t=g8.—+.(, -¥,)— V, =V, +>.dV,
is described by a dif f usion model at Ve !
Cost reductions are described by l
endogenous learning, i.e. learning In 2 dff';
by doing and by using and —dCy =-Cy

— 7

economies of scale.



Linking policies and strategies to the model@

Policy measures improve the
economic compet itiveness of

t he new t echnologies (C) and
inf luence the penetrationrate
(B) which leads to increased
volume (V)

Examples on how policies (bot h
RTD and market deployment)
may inf luence the costs of the
new t echnology (a-f)

— a: classical learning curve
— b: strong R&D effort

— c: too high subsidies, low
competition, bottlenecks

— d: c+ measures

— e: demand>>supply,
oversidized

— f: e+ measures

p oot @

cost

I

curmulative
yolurme

[
o

unit
3

cost (c)

N

curmulative
volume

B

unit

* ocost (e)

\/\
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ol

N unit (b3

™
~

curmulative
yolurme

[
o
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volume

B
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Examples of the use of the model

« Case: Photovoltaics — effects of a major R&D effort

— PV is marginal but growing fast, 2-4 x more expensive than consumer
electricity

— Base case: feed-in-tariffs are used to ensure competitiveness;
Hypothesis: a concerted RTD initiative (JT1) could be justified; a 30%
cost reduction possible in 10 years through stronger R&D

« Case: Wind — impact of possible market disturbance

— Wind >1% of world electricity and fast growing, marginally more
expensive

— Base case: feed-in-tariffs are used to ensure competitiveness;
Hypothesis: 1) demand for wind >> supply and could cause a short
market disturbance, i.e. for 2 years costs a) stagnate and b) +5%yr 2)
in large investments the cost of capital becomes important



Case PV: penetration results

PV ~ 1% of world
electricity at t=30 yrs
or around 400 TWh

PV becomes fully
competitive at t=20
yrs in consumer
segments in EU

d

PV electricity, TWh/yr

400 -

300 |

—e— base case
—e— RTD case

200
100 -

0 ¢

0

5 10 15 20 25 30

Time, years from present




PV (2): effects of technology jump

The concerted R&D strategy case could save 150 billion € in

invest ment costs and 33 billion € of public support ininvest ments

over the next 30 years

Subsidy, million £

7000 -

6000 -
5000 -
4000

I

3000

0

10 20

Time, years from present

30

—o— public
support -
base case

—e— public
support -
RTD case

—8— investment -

base case

—=— investment -

RTD case

d



Case wind: penetration results

Wind 10% of world
electricity at t=30 yrs; 20%
in EU

The cost of wind-electricity
is halved in 30 years

Cost -ef f ective (non-
subsidized) penetration
starts at t=10 years in EU-
onshore and t=20 yrs in EU-
of f shore segment s

Mar ket saturationin some
segments

Wind electricity, TWh/yr

2000 R oW-offsh
] -offshore
3000 éim ROW-onshore I_I
2500 1 |dEU-offshore I i
2000 @ EU-onshore : rl L
1500 - i
1000 -
500 - UL
O HHHHHHHHHH: rrrrrrr T T T T T T T T T T
0 5 10 15 20 25 30

Time, years from present




Wind (2): effects of disturbances

A market disturbance of 2 years could mean 100 billion € extra

d

iInvest ment cost over 30 years; 30 billion € (learning stagnation) —37
billion € (cost disturbance) more public subsidies

Advant ageous loans could lower t he public support needed by 85% and
save 70 billion € inthe base case

Subsidy, million €

12000

0

5 10 15 20 25 30
Time, years from present

100000

—e— public support - base case
(i=5%,25 yrs)

---¢-- public support- base case
(i=3%,30 yrs)

—o— public support - price dis

—e— public support - learn dis

—m— investment - base case

—3— investment - price dis

—m— investment - learn dis
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Observations and conclusions (1)

1. Distance fromthe cost breakeven point af f ects the optimal balance
bet ween t echnology push and market pull actions

if far away from the commercial breakthrough, focused R&D efforts to
enable technology jumps could be more effective than market deployment

in case of PV the economic benefits from a strong joint European R&D
initiative would be highly motivated

2. When reaching higher volumes and exercising strong market pull
measur es t o accelerat e market growth even short disturbances in
t echnology cost trends may turn out be costly

careful planning of the subsidy levels to balance possible supply/demand
bottlenecks is stressed

in case of wind a planning of joint European policies could be highly
motivated



Observations and conclusions (2)

. Full commercialization of new energy t echnologies needs
patient and continuous public support

— A long time horizon is most likely necessary (10-20 years), public
support should be viewed as an investment with long pay-off

— Several factors may change the total financial support needed

— Involving European financing bodies in the investments could
enable cheaper capital costs
80000 T

I value of emissions (10 $tC0O2)

60000 | _ _ -
C B direct cost benefits T
40000 @ public support
o L
p 20000 +
il r
E O L T T T T T T T T T T

AR  [ystration of the
26 30 34 38 42 46 50 .
pay-back of public
support for PV
over 50 years

2 6 10 14 18 29/
-20000 /

-40000 |

-60000 -

d
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Impacts of high energy prices
on long-term energy-economic
scenarios for Germany

Volker Krey, Dag Martinsen, Peter Markewitz

Research Centre Julich, Institute of Energy Research - Systems Analysis and Technology
Evaluation (IEF-STE), Jllich, Germany

Manfred Horn
DIW Berlin, Berlin, Germany
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Motivation

« ,new” energy price levels since 2004

* energy-economic scenarios do/did not cover
price levels

» compilation of adapted scenarios
 analysis of impacts:
— supply structures

— competiveness of energy-saving measures
— resulting CO,-emissions

O Institute of Energy Research — Systems Analysis and Technology Evaluation (IEF-STE) 2/22
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Energy Price Scenarios

Reference Scenario

oil price 2030: 37 US$,ge0/barrel ——crude oil
25 T source: EWI/Prognos 2006 LPG
——gasoline
20 | —light fuel oil
—heavy fuel oll
natural gas
= 15
% —hard coal
5
1]
10
/
/
/
5 - %
O T T T T T
2000 2005 2010 2015 2020 2025 2030
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Energy Price Scenarios

High Price Scenario

oil price 2030: 82 US$,qqo/barrel —crude oil
25 1 .
Source: EIA 2006 LPG
——gasoline
20 | —light fuel oil
—heavy fuel oll
natural gas
= 15
% —hard coal
5
1]
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|
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2000 2005 2010 2015 2020 2025

