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Institute of Chemical
. . . Engineering
Statistics Industry in 2003 Working aroun: Zero Emission
Energy Technology

In 1000 € In %
Mining and iron production 4.068.180 4,3%
Mineral oil 4.578.522 4,9%
Stone and ceramics 3.026.883 3,2%
Glas 1.093.990 1,2%
Chemical industry 10.212.758 10,9%
Paper production 3.160.583 3,4%
Paper processing 1.702.419 1,8%
Building 5.145.672 5,5%
Wood industry 5.825.074 6,2%
Foods 7.138.990 7,6%






Statistics Industry in 2003

Institute of Chemical
Engineering

Working group: Zero Emission
Energy Technology

In 1000 € In %
Leather production 440.662 0,5%
Leather processing 317.900 0,3%
Casting bay 1.162.031 1,2%
Non iron metals 1.878.161 2,0%
Machines and metal goods 19.185.529 20,4%
Car industry 8.615.689 9,2%
Electrics and electronics 10.203.050 10,8%
Textiles 1.932.060 2,1%
Clothing industry 679.921 0,7%
Gas and heat utilities 3.695.683 3,9%






Institute of Chemical
Engineering

Statistics Energy 2000

Working group: Zero Emission
Energy Technology
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Total Energy consumption in Engineering
AUStrla 2003 Working group: Zero Emission

Energy Technology

Import of Electricity
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Installed renewable Electricity

facilities (MW)

Institute of Chemical

Engineering

Working group: Zero Emission
Energy Technology

Date 31.12.2003 | 31.12.2004 | 31.12.2005| 31.03.2006
Biogas 14,97 28,36 50,67 81,06
Biomasse solid 41,07 87,54 125,95 403,03
Biomasse liquid 1,97 6,84 12,41 25,17
Deponiegas 22,73 20,28 21,18 29,83
Geothermie 0,92 0,92 0,92 0,92
Photovoltaik 14,18 15,07 15,36 30,3
Wind 395,59 594,56 816,9 992,63
small hydropower (<10MW) 858,1 851,54 709,69 1.148,70






Costs of renewable electricity

Institute of Chemical
Engineering

Working group: Zero Emission
Energy Technology

Delivered

Average feed in

Electricity in GWh SESS I WM rate in c€/kWh
Small hydropower 1.081 57,2 5,29
Windkraft 811 63,1 7,78
Biomasse solid 382 48,1 12,59
Biogas 173 23,8 13,78
Biomasse liquid 19 2,6 13,93
Photovoltaik 7 4,3 65,88
Deponiegas 25 1,9 7,46
Geothermie 2 0,1 8,31






Institute of Chemical
Engineering

Working group: Zero Emission
Energy Technology

Austria has since beginning of 2007 a new government which consists of
« Social democrats (SPO)
« Conservatives (OVP)

The new government wants to fulfil the Kyoto protocol and also further reduce the
CO2 emissions by the following measures:

* Increase of funding for renewable energy / increased efficiency

e (CO2 trading (according to the rules of the EC)

* Increasing the share of renewable electricity to 78% by 2010

* Increasing the share of bio fuels in the transportation sector to 5.75% by 2008

» Usage of the flexible Kyoto-Mechanism »Joint Implementation« (JI) and
»Clean Development Mechanism« (CDM)






Institute of Chemical
Engineering

Actions

Working group: Zero Emission
Energy Technology

Research program:
Technologies for Sustainable Development

— Subprogram "Building of Tomorrow"
— Subprogram "Energy Systems of Tomorrow"
— Subprogram "Factory of Tomorrow*

 Funding of solar heating

 Funding of improved insulation of houses

« Tax advantages for blending of transportation fuels
* Feed in rates for renewable electricity






Institute of Chemical
P bl Engineering
u IC awareness Working group: Zero Emission
Energy Technology

* |n Austrian television there was for one week the
special topic CO, problem and renewables

o Actually there Is a discussion about travelling by
aeroplane to holiday

 In the food sector it Is discussed how much CO, Is
emitted by transport






Institute of Chemical
. Engineering
ReS earCh PrOJ eCtS Working group: Zero Emission
Energy Technology

Graz University of Technology — Institute of Thermal Engineering

* Evaluation and optimisation of a fixed bed gasifier, gas cleaning system and gas
engine

 R&D of a two staged gasification system

» Scientific Partner in Austrian Bioenergy Centre

» Health, Safety and environmental issues for gasification systems

Graz University of Technology - Institute for Apparatus Design, Particle Technology
and Combustion Technology

 Research on gasification and combustion in a fixed bed of solid fuel

 Fundamental research on biomass particles under gasification conditions

Joanneum Research Graz - Department of Energy Research
* Project VIEWLS evaluation of biofuels






Institute of Chemical
. Engineering
ReS earCh PI‘OJ eCtS Working group: Zero Emission
Energy Technology

Vienna University of Technology, Institute of Chemical Engineering

« Scientific Partner in RENET Austria (Network of Competence for Energy from
Biomass)

« Scientific Partner in Austrian Bioenergy Centre

« EZ-P4 (Polygeneration)

« EC-Project Renewable Fuels for Advanced Power Trains (RENEW)

 EC-Project BigPower

« EC-Project AER-Gas Il

 EC-Project BioSNG

Austrian Bioenergy Centre

» Pressurised gasification (in cooperation with Vienna University of Technolgy)
» Usage of product gas from biomass CHP Giissing in a SOFC
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| I t t Engineering

m p ementations Working group: Zero Emission
Energy Technology

Location Type, Capacity Biomass feed Status
Guessing FICFB 8 MW, wood chips In operation
Civitas Nova Fixed bed 2 MW, wood chips In operation
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Increase of Availability of the Plant Working group: Zero Emission

Energy Technology
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Test plants —
-) Renewable Synthetic Natural Gas (SNG),
-) Renewable Liquid Fuels

Institute of Chemical
Engineering

Working group: Zero Emission
Energy Technology

Biomass gasification

, /Catalytic cracking
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SNG-production

FT—liquid fuels






Institute of Chemical
Engineering

Methan atlon Working group: Zero Emission

Energy Technology

« 1 MW BIoSNG (100Nm?3/h) is under detailed
engineering
e Ground breaking ceremony was in February 2007

e Usage of BIoSNG in fuelling station and in gas
engine
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Renewable Natural GaS from WOOd. Working group: Zero Emission

Energy Technology
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Canada’s Bioresources

Canada has an abundance of renewable bioresources.
Canada makes up 7% of world’s land mass, has 10% of
world’s forests, and about 68 million ha of agricultural
land (but only 0.5% of the world’s population). Of the 998
million ha of land, about 42% is forested, of which about
245 million ha (25%) is considered productive forest. A
further 67.5 million ha (6.8%) is agricultural land, of which
about 36.4 million ha (3.6%) is cropland.
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Canada’s Bioenergy Use

650 PJ/a of biomass energy is currently used in Canada

. 1 1 =
Electricity This represents

= Ethanol approximately 6%
of Canada’s
E Thermal energy
Energy  consumption
B Thermal -
Residential

Pulp mills account for 80% of bioenergy use in Canada
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Biomass Supply (BIOCAP)

Feedstock Theoretical Potential  Realizable Potential “Most Likely”
(PJ/yr) (PJ/yr) (P)/yr)
Forestry Harvest residues (7-25% of total harvest) 530 140 110
Unused mill waste 70 350 30
Unharvested clean white wood (based on Annual Allowable Cut) 420 280 200
Natural disturbance residues (fires and infestations) 70 70 50
Silviculture {30-80% increase) 1,400 530 370
Forestry Sub-Total 3,120 1,050 750
Agriculture  Crop residues 170 70 50
Bioenergy crops (canola, soy and com oils) 1,090 70 490
Animal waste (fats and yellow grease) 350 140 98
Agriculture Sub-Total 1,440 840 590
Human Urban waste (MW, 1C| waste, and food processing residue) 210 110 70
Human Waste Sub-Total 210 110 70
Total 4,760 1,990 1,410

Source: A Canadian Biamass Inventory . Feedstocks for a Bio-Based fonomy. BIOCAP Canada , June 2003
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Canada’s “BioVision”

IS no generally accepted vision or strategy for all the
Idual biofuel technologies being considered in

ada. The only area with a specified target is

nsportation fuels. The Government of Canada has
nounced a national target of 5% (3.3 BL/yr) of biofuels

n transportation by 2010. This would consist of 2.8 BL/yr of
bioethanol, and 500 ML/yr of biodiesel. This represents a 7-
fold increase in bioethanol production (currently 413 ML/yr),
and a 5-fold increase in biodiesel production (currently 95
ML/yr) within four years. The biofuels industry acknowledges
that the existing targets lack sufficient detail to adequately
build the industry in Canada An industry vision has
“evolved” and compiled by SDTC.
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Biofuel Industry Vision (SDTC)

The biofuel industry vision is to produce about 650,000,000 Giga Joules (GJ) per year by the year 2015.

Plant
Construction Canadian
: 5 Cost to Production 2 Required Annual Actual Annual Growth
Biofuel Type Vision Amount Achieve Capacity as of Aagaciy oy Growth Rate Growth Rate Rate Gap
Target 2006
(SM CDN)
300 sy ELY, 2 MLy 298 MLy 33 MLy T MLyyr 32 MLy
Bio-oil
6,350,668 Gl 54 41,985 alfyr 6,308,683 alfyw 700,965 Gliyt 21,169 aliyr 679,796 aljyr
1,200 Mmiyr| 838 590 My 610 My 68 Myt 50 My 18 Mmiiyr
Biogas
22,135,645 Gliyr 38 10,985,302 &lfyr 11,150,343 Gy 1,238927 alyr 930,851 alyr 308,076 alyr
750 MLy 300 95 MLiyr 655 MLy 73 MLy 1 Muyr 12 MLyr
Biodiesel
28,866,014 aliyr 10.39 3,062 080 alpyr 25,803,934 iy 2,867,104 @iy 32,232 aijyr 2834871 aliwr
Solid 20 Mbdiyr 430 1 Mbdtyr 19 Mbdtyr 2 bty 1 Mbdeyr 1 Mbdyr
Biocombustibles| 364 830,509 ayyr 118 B717,133 aljyr 3,063,276 @ | 37,907,031 liye 27,366,038 Gl | 10,540,992 Gy
29,000 Mmisyr| 957 0 My 29,000 Mty 3,222 Wik 0 Mty 3,022 My
Biosyngas
159,500,000 iy 6 Oy | 159,500,000 6y 79,156 Gy 0 Gy 79,156 Gl
2,800 WLy 3,386 413 WLy 2,387 MLyt 265 MLy 41 Muyr 224 ML
Bioethanol
65,520,000 Gliyr 52 0,664,200 6liyr 55 855,300 Gy 6,206,200 Gliyr 871430 iy 5,334,770 G
Total 647,252,836 Glyr | $6,632 | 47,470,801 Gliyr | 599,782,036 Gliyr | 48,999,383 Glyr | 29,221,721 Gliyr | 19,777,662 Gliyr
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Our role

Sustainable Developrment Technology Canada (SDTC) is a
not-for-profit foundation that finances and supports the
development and dermonstration of clean technologies which
provide solutions to issues of climate change, clean air, water
quality and soil, and which deliver economic, environmental and
health benefits to Canadians. To do so, the Foundation draws
from an investment fund of $550 million,

Our mission and mandate

SDTC was established by the Government of Canada in 2001
and comrmenced operation in Movember of that year, SDTC's
mission i5 to act as the primary catalyst in building a sustainable
development technology infrastructure in Canada. The
Foundation reports to Parliament through the Minister of Natural
Resources Canada, We do much more than simply fund
groundbreaking technologies, we worl: closely with an
ever-growing netwark of stakeholders and partners to build the
capacity of Canadian clean-technology entreprenesurs, helping
them form strategic relationships, formalize their business plans,
and build a critical mass of sustainable development capability in
Canada,

Contact Us | Funding &levts | Jain Qur Experts | Site Map | Careers

Francais

SDTC at a glance
Projects and funding

To date, SDTC has completed
nine funding rounds and
allocated a total of $241
million to 109 projects, That
amount has been leveraged
with an additional $617
rmillian in funding from other
project partners for a total
project value of $858 million.

