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European targets for GHG reduction and
renewable energy - Political framework

= |n the Summit of the Heads of State on March 8 and 9 in Brussels, a
milestone was set in EU policy making

= The Heads of State set very ambitious EU mandatory targets for the
new EU Energy & Climate Change policy for 2020:

— At least -20% CO, emissions compared to 1990

— 20% energy efficiency improvement

— A 20% share of renewables of all energy produced
— A 10% biofuel target of all motor fuels

= The heads of state called this “The new industrial revolution”




Bioenergy in Europe
Bioenergy Demand in the EU27

European energy portfolio in 2005 (Mtoe)

Total primary energy consumption 1811 Mtoe

B Fossil energy
53 sources

B Other
renewables

B Biomass

1692

*Renewables = hydro, wind, geothermal, solar,
biomass, biodegradable waste
*\WWood biomass in 2004 was 61.2 Mtoe

\'\

=

Biomass scenario for 20% share in 2020
(Mtoe)

Maximum biomass contribution 230 Mtoe of which
20% imported
132

W Agricultural
crops

B Other biomass

35

B Forest wood

Hilkka Summa: European Policies to Promote Energy Crops

http://epp.eurostat.cec.eu.int

EUBIONET, CEPI Event in Brussels 28.11.2007 (www.eubionet.net)



Bioenergy in Europe
Biomass Resources and Energy Use

B Other biomass resources

Biomass resources and (agrobiomass, fruit
energy use in EU25 biomass)
@ Wood residues
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Resources 2010 Energy use 2004

Alakangas E.: Biomass trade and forest fuel potential in Europe
EUBIONET, Brussels 28.11.2007 (www.eubionet.net)




Bioenergy in Europe
Facts about Wood in EU27

Growing stock 19 692Mm?3
— Commercial 16 860 Mm?3
— Annual change rate (2000-2005)* 239 Mm3

— Ratio between fellings and increment 70 %
Roundwood production 438.0 Mm?
— 77 % coniferous
— Industrial use 383.2 Mm3
—  Fuel wood 54.8 Mm?
Forest wood potential for energy 187.0 Mm?3

* Sustainably utilizable surplus of commercial growing stock
40 % this is in France and Germany alone
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Forest energy potential in Europe

B Harvestable stump w ood

£ 40

785 0 Complementary fellings

B Harvestable residues

@ Stumps

— B Tops

187

0 Needles

m—

0 Branches

Theoretical  Technically potential

harvestable

B Stemw ood loss

@ Stem
187 Mm?3 = 150 Mtons fresh =411 TWh = 36 Mtoe

Asikainen et al: Working Papers of Finnish Forest Research Institute 69/2008



Bioenergy in Europe
Availability Constraints

Physical

Land availability/quality: marginal land have to meet both economic &
sustainability criteria

Efficiency of agricultural lifestyle: optimised water management, cropping
strategies, etc.

Accessibility of resources, lack of infrastructure to handle bulky materials
Market

Food, feed, etc.: work towards optimising synergies
Sustainability

Biodiversity

Carbon emissions from land use change
Behavioural aspects

Increase consumer awareness with education, labelling, promotion
campaigns, etc.

Enhance communication with involved parties i.e. agriculture & forest
communities

Constraints in diversifying feedstock sources must be overcome!




Bioenergy in Europe
Diversifying Feedstock Sources 1/4

Energy crops: development of harvesting and handling technologies of
reed canary grass for CHP plants

Total agricultural area 15 000 ha for reed
canary grass in Finland

*Photos: PVO




Bioenergy in Europe
Diversifying Feedstock Sources 2/4

Bundling method for undelimbed pulp- and energy wood thinnings
-optimising logistic

—
» -
T

= Targets:
— toimprove logistics by
compacting the material before
forest- and road/train transportation

— procure pulp- and energy wood
with the same machine for pulp,
energy or biofuel use at the same
time

= The main challenge is to improve the
production of the prototype machine
from actual 9 bundles/h to approx. 12
bundles/h

= Timeline: prototype number 2 ready in
may 2008




Bioenergy in Europe
Diversifying Feedstock Sources 3/4

Biomass dryer — improving quality of biomass feedstock

Biomass dryer is an example of efficient use of secondary or waste heat in a low temperature
wire dryer with advantage of increasing heating value of wet feedstock, improving feedstock
guality and lowering feedstock need

Lower heating value of biomass

can be increased
by 20-30 % with
drying

Energy content {

Lower heating value, MJ/kg

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Moisture content, % of total weight




Bioenergy in Europe

Diversifying Feedstock Sources 4/4
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European technology development
Vision report: Outline of technology roadmap

2020 Integrated biorefinery

complexes

«2nd generation»
lignocellulosic biomass, energy crops,
increased efficiency

«1st generation»
Improving existing technologies

2005




European technology development
The Driving Vision — Biofuels TP

By 2030, the European Union covers

i Biofuel duction in EU, 1992-2005
one fourth of its road transport T e UL
fuel needs by clean and CO,-
efficient biofuels. 3000 | MmPuel ethandl
m Biodiesel
A substantial part is provided by a 2120085
competitive European industry. ool

This significantly decreases
the EU fossil fuel import dependence.