2030
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Energy Price Scenarios

Price Spike Scenario

oil price 2010: 105 US$,qq/barrel ||| —crudeoil
25 \_ | Source: Goldman Sachs 2005 N LPG
——gasoline
20 | —light fuel oil
—heavy fuel oll
/ natural gas
2 15
% —hard coal
5
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Analysis

» Energy Systems Model (IKARUS-LP):

— consistent scenarios

— Impacts on whole energy system
(supply and end-use sectors)

 Electricity Sector Model (ELIAS):

— detailed analysis of electricity generation
— Interaction with carbon emissions trading

O Institute of Energy Research — Systems Analysis and Technology Evaluation (IEF-STE) 6/22
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IKARUS-LP Model Structure

Primar . g :
productizn Energy Conversion and Transport Final Consumption Demand
Import of Electricity
Electrity >

Nuclear E——
fport of < —> Industry Production
Nuc. Fuels | B o Transport/ > .
Gas | Transport/ > — Distrtibution | ) >
Bas Distrtibution -: IS
Extraction
> Non-Energy Demand for
Im;c)iort of n - Consumpt Raw Materials
as _ :
Central CHP | Transport/
- Coal ™ Distrtibution
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> District Heat | Households Space
Import of I> CHP - ;
Coals > Decentral
—>
S:Er?:;s Renewables : Small II\lEumlI)er of
mploees
Fuel Oils : e umor
Import of g‘::‘de
S 1 i >
Crude Oil \ Gasoline ) Freight- and
Refinery : P> Transport Passenger
Import of Diesel & Kerosene p| Sector Transport
Other Oils
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Modeling Approach

Optimum

- > Perfect-Foresight

Time-Step (myopic)

price shock

e.g. energy \
consumption
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Total Primary Energy Supply

Reference Scenario
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Total Primary Energy Supply

High Price Scenario
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Total Primary Energy Supply

Price Spike Scenario
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ELIAS Model Approach

* Investments in power generation sector
« utility perspective
* political instruments:

— taxes

— feed-in-tariffs for renewables (EEG)

— promotion of CHP (KWKG)
— emissions trading scheme/allocation rules
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ELIAS Model Approach

Technolagy dala, cost data, acondmis
background daka, politkal Bberyaniong

User settings Investment analysis

Pt cirmand, Rchrecal istimg,

furzy Function Linal cost of iheciricity

| Decision on power plant |
construction

Technology mix

* Evaluation +
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Electricity Sector — Current Allocation
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Electricity Sector — Full Auctioning
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Conclusions

* energy-savings in end-use sectors
but: relaxation effects in some sectors

e Increased utilization of renewables

* electricity generation: natural gas vs. coal
(strongly dependent on energy price levels
and allocation rules)

» domestic hard coal competitive
coal-to-liquids: > 55 US$/barrel
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Thank You!
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Polygeneration

Thomas Rostrup-Nielsen

HALDOR TOPSOE A/S
Haldor Topsee A/S - Risg — May 23 2007




Outline

e IGCC and Polygeneration
e TIGAS - Topsoe’s Integrated Gasoline Synthesis
e Integration of IGCC & TIGAS

— Process performance
— Economics
— Options for CO, abatement
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Coal as a Raw Material

High oil prices & Security of supply

Interesting to generate power from coal

— if capable of dealing with CO,

Interesting to generate chemicals otherwise
obtained from oil from coal

— E.g. transportations fuels

Interesting to use technology which can utilize

renewable energy sources
— E.g. biomass

Haldor Topsee A/S - Risg — May 23 2007



IGCC Plant

Dirty synthesis gas Clean synthesis gas
CO +H, + CO, CO + H, + CO,

\ Ideal for chemicals production
/

Coal
Residue —»| Gasification —| Gas Cleaning|—»>| Combined |—» Power

Biomass Cycle

Waste T

I \
Oxygen  Possible to remove CO, here
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IGCC & Chemicals Production

Polygeneration
Coal
Residue —»| Gasification — [ Gas Cleaning|—»| Combined |—» Power
Biomass Cycle
Waste Fuel T Steam
Methanol
—»| Chemicals —» DME
synthesis Gasoline
etc.
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e IGCC and Polygeneration
e TIGAS - Topsoe’s Integrated Gasoline Synthesis
e Integration of IGCC & TIGAS

— Process performance
— Economics
— Options for CO2 abatement
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: Uuds 10 Giasoline
Worlds first Gas to Gasoline Plant — N ew Zealand 1986
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TIGAS Process

CO2 T
Synthesis
gas —»| Module [—>| Sour gas
adjustment removal
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process Equlibrium synthesis

Product
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TIGAS Process
COZ?
| |
Synthesis l Methanol
gas —| Module —»| Sourgas [—» DME |—>| Gasoline
adjustment removal synthesis synthesis

>

Product
separation

—> LPG
—» (Gasoline

—» Water

Haldor Topsee A/S - Risg — May 23 2007

H




1980’s Demonstrations from Natural Gas

Frederikssund — few kg/day

Haldor Topsee A/S - Risg — May 23 2007



e IGCC and Polygeneration
e TIGAS - Topsoe’s Integrated Gasoline Synthesis
e Integration of IGCC & TIGAS

— Process performance
— Economics
— Options for CO, abatement
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IGCC & TIGAS
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Efficiency
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Economics

Product value, Mio $/y
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How good an Investment ?
Assumed investment for TIGAS add-on 10,000 USD/bbl/d

10 | Pay-Back time - Sensitivity to Gasoline & Power value
9 - Case C4 - 60 t/h Gasoline + 525 kW Power
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Operational Flexibility
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PSO Project

e Project to demonstrate renewable technology for
generation of Power and Gasoline

— HTAS, DONG, Novozymes
— Gasoline Pilot in connection with existing gasification plant

Coal
Hesidue —»Gasification—| (;as Cleaning »| Combined —» Power
Biomass [ Cycle
Waste Fuel
\‘ J,.Steam
Methanol l —* PG
DME |——| Gasoline —»| Prpduct [ Gasoline
synthesis synthesis separation —» Water

\/
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CO, abatement

o Power & Gasoline with CO, sequestration

> CO2
Coal
Residue —|Gasification—| Gas Cleaning CO2 Combined —»Power
Biomass removal Cycle — Flue gas
Waste with little CO2
Steam<— Fuel lSteam
Methanol l — LPG
—| DME |—| Gasoline » Product — Gasoline
synthesis synthesis separation —> Water
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Conclusions

e Topsoge’s TIGAS process is suitable for
polygenration integrated with an IGCC plant
— Based on coal, waste, biomass

o Fast pay-back times are achieved for the TIGAS
unit given realistic power and gasoline values

o Operational flexibility offers improved economics

o Topsoe Is preparing to demonstrate an improved
TIGAS process through a Danish government
sponsored PSO project

Haldor Topsee A/S - Risg — May 23 2007
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Risg International Energy Conference 2007, 22 - 24 May

Sustainable bioethanol production combining
biorefinary principles and intercropping
strategies

Mette Hedegaard Thomsen
Henrik Hauggaard-Nielsen
Anneli Petersson
Anne Belinda Thomsen
Erik Steen Jensen
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Bioethanol

1. generation Bioethanol:

Substrate: Sugar (sucrose) from
sugarcane and starch from corn or
wheat.

