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Energy Technology

IEA Bioenergy
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on 13t May 2009

Country Report of Austria

Dr. Reinhard Rauch
Vienna, University of Technology





Overview

Institute of Chemical
Engineering

Working group: Zero Emission
Energy Technology

 Research groups:

Graz University of Technology — Institute of Thermal Engineering

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

Joanneum Research Graz - Department of Energy Research
Vienna, University of Technology, Institute of Chemical Engineering
FJ-BLT Wieselburg (HBLFA)

Bioenergy 2020+ (merge of Austrian Bioenergy Centre and
Renet Austria)

* Implementation:

Biomass CHP Gussing
 BioSNG Demonstration
e Lab scale FT synthesis

Pyrotherm CHP Gussing
Biomass CHP Oberwart





Institute of Chemical
Engineering

Implementations

Working group: Zero Emission
Energy Technology

Owner Type, Capacity Biomass feed Status

Biomassekraftwerk

Gussing GmbH &CO FICFB, 2 MW, wood chips in operation
KG
BioSNG Methanation, Prqduct gas from in
: biomass CHP T
Demonstration IMWqy = commissioning
Gussing
Pyrotherm Kraftwerk : :
Gilssing GmbH Pyroforce, 350kW,, waste wood in operation
Energie Oberwart FICFB, 2.7 MW wood chips In operation






Institute of Chemical
Engineering

Biomass CHP Gissing

Working group: Zero Emission
Energy Technology

SNG-demonstration Biomass gasification

\

Catalytic cracking

A SNG-lab scale § FT— liquid fuels (&%






Institute of Chemical
Engineering

TeChnlkum GUSS|ng Working group: Zero Emission

Energy Technology






Institute of Chemical
Engineering

TeChnlkum GUSS|ng Working group: Zero Emission

Energy Technology

SNG-demonstration | Laboratory

Product gas pipe
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Natural Resources Canada

Karlsruhe, Germany May, 2009
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Current BMG Projects in Canada

In Operation

= Nexterra, Tolko (Heat for Dry Kiln)
= Commissioning

= Enerkem, Westbury Demonstration
= Plasco, Ottawa

Planning

= Nexterra

= Province of Alberta

Many small-scale developments
= Everything from pathogen destruction to residential systems

CanmetENERGY

Leadership in ecolnnovation
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Natural Resources Ressources naturelles Cana a
Canada Canada






Tolko Industries Heffley Creek

= $7 MM 13 MWth Plywood
Heating Plant

— == . Annual Savings: $1.5 MM
JOL KO R

INDUSTRIES LTED.






w A leader :
"!ﬁ\, ' e in the development and production

“ & of second generation biofuels

Westbury Plant

@ Will produce 1.3 million gallons of ethanol per year from
treated wood (decommissioned power poles)

@ First plant to use negative-cost materials that are usually
land-filled

@ Conditioned syngas island’s commissioning

@ Ethanol production to follow in 2009 with hook-up of
sequential catalytic conversion islands

@ Plant’s second phase expansion will include residues
from pulp and paper mills as well as municipal solid
waste

( \ Confidential © Enerkem 2008. All rights reserved.

2, Enerkem

Gasifier and Gas Conditoning
Equipment - August 2008






Plasco - Ottawa

-Syngas from MSW for power generation
-Fixed bed gasifier (600 C)

-30,000 t/ly demo being commissioned (Ottawa)
-SDTC Support

-Plans for plant in Red Deer, Alberta






Nexterra: Technology Overview

Syngas exits at 500
to 700°F

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

“syngas’

Ash removed by
automatic ash grate

F oyl Sy SR o il

Wood fuel
3-inch minus
6 — 60% moisture

CanmetENERGY

Leadership in ecolnnovation
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Next Generation of Biomass Power

NEXTERRA SCOPE OF SUPPLY GE JENBACHER

700 — 800F Conditioned
Syngas Syngas

10 —60% MC 10 - 20% MC
Bark Bark

y 1 g
: R o i I

) \l;l'ar Cracktr
Biomass  pye| Storage Gasifier : Precoat Internal

Dryer - : k . Combustioné
ry Bin Eg ZEF  riter | Combustion |

= Small-scale, distributed power <10 MWe
= Highly efficient — up to 60% for cogeneration

= Nexterra proprietary syngas conditioning technology
= 2 MWe Demonstration Plant Being Planned — Fall 2009

CanmetENERGY

Leadership in ecolnnovation
*
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=

University of South Carolina
= $25M Cogeneration System
= 1.4 MWe

Caiv sty o [P s - Annual Savings: $2 - 3 MM/yr
SOUTH(AROLINA. . _ .

e
S S —
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DOCKSIDE GREEN & nexterra 11

Confoentsl — Mot for distribution
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v
GrE -

=5 == SHiEE = S —— Dockside Green (Victoria BC)

MER : = LEED Platinum Development
it i ﬁ = 2 MWth District Heating Plant
DOCKSIDE GREENE = j = Savings Potential: $700k/yr






U.S. Dept. of Energy: Oak Ridge

:::::::
-

Oak Ridge National Labs (TN)
= 60,000 Ibs/hr steam system
= Annual Savings: $4.0 MM

Bl

Canada





Kruger Tissue Mill (BC)
= 40,000 Ib/hr steam

= Direct-firing boiler

= Savings: $2.8 MM/yr

Nl
........

Matural Resources

Ok NS S a Canada

I*"" Natural Fiesohr'fes Ressources nature
Canada Canada





Q + $15 MM Central Heating Plant
BRITISH . "LiViﬂg lab” for education/R&D

« GHG Reduction: 4,000 tpy






Province of Alberta: BMG Projects

= Three large BMG (>$100M) announced.:
= Otoka Energy (Energy Products of Idaho)
= Millar Western (Taylor Biomass Energy)
= Edmonton EWMC (Enerkem + GreenField Ethanol)

CanmetENERGY

Leadership in ecolnnovation
1+l
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Research Activities

Canadi

FP Innovations/Paprican + CanmetENERGY

= Dual fluidized bed gasification of pulp mills residues (6 tpd pilot)
University of Saskatchewan/Sask. Research Centre

= Fundamental and F-T research

= Interest in large-scale demo
University of British Columbia

= Re-activation of pressurized CFB gasifier (76 mm ID)
Lakehead University + CanmetENERGY

= Air-blown bubbling fluid bed (100 KWth) — co-firing potential — bed
material effects on tar formation