Market response

Since &pril 2002, S0DTC has
conducted ten calls for
statements of interest (S0Is)
and received 1,249 S01s
from across the country —
representing some $10.1
billion in project potential
from more than 3,100
companies and institutions,

Leveraged financing

The ratio of industry-partner
contributions to SDTC
investrent; approximately
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Froject List

Economic Sectars -
e e

Econormic Sectars By
Province

Leveraged Financing
by province

Natural Resources
I * I Canada

SDITC

Biothermica Technologies Inc., Montreal, Quebec
Environmental Benefit: Climate Change, Clean Soil
Econormic Category: Power generation

Biothermica will develop, build, and operate a pilot plant designed to convert 35,000
tonnes per year of construction, demaolition waste, and other urban wood waste to
clean synthetic gas, The gas will be used in combination with landfill biogas in the
Sazmont 25 MW power plant in Montreal, This demonstration will show the viability
of coupling a fluidized bed high pressure gasifier to an industrial stearm bailer.

Consortium Members:

Biothermica Energie Inc.

Dynatech-Service de gestion de "&énergie Inc.
Gestion Gazrmont Inc.

SMC-Lavahn Environnement Inc,

i+l
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Project List

Economic Seckors -
Dy eryiemw

Economic Sectors By
Frovince

Leveraged Financing
by prowvince

SDTC Fﬁc:: tiblio |0~

s

1

Plasco Energy Group Inc., Ottawa, Ontario
Environrmental Benefit: Climate Change
Economic Sector: Power Generation

Plasco and its partners will demonstrate a Plasma Gasification Process that will
econamically convert municipal solid waste (MSW) into synthetic gas, inert solid
material and heat, The heat and gas will be utilized in a combined cycle
co-generation power plant to produce electricity for sale into the electricity grid.
Plasco has developed an economically viable means of treating MSW that reduces
the environmental impact compared with current disposal methods such as landfill,
The project will process up to 75 tonnes/day of MZW at Ottawa’s Trail Road landfill
site and generate a net 4 megawatts of electricity for sale to the grid, The City of
Ottawa will provide a site and related services for the demonstration project while
Hydro Ottawa will facilitate its integration into the grid.

Consortium members:
armeresco U5,

City of Ottawa

HER A Holdings S.L.
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O ETYIER

Economic Sectors By
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Leveraged Financing
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SDTC

Enerkem Technologies Inc., { Completed) Montréal, Quebec
Environmental benefit: Climate Change/Clean air
Economic Sector: Waste Management

Enerkem is in the process of developing a complete technaology platform for the
production of alcohol biofuels derived from complex wastes, using municipal solid
waste as the demonstration feedstock,

Consortium members:

Enviro-Accés inc,

QJuébec government

SCOQUIP Energie Inc,

I'Université de Sherbrooke (Groupe de recherche sur les technologies
et procédes de conversion)

Yille de Sherbrooke

Enerkem Technologies Inc., Sherbrooke, Quebec (Round 9 — 20064)
Environmental Benefit: Climate Change, Clean Air, Clean Soil
Econaomic Categaory: Energy Exploration & Production

& sustainable alcohals facility will be erected in East &ingus, OC, using a gasification
process to convert biomass such as municipal solid waste, sludge, treated wood
waste, and construction and demolition wood into alcohols {methanol and ethanal),
The facility will also process residual forest and agricultural biormass, The
dernonstration plant will treat 12,000 tonnes of biomass-rich residues per year and
produce & million litres of alcohols per year, It is expected that a successful
dermonstration will be followed by a commercial plant at the same site producing 50
million litres of alcohols per vear,

Consortium Members:
Abengoa Bioenergy R&D, Inc,
Mowvera Energy Ltd,

Tred'Si Inc.










4

Figure 4. Methanol synthesis reactor

Natural Resources  Ressources naturelles

Canada

Canada

A new and potentially commercial
technology to produce biofuel
alcohols (i.e. methanol as initial
alcohol) from complex wastes is
being developed by Enerkem
Technologies Inc. The pilot scale

facility for the methanol synthesis
comprises a fluid bed gasification
unit (BioSynTM, Enerkem’s
patented gasification technology)
coupled to a proprietary gas
conditioning sequence and to a
three-phase reactor for the catalytic

synthesis.
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_ _ Mexterra Energy Corp., Yancouver, British Columbia
Project List

: Environmental Benefit: Climate Change/Clean Air
Econamic Sectars -

Overview Economic Sector: Forestry & Wood Products

Economic Sectors By Mexterra and its partners will install a full-scale biormass (wood waste) gasification

Province system that will be used to heat an existing lime kiln at a pulp mill in western

: , Zanada. The direct firing of the synthetic gas - utilizing a dual fuel {syngasfnatural
Leveraged Financing gas) burner nozzle - will potentially enable lime kilns to convert their energy
by province feedstock from fossil fuels to gas produced from their own wood residue, thereby

reducing energy costs as well as greenhouse gas emissions,

Consortium members:
Pulp & Paper Research Institute of Canada (PAPRICAN
& major integrated pulp and paper producer

2004 Sustainable Developrment Technology Canada
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I' Gasification: Nexterra
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Core Gasification Technology JEOREAGIE

B AW BrE 0N andrgy ascunty

=Syngas exits at 500 — 700°F
=Syngas 100 — 300 btu/scft

Partial oxidation at
1500 - 1800 °F and
fuel is converted into

“syngas” \ s

Ash migrates to
base, removed

by automatic ash
grate B

=Clean burning fuel comprised of
CO, H,, CH4, N», H,0, CO,

*PM emissions less than 100
mg/dscm without cleanup

Hog fuel
3-inch minus
25 — 55% moisture

Primary Air (30% of
stoichoimetric)





Thermal Heat —> 100 MMBtu/hr KOG I

TOLKO INDUSTRIES HEFFLEY CREEK PLYWOOD PLANT

» 38 MMBtu/hr turnkey system

» Heat to veneer dryer and
block conditioning vats

System started up May 2006

Performance tests complete
and successful

Displaces 100% of natural
gas

Excellent start-up and uptime
VOCs consumed by oxidizer
Highly automated

Other Applications: Veneer
Drvers Drv Kilns Tissye

YV VY
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JOHNSON CONTROLS BIOMASS PLANT AT UNIVERSITY OF SOUTH CAROLINA

Gasifiers o Oxid

izer

» 60,000 Ibs/hr high
pressure steam boiler
(650 psig/750 °F)

» 3 Gasifiers - Oxidizer

» Gasifier equipment
onsite August 2006

> Expected system
startup: Q2-07

Steam bolle

Combustion air fan‘

Induced draft fan

J HNSON
CONTRSELS
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Direct-Firing Syngas in & nextera
Existing Steam Boiler
» Syngas

pressurized and
delivered directly
into boiler via dual
fuel burner nozzle

» Syngas is
combusted,
replacing natural
gas

» Up to 35 GJ/hr

Hot syngas Dual fuel S -
fan burner (syngas/

natural gas) SIQR,AENSO )





Direct-Firing Syngas in % nexterra
Pulp Mill Lime Kiln

Syngas / natural

gas flame = Syngas pressurized and
delivered to dual fuel
NG/syngas burner

1S ' ,\‘_--‘:}“\:: h[rrrrh“\

-~ nozzle
l' §\J = CFD modeling will
P define displacement %

= Syngas can be
upgraded if required

(syngas / natural gas)

Syngas ¢
pressurization fan A Weyerhaeuser

The future is growing™










Black Liquor Gasification

Black Liquor Gasification offers energy self-sufficiency for the

pulp and paper industry. It more than doubles the ability to
generate electric power from renewable biomass — or
alternatively it can produce significant amounts of liquid

fuels and/or bio-based chemicals.

Bleached Kraft Paper Mill

Bleached Kraft Paper Mill Power Power Cengration and
Generation and Consumption - Consumption - Future
Conventional
1500 —
_ 1200
= 1000 2 1000 -
g 00 M Purch. = B Power
:~ 600 Power 4 500 - Export
< 400 H Self-Gen é B Internal
§ 200 Power E 0 4 Demand
=< ==
L 500 ——

[ L4
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Numerous Gasifier Start-ups in Canada






Pyrolysis Opportunities

Biomass “Densification”

Utilization of “problem” fuels

Process limitations

Chemicals feedstock

[ L4
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ABRI 50 tpd
Under Construction






 ADVANCED BIOREFINERY INC

BIBHASS TO BIGPRGDUCTS

5 tpd plant operated in
Alabama on chicken litter

15 tpd plant
commissioned for sawmill
In Massachusetts

1 tpd portable “farm” unit
completed

*50 tpd unit being built for
Ontario for start-up in
2007

5 tpd Mobile Pyrolysis i

o C i+l
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The “Biorefinery” Promise

INPUTS BASIC INTERMEDIATES DERIVATIVES/ CUSTOMERS
BUILDING APPLICATIONS
BLOCKS
Food
Food Product Variety of Food Industry
Intermediates Products
Wood
Phenol / Industry
gatura' Substitute
_— esins i
Bio Oil Foundrles
" Insulation,
- Abrasives
Industrial
Additives
Concrete,
Biomass Other Polymers & Asphalt
Co-Polymers Cross p
Linkers .............................................. >
Industrial
............... v Uses
Other | "
L Products ’
Liquid
Bio-Fuels _ Distributed
Combustion e Generation
Stationary |7
Char Fleets
Solid T >
Bio Fuel Transport I
................................................................................ Briquettes,
........................................ > Anodes
Carbon

Commercial + 10 years

—> .
Early stage commercial

> Development stage

Filter Industry






Food Flavoring






Questions?

Thank you.

Fernando Preto

preto@nrcan.gc.ca
+1-613-996-5589

( j 1+l
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Danish Follow-up Programme for
Solid Biomass CHP Plants

Qe

Feb. 2007
Government Energy plan.