No chemical/physical pretreatment
of biomass before enzymatic
hydrolysis.

Optimised, commercial enzymes
available

RISO

2. generation Bioethanol:

Substrate: Lignocellulosic materials
(straw, corn stover, wood, waste)

Chemical/physical pretreatment
necessary to facilitate enzymatic
hydrolysis.

Expensive, non-commercial enzymes
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2. generation Bioethanol production

Enzymes Mikroorganisme

_—_J

I
jHydrolysis Fermentation

Pretreatment

I —
| Enzymes Yeast

Hemicellulose _J

Cellulose m—p Bio-Ethanol

Lignin
Hydrolysis Fermentation Distillation
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Wet oxidation

Pre-treatment method most suitable for
annual crops such as wheat straw and corn
stover.

Exothermic reaction:

e High temperature
e High pressure

e oxygen

e Reaction time 10-15 min. =

-R- + O, — Products + CO, + H,O + Energy

Auto hydrolysis of hemicellulose sugars from the
solid fraction because of production of carboxylic
acids.




DTU
= RISO
Choice of biomass resources
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40- m Crops
20
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Year

Source: http://dataservice.eea.europa.eu
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Choice of crop species and energy consumption

Source: Source ITCF- UNIP (1999)
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Criteria to include when producing biomass

* no effect on food production;

®* no increase in pressure on biodiversity;

®* no increase in environmental pressure;

* no ploughing of previously unploughed permanent grassland;

* a shift towards more environmentally friendly farming
* agroforestry — local integration and adoption of wood resources
* perennial energy crops
* environmental sensitive areas — e.g. groundwater protection

Source: http://ec.europa.eu/energy/res/biomass_action_plan

It is required to design new cropping methods and multifunctional
cropping systems when addressing a "new” issue - energy.

* low-input systems (energy and pesticides)

* harvest, storage and transportation
* Win-win solutions energy, environment, and recreation
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Intercropping as an alternative cropping strategy

* Intercropping is defined as the growing of two or more crops
in the same piece of land and on the same time - planned
crop diversity

- Associated interspecies interactions are tools for:

* improved utilization of resources (light, water
nutrients),

* increased yield stability,
* control of nutritional quality of grains

°* managing weeds, pest and diseases in low-input
systems

 LEES NEED FOR PERSTI CI DES J w‘&

AND FERTILIZERS!!!

Intercropping
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Complementary use of resources

RISO

Complementarity is implemented in the crop stand when species utilize

resources differently

Resource availability (%)
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Clover grass pasture as a potential intercrop raw material

* A mix of white clover ( 7rifolium repens L.) and ryegrass (Lolium
perenne L.) are important in many agroecosystems today:

1. high quality feed for livestock

2. high productivity (>10t ha' yr'') in unfertilized pastures, with
95% of the N from N, fixing clover (Hegh-Jensen and Schjerring, 1994)

3. their roots and stubble contain 60-110 kg N ha™' (Hauggaard-
Nielsen et al., 1998) reducing N requirements for succeeding crops

4. integration of pastures diversify the traditional cereal rich
rotations

9. fields with clover grass pastures can be harvested several times
a year and the green biomass can be collected and processed to
ethanol throughout the year.
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Clover grass as raw material for bioethanol production

* Rich in carbohydrates:
cellulose and hemicellulose
* Rich in minerals, especially

nitrogen U
nutrients for yeast in fermentation

Question:

Can the sugars in clover grass be
converted to ethanol after
pretreatment and enzymatic
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Carbohydrate composition

RISO

s

e
R

Biomass Cellulose Hemicellulose Ligning
(9g/100 g DM) (g/100 g DM) (g/100 g DM)
Wheat straw 33.9 23.0 19.1
Clover 16.6 10.5 14.4
Grass 23.9 17.5 12.8
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Clover grass — mineral composition

30000 1 p

. mmmm \\Vheat straw mmmm \\heat straw
- ] m== Clover 1 m=m Clover
% 25000 mmmm (Grass 40 mmmm Grass
= 20000 - |
_5 30
© 15000 - a
= 20 -
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N Si K Ca Al Mg Fe P Na Ti MnBa Zn Sr Cu Cr PbCo V Ni Zr
Component Component

High mineral content = sufficient nutrients for microbial
fermentation = less fossil energy input in ethanol process
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Pretreatment conditions
Clover-grass mixture (1:1) were Material Teorgp' Tm.ne :2 NaziOS
cultivated in the experimental (*C) (min) | (bar) (/)
fields of Risg National Laboratory,
Denmark. Clover 195 10 12 2
Grass 195 10 12 2
Samples of pure clover and grass -
and 1:3 clover-grass mixture - was CL-G (1:1) 175 10 3
separated by hand.
CL-G (1:1) 175 10 12 2
The samples were dried at 50°C to CI-G (1:1) 185 10 3
constant weight and milled to a
size of less than 2 mm prior to CI-G (1:1) 185 10 12 2
pretreatment and further analysis.
CL-G (1:1) 195 10 3 2
Wet oxidations were performed in CIG (1:1) 195 10 12
the loop autoclave using 6% dry
matter (DM) at different process CI-G (1:1) 195 10 19 2
parameters. The pretreated
biomass was filtrated into a fiber CI-G (1:3) 195 10 3 2
fraction and a liquid fraction.
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Pretreatment Yields
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Material/Pretreatment conditions

RISO

B Glucose
B Xylose
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Fermentation of pretreated clover grass with Mucor indicus
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Yeast fermentation of fresh clover grass

Fructans are polymeric
carbohydrates consisting of
variable numbers of fructose
molecules with terminal
sucrose.