University of Northern British Columbia

= Nexterra Heating Plant / Research Facility
Nexterra Kamloops PDU

= Lime Kiln applications

CanmetENERGY

Leadership in ecolnnovation
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DANISH ENERGY AUTHORITY

Danish Follow-up Programme for
Solid Biomass CHP Plants

Contry Report
Denmark

Karlsruhe may 2009

Henrik Flyver Christiansen
Danish Energy Agency

Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen





‘; Danish Follow-up Programme for
11 Solid Biomass CHP Plants

QN

Change in Polic:

Medio 2009:

Feed in tarif 10 Euro cents/kWh
Geen growth.
DK have to be 100 % RE

End of 2009 — COP15 in Copenhagen

DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen
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Danish Follow-up Programme for
Solid Biomass CHP Plants

Skive Gasification plant.
Wood pellets ~5 MW,

= DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen
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Danish Follow-up Programme for
Solid Biomass CHP Plants

DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen
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Osnmpe
2007 Noise from Flare

2008 Noise from Boiler

Danish Follow-up Programme for
Solid Biomass CHP Plants

2009

Long run at "2 load
Engine 1 — 1130 hours
Engine 2 — 737 hours
Engine 3 — 126 hours

----- DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen
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@ DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen
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Danish Follow-up Programme for
Solid Biomass CHP Plants

Grasted. Demo plant
 Two step down
draft Gasifier.
» Wood chips 85 kW,
e Included dryer

2006 — 375 engine hour

2007 - Rebuild
1200 Engine hours

2008 - 2200 Engine hours

2009 — 2600 Engine hours
Rebuild for pellets

Scale up — 300 kW.

=" DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen
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Danish Follow-up Programme for

A | i i
y11 ) Solid Biomass CHP Plants
%enmpet
Weiss Project 6 * Viking =150 kWel or — 400 kW
Fuel
et )
ess’ Power = 35 % Heat = 65 %
o;' Drying with superheated steam
M =
High temperature pyrolysis
- - - | 500°C
®-
ﬁ Pal'tlal
oxidation
> 1000°C
Cooling and gas cleaning Gasification
| soo'c |
Airl i vr
Condensate Particles DH Air preheat ngﬁm

= DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen





@O s,

Osnmpet

2007
Construction
Modification

2008
Cold test
Hot test — flare
50 kW test
Power > 32 %
on 150 kWel

2009
250 hours
Modification

Danish Follow-up Programme for
Solid Biomass CHP Plants

New project:
200 kW
500 kW

= DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen





Gjal.

 Demo plant

 Two step down
draft Gasifier.

 Wood chips 2 MW,

Construction
EU Project end 31/8 2007

Danish Follow-up Programme for

Solid Blomass CHP Plants |

Energy Supply Bloenergy Cv Ing. Henrik Flyver Christiansen
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Danish Follow-up Programme for
Solid Biomass CHP Plants

.. TK-Enrg
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‘i‘" DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen
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Danish Follow-up Programme for
Solid Biomass CHP Plants

Amongas
Twin bed
Research plant.

== DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen





Danish Follow-up Programme for
Solid Biomass CHP Plants

Enviroburner

Moving Grade based
on Straw burners.

SynGas is burned
in steam boiler

Steam Engine on
Deutz diesel engine

@ DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen
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Danish Follow-up Programme for
Solid Biomass CHP Plants

LT-CFB ad on Gasification pilot plant. 500 kW,

input
Straw, Wood and waste A

= DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen





‘fﬂ%"’ Danish Follow-up Programme for
. Solid Biomass CHP Plants

y-1 1 |
OENMP&""“

LT-CFB at DTU

 Pilot plant — 500 kW
 Low Temp. - CFB.
* Wood, straw and Waste

Scale up 5 MW
Slurry fibre

i \ \
, Dried pig manure 1 "
= DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen






“l” DANISH ENERGY AUTHORITY

Danish Follow-up Programme for
Solid Biomass CHP Plants

Harbogre
Gasification plant 1,3 MW,
Wood chips

Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen





Danish Follow-up Programme for
Solid Biomass CHP Plants

Osnmpet

Harboore 2005

stop, Wood Tar

% ntot, monthly hours
% nel, Power con/pro, start/

S L e D DN & N ©
& ¢ & &N

S 2
QGQ o\{~ & 600

—a— % Operation hours —e— Total efficiency ¥ ——Power efficiency
—x— % Power con/pro "No. start/stop —eo—Wood Tar

Hours og operation: 7619 and gasifier 8200

= DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen
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Danish Follow-up Programme for
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Harbogre 2006
=
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N & X
—u— % Operation hours —e— Total efficiency ¥ ——Power efficiency
—x— % Power con/pro "No. start/stop —e—Wood Tar

Hours og operation: 7947 and gasifier 8146

DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen





o°F -

-.. Danish Follow-up Programme for

11 Solid Biomass CHP Plants
enmpet
Harbogre 2007
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—— % Operation hours —¢— Total efficiency —A— Power efficiency
—*%— % Power con/pro "No. start/stop —o— Wood Tar

Hours og operation: 6095 and gasifier 8301

DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen
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Danish Follow-up Programme for
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y 1 1 | Solid Biomass CHP Plants
et
Harbogre 2008 _
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—— % Operation hours —¢— Total efficiency —~— Power efficiency
—*%— % Power con/pro "No. start/stop —0— Wood Tar

Hours og operation: 6103 and gasifier 8329

DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen





From Centralized to Decentralized CHP

Centralized production in the mid 80’s Decentralized production of today

e Decentralized CHP
* Centralized CHP
» Wind mill park

AL ARCRC RSN RN OO LM T AL G O,
R DRGSR ATTE, BCET & WAk TR LS TR SE R B
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Wood chips
feeding
system

Air——p
Wood gas

District heating

Flue gas—p»>

=~ DANISH ENERGY AUTHORITY

Danish Follow-up Programme for

Solid Biomass CHP Plants

Stirling.dk

Y
— Burner Economizer
K
Furnace
Updraft )
gasifier
< Stack
Air preheater
Stirling
engine

recirculation

i€ Flue gas

Powerv

Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen
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-D. Danish Follow-up Programme for

11 Solid Biomass CHP Plants
Oenmapes

Ansager

 Demo plant

* Gasification/ §
Stirling engine &
35 kW, '

* Wood chips

2007:
Reconstruction
Operation autumn
2008 — 2009:

3-4 days a week

* DANISH ENERGY AUTHORITY
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Danish Follow-up Programme for
Solid Biomass CHP Plants