RE in 2025 - 30%
CO2 reduction 2020 - 20%

DEA Energy Supply, Bioenergy and MSW, Civ. Ing. Henrik Flyver Christiansen
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-, Danish Follow-up Programme for
- Solid Biomass CHP Plants

Qe

Efficiency RE Power Support on Marked
Condition

Flexible fuel choice
Move Waste to high efficiency CHP plant.
Energy Saving — 20 years only 800 PJ/year

Marked for Energy Saving Shares

DEA Energy Supply, Bioenergy and MSW, Civ. Ing. Henrik Flyver Christiansen





Danish Follow-up Programme for
Solid Biomass CHP Plants

Qe

Wind turbine — Replacing and new Off shore
Power at marked price +add

More Biogas plant

Heating pumps

DEA Energy Supply, Bioenergy and MSW, Civ. Ing. Henrik Flyver Christiansen





Danish Follow-up Programme for
Solid Biomass CHP Plants

Qe

New support program — EUDP

2. Generation bio fuels
Fuels cells

Big Wind Turbines
Efficiency low energy building

DEA Energy Supply, Bioenergy and MSW, Civ. Ing. Henrik Flyver Christiansen
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Danish Follow-up Programme for
Solid Biomass CHP Plants
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Danish Follow-up Programme for
g Solid Biomass CHP Plants
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Danish Follow-up Programme for
Solid Biomass CHP Plants

CHP % of power and heat

100%

80%

60%

40% -

1980 '82 '84 '86 '88 '90 '92  '94 '96 '98 '00 '02 '04
i District heat — Power

(R =

adp
ENERGY

ST T DEA Energy Supply, Bioenergy and MSW, Civ. Ing. Henrik Flyver Christiansen





ENEgR
° G

Danish Follow-up Programme for
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Danish Follow-up Programme for
Solid Biomass CHP Plants
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Danish Follow-up Programme for
Solid Biomass CHP Plants

Energy for building
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Danish Follow-up Programme for
Solid Biomass CHP Plants

PN

Skive — autumn 2005

Cold test autumn 2006
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Danish Follow-up Programme for
Solid Biomass CHP Plants
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Yearly Gross Efficiency, 2005
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Power consumption, 2005
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Danish Follow-up Programme for
Solid Biomass CHP Plants
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-, Danish Follow-up Programme for

‘-b‘* Solid Biomass CHP Plants
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COMMISSION

IEA Bioenergy — Task 33

\ _______ —— —
sy

EC “Country” Status

Philippe Schild, DG RTD

European Commission
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Contents

°* EU Context, in short

* Related policy initiatives, in short

* EU energy Technology Platforms

* FP7 Co-operation / Energy Theme : Overview

* FP7 Co-operation / Energy Theme : 2007 Calls
RTD&D, activity per activity focus on biomass

* FP6 Projects
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COMMISSION

Context : EU-27 Energy
mix (—-1800 Mtoe)

m Coal

H Oll

B Gas

1 Nuclear

@ Renewables

Oil: 38% Gas: 24% RES: 6% (60% biomass, 30%
0)
Coal: 18%  Nuclear: 149% Ydr0: 10% newRES)

Source: European Commission DG TREN, Eurostat ?Z
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B Context : EU-25 Energy

Imports
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Source: Slides from EC Green Paper « A European Strategy for Sustainable, Competitive and Secure Energy COM(2006)105 final
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SEIR EUROPEAN
COMMISSION

GHG emissions (base year = 100)

Context : Climate

Change

100 A 98.4
94.5
93.2
90 A 92.0
a0 T T T T T T T T T T T T T T T T T T T T T 1
] ] e O
] = £ & "
> D P P ®
m— ElJ-15 trends === EU-15 target (Kyoto)
EU-15 with existing measuras projections EU-15 target incl. Kyoto mechanisms
EU-15 with additional measures projections o Target path 2010
Source: Slides from EC Green Paper “A European Strategy for Sustainable, Competitive and Secure Energy”” COM(2006)105 final
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Context : Major
Technological Drawbacks
Nuclear - cost and waste

Coal - CO, and other pollutant emissions

Oil and gas - limited resources and prices

Renewables - cost and generally intermittent

T

COOPERATION
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EU Most Relevant Most
Relevant Policy Initiatives

COMMISSION

e Green Paper of March 2006 on “A European Strategy for
Sustainable, Competitive and Secure Energy”

e Energy Package of January 2007 including the following
statements:

e Technology is a key element in achieving the Green Paper
triangle

e Some EU targets:
e 20% of greenhouse gas emissions reduction by 2020
e 20% of energy efficiency improvement by 2020
e 20% of renewable energy sources in the energy mix by 2020
e 10% of biofuels in the fuel for transport mix by 2020 7

) o COOPERATION
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* Hydrogen and Fuel cells
* Biofuels

* Photovoltaics

* Solar thermal

* Wind

* SmartGrids

EU RTD : Energy
Technology Platforms

* Zero emission fossil fuel power plants

Warning : For record only; not to be taken as official reference document
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EUROPEAN
COMMISSION

EU 7 FP : Co-operation
Specific Programme

THEMES

1. Health

Food, agriculture and fisheries, and biotechnology

Information and communication technologies

H WN

Nanosciences, nanotechnologies, materials
and new production technologies

Energy (2.3 Billion €)
Environment (including climate change)
Transport (including aeronautics)

Socio-economic sciences and the humanities

© 0 N o O

Space

10. Security 7
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EUROPEAN
COMMISSION

Energy Theme :
Overall objective

e Adapting the current fossil-fuel based energy system
Into a more sustainable one,

less dependent of imported fuels,

based on a diverse mix of energy sources and carriers,
with particular attention being paid to

lower and non-CO2 emitting energy technologies,
combined with enhanced energy efficiency and
conservation.

e To address the pressing challenges of security of
supply and climate change, whilst increasing the
competitiveness of Europe’s industries. 7

COOPERATION
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COMMISSION

Note : 9 “activities” implemented jointly by DG RTD and TREN

Energy Theme : Overview

e N\ e N\
CO2 capture and storage
Hydrogen and fuel cells technologies for zero
emission power generation
\§ g J
a N\ e N\
Renewable
. Clean coal
electricity )
: technologies
generation
\§ J g J
a N\ 4 N\
Renewable Smart energy
fuel production networks
\§ J g J
a N\ 4 N\
Renewables Energy savings
for heating and cooling and energy efficiency
\§ J g J
Knowledge for energy policy making 7

COOPERATION
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COMMISSION

Energy Theme :
Important Elements

* SMEs participation
* Dissemination actions

° International cooperation - general opening to “Third
Countries”, plus some specific actions (SICA)

* Future and emerging technologies - now within the
Energy theme

* Coordination of non-Community research programmes
(ERA-NET) - now within the Energy themes

° Integration of socio-economic dimension and societal
concerns, gender and ethical issues

COOPERATION
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Energy Theme : 2007 Call

Twin calls for RTD (Research focus) and TREN activities
(Demonstration focus) based on joined WP

* Small-medium or large Collaborative Projects (S-M CP or
Large CP) and Coordination and Support Actions (CSA)

* Single stage submission and evaluation procedure

* For each topic: content/scope,; funding scheme,; expected
Impact; any other pertinent information

* Generally, an indication of expected project size and the
number of projects that might be funded

* Competition within and across all topics — not all topics
might be funded, depending upon quality of proposals

* Expected impact — will be used during the evaluation, as
described at area/topic level 7

COOPERATION
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Energy Theme : 2008 Call

2008-RTD:
 Important topics complementary to those in the first call
 Areas not well covered by the outcome of the first call

 Opportunities for Future and Emerging Technologies (FET), ERA-
NETs and Specific International Cooperation Actions (SICA)

2008-TREN, inter alia;

 "Large-scale Integration of Renewable Energy Supply and Energy
Efficiency in Buildings: Eco-Buildings" (Area ENERGY.8.3)

 "Innovative Integration of Renewable Energy Supply and Energy
Efficiency in large Communities: CONCERTO" (Area ENERGY.8.4)

* Gas networks (in Activity ENERGY.7)

COOPERATION
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EUROPEAN
COMMISSION

Activity 2 : Renewable
Electricity Production

Raising the share of renewable electricity in Europe
* Objectives:

— Significantly reduce costs

— Increase overall conversion efficiency

— Enhance process reliability

— Reduce environmental impact

* Emphasis on PV, Wind and Biomass

v" Links with PV, Wind and Smart Grids Technology Platforms

B 4
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COMMISSION

Renewable Electricity Prod.

Areas

 Photovoltaics
« Biomass
 Wind
 Geothermal

« Concentrated solar thermal

e QOcean
 Hydro
o Cross-cutting issues
Call RTD TREN
Funding scheme S-M CP "%rge CSA cP CSA
First call topics 14 2 5 14 1 7
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EUROPEAN
COMMISSION

Activity 3 : Renewable
Fuel Production

* Raising the share of renewable fuels
* Objectives:

— To deliver ‘source to user’ carbon benefits

— To improve conversion and energy efficiency, enhance technology integration and use
of feedstock

°* Emphasis on new types of biofuels, integration of production paths
and biorefineries

v' Links with Biofuels, Forest-based Sector, Sustainable Chemistry and
Hydrogen Technology Platforms, Plants for the future

v Link with « Food, agriculture and fisheries, and Biotechnology” Theme

B 4
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Renewable Fuel Prod.