Grass and clover contains

significant amount of fructans: 25
Grass: 166 g/kg DM =
Clover: 111 g/kg DM 2 20 4 i

15
Plant fructan hydrolases are

=

o

£
active at pH 4.5 - 5.5 and g 10 1
temp. 25 - 40°C = 2
Activity during yeast fermen- 3
tation at 32°C and pH 4-6. 0

&)

Time (days)
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Biorefinery concept

/]
‘ ‘ ‘) 3 Starch for food and industry
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RISO

High value/protein
rich feed product

Fertiliser rich in
micro and macro
nutrients
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Theoretical ethanol production

The highest sugar yields were obtained with clover grass pretreated at 195°C
for 10 min. using 12 bar O, and no Na,CO,. |

Y

cellulose

Y,

hemicellulose

= 94 %
= 66 %

203 kg cellulose/ton DM clover grass = 107 kg ethanol/ton DM
140 kg hemicellulose/ton DM clover grass = 63.5 kg ethanol/ton DM

138 kg fructan/ton DM clover grass = ~ 70.6 kg ethanol/ton DM (depending on
yield)

Total: 241 kg ethanol/ ton DM ~ 2.4 ton EtOH/ ha
Wheat straw: ~ 250 kg ethanol/ton DM ~ 1.25 ton/ha (1BUS treatment)

Clover grass pasture undersown in wheat ~ 964 + 125 kg EtOH/ha = 2.2
ton/ha + grain for feed
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Conclusions

e Starch is an important food source, lignocellulose should be the
primary raw material for bio-fuel production

* Biomass for bioethanol production should be cultivated using the
lowest possible input of fossil energy

* This can be archived by novel cropping strategies like intercropping
combining crop species for food/feed and energy

* Clover grass is a promising raw material for bioethanol production
e.g. in combination with wheat straw (Thorsted et al. 2006)

* The sugar yields after WO of clover grass were: Y 056 = 94 %,

Y hemicelluiose = 00 %6 - giving a theoretical ethanol production of 241
kg/ton DM

e All sugars in alternative raw materials like clover grass can be
utilised by using the right biorefinery concept
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Perspectives

Biomass for energy is considered a key diversification strategy to
improve energy supply security and mitigate GHG emissions.
However, bioenergy systems are relatively complex, intersectoral
and sitespecific. Therefore, solving problems is challenging and
requires synergic contribution of various contributors from the
agriculture, forestry, energy industry and environmental sectors to

elucidate the most promising pathway for development.

Are we able to create such interdesicipinary collaborations?
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Pretreatment of clover grass
Carbohydrate composition of fiber fraction
60
EE Glucan
— B Hemicellulose
= 50 - B Lignin
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Pretreatment of clover grass

Concentration (g/100g DM)

Carbohydrate composition of liquid fraction

N
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—
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o
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Cl G CIG CIG CIG CIG CIG Cl-G CI-G CI-G

1:1 1:1 1:3
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10 min 10 min 10 min 10 min 10 min 10 min 10 min 10 min 10 min 10 min
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Material/Pretreatment conditions

RISO

B Glucose

= Xylose

EE Arabinose

I Total hemicellulose
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Co-ordination of
Renewable Energy
Support Schemes
in the EU

Poul Erik Morthorst and Stine Grenaa Jensen
Risg National Laboratory
The Technical University of Denmark
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Focus on Renewable Energy technologies

* EU suggests binding targets

* Greenhouse gases has to be reduced by 20% compared to
1990

* Renewable energy has to cover 20% of gross energy
consumption by 2020 — wind power is expected to have a
significant role

* The existing target for renewable technologies was 12% by
2010 — a share of 8% is expected to be achieved by 2010.

* Burden sharing is to be negotiated

* Ambitious?
* Anyhow, it is binding
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What happens in Denmark?

Groes Energy Consimpticn by Fuel
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Constant Energy Consumption in spite
of strong growth in GDP

Grods Energy Consimplion iy Foel
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Strong Increase in Renewables

Grods Energy Consipiption by Foel

el o Wind Power - Capacity and Share of
I Domestic Electricity Supply
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Strong Increase in Renewables

Wlnd POWGF Wind Power - Capacity and Share of

Domestic Electricity Supply

covered approx. -
44% of Power 00
consumption in

2000

January in
Western Denmark |
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Strong Increase in Renewables

Wind Power
covered approx.
44 of Power
consumption in
January in
Western Denmark

Wind Production/Power Consumption %

140

120 -
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40
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0
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Hours in January '07
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The New Energy Plan

* Renewables to cover 30% of Gross Energy
Consumption in 2025
* The share is approx. 15% today

* Energy conservation and development of new
Energy Technologies

* Wind Power could cover 50% of Danish Power
Consumption in 2025
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The New Energy Plan

* Renewables to cover 30% of Gross Energy

Consumption in 2025

* The share is approx. 15% today

RISO

* Energy conservation
Energy Technologies

* Wind Power could co
Consumption in 2025

B

@ Offshore
gOnland
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Support Systems in EU

RISO

Feed-in tariffs
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Support Systems in EU

RISO

Feed-in tariffs
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* Feed-in éo-operation inéluding
Germany and Spain

« Common Green certificate market |

including Sweden and Norway
* Did not come true!!
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Future Support Systems and the Internal Market in EU

With regard to RES-E, what do we want to achieve in the
EU?

* An economic and resource efficient siting of renewables
* A replacement of the most inefficient power plants

* A reduction of CO,-emissions achieved in the most effective
and cheapest way

Coordination and regionalization
* The way forward for RES-E support in the EU

Interactions of Power markets and RES support schemes

* How can we get the most efficient transition to a coordinated
RES-E development in EU?
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Ways to Go — The almost Ideal Case

RISO

* Regional power market and regional support system

RES-E
Support
Scheme

National

Power Market

National

Regional

Regional
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TGC - Almost Ideal Case RISO

Renewables are sited in the most efficient way
* Only the wind regime matters

Consequences for the Power Market
* The most inefficient plants will be replaced by renewables

* The more different the two countries are the more beneficial
will a common TGC-system be

 Effective reduction of CO,, but where the reduction takes place
(country A or B) will depend on the marginal conditions at the
power market

* Burden sharing of regulation costs is a problem

Comparison to a Feed-in tariff

* The burden sharing is implicitly given by the TGC-quotas in
each country — thus there is no need for a common fund as will
be the case in a feed-in system
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Ways to Go — The troublesome Case

RISO

* National Power market and regional support system

RES-E
Support
Scheme

National

Power Market

National

Regional

Regional
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Tradable Green Certificates -
The Troublesome Case
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Green Certificates - Troublesome Case

Consequences for renewables and the Power Market

* Renewables will be sited the most economic efficient places, but
not the sites with the highest resources

* Renewables will not replace the most inefficient power plants

* CO,-reduction in the region will not be efficient implying higher prices
for CO,-allowances

* Burden sharing of regulation costs is also a problem in this case

The Green Certificates system is economically optimal at
the given market conditions ..... but

* Short term solution - /f we want to move towards a common
power market, a common TGC system does bias both the
development of renewables and the conventional power system
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Conclusions

* A common and efficiently working power market is a
prerequisite for an efficient common support system

* Separate power markets might bias the development of the
conventional power system

* But other barriers exist as well
* Lack of competition (monopolies), weak interconnectors...