Castel d’Aiano, Italy Stirling.dk - 35 kW

== DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen
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Danish Follow-up Programme for
Solid Biomass CHP Plants

Svanholm Gods

SN
(1

600 kW gasifier

1 s
I e

2 engines, 1 boiler —

Input 200-600 kW
Electricity output 35-70 kW
Heat output 140-550 kW

%

DANISH ENERGY AUTHORITY

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

Svanholm Gods

Heat demand
600
500 -
Heat demand
o
S 400 One engine
% — TWO engines
o
-g 300 | — Max. heat
=
()
g
§ 200
<
100 -
0 |
No. of days

== DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen
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Danish Follow-up Programme for
Solid Biomass CHP Plants

Barritskov - Aarstiderner

« Designed for energy

Power, heat and _ efficient char production
char (fertilizer) production

« Approx. half the energy
remains in char

‘i‘" DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen





Danish Follow-up Programme for
Solid Biomass CHP Plants

COP15 - 2009
Stirling.dk

Container plant

== DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen
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Danish Follow-up Programme for
Solid Biomass CHP Plants

Osnmpet

== DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen
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Solid Biomass CHP Plants
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== DANISH ENERGY AUTHORITY Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen






Gasification overview

Finland 2009
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Teknologiasta litketoimintaa






BiGPower EU project has concluded

* Project ended Dec 315t 2008
* Results
« 1 PhD Thesis, 6 Master's Theses

» Results published at various conferences, Journals and others

» European Catalysis Conference Europacat Vi

» 15th European Biomass Conference

» 12th International Conference on Fluidization

» 4th Dubrovnik Conference on Sustainable Development of Energy
* 9th International Conference on Circulating Fluidized Beds

» Catalysis for Society, XL

* Gas Cleaning at High Temperatures 7

 Public final report pending





VTT TECHNICAL RESEARCH CENTRE OF FINLAND

UCGFUNDA 2008 - 2010
Biomass gasification for synthesis applications
- fundamental studies supporting industrial development projects

* VTT, TKK and Abo Akademi, total budget 1.5 M€

* Financing by Tekes Biorefine, VT T and private companies
(Carbona, Foster Wheeler, Metso Power, Neste Oil, Stora Enso, UPM & Vapo)

* Biomass characterisation for pressurised steam/oxygen-blown
gasification: ash behaviour and reactivity

* Filter blinding and catalyst deactivation studies
* Tar reactions in non-catalytic and catalytic processes
* System studies on BTL-applications and hydrogen production

* Development of measuring methods for tars and other gas
contaminants

* |EA groups: "Biomass thermal gasification” and "Biomass Hydrogen”

P —





Publications related to UCGFunda

e Articles

Ronkkdnen, H., Simell, P., Reinikainen, M., Krause, O., The effect of sulfur on zirconia
catalysts, Submitted to Applied Catalysis.

Ronkkonen Hanne, Simell Pekka, Reinikainen Matti and Krause Outi, The effect of sulfur
on zirconia based gas clean-up catalysts, submitted for publication in Topics in Catalysis.

» Upcoming Conferences and seminars

Nasrullah, M., Moilanen, A., Variation in fuel and ash characteristics of biomass feedstock
for large-scale gasification. The 17th European Biomass Conference & Exhibition (EBCE),
29 June - 3rd of July 2009, Hamburg, Germany. Abstract submitted.

Reinikainen, M., Simell, P., Tar-protocol — does it work in practice? The 17th European
Biomass Conference & Exhibition (EBCE), 29 June - 3rd of July 2009, Hamburg,
Germany. Abstract submitted.

Suokko, A., Simell, P., Nieminen, M., Tyopp6nen, T., Luoma, P. and Hannén, J.,
Simulation of blinding of the hot gasification gas filtration unit. The 17th European
Biomass Conference & Exhibition (EBCE), 29 June - 3rd of July 2009, Hamburg,
Germany. Abstract submitted.





High efficiency boiler for waste
or for high alkali/high chlorine biofuels

Projects under consideration:

- Mdlarenergi (200 MW fuel, waste) Post coml?ustion

» Lahti Energia (160 MW fuel, waste) Gas cleaning
CFB ‘.‘

Gasifier

Main boiler:
Fuel feed * High steam parameters
* Waste Air * Clean fuel for gas burners

* Bio * No corrosion

v
D, I

Gas cleaning
« Alkali removal

* Pb, Zn removal :
. CI remﬂval T T T L e ‘
{ /) metso
® Metso Corgoration 2007 Juhani lsakssan | Intemational Seminar on Gasdication. 3-10.10.2008 Makmd. ” POI.*-'E r





From Tampella/Gotaverken to Metso Power

-
¢ ) metso

® Metso Corporation 2007 Juhan isakeson | International Seminar on Gacfication. 8 .10 10 2006 Malma = power






CFB GASIFIER

REACTOR

UNIFLOW CYCLONE

GASIFICATION AIR FAN

Lp\ ). \
=

BIOFUEL FEED

\

RETURN LEG

v BOTTOM ASH COOLING SCREW

AIR PREHEATER

HOT LOW CALORIFIC
GAS (750 - 650 °C)

From: Foster Whedler

Atmospheric-pressure CFB/BFB
gasification for kilns and boilers

« Commercial lime-kiln gasifiers
were constructed in 1980’s by
Ahlstrom Oy

* New development by Foster
Wheeler in 1990’s for boiler
applications

» Gasifiers are now offered by
» Foster Wheeler
» Carbona/Andritz
» Metso Power

» Feasible in size range 15-150 MW

» Fuel drying is often needed
to achieve required flame properties

VT
r





Varo testrig

At Varo, Sodra Cell Sweden,

Metso Gasifier (Gotaverken)
has been in use from 1987.

Area for gas cleaning test rig.

-
{ J metso

© Metso Corporalion 2007 Juhani lsaksson | Infemational Seminar on Gasfication, 8.-10.10.2008 Mabmi. power






Varo testrig

* Metso Power will construct a test rig for gas cleaning tests and
demonstration into Sodra Cells Varo mill.

» Test rig will be connected as a slip stream unit to the operational
Metso Gasifier feeding a lime Kiln.

« Test rig will an industrial size demonstration of clean gas
production through biomass gasification.

» Construction of the test rig is now underway .
* This 10 Msek + project is hosted by Sodra Cell and financially

supported by Energimyndigheten, Sweden. Metso Power will be
owner and operator of the test rig.