Areas
« First generation biofuels

« Second generation biofuels
 Biorefinery

 Biofuels from energy crops (not
open in 2007)

« Alternative routes to renewable
fuel production

£ Episnd 5 b

 Biofuels use in transport
« Cross-cutting issues

Call RTD TREN

Funding scheme S-M CP "?:rge CSA cP CSA

First call topics 6 1 4 5 2 7

COOPERATION
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EUROPEAN
COMMISSION

Activity 4 : Renewables for
Heating and Cooling

* To expand the potential for renewable heating and cooling in
different regional conditions

* Industrial applications, dedicated and district heating and
cooling, building integration, heat storage

* New markets, novel equipment

v' Advice from Solar Thermal Technology Platform

T
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EUROPEAN
COMMISSION

Renewables for Heating
and Cooling

Areas

« Low/medium temperature
solar thermal energy

« Biomass (not open in
2007)

« Geothermal energy
 Cross-cutting issues

call RTD TREN
Funding scheme S-M CP ""’(‘:rF?e CSA CP CSA
First call topics 0] 0] 0] 7 0]

. o COOPERATION
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EUROPEAN
COMMISSION

Activities 5&6 : CO2 Capture and
Storage / Clean Coal Technologies

* Technologies for Zero Emission Power Generation
* Reduced environmental impact for fossil fuel-based power plants

* Large-scale demonstrations of integrated, cost-efficient solutions
In the near future

* Sustainable coal concept

v Input from the Technology Platform for Zero Emission (ZEP)
v Complementarity with the Research Fund for Coal and Steel

v' Continued involvement in the CSLF international cooperation
Initiative (Carbon Sequestration Leadership Forum) 7
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EUROPEAN
COMMISSION

Activity 7 : Smart
Energy Networks

* Increasing the efficiency, flexibility, safety, reliability and quality
of European energy networks within the context of an integrated
European energy market

* Electricity networks

v' interactive service network

v’ large-scale integration of renewables and distributed generation

* Gas networks - to be covered in the next call

v’ Strategic research agenda of the SmartGrids technology platform

v" Advice from Coordination Actions

B 4
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Community research

Smart Energy Networks

Areas

 Development of interactive
distribution energy

networks
« Pan-European energy
networks
 Cross-cutting issues and AU

technologies S

Call RTD TREN

Funding scheme S-M CP LaCrF?e CSA cP CSA

First call topics 2 2 2 2 ) 7
Warning : For record only; not to be taken as official reference document @






EUROPEAN
COMMISSION

Activity 8 : Energy
Efficiency & Savings

* Optimisation, validation and demonstration of new concepts and
technologies for transport, buildings, services and industry

* Renewable energy Sources, polygeneration, demand management

* Large scale demonstrations supported by research for
development of technologies and component

v Aims to facilitate the implementation of buildings, cogeneration,
eco-design and efficiency and energy savings directives

B 4
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EUROPEAN
COMMISSION

Areas
Efficient energy use in the
manufacturing industry

High efficiency polygeneration
Eco-buildings (not open in

3000 -

2500

Energy Efficiency &
Savings

Development of the primary energy demand and of “negajoules” - EUR 25
("negajoules” : energy savings calulated on the basis of 1971 energy
intensity)

2007) 000 e
CONCERTO (energy efficiency e
and renewables) —not openin g 0+ Das
2007 mOil
OCoal

CIVITAS Plus (clean and o
efficient transport)

. . 500
Socio-economic research and
Innovation e L
Thematic promotion and EAICSEC T SR SN TS N T I A
dissemination Source : EC, Green Paper on Energy Efficiency or Doing More With Less, COM(2005)265
call RTD TREN
Funding scheme S(EI'__\,/I La(tzrge CSA CcP CSA
First call topics 0] 0] 0] 5 3 ?
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Activity 9 : Knowledge for
Energy Policy Making

* Development of tools, methods and models
to assess the main economic and social
ISsues related to energy

* Impact Assessment of energy-related policies

* Impact of technological progress on EU
policies

T
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Knowledge for Energy

Policy Making

10000 — - — - — - — - — - — - — - — s — - — - -
9000 -
Areas
8000 -

o Knowledge 7000 - _'M
tools for § 6OOOW
energy-related s 500 O OUUUUUUUOUURRSOSR DS e e e

olicy makin SRR 00000004 200000000000000000000EUETE SR
p . y . g 3000 AhApA - -t EAAAAAAATERTET _ g
 Scientific 2000 -
support to 1000 |====== i B et
policy 0 ‘ ‘ ‘ ‘
1990 2000 2010 2020 2030
—a— European Union —e— EU & Accession Countries
—e— USA Brazil
India China
Japan
Source: EC, WETO 2003
Call RTD TREN
. S-M Large
Funding scheme cp cp CSA CP CSA
First call topics 0] 1 0] 1

Warning : For record only; not to be taken as official reference document

B 4

COOPERATION
27






EEEEEEEE

mmmmmmmmmm Horizontal Programme
Actions

e ERA Net (International co-operation,
Co-ordination between national and
European Energy RTD programmes)

= Co-operation among NCPs

e Impact of FP7 Energy projects

T
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The first “twin” calls have been
published the 22 December 2006
and the deadline is the 3 May 2007

Reference:

FP/7-ENERGY-2007-1-RTD
FP7-ENERGY-2007-2-TREN

http://cordis.europa.eu/en/home.html

T

COOPERATION
29

Warning : For record only; not to be taken as official reference document






EUROPEAN
COMMISSION

FP6

x CHRISGAS, Clean hydrogen-rich synthesis gas

x  RENEW, Liquid bio-fuel production systems

x NILE, Biorefinery (non-thermal)

x BIOCOUP, Biorefinery (thermal)

x BIOSYNERGY, Biorefinery (bioethanol)

x HYVOLUTION, Hydrogen production (non-thermal)
x NoE: BIOENERGY
x 7 STREPSs:

x BIOASH, COPOWER, BIO-PRO, BIOCELLUS, GREENFUELCELLS,
CROPGEN, BIGPOWER, AER-Gas II, BIOCARD

x 1 CA: BIONORM II 7
X 1 SSA. BIOFUELTP T COOPERATION
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National Targets and the Role of
Bioenergy and Biofuels in Finland
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VTT TECHNICAL RESEARCH CENTRE OF FINLAND

Background

* The present law-making concerning RE and biofuels rests
mainly on two recent surveys:

» "National Strategy for the Implementation of Kioto Protocol"

« Submitted to the Parliament by the Government on Nov
2005

* "Promotion for Production and Use of Liquid Biofuels in Finland"

« Submitted to the Ministry of Trade and Industry by a
VTT-led work group on Mar 2006






VTT TECHNICAL RESEARCH CENTRE OF FINLAND

Security of Energy Supply (1/3)

* The need for additional capasity of electricity is estimated to
be 200 MW/year until 2015 and 100 MW/year thereafter

* This will be mainly covered with new CHP plants and with a
nuclear power unit that is currently under construction

* The national objective is "to promote production that is based
on several fuels and acquisition sources"

« Special attention is given to domestic energy (renewable
energy sources and biofuels)






VTT TECHNICAL RESEARCH CENTRE OF FINLAND

Security of Energy Supply (2/3)

Total Consumption of Production of electricity by
Energy in 2005* energy source in 2005*
O ail O Nuclear
O Woodfuels O Net import
B Nuclear W Hydro
W Natural gas
B Coal
O Wood fuels
O Natural gas
B Coal
W Peat
B Peat
@ Net import of .
electricity Dail
O Hydro B Other fossil
M Other O Other

* Statistics Finland
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Security of Energy Supply (3/3)

» The feasibility of CHP will be supported by taking into
account the overall efficiency of the plants when distributing
Carbon Credits

» Attaching small scale CHP plants to the the electricity
network will be eased

 Emission trade is expected to enhance the secureness of
energy management by rising electricity's price and thus
supporting the feasibility of domestic (renewable) energy
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Biomass Resources and Feedstock Supply 1/3

Estimated potential for increase in bioenergy usage per application until 2015

60

50 3 Biofuels for transport sector

3 Condensing power production
40 at CHP plants

3 Condensing power production

- In separate plants
E 30 — Small-scale CHP
2 CHP in industry
20 3 CHP in district heating
10 [ Heating
o T
Business as Usual Accelerated measures
Present price level on fossil or higher price level
fuels, emission on fossil fuels

allowance 20 €/ton WT
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Biomass Resources and Feedstock Supply 2/3

Estimated potential for increase in bioenergy usage per feedstock until 2015

60 1 Peat
Drying or condensing flue gases
50 E— of wood residues
1 Traditional agrobiomass for
liquid biomass (cereals)
40 s 22
3 Energy crops from fields
<
E 30 A C—  Tradiotional agrobiomass
1 Recycled bioamss based fuels
20 | — |
—= Wood for heating
10 ﬁ E—= Forest chips from thinnings
0 , m—= Forest chips from

Business as Usual  Accelerated measures regenaration fellings

Present price level on fossil or higher price level
fuels, emission on fossil fuels
allowance 20 €/ton
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Biomass Resources and Feedstock Supply 3/3

 Some new calculations were recently released on peat
reserves that again stirred up the conversation about it's role
In Finland:
» There is 11 billion tons of peat in Finnish swamps
e 13 000 TWh of it could be used with present technology
(compare to North Sea oil reserve 9000 TWh)

» According to Vapo, this means that 2 % of the swamp-area
would be enough to satisfy 50 % of Finlands transportation fuel
demand for the next 50 years

* An extensive research programme has been organised to
better determine the emission balance of peat during it's
whole life cycle
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GHG Emissions

* During the Kioto period Finland has on average 70,5 million
tons of Carbon Credits in it's use per year
e This is 11 Mtons less than what is needed

 Finland prepares to purchase an amount of 10 Mtons of Carbon
Credits during the season 2008 - 2012

* This means a reduction need of about 9 Mtons per year

* The costs of reduction are high in the non-emission trade
sector (transportation, agriculture, etc.) where the possibilities
of cost-effective reductions are estimated to be only 1 Mton
per year

* This means that the overall need for reduction comes down to
8 million tons per year
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Development of a Sustainable Bioenergy Industry

* The baseline is that "increasing the use of wood energy can
not endanger the raw material availability of the wood
processing industry"

 The emphasis in the promotion of the use of agricultural
residues is on technologies where the need for raw material
transport is minimized

* The use of municipal waste derived biogas will be promoted
mainly with investment supports and by R&D funding
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Summary

* The report on "Liquid Biofuels in Finland" ended up
recommending 2 - 3 % share of renewable components in
transportation fuels by the end of 2010

* However, during the law making process the share was
Increased to 5,75 %

* Finland has agreed to commit with EU's aim of 20 % share of
bioenergy in total energy consumption

* Prime Minister Vanhanen estimated on Mar 2007, that Finland
could reach a level of 30 - 35 % share of bioenergy.

* Vanhanen also believed, that the aim of 10 % share for
biocomponents in transportation fuels is not enough for Finland

VITr
O
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TTALTAN PLAN

IEA - Bioenergy Gasification Task 33

Emanuele Scoditti

Department of Environment, Global Changes and Sustainable
Development

CR Casaccia, Via Anguillarese, 301 tel. +39 0630484042
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Biomass Resource

The interest of Italy toward the biomass exploitation is
justified by:

1. Italy imports over 80% of its primary energy needs, of which
about 15% as electrical energy:

2. presence of agricultural, agro-industrial and forest by-products
and residues, c.a. 24 Mt/a (d.m.), fo be disposed in ecological
way;

3. surplus of agricultural areas, destined to food cultivations, to be
utilized for energy cultivations;

4. abandoned agricultural land, c.a. 3 Mha, with high desertification
risk and Hydro-geological trouble;

5. necessity of maintenance for the forest patrimony, over 8 Mha;

6. high unemployment rate in the agricultural and mountainous
areas.