* The way forward
* (Co-ordination of support schemes
* Regionalization




Bioethanol

Second generation Bio-fuel — close to
commercialisation

Charles Nielsen

DONG Energy
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IBUS (Integrated Biomass Utilisation System)

Inbicon A/S (new name for Elsam Biosystems A/S)
Integrated Biomass Conversion

Founded 2003 by
Elsam A/S (now DONG Energy A/S ) and
Holm Christensen Biosystemer ApS

for commercialisation of the IBUS concept

Inbi %
COII Risg * Maj2007



Content

 IBUS technology
e Demonstration

* Commercialisation

Inbi %
COII Risg » Maj 2007 3



The IBUS concept

l. Integrated utilisation of sugar/starch
and lignocellulosic feedstocks

* Most crops comprises both sugar or starch and
lignocellulose

* Lower cost from field to plant
 More biomass can be collected within a given area

* Substantial process synergies

Inbi 7
COII Risg » Maj 2007 4



The IBUS concept

2. Integrated production of bioethanol and
electricity

* Electricity generation looses 55-65 % of the input energy
as heat

 Ethanol fermentation looses only 3-5 % of the input energy
as heat, but requires a lot of process heat

 The huge loss of heat energy from the global electricity
generation can be used to cover the demand for heat
energy of the future fuel ethanol production

Co-production is the solution

Inbi %
COII Risg * Maj2007



The IBUS

concept

Surplus steam

Inbi %
con

Fossil fuels

Straw

Grain

Whole grain crops
Molasses

Bagasse

Sugar cane

Sweet sorghum
Household waste

Risg * Maj 2007

High quality
solid biofuel



The IBUS concept

Straw

Integration 1.and 2.nd
generation technology

Integration with electricity
generation and utilization of

s, v / e

COII Risg » Maj 2007 7




The IBUS process

‘Wheat straw

Continued pretreatment

High dry matter content Water
Pre-

. treatment

P

C5 Molasses

Fibre

High energy efficiency

Steam

No ligning separation

Recycling of plant nutrients m

(nitrogen, phosphor, potassium, Solid biofucl
and micro minerals)

R
\
o=

T E T a
/ \:crmcmaﬁon *:
. Liquefied fibres
SSF

“‘-—-—-—-"’ M

Integrated water utilization — no
Waste Water Distillation

Ethanol

Inbi %
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IBUS results based on wheat straw

I S

C5 Molasses
447 kg/ h (70% DM)
3.9 t/ h Condensate

Inhi %4

COn Risg * Maj 2007 9



Pretreatment

Chopped eat_straw Pretreated wheat straw

e -
-
~ # =
T - e
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IBU S pretreatment removes lignin as nano-particles

00,8 @ Height

0.9 ¥

0.0 ©
Cellulose microfibrils : 10 — 30 nanometer

Lignin particles 30 — 40 nanometer

Digital INStruments ManoScope

Scan sie L, QO
Scan rate 1.969 Hz
Mumber of samples 514
Image Dita Phase
flata =scale 0.8 °
Engage X Pos -19783.4 um
Engage Y Pos 47151, 3 um

Photo:Royal Veterinary and
Agricultural University
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Enzymatic liquifaction with high dry matter
content

5 Chamber Ligiufaction Reactor




Liquifaction with high dry matter content and

fermentation (26 % DM)

70
*
60 /_"
*

50 *
S
=
D 40 -
3 L)
c
g 30
by

20

10 -

0 T T T T
0 50 100 150 200 250

T (hours)

Ethanol concentration:
* 63 g/kg incl. suspended material
» 83 g/l in the liquid fraction (excl. suspended material)

* B * 105 ml/l (10,5 vol%) in liquid fraction (excl. suspended material)
Inbi %4
COD Risg * Maj 2007 13



Next step output from the IBUS process

- s
IS

C5 Molasses
254 kg/ h (70% DM)
4 t/ h Condensate

Inhi %4

COH Risg » Maj 2007 14



Actual energy balance (state-of-the-art)

Hydrothermal pretreatment
Ltgheat sty 80°C 160-200°C 190-230°C

146GJ .

Chopping

6.6 GJ

Solid Biofuel
Lignin: 356 kg

Power Plant
450 kg m Bioethanol (99% konc.) - Sl
C5-molasses 180 litre (2800 km) —
4.4 GJ

Inbi %
con

Surplus

Power
Heat

3.7GJ
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Main results from the EU project: Co-

production of Biofuels

 The IBUS pretreatment can work at high gravity
without chemicals

* Fast (5-10 hours), high gravity (30-40 % d.m.)
liquefaction at low enzyme concentration (3-4 FPU/ g)

* Effective high gravity fermentation (SSF) of more than
80 % of cellulose to ethanol by yeast

* Yeast fermentation can be carried out in the presence
of lignin
* See more at www.biloethanol.info

Inbi 7
COII Risg * Maj 2007 16



IBUS — Low energy cost

* Low price, 4 bar steam from electricity generation
* High gravity processing reduces steam consumption

* Novel particle generation system saves 50-75% electricity
compared to traditional hammer milling

* Novel distillation system energized by heat pumps or 1-2 bar
steam, 1s expected to reduce costs with 50 % compared with
traditional systems

* Drying with superheated steam at 3-5 bar generates steam for
multistage evaporation recovering about 90% of drying energy

* The lignin fraction can cover the process energy required for
conversion of the straw and a similar quantity of grain

Inbi 7
COH Risg * Maj 2007 17



IBUS — long term sustainability

* Use of low pressure steam from electricity generation
means energy without CO2 emission

* Recycling of plant nutrients (nitrogen, phosphorus,
potassium and microminerals)

* Recycling of process water and condensates means no
waste water

* Drying with superheated steam means no VOC
emission

Inbi 7
COII Risg * Maj 2007 18



IBUS — best basis for biorefineries

Ethanol
| Enzymatic | Ethanol | Product C5 sugars and salts
| liquefaction | fermentation | recovery 4 Lignin fraction

| Solubilisation | Separation Fibre | Product Cellulose fibre
[ ot fignin - fraction | "8OveNY i
Ligno- IBUS pre- | _
cellulose | treatment g - .
Liquid|fraction et
| Product i Lignin
| recovery > C5 sugars and salts
Fibre boards
| Drying | Forming Moulded fibre
g - products