-
{ ) metso

©Metso Corpotation 2007 Jubiani lsaksson / Intemational Seminar on Gasfication, 8.-10.10.2008 Maims. . power






Biorefinary — still a long way to go ?

Wood. straw
eneIgy Grops,
peat, HDF

ﬁ WaoodDiesel
7
ay W mabkan Bty b lassssle TEMC el (L] mll

-
¢ /metso

@ Metso Corporation 2007 Juhani lsakssan / Intemational Seminar on Gasication. 8.-10.10.2008 Makmd. = power
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Finnish biodiesel ventures

11





Stora Enso / Neste Oil Joint
Venture for F-T BTL Diesel Fuel

« 50/50 Joint Venture “NSE Biofuels Oy to first develop
technology and later produce next generation
renewable diesel crude from wood / forest residues

* Currently building a 12MW demonstration plant in
Stora Enso’s Varkaus mill, to be in use spring 2009

+ Investment decision for a commercial scale plant when
the parties have enough experience from the
demonstration plant

f

« Strong development consortium sTougnso)
— Joint Venture partners: NESTE OIL
— Testing & research partner: JLm
— Gasification supplier: D A e e

From Neste Ol and Stora Enso

NESTE OIL

(_
STORAENSO)






NSE Biofuels Demo 1
plant in Varkaus, Finland

Biomass

"l Dryer

ﬁ—

NESTE OIL

1. Commissioning as air blown lime

kiln gasifier

2. Testing period as O,/H,0 gasifier,
gas cleaning, FT tests

3. Return to lime kiln gasifier

From Neste Oil emd Srora Enso

STORAENSO *
J Lime
12 MW T kiln
Gasifier :
I
I
| I
i :
| |
! I
5 MW
Gas cleaning
and FT






NESTE OIL

from: Neste Qil and Stora Enso

(
STORAENSO 2






Our 2G BTL Concept

Synthetic
: G o H.+CO : biodiesel
Biomass | ep| Gasification |- FT-synthesis >
drying @ & purification & up-grading ol
t } ¢
Bark Water CHP
—p
Stumps treatment plant
Residues Gas Techndogy Inséide, Des Piaines, linas, US
Wood Pulp Additional units
) e Pulp & paper mill
sourcing wood -  Matenal flow
=== Energy flow

from; UPM





International Gasification R&D Cooperation

CARBONA
with
The Gas Technology Institute
Chicago, USA

« long term exclusive cooperation
» pressurized BFB gasification

* biomass fuels

» air and oxygen gasification

* gas cleanup systems

« for IGCC and BTL

ANDRITL

30






UPM's decision on biodiesel plant to be made in 2010

 "Finnish forest industry company UPM has limited the location alternatives
for its planned biodiesel plant to three possibilities: Rauma and
Kuusankoski in Finland, or a location outside Finland."

« "UPM has estimated that the cost of the biodiesel plant is EUR 200mn-
300mn."

» "The manufacturing technology of biodiesel has been tested in Chicago, in
the US, but tests have taken longer than anticipated. The tests were to
have been completed by now, but it seems the whole of 2009 will be
required to complete them."

« "Acquiring an environmental license and building permit in Finland will take
until mid-2010".

Source: Kauppalehti, 23 Apr 2009, page 9

17





VTT TECHNICAL RESEARCH CENTRE OF FINLAND

Input:

Raw material from
within 100-200 km

0-1.0 TWhia
(max. 50 %)
0 - 0,5 million m3/a

Peat
1,0 - 2,0 TWhia
(min. 50 %)
Production area of

2000-4000ha/20a

Other Blomasses

e.g. Reed canary grass

Electricity
Water
Chemicals

04 06 08, Mika Timonsn

Products:
Main product:

Vapoil

BtL-plant
min. 250 MW,

~ 55 % of energy input

Ilo-and. Oil

refining into
biodiesel
2-3 % of
Finnish target

=~ 40 % of energy input

electricity
- district heat
Location
Logistics
Ashes
Labour Waste water
* raw material supply
* transport

* plant personnel

Qvaro

Vapo Oy - Vapoll praject






M

VTT TECHNICAL RESEARCH CENTRE OF FINLAND

Vapoil technology

* Drying and pretreatment of biomass (peat, wood, agrobio)
- Gasification of biomass — product gas
« Cooling and Ultra-cleaning of product gas — ultra-clean gas (CO + H,)

* Processing of synthesis gas using Fischer-Tropsch-synthesis to
hydrocarbons (bio crude oil) to be used in refineries to replace fossil crude oil
« Refining: end product ultra-clean high quality traffic fuel (diesel, petrols etc.)

Peal Process sieam, € lacyicity, districy haa
SR

agrohio B i
1

Ultra

es—

Slng A, glaciricity, chemicals Bicdizsel

Gesification Syngas production ‘ l FTsynthests Rafinirg g v ﬂ P o

040608, Mka Timonen Vapo Oy - Vapoil project






Tar sampling according to the tar-protocol

* In tar-protocol isopropanol is used as
solvent whereas in the comparative
measurements samples were taken in
dichloromethane.

» Dichloromethane is a very good
solvent but for reasons of safety,
health and environment its use is
undesirable.

» The results with purified gas (catalytic
reforming) were In very good
agreement with the results from
comparative measurements.

« The measured concentrations
were well within a 5-% window

* No systematic difference in the
results according to the boiling
point or chemical nature of the tar
compound.

M %/
A
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'Rapid' on-line tar analysis

2 _ Ocd

1. Bed

« Analysis time 15-20 min ]
e Calibrated compounds: R | -
« Benzene T
e Toluene
* Naphthalene
* Phenanthrene
« Anthracene
» Fluoranthene ]
* Pyrene R 5 P s . o
« Gas phase samples on-line TS cmie

* The results have been in good
agreement with the results from
off-line analysis off the
corresponding samples. | Dl

» Especially useful in transient T
conditions where the gas
composition changes quickly.

1. Z2ed
1 O

2000

SOO00

4 OO0
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Raw gas: IPA and DCM-bottles in series

. Distribution in solvents, w-%
* Conditions: Compound
IPA DMC
e Filtered “raw” biomass
. pn . Benzene 100,0 0,0
gasification gas
. ; Toluene 100,0 0,0
« Tars were first trapped in
isopropanol and the effluent Styrene 1099 00
gas was further sampled in Indene 100,0 0,0
dichloromethane. Naphthalene 99,9 01
* Observations:
2-Methyl-1-Naphthol 85,6 14,4
 Heavier tars did not dissolve
completely in isopropanol and Phenanthrene %05 95
In some cases more than 10 Anthracene 90,7 9,3
W'% Of the taI‘S had Sl|pped to Fluoranthene 87,3 12,7
the dichloromethane phase. oyrene o7 1 129
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Conclusions about Tar Protocol

Under carefully controlled conditions, the Tar Protocol seems a reliable
method for the analysis of tars.