Brussels - Spring 2007 m





Biomass & Waste
Situation end 2005

I I IEA Bioenergy

Biomass N. Plants | Power MWe | Production
Type GWh
Electricity MSW 30 808.65 722 .5*
Production
Wood 22 338.59 1002.6*
Residues
Cogeneration MSW 26 352.90 1554.1*
Wood 21 205,90 1187,8*
Residues
Total RSV 56 1161.55 2619.7
Wood 43 544 .50 2337.2
* 2004 residues

(Source: GSE)
Brussels - Spring 2007

ENEDN






Biogas I I IEA Bioenergy

(Fonte: GSE)

Production E.E Biomass Source N. Plants Power MWe Production GWh
Landfill 148 217.175 956.0*
Sewage Sludge - - -
Animal Residues 5 2.539 6.3*
Wood Residues 3 4 368 2.4*
Cogeneration
Landfill 12 19.658 82.4*
Sewage Sludge 6 4714 1.2*
Animal Residues 9 4 304 12.2*
Wood Residues 7 31.115 109.7*
Total
Landfill 160 236.8 1052.3
Sewage Sludge 6 4.714 3.2
Animal Residues 14 6.51 25.7
(* 2004) Wood Residues 10 35.48 116.8

Brussels - Spring 2007 m





Biomassa, Biogas e RSU

Situation end 2005

I I IEA Bioenergy

Eletcricity Biomass N. Power MWe | Production
Production & Type Plants G6Wh
Cogeneration

MSW 56 1161.55 2619.7
Wood 43 544,50 2337.2
Residues
Biogas 180 283.90 1180.0
Total 232 1431.14 6137
(Source: GSE)

Brussels - Spring 2007
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Energy from Biomass

So far biomass, in particular wood products, covers
2-3% of national energy demand (about 3.5 Mtoe/a).

This biomass is mostly used for household uses and
for fuelling thermal and/or power plants.

> Biomass District Heating Plants 193.00 MW+th
> Biomass Power Plants 567.62 MWe
> Biogas power plants 267.90 MWe

Brussels - Spring 2007 m
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State of the Art

Bioenergy: the dynamic of the growth is still limited in spite of the
maturity of technologies .

The present trend does not allow to reach the fixed targets nor at
fossil fuel substitution, nor in ferms of greenhouse gas reduction.

Barriers:
O high investment costs , financing at high risk
Q Prices of electrical energy transfer not gainful

O Availability and reliability of the resource supply
d Cost of fuel variable and tending to the increasing
[ Authorizing iter too much long and uncertain

Q Legislative contest in continuous evolution ...

O Absence of biomass rows: demand - offer

O Absence of Agricultural - Industrial row

[ Social acceptability

Brussels - Spring 2007 m





IEA Bioenerg
National Objectives : The Challen!;el ;

RES Strategic Objectives - Country 2010
+ from 7.2% to 10% on total

» from 167% to 22% on electricity

+5.6% biofuel quota

From 5 Mtoe to 10 Mtoe from new RES (+100%)

Biomass + Wind + Solar PV and Thermodynamic

d a Y @

3.6 Mtoe 1.3 Mtoe 0.1 Mtoe

Brussels - Spring 2007 m
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Trend of renewables in Ttaly

500
400 /' _e_ Present |
X 300 trend
153 200 - 'tl)'ar'ge‘r white
00

1997 2001 2006 2010
Years
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National Objectives : The Challenge

Drastic solutions are necessary, and immediately.

A policy oriented toward four principal directions with
strong energy and environmental potential, is to be
adopted:

1. Improvement of the Energy efficiency in household
and industrial sectors

2. Development of renewable sources

3. Energy qualification of buildings

4. Mobility and sustainable transport

Brussels - Spring 2007 m





The Offer  Territorial Energy Districts I IS

Indicated by the Minister of the Productive Activities
as an efficient development strategy of RES:

Coupling in a proper and efficient way the sources and the
energy users in a specific territorial frame in the optic of
Distributed Generation.

ENEA's offer:

System design activities and management of Territorial
Energy Districts along with local bodies and regions, for:

dChoice of the best available technologies
dMake easier the authorization processes

Get the consensus for the realizations of plants

Brussels - Spring 2007 m





I I IEA Bioenergy

Main operative tools

« Law 120/2002 (ratification of Kyoto Protocol)

* Law Decree n. 387 del 29 December 2003, fulfillment of
EU directive 2001/77/CE on the promotion of the
electrical energy produced by renewable energy into the
electricity market

* Decree of the Ministry of the Environment and Territory
2/2/05 (accomplishment of forest programs)

+ EC Structural Funds (managed by Regions). presently a
programming frame for the period 2007 - 2012 is under
definition

Brussels - Spring 2007 m
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Main operative tools (contd)

0 Law Decree 128 of 3/5/05 for the accomplishment of the
directive 2003/30 for the promotion of biofuels or other
renewable fuels in the transport sector.

d Law n. 266/05 (financial plan 2006) introducing some new
elements in favour of the Bioenergy (mainly tax exemption for
district heating, woods safeguard, biodiesel quota, resources

for ethanol production and contracts for biomass
cultivation (20,000 t/a in 2007 of biodiesel).

Brussels - Spring 2007 m
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Main operative tools (contd)

Legislative Decree 81 of 11 March 2006 (art. 2-quater)
“interventions in the agro-energy sector":

impose to fuel producers to put on the market biofuels of
agricultural origin - object of a row agreement - in the
ratio of 1% of the biofuels put on the market in the
previous year.

Such percentage is increased of 1 point/year until 2010;

That means that Biofuels originated in Europe will be put
on the national market including those Biofuels that are
not tax exempt.

So far this norm has not been applied yet (the recent
financial plan will update this rule).

Brussels - Spring 2007 m
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Single Text on Environment

Legislative Decree 342006, n. 152 of the Ministry of
Environment and Territory.
“Single Text on Environment", regarding biomass it includes,
abrogating, the rules on waste and energy products also
contained in the Ronchi decree and in the DPCM "combustibles”
(and following integrations).

The mentioned L.D. foresees the issue of a series of

enforcement Decrees, among these the M.D. Productive
Activities 5/5/2006 regarding the individuation of waste
admitted among the renewable sources.

With a Communication published on 26.6.2006, the Ministry of
the Environment suspended the validity of almost all the Decrees
up to now issued; as a consequence the Single Text is now not
completely applicable.

Brussels - Spring 2007 m





I I IEA Bioenergy

ITALIAN PLAN

Waiting for new regulations coming in the next days......

Many Thanks

Emanuele Scoditti

Brussels - Spring 2007 m
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ECIN

Energy research Centre of the Netherlands

\

COUNTRY REPORT
the NETHERLANDS

Bram van der Drift
Brussels, 19 March 2007
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region effect now 2010 2020 2030 2050
NL RE 2.6% 5% 10%

NL RE (new 2007/2010 government) 2.6% 20%

NL RE in power 6.6% 9%

NL RE in transport 0% 5.75%

NL CO, reduction 6%

NL CO; (new 2007/2010 government) 30%

NL biomass 1.7% ¥ 2.5% % 30%

NL biomass for NG (GG) © 0% 20% ©

EU RE in power 22%

EU RE in transport 5.75% 10% 25%

EU RE 12.5% 26%

EU RE (new 2007) 20%

EU CO, reduction (new 2007) 20% 60-80%
RE: Renewable Energy

COy: CO, emission reduction with 1990 as reference

(1) Approximately 2.5% bio-energy is foreseen in the “Biomass Action Plan”.

(2) Kyoto, for period 2008-2012 with 1990 as reference, 50% may be from abroad.

(3) Of which 0.8% co-firing in coal power stations, 0.3% waste incineration plants.

4) Vision of PGG: Energy Transition Platform “Groene Grondstoffen”, this involves 60% biomass in transport, 25%

(5)

in chemistry/materials, 25% in power, and 17% in heat.

Vision within Energy Transition Platform “New Gas” by working group “Green Natural Gas” for substitution of

natural gas by green natural gas (biogas and SNG).

IEA/Task 33, Brussel, 19-21 March 2007

www.ecn.nl
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EXISTING GASIFIERS

“no new news”

\

« 85 MWth CFB co-firing, Essent

« ~30 MWe IGCC co-fing, NUON

« 1200 MWe IGCC plan, “Magnum”, NUON

e 3 MWth CFB, chicken manure, Tzum, HoSt

3 MWth TORBED, wood, Polow

* 900 kton/y Methanol from NG, change to glycerin
* JRC, Petten, lab-scale “FICFB”

5 IEA/Task 33, Brussel, 19-21 March 2007 www.ecn.nl
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LARGE-SCALE or SMALL-SCALE?
objectives versus availability

\

. NL target (E, T, Q, P)
y renewable energy

IN
I

NL biomass potential A T
(130-180 PJJy) ‘ ‘

*
*
*
*
*
*
*
*
*
*
*
*
>
*
>
*
*

Import

evitable
| | |

2000 2010 2020 2030

IEA/Task 33, Brussel, 19-21 March 2007
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LARGE-SCALE or SMALL-SCALE?

\

COsSts
35 2‘
. Q
30 B Conversion 8
§ O Pre-treatment o ~
> 25 - B Transport "aX O
Q < Ll
w, @ Biomass efO +
20 - O) o
2 ®
o
S 10
-§ I— — [ | -
a 5
0
50 250 1,800 4 100 8,500

Plant capacity [MW,, biomass input]

7 IEA/Task 33, Brussel, 19-21 March 2007 www.ecn.nl






\

Z ECN

LARGE-SCALE or SMALL-SCALE?
numbers

\

2030: ~900 PJ/y or ~15 GJ biomass capacity

Ve v et
Iy
Lr44se st

R R R R R RS
R R RN
R R R R R
IRERRERRRER

R R R R R RN
R R RN
R R R R R R RN
gl R 2 2 A
P44 2L 9000445
N R R R RS

R R R R
v ¢+
v
o
8000 MW, plants (commercial 600 MW, plants (commercial 50 MW, plants (commercial
GtL and CtL plants) IGCC, planned Choren plant) CFB, Choren b-plant)

IEA/Task 33, Brussel, 19-21 March 2007
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SNG: SUBSTITUTE NATURAL GAS

IEA/Task 33, Brussel, 19-21 March 2007 www.ecn.nl
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SNG FROM BIOMASS (1)

why?
3000 NG in the Netherlands \)\a( ‘ S
sources: CBS (history), . QOQ \6.\0\
WLO/2006 (projections) S \6 Qa\
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SNG FROM BIOMASS (2)
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SNG FROM BIOMASS (3)
why?

Jur

distribution of gas

CO,available for ez o &
storage, EOR, ... ficient and cheap
gas storage enables *
=<

whole year operation
4
cheap production ‘ -v
at large scale Ij . % -
. fooy
:';(‘

== hiomass import «
e _— /
ﬂ

.