ktoe/a

1500 -
Biodiesel tonne ~ 0.9 toe

Ethanol tonne ~ 0.64 toe

Biofuels are produced using N
sustainable and innovative
technologies; these create

opportunities for biomass providers, 0+

500 -

: : g F 3 8 I 5 8 & 8 3 &8 8 & 8
biofuel producers and the automotive & 8 8 8 8 8 8 8 8 8 8 8 & ¢
i n d u Stry Source: European Biodiesel Board, System Solaires EurObserv'ER 2005 & http://europa.eu.int

18 Mtoe of biofuels needed in 2010 to fulfill the EU target of 5.75% (energy)
In 2005 the share of biofuels was about 1%

BIOFRAC High Level Group
Vision Report, June 2006




Relative Impact of Different Biofuels on CHGE
- WTW Results in Finnish Conditions
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Biofuels Technology Platform
Structure and Interactions
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Forest Technology Platform
Strategic Research Agenda

Five Strategic Objectives are covered:

1.

2.

Development of innovative products for changing markets and customer
needs

Development of intelligent and efficient manufacturing processes,
iIncluding reduced energy consumption

Enhancing availability and use of forest biomass for products and
energy

Meeting the multifunctional demands on forest resources and their
sustainable management

Regarding the sector in a societal perspective




European technology development
Technology Development Strategy - Overview

‘Three main areas of technology development are critical to ensure successful
development of biofuels in the EU:
"Feedstock:

v'managing competition for land resources (food&fodder vs bioenergy) and for different
biomass applications (transportation fuels, heat, power, industrial raw materials)

v'Increasing yield per hectare and developing efficient supply logistics both for dedicated crops
and residues

=Conversion technologies:

v'developing energy efficient and reliable biomass-to-fuel conversion processes with feedstock
flexibility and high quality product

"End-use technologies:

v'optimisation of fuel-engine environmental and energetic performance ensuring compatibility
with existing and future infrastructure and vehicles

*The winning options (combination of land, feedstock, conversion and end product) will be those
best addressing strategic and sustainability targets:

=High level of GHG reduction with sound management of other key environmental issues
(biodiversity, water use, local emissions ...)

»Security and diversification of energy supply for road transport

»Economic competitiveness and social acceptance



European technology development
Key R&D&D-Priorities

Feedstocks:

v'Develop availability-cost curves for different sources of biomass (energy crops, forestry and
agriculture residues, wastes) and geographical locations; develop interfacing systems analysis
(supply-demand, market interdependencies, impact of policies)

v'Develop new high-yield agricultural and forest systems with breeding of crops and trees
optimised for biofuel production

v'Develop efficient biomass logistic systems (harvesting/collection/storage) for different
conversion concepts at different scales

«Conversion processes:

v’ Improve current conversion processes to their full potential (biodiesel, bioethanol from starch-
sugar) for higher GHG reduction, increased flexibility for different raw materials and lower cost

v'Develop thermochemical and biological conversion processes with feedstock flexibility for
different lignocellulosic biomass (BtL, L-C bioethanol)

v'Develop integrated biorefinery concepts making full use of a variety of biomass feedstocks to
obtain diverse high-value bioproducts

v'Demonstrate at pilot and industrial scale reliability and performance of new technologies
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Major technologies under development

Forest Industry Value Chain

| CH ) rechnologil)

* Forest Resi
« Saw Dust
« Mill Sludge
* Recycled fi
* Round Wood
+ Waste from
Industry and

Commerce

e Straw

Combusti
Gasificati
Pyrolysis
Hydrolysi

Black-liquor
gasification

Pulp&Paper making

Fractionation and
refining techniques

Separation/
extraction

ot
Heat
Green Po
Biogrude
Ethanol

FT diesel

Pulp and Timber
Paper and board
Biochemicals

Biomaterials

WE LEAD.

WE LEARN.

Heat and
market

Transport

Printed M

Packages
Chemicals

Nutrients

Process integration and value chain optimization

—



Major technologies under development
Transport Fuel Conversion Processes - 2nd G

Wood, straw, energy crops X Hydrolysis+ . Ethanol
waste fractions MSW, CIW fermentation ETBE

Forest and mill residues Gasification / FT Biodiesel
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Major technologies under development
Biofuels for Forest Industry
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Major technologies under development _Yf We AR
UPM's Biomass to Liquids Development

Andritz-Carbona & GTI A4

Biomass Gasifier Purification FT Product
dryer biomass is cooling, synthesis upgrade
Dried converted cleaning Clean H2 + CO
biomass to gaseous reforming syngas Converted to
form shift CxHy

Biomass Biocrude




Major technologies under development

2G ethanol concept at paper mill
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Major technologies under development WELEAm

Integrated Pyrolysis to Fluidized Bed Boilers
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Conclusions

= Targets are set in EU Energy & Climate change policy

= European goal on reduction of greenhouse gas emissions will have
a strong steering effect on future activities in the field of bioenergy
 Renewable energy is a key element of a sustainable future
reduction of GHG emissions, security of supply
new opportunities for rural economies,
the EU has great potential for increased production of biomass
targets can be met without disrupting food and food markets
« Production of biomass is demand-driven
« Decoupled CAP income support: farmers respond to market signals,

« Rural development - positive incentives for renewable energy
development in rural areas

 Research and technological development: more advanced and more
cost-efficient biomass production and conversion technologies
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