However, as a typical off-line method the analysis is fairly labour-intensive
and time-consuming.

» A fast tar analysis method based on on-line gas chromatography was
developed to overcome this problem.

« Concentration of benzene, toluene, naphthalene, phenanthrene,
anthracene, fluoranthene and pyrene can be analyzed in one run of
about 15 minutes.

The results have been in good agreement with the results from off-line
analysis off the corresponding samples.

This method has proved to be especially useful in transient conditions
where the gas composition changes quickly.
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Country Activities and Reports: GERMANY

Thomas Kolb

Forschungszentrum Karlsruhe
Institute for Technical Chemistry, Division of Thermal Waste Treatment
University of Karlsruhe (TH)
Engler-Bunte Institute, Combustion Technology

IEA Bioenergy: Task 33 Thermal Gasification of Biomass
1st Semi-annual Task Meeting, May. 13-15, 2009, Karlsruhe

KIT — die Kooperation von Forschungszentrum Karlsruhe
Forschungszentrum Karlsruhe GmbH ﬁ H%‘é:;g;{:“,r I— in der Helmholtz-Gemeinschaft
und Universitat Karlsruhe (TH) |





Primary Energy Consumption in Germany 2008 §(|
Total 14.003 PJ1)

' ™

Struktur des Primarenergieverbrauchs in Deutschiand 2008
Gesamt: 14.003 PJ"

Wasser; 0,5%

—Wind; 1,0%

Erdgas
222 %

Anteile EE

71%" 2
Biomasse; 53 %

restl. EE; 0,3 %
Braunkohle

111%

Steinkohle Kemenergie
131% 116%

1 pEV 2008, nach AGEB Stand: Februar 2009; 2 berechnet nach Wirkungsgradmethode; nach Substitutionsm ethode: 9,7 %:;
# feste, flissige, gasformige Biomasse, biogener Anted des Abfalls, Deponie- und Klargas; EE: Emeuerbare Energien;
Quelle: BMU-KI B 1 nach AGEE-Stat, ZSW, unter Verwendung von Angaben der Arbeitsgemeinschaft Energieblanzen (AGEB); Stand: April 2009; Angaben vorlaufig

. v
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Rate of renewable Energy in overall Energy Supply in Germany A‘(IT

“\
Anteile erneuerbarer Energien an der Energiebereitstellung in Deutschland
35
mind-30" s BEO8
30 @ 2002 | 2004
@ 2006 2007
25 @ 2008
Ziele der 10 % EU- Fel fiir EE
Bundesregierung 2020 2020 im Verkehrssektor
{iir alle Mitgliedsstaaten)
20 4
187
15
10
7,1
6,1
5 131
I] 2,1
0,2
0 . 0 . I]
Anteille EE am gesamten Antelle EE am gesamten  Anteile EE an der gesamiten  Antelle EE am gesamten Anteile EE am gesamten
Endenergieverbrauch Bruttostromverbrauch Warmebereitstellung Kraftstoffverbrauch Primarenergieverbrauch
{Strom, Warme, Kraitstoffe)
" Quellen: Emeuerbare-Energien-Gesetz, (EEG 2009) vom 25.10.2008 und Emeuerbare-Enemgien-Wammegesetz (EEWam eG) vom 7.8 2008;
3 cuelle: Neue EU-Richilinie zur Forderung der Nutzung von Enemgie aus emeuerbaren Quellen
3 Anteil Prim arenemgieverbrauch berechnet nach (der offiziellen) Wirkungs gradm ethede; nach Subsftutionsmethode: 9.7 %;
EE: Emeuerbare Energien; Quelle: BMU-KI Il 1 nach Arbeitsgruppe Emeuerbare Energien-Statistik (AGEE-Stat); Stand: April 2009; Angaben voraufig
A
KIT — die Kooperation von Forschungszentrum Karlsruhe
Forschungszentrum Karlsruhe GmbH ﬁ H%Z:;:;(T:SAFT r in der Helmholtz-Gemeinschaft
und Universitat Karlsruhe (TH) | r





Contribution of renewable Energy for Power Generation in g(l
Germany 1990 - 2008

Beitrag der erneuerbaren Energien zur Stromerzeugung
in Deutschland 1990 - 2008

120.000 |
. . . EEG 2009
B Wasserkraft [ Windenergie @ Biomasse * Photovoltaik ab 1. Januar 2009
00000 |
EEG
1. August 2004
1
EEG
g 1. April 2000
@ 60,000 o s A T Anteil
Nowelle BauGB ' am
November 1997 EEV
40.000 ShEC T e g 148%
1. Januar 1991
20,000 L
0 i s itk i s 0 i bl i i oo
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
* feste, flissige, gasformige Biomasse, biogener Antel des Abfalls, Deponie- und Klargas;
Strom aus Geothermie auf Grund geringer Strommengen nicht dargestellt; StrEG: Stromeinspeisungsgesetz; BauGB: Baugesetzbuch; BEG: Erneuerbare-Energien-Geselz |
BV Endenergieverbrauch; Quelle: BMU-KI B 1 nach Arbeitsgruppe Erneuerbare Energien-Statistk (A GE=-Stat); Stand: Apri 2009; Angaben vorlaufig
A o’
KIT — die Kooperation von Forschungszentrum Karisruhe
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Renewable Energy for Heat Supply in Germany 1997-2008 ﬂ(l'r

Warlsruhe Insttite of Technology

- Y

Beitrag der erneuerbaren Energien zur Warmebereitstellung in
Deutschland 1997 - 2008

120.000

100.000

80.000
=)
% , Antell
= 60.000 am
EEV
7.7%

40.000

20.000

. J

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

* feste, flissige, gasformige Biomasse, biogener Antel des Abfall; Anted der Biomasse an der BEE-'WWarme 2008: 94 %
Quelle: BMU-KI N 1 nach Arbeitsgruppe Emeuerbare Energien-Statistik (AGH=-Stat); Stand: Apri 2009; Angaben vorlaufig
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1991-2008

[GWh]