AN

no local biomass tu
transport '

5~

natural gas

AR

= * ‘
easy to meet distributed use for
emission limits transport, heat,

A

high social
acceptance

electricity

mll  biomass

—— SNG (Substitute Natural Gas)

IEA/Task 33, Brussel, 19-21 March 2007
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SNG FROM BIOMASS (4) ,..n‘"" _.. iz
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SNG FROM BIOMASS (5)

development status

mﬁf |

further gas

cleaning |

IEA/Task 33, Brussel, 19-21 March 2007

synthesis

upgrading
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SNG FROM BIOMASS (6)
indirect gasification with MILENA I :frvcmét gas
* indirect gasifier
 developed for high efficient
SNG-production —P flue gas
e can be operated as
SilvaGas” and “Gussing” and oyrolysi //0
BFB in riser
« 25 kW available, 800 kW BER
under construction combustor

biomass

combustion air

carrier gas (steam, CO,)

15 IEA/Task 33, Brussel, 19-21 March 2007 www.ecn.nl
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SNG FROM BIOMASS (7)
Indirect gasification with MILENA

\

« 800 kWth pilot plant, ready
end 2007

e connected to existing gas
cleaning (cooler,
cyclone/filter, OLGA, water
scrubbers, ESP)

16 IEA/Task 33, Brussel, 19-21 March 2007 www.ecn.nl






~_EGIN
SNG FROM BIOMASS (8)

\

at ECN
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methanation
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SNG FROM BIOMASS (9)

18

\

"roadmap”

MW, biomass capacity
1000 —

full-scale
I SNG

100 — I R EE SNG
0 0 0
10 — M ?Ilgq/g §I:|(E mmm CHP+SNG
1 — wclallel &EIQIEQ EEEEERI SNG
0.1 —
lab-scale (ECN) SNG
0.01 —

IEA/Task 33, Brussel, 19-21 March 2007
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=
HEAT from BIOMASS
via SNG and other biomass alternatives
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SNG CHP pellet-stove
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OLGA TAR REMOVAL

DAHLINMAN
FILTER TECHNOLOGY
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OLGA TAR REMOVAL (1)
the tar problem

« fouling
« waste water problem
 catalyst deactivation

21 IEA/Task 33, Brussel, 19-21 March 2007 www.ecn.nl
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OLGA TAR REMOVAL (2)

development

2 nm3/h lab-scale
facility at ECN, 2002,

>1400 hours

2000 nm3/h plant
in France, 2006, 100 hours

DAHLIVIAN
FILTER TECHNOLOGY

A T —

"ZHOO nm3/h pilot facility at ECN, 2003, 900 hours

www.ecn.nl
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OLGA TAR REMOVAL (3)
the 4 MW,,, installation in France

flare - ‘_
l:' cyclone gasmer

N\

wine residue
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OLGA TAR REMOVAL (4)
the 4 MW, installation in France

\

Project details

 Moissannes in France

 Eneria is plant operator

« Dahlman is OLGA supplier

« ECN assisted design, start-up,
and operation

Key process data

e Saw dust and Wine residue

4 MW, fixed bed gasifier,

« 1.1 MW, gas engine

« OLGA removes fine dust + tar
e 100 hours of OLGA operation
« Performance according design
 Duration tests planned in 2007

24 IEA/Task 33, Brussel, 19-21 March 2007 www.ecn.nl
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TORREFACTION ...

Lo o S B R A Y -
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TORREFACTION (1)
why?

\

fact. coalis conventional
So. turn biomass into “coal” to make things easy

o
il

250 MW, coal IGCC,
Buggenum (NL) Geertruidenberg (NL)

26 IEA/Task 33, Brussel, 19-21 March 2007 www.ecn.nl
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TORREFACTION (2)

\

what is it?
gas temperature: 200-300 °C
biomass 0.3 TO.l solids pressure: near atmospheric
1 oot 0.7
» torretaction > absence of oxygen
1 0.9 &
product: solid phase (energy)
I 0.9 article size < 4 c¢m thickness
energy densification (E/kg): —— =1.3 ;
0.7
residence time 10 to 60 min
mass energy heating rate: <50 °C/min

27 IEA/Task 33, Brussel, 19-21 March 2007
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TORREFACTION (3)
the conversion

\

green biomass waste : :
L o friable and less fibrous

hydrophobic
preserved
homogeneous
19 to 22 MJ/kg (LHV, ar)
<5GJ/m?

750-850 kg/m?
15-20 GJ/m3

tough and fibrous

heterogeneous TOP fuel powder ' i
15 to 18 MJ/kg (LHV, ar) _ .'
<5GJm3

TOP fuel pellets

IEA/Task 33, Brussel, 19-21 March 2007 www.ecn.nl
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TORREFACTION (4)
easy grinding

\

100

30 = wood

| e torrefied wood

o
(@)
|

D
(@)
|

20

power consumption
[kWe/MWith]

00 02 04 06 08 1.0 1.2
average particle size after pulverisation [mm]

[ECN-reports: ECN-C-05-013, ECN-05-067, ECN-05-073]
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<4.7€IGJ

A 4

(co-)firing
coal-fired power stations
or entrained-flow gasifiers
North-West Europe

A

5.8 €/GJ

ZZ EC\
4 s \o ‘J\]
TORREFACTION (5)
economics
sawdust TOP process . logistics
(South Africa) /
0.7 £/GJ <2.0 €/GJ
2.0 €/GJ
Higher co-firing capacity
Lower capital investment
Higher co-firing flexibility
and availability
2.2 €/GJ
0.7 €/GJ conventional 2.9 €/GJ
sawdust > pelletisation > logistics
(South Africa)
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TORREFACTION (6)

at ECN
Air
ECN focus: Uity fuel
* high energy efficiency ‘ Flue gas
« heat integration ol ]
[ . .
pe”et (TOP) I.ntegratlon »  Combustion
° COmpaCt m0V|ng bed Torrefaction
gases
technology Gas
recycle
Torrefied
Biomass biomass
—_—> Drying Torrefaction l > Cooling p——»
AP
Flue gas
Heat exchange [«
Flue gas
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TORREFACTION (7)

“roadmap”
sation of pyrolysis products: no ash in oil as advantage for

\\
Ll
(@)

capac@ataIySt 5-10 kg/h 100 kg/h 20 kton/a 60-100 kton/a
1 1 1
Qreen Pr_oof_-of- Proof-of-concept P.rototype Technlcall Commeru_al
biomass principle (pilot-scale) demonstration demonstration
1 1 1
Time 2002 2003 2004 2005 2006 2007 2008 2009 2010
1 1 1
Waste Proaifs Proof-of-concept PO el
principle (pilot-scale) demonstration
Proof-of-concept Prototype (pilot-scale evaluation) Technical demonstration
+ Experimentally based process design * Pilot plant / prototype technology + Demonstration plant (semi-commercial)
+ Technology identification + Demonstration technical feasibility + Technical feasibility (refined design)
+ Knowledge base torrefaction * Process and product characterisation * Product applications (large scale)
+ Experimental infrastructure torrefaction + Economic evaluation full-scale (+/- 20%) + Economic evaluation full-scale (+/-10%)
+ Economic evaluation full-scale (+/- 30%) * Business plan(s) + Business plan(s)
+ Set-up pilot phase of development
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MORE INFORMATION

Bram van der Drift

e: vanderdrift@ecn.nl
t: +31 224 56 4515
w: www.ecn.nl

PO Box 1
NL 1755 ZG Petten
the Netherlands

publications: www.ecn.nl/library/main.html
composition database: www.phyllis.nl
tar dew point calculator: www.thersites.nl
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% New Zealand situation: in 2004 NZ consumer
energy demand was 515 PJ (MED, 2005).

Renewables, Coal, (40PJ)

Geothermal,
(15PJ) 3%





In 2004, NZ primary energy supply was 766 PJ
(MED 2005):

Other

Renewables,

(55PJ) 7% Coal, (92PJ)

12%

Geothermal,
(85PJ) 11%

Hydro, (97PJ)

13% Imported oll,

(258PJ) 34%

Gas, (161PJ)
21%

Domestic oll,
(18PJ) 2%






Based on 1995-2000 observed data (2.2%/y increase),
consumer energy demand is 613 PJ/y in 2012.

Based on 2000-2005 observed data (2.9%/y increase)
consumer energy demand is 648 PJ/y in 2012.

=+

A Energy (observed)
— Energy (predicted based on data 1995-2004)
— Energy (predicted based on data 2000-2004)
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New Zealand Energy Strategy to
2050

1 In december 2006, NZ Government issued a draft
document called “powering our future towards a
sustainable, low emissions energy system”.

1 It was prepared through a whole-of-government
orocess led by the Ministry of Economics
Development.

1 1t is linked with National Energy Efficiency and
Conservation Strategy (to maximise energy efficiency and
renewable energy in NZ); and Government Policies on

Climate Change (to move towards a low carbon stationary
energy supply and transition to greenhouse gas pricing in the
future).






NZ Energy Strategy to 2050 (Cont.)

1 Vision: A reliable and resilient system delivering NZ
sustainable, low emissions energy by:

— Providing clear direction on NZ future’s energy
system.

— Maintaining high levels of security and reliability at
competitive prices.

— Maximising energy efficiency and safeguarding
affordability, economic productivity.

— Maximising utilisation of renewable energy resources
available in NZ.

— Reducing greenhouse gas emissions.
— Promoting environmentally sustainable technologies.






Recommended Changes In
Primary Energy Supply

2005 2030 alternative scenario
Oil imported 35% 28%
Gas indigenous 20% 14% 0
Coal 13% 3% [ |2
Oil indigenous 3% 4%
Hydro 12% 15% \ 22%
Geothermal 12% 18%
Biomass 5% 5% c;u?
Wind 0.3% 5% 2
Biofuels 0 7% S
Wave power 0) 1%






Commercial Activities: Fluidyne

1 Gasifier training programme in Chile
— A small gasifier has been built in a sawmill.
— Doug Williams, the Director, IS going to train operators in
April - May 2007.
1 Was invited to the Advisory Group set up by BTG
In the Netherlands to oversee ‘Guidelines for the
Implementation of Gasifiers into EU’.

\\ 5 \*.‘

1 Providing support to a
gasification project in
California to convert wood
wastes to power and heat,

and to introduce its Atlantic

class gasifier into market.






Commercial Activities: Alternative
Energy Solution (AES)

1 AES is representative of Ankur to sell Ankur
gasification systems in NZ, Australia.

1 It concentrates on scales of 30kw-5.5Mw with

electricity generation modules.

1 It has ~20 submissions in the timber industry with
some carrying-out fuel survey and system design

prior to system acceptance.

1 Working with Ankur, AES has ¢
temperature gas conditioning fi

has passed prototype tests anc

eveloped a

nigh

ter (HTF) which

IS expectec

commercially released in July 2007.

to be






Commercial Activities: Page MaCrea
Engineering Ltd

e

- o A
P

1 1.7 MWth u

pdraft Saii—cidé'r'ln ap ywoOd miI'IkI-USing fuels:

=

— Plywood chip at 11% moisture content wet basis.
— Veneer trim (green woodwaste) at 45% MC.

— Debarker waste (mixture of bark and green woodwaste) at
42%MC.

2 Plan to build a ~ 8 MWth gasifier — in feasibility studies.






Progress of Biomass Gasification Iin
University of Canterbury

E \ s = Fast Internal Circulating

=i Fluidised Bed (FICFB)
gasification system has been
constructed and tested In
cold and hot conditions.

a1 On-line gas analysis, gas
sampling and scrubbing
system is developed and
Installed.

% A comprehensive safety
review has been conducted
and safeguards are
Implemented.