Inbi 7
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Stepwise implementation

biorefineries

1 Sugar/starch

feedstocks '

2 Lignocellulosic

* feedstocks

3 Lignocellulosic

* feedstocks

Inbi %
con

IBUS | Liquefaction | SSF Product
pretreatent g | yeast recovery
- Dwa _
IBUS | Liquefaction | SSF Product
pretreatent g | yeast recovery
IBUS Ethanol | Separation Fibre | Product
pretreatent - fraction | recovery
Liquiifraction
Ethanol Product
recovery

Risg * Maj 2007

Ethanol

DDGS

Ethanol
C5 molasses
Lignin fraction

Cellulose fibre

C5 molasses
Lignin




IBUS- R &D

Lab scale
10 kg/ h of straw Pretreatment Risoe National Laboratory
The Royal Veterinary and

Hydrolysis and fermentation Agricultural University

Pilot scale Particle generation, pretreatment,

100 kg/h of straw liquefaction, fermentation, product recovery : Dong Energy A/ S

Pilot scale

1000 kg/h of straw : Particle generation, pretreatment Dong Energy A/ S

Process Holm Christensen

Innovation From field to fuel Biosystemer ApS

Demonstration

plant Fully integrated IBUS plant located at one of

4 t/h of straw d.m. + | Dong Energy’s Power Plants (Kalundborg)

4 t/h of grain d.m. Planned start of production: ultimo 2009 Inbicon A/ S

Inbi 7
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Content

* IBUS technology
e Demonstration

* Commercialisation

Inbi 7
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Budget {

Feedstock dgvelopm ent

P

Synergi projects between IBUS straw
and IBUS grain

center for
related

>Demontration
technologies
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Demonstration concept

Synergies between straw and grain

Large international potential for technology integrating 1. and 2nd
generation ethanol

Examples af synergies at demo-plant:

» DWG as feedstock in the straw process

 Surplus of energy from the straw process goes to the grain process
» Water and energy exchange between the to processes
 Optimiazation of field to ethanol plant (whole crop handling)

» Compound feed production based on DWG and C5 molasses

* Integration of main processes

 Improvement of feedstocks

* Logistic and marketing

Inbi 7
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Kalundborgs industrial symbiose

BIOTEKMNISK

JORDRENS KaALUNDBORG

SOILREM AJS KOMMUN

The existing
symbiose is
extended with
biofuel and by-
products

ENERGI EZ
ASNMESVAERKET

HOVOZYMES HOVOD
AlS NORDISK A/S

Inbi 7
COII Risg * Maj 2007 25






-'.-

o

"'-..

-‘-’i

i
Moy
Asnaesvaerket 'f"rﬂ
i #'

Proces steam — - 50% C02-emission

wmaterlql.s rom District heat to city
and feed to,DLG Harbor facilities



Site ford+4 t/h’demo
plant - '

A -y
.*

LR
A 3
s ®

- Site for large scale -~
athanol nlant



Content

* IBUS technology
e Demonstration

e Commercialisation

Inbi 7
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Demo plant

* Goal: Production before UN Copenhagen Clima Summit
November 2009

* Capacity: 4 ton straw + 4 ton grain (budget ca. 40 mill US)

* Partners (Inbicon, Dong Energy, Novozymes, Statoil and Danish
Farmers COOP)

 Technology: (IBUS technology - integration of 1. and 2. bio
ethanol connectd to Power Plant)

Inbi %
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Commercialization

 Technology company — new investors

e Verification of technology (scale-up, reliability, demonstration of
yields, environmental impact and feasibility)

 Partners: (North America, China and Brazil)
 Owerseas demonstration projects

* Contracts

Inbi 7
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Succes criteria

 Best economy

(energy efficiency, enzymes, capital cost and value of by-
products)

* Market share
(the right partners and fast deployment)

Inbi 7
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Thank you for your attention
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Intelligent Energy | | Europe

Henrik Duer
COWI A/S, Denmark re Fuel
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. Introduction

. REFUEL objectives

. Resource base assessment

. Biofuels mix development

. Barriers identified

. Conclusions

Intelligent Energy

planning the road ahead for biofuels
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1. Introduction COWI

Biofuels production in Europe 1991-2005

140.000
@ Other Source: PREMIA
120.000 | mUK
OAT
100.000 |-
mPL
80.000 || BCZ
o mSE
Biodiesel: ca 80%  60:000 +— OES
) ) oIT
Bioethanol: ca 20% 4,490 | en
Tot. 2005: Ca 3 Mtoe
20.000 | | BPE
Ca 1% of road
transport 0

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005*
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Development

Now 1st generation in rapid deployment:

« Major investments in biodiesel, bioethanol
« Long-term feedstock availability

« Sustainability, GHG performance?

Future biofuels mix:
« Advanced biofuels (FT-diesel, advanced bioethanol)

« Remaining 1%t generation?

Central question: what can we expect
from biofuels in the long run?

Intelligent Energy | | Eurcpe planning the road ahead for biofuels



Technological learning and land scarcity

[€/GJ]

[€/G] Feedstock production Conversion technology

1st generation crops

2d generation fuels

2d generation crops

1st generation fuels

05 10 15 20 25 30 [t] 05 10 15 20 5 30 [
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2. REFUEL, main objectives

To develop an ambitious, yet realistic road map
for an effective deployment of biofuels
until 2030 in the EU25+

« The destination: Ambitious, but realistic biofuels targets
« The route: the least-cost biofuel mix and biofuel chains

« The purpose of the journey: impact assessments on
GHG, SoS, socio-economics, stationary sector,
environment

« At the wheel: key stakeholders, technological innovation
needed, learning, options and barriers

« Paving the way: related policies on energy, agri,
technology, measures (incentives, obligations)...