50.000

45000

40.000

35.000

30.000

25.000

20.000

15.000

10.000

5.000

Renewable Energies for Fuel Consumption in Germany “(IT
\\

Beitrag emeuerbarer Energien zum Kraftstoffverbrauch in Deutschland

1991 - 2008

O Biodiesel PHlanzendl Bioethanol —]

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Quelle: BMU-KI N 1 nach Arbeitsgruppe BErneuerbare Energien-Statistk (AGHE=Stat); Stand: Aprl 2009; Angaben vorlaufig
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Total Turnover from renewable Energy in Germany 2008 &(IT
(Investment and operationals costs)

™~
Gesamtumsatz mit erneuerbaren Energien in Deutschiand 2008
(Investitionen und Betrieb)
Wasserkraft
1350 Mio. €, 4,7 %
Windenergie
5.800 Mio. €; 20,2 % Bio se
10.670 Mio. €; 37,2 %
gesamt:
rd. 28,7 Mrd. Euro
Geothermie** '
1.103 Mio. €;3,8 %
Umsitze
Solarenergie* Investitionen: rd. 13,1 Mrd. Euro
9.750 Mio. €; 34,0 % Betrieb: rd. 15,6 Mrd. Euro
* Photovokaik und Solarthenmie, ** GroRanlagen und Warmmepumpen; vorlaufige Angaben
Quelle: BMJ-KI B 1 nach Zentrum fur Sonnenenergie-und Wasserstoff-Forschung Baden-Warttemberg (Z5W), Stand: Aprl 2009
/
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| BMG - Artfuel, CUTEC ST

Specification

- CFB / steam - oxygen blown

- fuel: dry biomass / 60 - 100 kg/h
- thermal load: 400 kWth

- temperature 900°C

- pressure: atmospheric

- FT-synthesis

R&D
- syngas quality for different feedstock
- additives for slagging

KIT — die Kooperation von / Forschungszentrum Karlsruhe
Forschungszentrum Karlsruhe GmbH ﬁ H%Z:;g;x“,r r in der Helmholtz-Gemeinschaft
und Universitat Karlsruhe (TH) | ]_





| BMG - Artfuel, CUTEC AT
| O——o) Ablutt
Luft E>_®_@ __________________________ || NBK Hi2—  Abgasnachbehandlung @ —®—|:> Abgas

E6 I - |

Biom. |:") @ ==

Luft - - - - @~
I A
|

EG 50 kW : A_ L
|

:> Synthesegas

ZWS-Vergaser
w
@
b B IEEy M

Kiihlwasser-
kreislauf

N~
N7~ ==
Hzo E> - @ H,0, Kohlen- 4
wasserstoffe
D41
> 1
2
N |:>_ N, co 1 X
2 | ~ cg ]
s COo, [
l—v——@— 2 1,0
I. & CH,
H,
0, D— o o )
Lit.: CUTEC
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»1echnology platform bio energy and methane* .h\‘(".

Objective:

Schedule:

Partners:

first commercially operated biomass gasification plant in

Germany

- 10 MW,,-gasifier (FB)

first step: power generation
second step: methanation
Integration of other biomass conversion technologies

platform for R&D activities

01/2008:
07/2008:
05/20009:
08/2010:

start of planning

end of preliminary planning
start of construction

Initial operation

regional energy suppliers, public services, communes,
Universitat Karlsruhe (TH)

KIT — die Kooperation von Forschungszentrum Karlsruhe
Forschungszentrum Karlsruhe GmbH ﬁ H%E:;gg:}\” l’: in der Helmholtz-Gemeinschaft
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,, 1echnology platform bio energy and methane* ﬂ(IT

Karlsruhe Instiute f Ttrhn-'}!or,\,

Location: Geislingen-Turkheim (near Stuttgart)
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| BMG - CHOREN, B-Plant AT

Marlsruhe Insiviute o

Biomass
Gas

r ] ’
L s e

SR .

Bio-coke

Oxygen

L Recuperator

Slag

12 | Thomas Kolb | ITC-TAB | 21.04.2008

Deduster
Gas-scrubber
__Ash, dust
Lit.. CHOREN
KIT — die Kooperation von Forschungszentrum Karlsruhe
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| BMG - CHOREN ST
B - Plant

Specification
- fuel: wood / 65.000 t ds/a
- thermal load: 45 MWth
- FT-fuel: 18,000 m3/a
- pressure: 6 bar
- invest: ca. 100 Mio. €
Mechanical Completion in April 2008 =» not in operation 05/2009

o - Plant
- basic engineering
- site selection (Schwedt refinery)

- decision expected 20097??
- invest > 500 Mio€

KIT — die Kooperation von Forschungszentrum Karlsruhe
Forschungszentrum Karlsruhe GmbH ﬁ H%lé:;g;gﬁ“,r ]]: in der Helmholtz-Gemeinschaft
und Universitat Karlsruhe (TH) |





BMG - FZK bioliq, Process Chain

Straw

[eluad

Fast pyrolysis

—

Slurry preparation

High pressure entrained
flow gasification

[enua-a(Q

BlueSky Award

—— of UNIDO 2006

Gas conditioning

S

Fuel synthesis
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I bioliq - Pyrolysis Plant Lurgi XXIT

Pyrolysis plant
500 kg/h, 2 MW,

e Start-up 11/2005
e Plant construction 05/2006
e End of construction 06/07
e Functionality tests 07/07

e Start of operation: 11/2008

i e

Biomass pre-treatment
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| %bio[jq- Entrained Flow Gasifier ﬁ("‘

Biomass : Wood, Straw, Hay .

1 ¥ 1 1

= ~500°C ~500°C ~500°C ~500°C
FaSt PerIySIS [?< 10 s] [?< 10 s] [?< 10 s] [?< 10 s]

Train Transport \ \ I /

Lurgi
3586440
BIOLIG N

>1200°C
Entrained Flow 80 bar
Gasification mT=2-3s

™ .
Blrpr svaw. A

1 3s
Gascleaning == CO,
!