# Two master students has
graduated. Four new
postgraduate students are
working in this area.






An modified equilibrium model was developed
& comparison with Page McCrea Gasifier

Measured Model
Bed Temperature 560-625 600
Hydrogen (mol%o) 13 to 19 19
Methane (mol%o) 2 1
Carbon Monoxide (mol%o) 19 to 22 21
Carbon Dioxide (mol%o) 12 to 14 13
Nitrogen (mol%o) 4510 51 46
Total Water Content 30 to 50 28.9
(mol% wet basis)
Ratio of Fuel Moisture to 70.5%
Total Water in Product Gas
Ratio of Equilibrium Water to 29.5%
Total Water in Product Gas






Project 1 at CAPE, UC

1 Synthesis of liquid fuels (Fischer-Tropsch) from biomass
gasification producer gas, 9 bar, 250-400°C using catalyst
developed at this department.

8 Liquid high peak is is hexane, other peaks indicating higher
chain hydrocarbons or alcohols.
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Differences between different operating
temperatures






Project 2 at CAPE, UoC

i

g 4 Biomass Pyrolysis

L)

Experiment facility
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Norway — Bioenergy and biofuels
IEA Task 33 meeting, Bruxelles, March 19t 2007

Jon Hovland
Hydro Oil & Energy Research Centre Porsgrunn / New Energy
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Outline

e Energy production and supply in Norway
e Renergi — The Norwegian Research Council programme
e Biorefinery concept, Paper and Fiber Institute ...

e BTL feasibility study; Hydro / Norske Skog

Date: 2004-01-16 « Page: 2





Energy production in Norway

e 98.9 of power production is hydroelectrical
Production and consumption nearly equal
In general some export i summer
Some import in winter

We used to have surplus
3 gas-fired power stations are under construction to meet increasing demands

e Approx 90 % of oil and gas production is exported

e Bioenergy has so far mostly been household use of fuel wood

Date: 2004-01-16 « Page: 3





Oil & gas production in Norway

300

ONGL

| ECondensate
O Gas
| mOil

Norway:

No.7 producer

in the world

150 No.3 exporter

Approx 90% of oil &
gas is exported

Mill tonnes oil equ.

100

50 -

1975 1980 1985 1990 1995 2000 2005

Source: Norwegian Petroleum Directorate
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Energy source in Norwegian households

kKWh/yr
35000
30000
25000
20000
15000
10000
0
5000 Approx 50% of fl_ats
J have no alternative
0 ;l {0 electricity
Farm Single Row Flats
houses houses houses
Total Elektrisitet Olje og Ved, kull
energi parafin og koks
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Norway — member of EEA

e The European Economic Area — EEA
EU and Norway, Iceland, and Liechtenstein

e Agriculture and fisheries are not covered by EEA agreement

e On Climate Change policy Norway is on most issues aligned with EU

The recent, March 9th, EU agreement on climate policy has strong support in
Norway, but as yet no formal commitment by Government.

Date: 2004-01-16 « Page: 6





The Norwegian Research Council
RENERGI — 2006 budget 17 mill €

wind energy

10 % Bioenergy
22 %

Solar
electricity Biofuel
34 % 20 %
Ocean
Solar heat energy
3 % 11 %

Date: 2004-01-16 « Page: 7
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Hydro participates in:

e Carbon Capture

e Hydrogen for cars
HyNor — the hydrogen road of Norway
Oslo to Stavanger, 5 stations
Scandinavian Hydrogen Highway Partnership
Filling stations in:
Berlin — Clean Energy Partnership
lceland
Production of electrolysers for H,

Date: 2004-01-16 « Page: 11

' HyNor,

Hydrogenvelen | Morge

2457 Norske skog (\U

RAYDRA



http://www.co2captureproject.org/
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RE Targets and Role of Bioenergy and Biofuels

INn Sweden

Lars Waldheim
TPS Termiska Processer AB
Nykoping, Sweden
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Ancient History

1960° s Nuclear reactor program
1974 OQil crisis

1979 Referendum recommending phase-out
of nuclear power from 1996 to 2010

1981 The last of the 12 reactors in operation
1986 Chernobyl
1992 Environmental taxes, CO2, NOx, SOx

1996 Deregulation of electrical system,
nordic grid interconnection

tps





Energy Supply
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End user fuel prices

1 ore= 0.001 €

150
Value-added tax 2005

LS Tax Domestic Transport
120 W] Fuel Price
105
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Industry






Sweden’s energy policy

“Sweden’s energy policy, in both the short and the

long term, is to safeguard the supply of electricity

and other forms of energy on terms that are competitive
with the rest of the world.

It 1s intended to create the right conditions for

efficient use of energy and a cost efficient Swedish
supply of energy, with minimum adverse effect on

health, the environment or climate, and assisting the move
Towards an ecologically sustainable society.”

First taken by parliament in 1997, re-taken 2002

tps





Recent History

1998-2006 Minority Labour government supported
by Green and Left party
2002 - Shift taxes to energy, emissions etc. from labour
- Tax exemptions for RE transport fuels until 2008

2003 RE certificate trading initiated 2003

- Biofuels for transport directive
- Increase in WtE plants being built and planned

2004 Barseback 1 shut-down
2005 ETS trading implemented

“Green” tax-shift
30% increase on NG taxes,
65 kr/ton increase on landfill taxes+ CO2 tax on fossil part
Increased tax on nuclear power

Shut-down of Barseback 2
First NG power plants being contracted

tps





Pool Price Electric Sector
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Electric Balance
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RE Power Quotas

20
179 179 179
18 17.0 + 17 TWH
16.1
L 16.3 15.6
14 151
12 11.1
© 12.6 +10 TWH 0.4
L 104 .
: 8.9 .
8 9.7
8.1
6 4~
Quota percentages
4
2
0 | | | | | | | | | | | | | |
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Wind power

Planning Allocation and Permit Target 10 000 GWh in 2015
(i.e. planned and approved by municipalities but not built or in operation)

Number of wind power units

Electricity production (GWh)

Installed capacity (MW)

P 10 11 1 T TTT
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Green certificates
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16000 |

13000 T18000.

T12000.

Taooo.0

‘ T4o00.0

, 1 . 1 , 1 I |
03.03.04 12.09.05 15.03.07

2007-04-11-11

tps





Fuel Use Electric Sector
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Fuel Use District heating
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Fuel Use Industry
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TWh

Pellets

Supply to the Swedish market excl. private h%:a/
.
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Energy Use Transport Sector
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Energy Use Transport Sector
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Recent History

2005  ETS trading implemented

“Green” tax-shift
e 30% increase on NG taxes

e 65 kr/ton increase on landfill taxes+ CO2 tax on fossil
part

* Increased tax on nuclear power
Shut-down of Barseback 2
Further phase-out of nuclear energy > 2010
First NG power plants being contracted

tps





Emmission certificates

Spot and futrures to DECO07 1€/tonne
Futures > JANOS approx. 15 €/tonne

A

DECO06 futures

2005-02-11 2005-06-30 2005-12-30 2006-06-30 2006-09-29
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2006

Q4 2006

Modern History

RE Certificate system extended to 2030

Energy R&DD budget 2006 — 2008, ~90 M € / year
with more focus on products and impact than on
basic research. The R&D programmes on biomass
declared to be pursued into the demo phase
Report by the high level stakeholder commission on
the substitution of the oil consumption in 2020

New coalition goverment lead by Conservative
party also including the Liberal, Center and
Christian Democratic Parties.

New budget without (yet?) any major policy
changes with regard to energy tps





The OIl Substitution Commission

Pa vag mot ett oljefritt Sverige

- Chaired by the PM, but with
high level industrial particiapation
e.g. CEO of Volvo

* The report was issued for
. the normal consultation/review

! ¥ A new sustainability commission
| 1s being formed by the new
government possibly inclunding
commissioner M Wallstrom

tps
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The OIl Substitution Commission

-Make the energy usage 20% more effective to 2020
- Heating of buildings without fossil fuel in 2020

- The terrestial transport system should by 2020 reduce its
usage of fossil fuels by 40-50%

- more efficient vehicles

- more efficient transports

- 12-14 TWh biofuels to be rpoduced in Sweden 2020

-The industrial use of oil should be reduced by 25-40%
-Change for biofuels
- more effeicient bprocesses and energy usage

tps





The OIl Substitution Commission

TWh 2005 2020 2050
Forest fuel 20 42 52
Industrial by-products (ext.) 16 22 35
Industrial by-products (int) 19 20 25
Liqours etc. =4 45 45
Waste, peat misc. 8 15 31
Agrofuels 1 10 32
Others, imports 1 2
Residential 11 16 20
District heating 20 26 36
Power 18 22 34
Forest indutry (int.) 57 59 65
Trasnports 2 26 33
Other, exports 1 5 10
-Totals 108 154 228

2007-04-11 - 23 tps





The Oills Substitution Commission

2005 2020 2050
Agricultural land 32 156 km2
Used for energy km?2 TWh 800 0,5 1600 2 4000 11

Set aside km?2 TWh 32000 3200 4 3200 11
No longerinuse km2 TWh 40000 4000 2 4000 12
Agrowastes etc. TWh 0.5 = 11

Forest land 230 000 km2

Produktion TWh 94 94 94
Productivity increase TWh 0 23 30
Intensive forestry km2  TWh 0O O 2000 2 11500 27
Other, waste, peat imports TWh 13 23 33
-Totals TWh 108 154 228

2007-04-11 - 24 tps





Government Policy 2006

National
- break the connection between economic growth and
greater use of energy and raw materials
« ambitious environmental and climate targets, clear plans of action.
e taxation to make the taxpayers’ act environmentally responsibly
* energy conservation measures in industry and residential buildings
* incentive for environmentally benign vehicles and public transports
« expansion of combined heat and power generation.
* special funding for development/acceleration of the planning
process for wind power 1nstallations.
* support for climate investments will be increased,
particularly for biobased motor fuels
e targets in converting research results into commercial products
and services should be raised.
. SEK 1000 million will be invested in climate research tpS





Government Policy 2006
Negative policies
* no decisions on phase-out of nuclear reactors in 2006-2010

* the ban on constructing new reactors will remain in force
* the transfer to green taxation will be suspended

International
- Sweden will press for clear targets for reduction in
the use of fossil energy to be set within the EU,
and will actively assist reaching these joint targets.
* proposals for harmonisation with the EU
Energy Taxation Directive will be published
 the EU Emissions Trading Scheme should be expanded
(parties, substances), efforts to bring more countries into the system.
» The Kyoto Protocol should be extended as soon as possible.e.
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Energy R&D Funding
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1994

Conclusions

National policy based on environmental taxation main

driver from oil, and later fossil fuel to RE complemented with

investment grants.