Intelligent Energy | | Eurcpe planning the road ahead for biofuels
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3. Resource assessment

Total land ]
Agricultural prod.
Population -
Land claim
Food consumption |
Lol 11111 Pe}:ﬁglzeent Land available for
Food use per capita 1l > hio-energy crop
Livestock intensity  — iititivtii production
Self sufficiency ratio
Built + —
Input variables Calculated result Scenario variahle

Intelligent Energy | | Eurcpe planning the road ahead for biofuels



« Priority for food etc.
« Demand scenarios
» Agric. production
« Natura2000

e No drastic land use
changes

million ha

i

Undefined

Sl > 85 : Very high 4

51255 . Good Land suitability for wheat,
Sl > 40 : Medium

Sl > 25 : Moderate beet

Sl > 5: Marginal

Sl > 0 : Very marginal
Not suitable

Water, glacier

Urban

sugar

T+

Intelligent Energy

planning the road ahead for biofuels



@
m

\ refuel

Some preliminary results: Feedstock COWI
Total land potential if used for perennial grasses:
EU27: EU plus Ukraine:
1/10 of prim. energy demand 1/6 of EU 2030 prim. energy demand
1/3 of gasoline/diesel demand Or half of gasoline/diesel dem.
$ 80 - B Land conversion to BUILT+
% 60 - between 2000-2030
240 - O BIOENERGY feedstock
S0 - production
E 0 @ Crop requirements to satisfy
EU15 EU12 Ukraine FOOD & FEED demand
20
18
e 1
S 14 =
ERrR . u
G 8
6
4 -
2 _
0 _

at belde dk es fi fr gr ie it nl pt se uk cz ee hu It Iv pl sk bg ro
planning the road ahead for biofuels
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Sensitivities

More conservative:
« More organic farming
 Less rapid productivity developments in CEEC

Ca 10% less land potential
More optimistic:
« GMO’s

 Faster convergence in CEEC

Ca 15% more land potential

Intelligent Energy | | Eurcpe planning the road ahead for biofuels



5 cost-supply curve herbaceous bio-energy crops EU-27
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COWIL

Costs, not prices
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4. Biofuel mix assessment

e Least-cost biofuels mix over full chain:

Production, transport, conversion, distribution, end-
use (Biotrans model)

« 1stand 2nd generation biofuels
 Crops, residues etc.
 Within-EU trade, imports
« Key issue: Learning -

 |n feedstock production

 |In conversion

Intelligent Energy | | Eurcpe planning the road ahead for biofuels
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Biofuel consumption (EJpiotuel)
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refuel

COWL

25% target (2030)
Imports allowed

M Bio-FT-diesel
[ Biodiesel
M Bioethanol 1st

Diesel substitutes
dominate

Late intro of 2"d gen.
Brazilian Ethanol
Avg GHG: 25 kg/GJ
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COWIL
4,0
- 25% target (2030)
’ Imports allowed
. 3,0
g B Grassy crops
ﬁ 2,5 B Woody crops
g’- B Wood processing residues
£ 20 O Oil crops
-§ B Brazilian import ethanol
1,5 B Palm oil import
§ B Used fats/oils
1,0
0,5 dominate
0,0 e —— e — Late intro of 2nd gen.

2005 2010 2015 2020 2025 2030

Brazilian Ethanol
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Aggregated cost build-up COWI

16

B Additional end use

B Distribution (excl. transport)
B Transport

O Conversion (incl. import)

B Waste and residuals

B Energy crops

Biofuel cost buildup (€G, )

0
2005 2010 2015 2020 2025 2030
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Other scenarios and policy options:

No imports:

« Earlier introduction of 2nd generation (2013)
 Higher average fuel costs until 2025

o Better GHG profile: < 20 g/MJ biofuel

Lower biofuels ambitions (15% in 2030):
 No introduction of 2nd generation

« Lower average fuel costs

e Worse GHG profile: >30 g/MJ

Impact of 2" generation biofuel obligation by 2020:
 Higher costs in 2015-2025, lower costs afterwards?
 Better GHG performance
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Assessment of biofuel growth limitations
« Adoption rates to new crops
« Competition for ligno feedstock

- RES-Electricity and Heat production
- CHP is attractive

- Assessment of potential and effects in Peep model

Implications of other policies

» Specific targets for diesel and gasoline substitutes?
« Active AGRI policy?

e (internal and external) trade policy?

Intelligent Energy
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5. Barriers identified

Basic fact that:
« the process is politically and not market driven

Four key barriers identified by stakeholders:

1. No clear strategy on how to achieve the biofuel targets
2. There is no common market for biofuels

3. There is no common technical standards

4. Limited resources of land

We address issues related
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6. Conclusions

 Rapid development of biofuels in EU: need for robust
long-term strategy

« Significant land potential available (Central and East)
« Least-cost: 18t general may dominate long
« Policy driven

 For development of best GHG-performing biofuels:
« Specific incentives needed
« Adequate incentives and policies will be crucial
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Further information and updates:

www.refuel.eu

info@refuel.eu
hdu@cowi.dk

londo@ecn.nl
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UpWin

A Wind Research Pro;ect under the 6th Framework
Programme

Program Manager
Peter Hjuler Jensen
RISO National Laboratory
Technical University of Denmark
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Installed Wind Power in the World
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Global Wind Power Status

Cumulative MW by end of 2000, 2003 & 2006
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Installed capacity in 2005 and 2006 (Americas)

Installed | Accu. | Installed | Accu.

MW MW MW MW

2005 2005 2006 2006
Argentina 1 31 0.0 31
Brazil 0 31 199.6 231
Canada 239 683 776 1,459
Costa Rica 0 79 0 79
Mexico 0 3 83 86
USA 2,431 9,181 2,454 11,635
Other Americas 0 54 2 56
Total Americas 2,671 10,062 3,515 13,577

Source: BTM Consult ApS - March 2007
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Installed capacity in 2005 and 2006 (Asia)

Installed | Accu. | Installed | Accu.
MW MW MW MW
2005 2005 2006 2006

P.R. China 498 1,264 1,334 2,588
India 1,388 4,388 1,840 6,228
Taiwan 60 72 46 118
Rest of Asia: Indonesia, N.

Korea, Malaysia, Philippines,| 25 28 0.0 28

Thailand, Vietnam, etc.

Total South & East Asia 1,971 5,753 3,220 8,963
Source: BTM Consult ApS - March 2007
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Installed | Accu. | Installed | Accu.

Mw MwW Mw MwW

2005 2005 2006 2006
Austria 218 820 146 966
Belgium 71 177 45 222
Denmark 22 3,087 14 3,101
Finland 6 85 4 89
France 389 775 810 1,585
Germany 1,808 18,445 2,233 20,652
Greece 118 705 157 862
Ireland (Rep.) 159 498 250 748
ltaly 452 1,713 417 2,118
Luxembourg 0 12 0 12
Netherlands 154 1,221 351 1,557
Norway 117 275 53 328
Poland 10 65 105 170
Portugal 502 1,087 629 1,716
Spain 1,764 10,027 1,587 11,614
Sweden 76 554 62 571
Switzerland 3 11 0 11
Turkey 0 20 56 76
UK 447 1,336 631 1,967
Rest of Europe: Other East
European and Balfi)c countries. 57 132.1 130.6 262.7
Total Europe 6,372 41,044 7,682 48,627

Source: BTM Consult ApS - March 2007
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Installed capacity
in 2005 and 2006
(Rest of World)
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SIXTH FRAMEWORK P

0

WGRAMME

Installed | Accu. | Installed| Accu.