Synthesis gas

Fuel Synthese 1 == Synfuel
~60bar | Em) H, Entrained Flow Gasifier based on
. m=) chemicals
Power Generation GuD .
= power + Heat Lurgi MPG-Technology
OF e ————— Forsomgsennum snecnon @ vemorrs - L RIS I
und Universitat Karlsruhe (TH)





bioliq®- Gasifier, Flow Sheet (AT

ey Erdgas
T _lll'“'“ e
/ i HO-Diampf
Shurfy Siurlr_.'
(ot oo e 4
—— " Mischer g / x - r
l I { o c';-l!l:; \}.{ i K VE-Wasses
] e Dampf-
— J erzeuger
——— |, — | \
Asche s L _ E_O—."' - |
Flussmitel Brenner- ey
kiihung
Glykol-
lager @ F
er— b - Technical Features:
lager Naom | Reaktorscham Q;E::;:I:rg E s Sk ]
Dosierung Q ) ® Fuel: BIOSIurry
i el J
o2
i1 .1000kg/h
3 L

I kiihler

- :I\? i W e * 5 MW therm. Load
=9

N2 Y ;t.gm%r omairet « Gasification with O,
_ % = » Temperature above 1200°C
NS
Nri-_'.fsrssrg.-;-; e O Pressure 40 tO 80 bal'
= * Membrane Wall
- fnal;.'se ; E:!'ulacke- EEJ'I:!G';E .
Syntheserchgas sch ::huse Ec"f.-se ° Slagglng

i E g]‘) Datel: VerfahrensMiazhild Wk sint_Kosta 19.01.03_A4 ven

Schiacke- Stand:26.1.05 14:00Unr
FUSTAQ Abwasser Bearbeiter Kosta
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I Welcome at ITC-TAB ﬂ("

R TSINBRTRD o
Energiet‘e_chnikljm

=

Prof. Dr.-Ing. Helmut Seifert

Institute for Technical Chemistry — Divistion of Thermal Waste Treatment (ITC-TAB)
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Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

R Porse und Memserog wung (AV GKSS-Forschungszentrum Geesthacht GmbH (GKSS)
ig Max-Delbriick-Centrum
ulare Medizin (MDC)
Holiholtz Cantars Gesellschaft iir B
in the Federal | .
Republic of Germany Z orschungszentrum Leipzig-Halle GmbH (UFZ)

GSF-Forschungszentrum fiir U
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Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Research Areas and Main Activities

Key Technologies

23 %

28 %

9%

23%

7%

! Nucle.ar Fusion
i Nuclear Safety Research
" Efficient Energy Conversion

Earth and Environment

M Substainability and Technology
M Atmosphere and Climate

Health

M Biomedical Research
W Medical Engineering

Nano- and Microsystem Technologies
Scientific Computing

Structure of Matter
B Structure of Matter

OEA 0272006 A





100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Change in Research Areas

Struckture of Matter

-|-|ll|||llll II

Health

Environment

Fusion

L & P> P P P P P P

4 | Helmut Seifert |

NS

KIT — die Kooperation von

Forschungszentrum Karlsruhe GmbH
und Universitat Karlsruhe (TH)

According to the

Recommendations of the
Perspective Commission

2006 Future

Structure

of Matter

Key
Technologies

Health

Environment

Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft
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Internationale Wettbewerbsféhigkeit durch enge Kooperation
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Basis:
Natural & Engineering Sciences






ﬂ(IT Programmatic Mergence

FZK Research Programs

Energy Research

AIDA HALO-
— research
ol i] ‘ aircraft
& | — 4 -
a .l . =3
| | =
L - =
Energy storage Biomass and | Geothermal
hydrogeng, == energy

i) ‘{5—.‘-_‘ Photonics

=
MR

Astroparticle e o |
Physics B s

Angstramauelle S T sc Uddulator

ANHA

Grid
Computing

Nano-Micro Technologie






ﬂ(IT Programmatic Mergence
)

UniKa Research Areas

FZK Research Programs
Energy Research

aircraft

Nano-Micro Technologie

EEEEEE

.....

Nanoscience,

l Envwonment

TN = & Materials
Matter, Earth &

Microtechnology

Mobility, ‘ > Information,

Scientific Computlng

Computing

Communication






Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

T
T

Total Budget 2007 in Million €
Income

] federal funds
I state funds

1 other revenues
(among others, patents)

total: 420

DEA 0172007 A





Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Total Budget 2007 in Million €
Expenditures

1 personnel

0 material

1 investments

1 repository storage fees

fotal: 420

DEA 0172007 A





Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Personnel 2007

[ staff paid from basic funds

[ post-graduate students
[ tfrainees

I staff paid from third-party funds
of these, 395 contracts of
unlimited duration

total: 3,713

OEA 01/2007 A





Prof. Dr. Eberhard Umbach

Prof. Dr. Eberhard Umbach

Dr. Peter Fritz

Prof. Dr. Detlef Lohe

REGMED BIOMED REU (-2009) UMWELT (-2009) NANOMIKRO ASTROTEIL-
Regenerative Biomedical Efficient qurgy Sustainability and Nano- und Micro-
VieefEnE R Conversion Technology CHENPHYSIK
esearch 2010: REUN 2010: EE, TIG, REUN SEEITE
PNI-ANKA BioGrenzflachen
NUKLEAR .
Synchrotron- Synchrotron- Nukleare Sicher- FUSION WIRE u. GridKA
strahlungsquelle || strahlungsquelle heitsforschung Nuclear Fusion
o e Atg TMF? r ITF'. I SoIiIngtate
Biologicall Toxicology and n dcgl?mgt: Technical Nuclear Physics Phvsics
Interfaces Genetics Physics Y
IKET IHM INT IMT
ISS IFG Nuclear- and Ener [Pulsed Power and Mi- Nanotechnolo Mikrostructure
Synchrotron Functional gy Technology | |crowave Technology %y technology
Radiation Interfaces
IMK L 'ITASA IME Al
echnology Assess :
M_eteorology e ment and Systems Material Research Appllesccj:igr?ézputer
B Climate Research Analysis
IPE INR SCC IMVT
Data Processing and | | Neutronenphysik Steinbuch antre Micro Process
Elektronics u. Reaktortechnik for Computing Engineering
ITC I INE E. =
_ Techn. Chemistry [{ Nuclear Waste [ HELMHOLTZ in der Helmholtz-Gemeinschaft
£ ) R Selie | (-TAB,WGT,-CPV)[|  Disposal Listas N T






Operation commissioner:

Data Processing Giffee Baumann, Linek, Reis,
Ms PreR G. Dillmann
E. Schmidt S Freismann Safety commissioner:
Ms Bengert Baumann, Reis, G. Dillmann

Department Department Department Aerosols- Deparfcment Department Environ-

Thermal Processes Solids and Analysis and Particles o o mental Laborities
Treatment

Prof. Dr.-Ing. T. Kolb Dr. P. Stemmermann Dr. H.-R. Paur Bl oo Dr.-Ing. B. Zimmerlin