Nuclear phase-out gave promotion for CHP and grid
iInterconnections but low economic incentives because
nuclear-hydro based low cost system before green
certificate trading started in 2003

1994-2006 Sweden member of EU. Increasing harmonisation with

2006-

2007-04-11 - 28

the EU policy in particular within the industrial sector,
but a pushing member for higher committments

Strong interest over political barriers in expanding
biomass usage and promoting more challenging goals
within the EU and national policies within the EU
framework
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The Varnamo Plant after Rebuilding

FLARE
oy GASIFIER
INPUT _ -
0 OXYGEN
STEAM
R —
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OXYGEN—— ! 1
g
\RT | | HYDRO
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( ) GAS COOLER TR
TO FUEL
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PLANT
STEAM
ATk i TURBINE
e L ]
f ] [ | Pilot Plant
W Y after Rebuild
HEAT RECOVERY DISTRICT
STEAM GENERATOR HEATING
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Work Plan - VVBGC Varnamo
Existing plant path

Completed Completed I, Completed II, 111 Planned
Oct.’05 Sep.’06 Nov.’06 May-Oct. *07
Status Status Review | | Hot Tests I- I11 :
Review Actions prior to rebuild Plant rebuild path
Planned Planned
Nov. "07- "09-
Rebuild & Hot Test
. Construction Commissioning || Program
Plant design path
Planned
Conceptual Basic Det. Eng./ Jan.’09
Engineering Engineering Procurement
Completed Completed Initiated
Nov. 2005 May. 2006 Nov. 2006
CHRISGAS

green fuel®






Vaxjo Varnamo Biomass
Gasification Center, VVBGC

* Non-profit making project-
based public company

» Large-scale test platform

» Biomass gasification centre on
an European scale

» At present 8 employees, an
additional 5-7 people on
contract

| « Several have past work
experience in the plant

» Recruitment plans for yet an
handful in 2007
CHRISGAS

green fuel»





VVBGC-New DCS ABB Freelance

ta

' |
__ Oversikt | Forgasare | ]7#171717171—%
__ Skydd | Bransle/Badd| B l—ﬁﬁﬁ!— _ Borvarde |

CHRISGAS

green fuel»
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VVBGC- Hot Test |

Recommissioning/commissioning  « Gas turbine on diesel oil
program completed in Autumn 2006 « HRSG at 40 Bar
e Commissioning of the new DCS

* 50 hours of operation in 2006
power generated 130 MWh

» Gasifier hot water and steam
tracing

 Air bleed from gas turbine to
gasifier

» Gasifier heating, pressure
testing at hot conditions

CHRISGAS

green fuel»
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VVBGC-Hot Test | & Il

Recommissioning/commissioning . start from Test 1 status

program planned for 2007 - Feed system with fuel

 Start-up burners

* Bed material feeding

e Combustion mode

» Gasification mode

« Sampling and analyses

* CHRISGAS R&D partner
opportunity to dirty hands

* Integrated operation ?

CHRISGAS

green fuel®





VVBGC - Cost for Construction & Op. Phase

Cost for Construction & Operation Phase

- Re-construction 182

- Commissioning and CHRISGAS Test Program 96

- VVBGC organisation 12

- Total 290 MSEK
32 M€

CHRISGAS

green fuel®





Tomorrow

CHRISGAS

2007-04-11 - 36 green fuel»





VVBGC- Financing of Construction & Op. Phase

Financing of Construction & Operation Phase
- STEM application May 2006 250 MSEK

- STEM allocation 2006-11-09 182 MSEK

but conditional on industrial commitment as minority
ownership and steering of VVBGC, exploitation of results +

- Industrial co-funding 68 MSEK
- Balance of previous STEM financing 20 MSEK
- From EC via CHRISGAS 20 MSEK
- Total 290 MSEK

CHRISGAS

green fuel®





Biomass to SNG

(= Giteborg Energi ‘m‘_

cnz- Pressurd
hoostine

Plan: 100 MW output Plant

Status: On-going Studies
Target: in operation 2012

Other gas industries study other R&D
posibilities and projects incl. Varnamo
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DP-1 Plant at ETC, Pitea
 BLG R&D Centre

 BLG Program
130 MSEK ( 14 M€)

from STEM, paper and pulp
industry, Vattenfall

Chalmers and Lulea

Technical Universities
— Reaction kin., CFD modell.
— Inorganic chemistry

— Designs and Construction matrls.
— Non-process elements

tps





Pressurised Reactor, Development Plant 1

Location: Kappa Kraftliner, Pitea

Capacity: 20 tDS/day Reactor under manufacturing, Nov. 2003
(3 MW,,), 30 bar '

Start-up: May 2005
Operating Data:

1500 hours accumulated,
pressure up to 29 bar

BLG R&D Centre

FP6 IP RENEW: b )

Study of DME plant at ; ' éopyright ® Chemrec AB,
Morrum pulp mill of z : 2003 ‘
50000 tonnes/year

tps





Development Plant 1 Op. Data

Hours March- 07 Update: Accumulated Operating time DP-1
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Federal Office of Energy

Biomass Utilisation in Switzerland:
Strategies and R&D Program

Ruedi Buhler, U+E

IEA Biomass Gasification, Meeting Brussels, 19-03- 2007

O e Significance of Biomass for
Federal Office of Energy Energy PrOduction

Biomass contribution: 5% to energy consumption

Wood contribution: 2.5%

Swiss Energy policy: Increase Biomass / wood contribution by
10%

Actual priorities of the Federal Government for energy from

wood
Maximum utilisation (limited resource)

\

1. Heat application
2. Heat + Power
3. Transportation fuel (SNG, Bio-Diesel etc.).

IEA Biomass Gasification, Meeting Brussels, 19-03- 2007
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Biomass Potential

120
100
80
q‘
s 60
20
0 N =
clean energy grass harvest & demolition  biogneous
wood crops land . residues, e wood waste
& o> manure & 3
<& '\"Z'Qb & ® <
& & &
§ & S
& & ?
& Total
m theroretical [PJ] 334
m practical [PJ] 126 10-15%
1 utilised 2005 [PJ] 53 5%
IEA Biomass Gasification, Meeting Brussels, 19-03- 2007
Conedrsions iz Strategy for energetic utilisation of
Federal Office of Energy b i o m ass

Federal Office of Energy, 2007

Basic principles
priority to utilisation with the highest substitution of fossil fuels
(economy of recources)

high efficiency with minimal emissions
high exergy
close cycle of matter

IEA Biomass Gasification, Meeting Brussels, 19-03- 2007





© Strategy for energetic utilisation of
Federal Office of Energy b i o m ass

Objective:
Answers to
— which biomass for which conversion technology?
— which utilisable potential?
— which technology has the highest chance for success?
— which products? (heat, electricity, transportation fuel)
— synergies with other biomass utilisation?
— research needs?
— existing barriers?
how to overcome?

IEA Biomass Gasification, Meeting Brussels, 19-03- 2007

© | Strategy for energetic utilisation of
Federal Office of Energy b i o m ass

Approval planned for December 2007
— detailed strategies
— plan of actions

v politics

v research

v industry.

IEA Biomass Gasification, Meeting Brussels, 19-03- 2007
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Current Activities in Focus Area 1:
Feedstock Handling, Preprocessing, and
Gasification

Don J. Stevens, PNNL

Thermochemical Conversion
Roadmap Workshop
January 9, 2007





U.S. Department of Energy
Energy Efficiency and Renewable Energy

OBP Thermochemical Platform

Work Breakdown Structure

3.0
Thermochemical Platform
| | : | |
3.1 3.2 3.3 3.4
Feedstock - Themochemical Themochemical Themochemical
Themochemical Processing Core Processing Fundamentals and
Platform Interface R&D Integration Core New Concepts
R&D
3.1.1 Feedstock g;;ﬁ?;?irgsss 341
Variability 3.3.1 " :
Thermochemical gge:;rg?\lchecrlmcal
: 3.2.2 Biomass Processing X ceas
3.1.2 Processing Pyrolysis Integration
Interface
3.2.3 Black Liquor 3.3.2 Integration
Gasification with Products

3.2.4 Hydrothermal
Gasification

3.2.5 Synthesis Gas
Clean-up &
Conditioning
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4/ Energy Efficiency and Renewable Energy

OBP Thermochemical Platform

Work Breakdown Structure

3.0

Thermochemical Platform

3.1
Feedstock -
Themochemical
Platform Interface

3.2
Themochemical
Processing Core

R&D

3.2.1 Biomass
Gasification

3.1.1 Feedstock
Variability

3.1.2 Processing
Interface

3.2.2 Biomass
Pyrolysis

3.2.3 Black Liquor
Gasification

3.3
Themochemical
Processing
Integration Core
R&D

3.4
Themochemical
Fundamentals and
New Concepts

3.3.1
Thermochemical
Processing
Integration

341
Thermochemical
30x30 Needs

3.3.2 Integration
with Products

3.2.4 Hydrothermal
Gasification

3.2.5 Synthesis Gas
Clean-up &
Conditioning

Focus Group 1
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USDOE OBP Thermochemical

l}l:&AM 155 dlh&ghcuwu

Brief Description of Main Barrier Addressing (level 3) | FYO7 Funding $

Activities (level 2)

Feedstock Interface (3.1) | Feedstock Variability (3.1.1) 350k*
Processing Interface (3.1.2)

Thermochemical Biomass Gasification (3.2.1) 1800k

Processing Core R&D

(3.2)
Biomass Pyrolysis (3.2.2) 1350k
Black Liquor Gasification (3.2.3) 0
Hydrothermal Gasification (3.2.4) 440k
Synthesis Gas Clean-up & 4450k
Conditioning (3.2.5)






U.S. Department of Energy

Feedstock Activities (3.1)

l}l:&AM 155 dlh&ghcuwu

* Developing an understanding of the
feedstocks available for gasification

— Feedstock variability and availability
» Material particle size
 BTU content
* Moisture content
— Correlating handling and “insertion” behavior
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nergy Efficiency and Renewable Energy

Biomass Gasification (3.2.1)

l}l:&AM 155 dlh&ghcuwu

« Developing a better
understanding of gasifiying
various feedstocks

— Gasification of various high-lignin and
herbaceous species

— Parametric gasification studies,
development of fundamental kinetic
models

— Provides data for “design case”
analyses
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o) B Hydrothermal Gasification (3.2.4)

l}l:&AM 155 dlh&ghcuwu

e Developing an
understanding of
gasifying wet, off-spec
biomass

— Effectively gasify wet biomass
feedstocks such as fermentation
residues or sludge

— Industry-led CRADA
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3@ !\: f Energy Efficiency and Renewable Energy F O C u S Are a 1 :

Feedstocks and Gasification

Objective: ldentify an R&D plan to deploy cost-effective

Integrated biomass gasification/fuel synthesis
technologies

Questions to consider for 2012 target:

What are the scientific challenges that need to be met?

What technical barriers must be overcome for the
challenges identified?

What R&D needs to occur to overcome the barriers
identified?

What milestones and targets need to be met on the
path identified to meet the goal by 20127

What is the threshold of investment for the outlined
R&D path to be?





Focus Area 1:

Feedstocks and Gasification

Objective: ldentify an R&D plan to deploy
cost-effective integrated biomass
gasification/fuel synthesis technologies

Questions to consider for 2030:
 Fundamental research needs?

* Process engineering improvements?

* Process intensification?

o Capital intensity reduction — scale issues?