MW MW MwW MwW

2005 2005 2006 2006
Australia 296 717 79 796
Japan 168 1,159 298 1,457
New Zealand 0 167 3 170
Pacific Islands 0 5 6 11
South Korea 20 89 106 194
Total OECD-Pacific 484 2,137 491 2,628
Egypt 34 180 51 231
Morocco 10 64 58 122
Tunisia 0 28 0 28
Rest of Africa: Algeria, Cape
Verde, Ethiopia, Libya, South 0 6 0 6
Africa, etc.
Total Africa 44 278 109 386
Middle East: Jordan, Iran, Iraq,
Israel, Saudi Arabia, Syria, etc. 0 101 0 101
(excl. Egypt)
Transition Economies: incl.
Russia, White Russia, Ukraine, 0 23.7 0.0 23.7
Uzbekistan, Kazakstan, etc.
Total other continents and 0 124.4 0.0 124.4
areas:
Source: BTM Consult ApS - March 2007
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Installed offshore wind power in the World

Installed | Accu. | Installed | Accu.

MW MW MW MW

Country 2005 | 2005 | 2006 | 2006

Denmark 0 397.9 0 397.9

Ireland 0 25 0 25

The Netherlands 0 18.8 108 126.8

Sweden 0 23.3 0 23.3

UK 90 214 90 304

Total capacity - World 90 679 198 877
Source: BTM Consult ApS - March 2007
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The 10 largest markets in 2006 (Annual MW)

Country 2004 2005 2006 | Share % | Cum. Share %
USA 389 2,431 2,454 16.3% 16%
Germany 2,054 1,808 2,233 14.9% 31%
India 875 1,388 1,840 12.3% 43%
Spain 2,064 1,764 1,587 10.6% 54%
P.R. China 198 498 1,334 8.9% 63%
France 138 389 810 5.4% 68%
Canada 123 239 776 5.2% 73%
UK 253 447 631 4.2% 78%
Portugal 274 502 629 4.2% 82%
ltaly 357 452 417 2.8% 85%
Total 6,725 9,918 12,711

Percent of World 82.9% 85.9% 84.7%

Source: BTM Consult ApS - March 2007
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Growth rates in the Top-10 markets

Accu. Accu. Accu. Accu. | Growthrate| 3 years

end end end end 2005-2006 | average
Country 2003 2004 2005 2006 % %
Germany 14,612 16,649 18,445 20,652 12.0% 12.2%
USA 6,361 6,750 9,181 11,635 26.7% 22.3%
Spain 6,420 8,263 10,027 11,614 15.8% 21.8%
India 2,125 3,000 4,388 6,228 41.9% 43.1%
Denmark 3,076 3,083 3,087 3,101 0.5% 0.3%
P.R. China 571 769 1,264 2,588 104.7% 65.5%
ltaly 922 1,261 1,713 2,118 23.6% 31.9%
UK 759 889 1,336 1,967 47.2% 37.3%
Portugal 311 585 1,087 1,716 57.9% 76.8%
France 274 386 775 1,585 104.6% 79.4%
Total "Ten" 35,431 41,634 51,303 63,203 23.2% 21.3%
Source: BTM Consult ApS - March 2007
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The 10 largest markets by end of 2006 (cumulative MW)

Country 2004 2005 2006 | Share % | Cum. Share %
Germany 16,649 18,445 20,652 27.8% 28%
USA 6,750 9,181 11,635 15.7% 43%
Spain 8,263 10,027 11,614 15.6% 59%
India 3,000 4,388 6,228 8.4% 67%
Denmark 3,083 3,087 3,101 4.2% 72%
P.R. China 769 1,264 2,588 3.5% 75%
ltaly 1,261 1,713 2,118 2.9% 78%
UK 889 1,336 1,967 2.6% 81%
Portugal 585 1,087 1,716 2.3% 83%
France 386 775 1,585 2.1% 85%
Total 41,634 | 51,303 | 63,203

Percent of World 86.9% 86.4% 85.1%

Source: BTM Consult ApS - March 2007
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Year | China |Denmark|Germany| India | Spain | Sweden| UK | USA
2000 | 709 | 1443 | 1397 | 553 | 85 | 1112 | 843 | 8%
2003 | 726 | 1988 | 1650 | 729 | 872 | &6 | 1,773 | 1374
2004 | 71| 225 | 1715 | 767 | 1123 | 1336 | 1,69 | 1,309
2005 | 897 | 1381 | 1634 | 780 | 1105 | 1126 | 2172 | 1466
006 | 931 | 1675 | 1848 | 926 | 1469 | 1138 | 1953 | 1,667

Source: BTM Consult ApS - March 2007
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Segmentation of product sizes in 2004-2006

Year 2004 2005 2006

Total MW supplied 8,508 11,338 16,007
Product (Size range) % of total MW

"Small WTGs" <750 kW 5.4% 3.6% 2.4%
"One-MW " 750-1500 kW 50.9% 48.2% 43.3%
"Mainstream" 1501-2500 kW 42.8% 45.8% 49.9%
"Multi-MW Class" >2500 kW 0.9% 2.4% 4.3%
Total 100.0% 100.0% 100.0%
Source: BTM Consult ApS - March 2007
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Top-10 Suppliers in 2006
% of the total market 15,016 MW
GE WIND (US)
15.5% ENERCON (GE)
15.4%
GAMESA (ES)
15.6%
SUZLON (Ind)
7.7%
L T[]
\I‘IJ‘{
\,;G.
Ep~ - ¥ SIEMENS (DK)
4 7.3%
PNORDEX (GE)
o2 3.4%
VESTAS (DK) E=“REPOWER (GE)
28.2% 3.2%
4,69 GOLDWIND (PRC) 2.8%
Source: BTM Consult ApS - March 2007 ' 2 8%
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UpWind Background

UpWind: FP6 Integrated project

UpWind got Wind Energy back in the EU 6 Framework
Energy Research program

Result of AOT.’s EWEA Thematic Network(EU-project):

1. EWEA Research Strategy

2. UpWind

3. EWEA Strategic Research Agenda
4, Technology Platform

Behind UpWind application were EAWE, EWEA and the
partners (December 08 2004)

Last minute saving of Wind Research Network in EU
UpWind the glue/netwo