Solid Fuels Residues Particle Filtration Adsorption Operation Group

Dr.-Ing. H.-J. Gehrmann

DI (FH) H. Hunsinger
Ms Dr. G.Pfrang-Stotz

DI H. Leibold

DI (FH) A. Linek

G. Dillmann

Gasification /
Liquid Fuels
DI M. Eberhard

Organic Analysis
Dr. S. Kreisz

Technical Aerosols
Dr. H.-R. Paur

Catalysis / Gas Cleaning
Dr. J. Stohr

Test Facilities
DI (FH) H. Gramling

Combustion Technology

Thermal Analysis

Hg-Technology

Rotary Kiln Pyrolysis

DI M. Nolte Ms Dr. D. Merz DI J. Korell DI F. Richter
Process Analysis Characterisation / Nanoparticle Technology ETEs
/ Bilances Anorg. Analysis Dr. H.-R. Paur Ms Dr. U. Hornung
Ms DI U. Santo Ms Dr. B. Bergfeldt I C

12 | Helmut Seifert |

Building Materials
Dr. G. Beuchle
Dr. K. Garbev

HT-Ceramics
Dr.-Ing. B. Zimmerlin
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| ReD at ITC-TAB AT

Energy Conversion Processes
- Combustion
- Gasification
- Pyrolysis
for Low Rank Fuels
Biomass / Waste / Fossil Fuels
Gas treatment / Gas cleaning
Ash / Slag
Analytics

KIT — die Kooperation von f | Forschungszentrum Karlsruhe
HELMHOLTZ
_ Forschungszentrum Karlsruhe GmbH = BEMEINSCHAET in der Helmholtz-Gemeinschaft
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I Test Facilities of ITC-TAB ﬂ(“‘

incineration

i
gasitcation Hot gas filter KASO
gas treatment Katalysis/Sorpt].
AEOLA

aerosol

setup REGA
gasifier

TAMARA

KLEAA . biolig®-
Batch Reactor Pilot gasifier

\wAWAWAWAWE

=]

monitoring

Haloclean
Pyrolysis reactor

analysis

KIT — die Kooperation von ﬁ [~ Forschu ntrum Kartsruhe
HELMHOLTZ gaze
Forschungszentrum Karlsruhe GmbH in der Helmholiz-Gemeinschaft
14 | Helmut Seifert | und Universitét Karlsruhe (TH) [ FEMESCHART I





I Experimental Equipment for Solid Fuel Combustion ﬂ("l

Chemical
Analysis

TG / HR-FTIR coupling

Control Thermocouple

Micro Furnace

Sample
= Auslaf Sample
Carrier

TGA-Cell

15 | Helmut Seifert |

Grate Incinerator TAMARA

Fixed Bed Reactor
KLEAA

Fluegas Treatment
and Analysis

electr. Heating
Furnace

Fuelf 4
Thermocouples

Primary Air
H=25m
d,=25cm 200 kg/h
10 kg
KIT — die Kooperation von ﬁ HELMHOLTZ Forschungszentrum Karlsruhe

Forschungszentrum Karlsruhe GmbH

und Universitat Karlsruhe (TH) I FEMEINSCHART

]_ in der Helmholtz-Gemeinschaft





I Gas cleaning ﬂ("‘

>1200°C Gasification
Combustion
1000°C
800°C —
HT Filtration
. HT Sorption
600°C Tar conversion
Combined
400°C HT Filtration Sorption + Filtration
Catalysis
< 200°C Fines Filtration
E-Precipitation

-Precipitation HP-E-Precipitatio Hg PCDD/F

v

Flue gas

KIT — die Kooperation von
_ Forschungszentrum Karlsruhe GmbH
16 | Helmut Seifert | und Universitat Karlsruhe (TH)

HELMHOLTZ Forschungszentrum Karlsruhe
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Current Status and Targets

2005 2020
Power Energy Power Energy
. - ELECTRICITY (MW) (TWh) (MW) (TWh)
Italian Government Position Paper
Hydro 17.325 36,00 20.200 43,15
(September 2007) Wind 1.718 235 12000 22,60
Solar 34 0,04 9.500 13,20
| Geothermal 711 532 1,300 973
Biomass, Landfill gas and Biological
C purification 1.201 6,16 2415 14,50 )
Wave and tidal 0 0,00 800 1,00
Total 20.989 49,87 46.215 104,18
Primary energy replaced (MTOE)*
*Using the Eurostat conversion factor 4,29 8,9
2005 2020
Power Energy Power Energy
: H H P . HEATING/COOLING, BIOFUELS
Situation in 2007 (biomass only): (T)  (MTOE) ()  (MTOE)
Geothermal 8.916 0.21 40.193 0.96
® Number Of P|antS: 45 Salar 1,200 003 Az 000 112
. Biomass 78.820 1,88 389.933 9,32
« Installed Capacity ~ 400 MW ( )
. Total Heating/cooling 89.036 2,12 477.126 11,40
« Energy Production ~ 2500 GWh
( Biofuels 12.600 0,30 25.600 0.61 )
(Source: GSE - Electrical Services Provider) TOTAL H/C+Biofuels (TJ/MTEP) 101.636 242 502726 12,01

IEA Bioenergy - Task 33 Meeting
Karlsruhe, Germany - May 13, 2009
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Support Policies

Current support system based upon Green Certificates (CV) was introduced by
D.L. No.79/99 dated 16 March 1999 “Liberalisation of the electricity market”.

A qualification as plant powered by renewable sources (IAFR qualification)
granted by GSE is required according to D.L. No.387 dated 29 December 2003,
implementing EU Directive 2001/77/EC. This law provides "clarifications for the
regulation of energy production from renewable sources and the related promotion
and funding system based upon CV” (hybrid systems and co-firing are included).

Funds were allocated via several subsequent laws:

v No. 296 dated 27 December 2006 (Budget Law 2007);
v No. 222 dated 29 November 2007 (Related Law to the Budget Law 2008);
v' No. 244 dated 24 December 2007 (Budget Law 2008).

Final update was made through the D.M. dated 18 December 2008.

IEA Bioenergy - Task 33 Meeting
Karlsruhe, Germany - May 13, 2009
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Promotion of RES

d D.L. No.79/99, as amended by subsequent laws, imposes to operators
delivering to the grid more than 100 GWh per year the obligation that
2% at least of this energy is produced via renewable sources (systems
must be started or improved after April 1999).

d This obligation was increased of 0.35% per year from 2004 to 2006
and is being increased of 0.75% per year from 2007 to 2012.

d The current proportion is therefore 4.55%.

d According to this mechanism, the demand of energy from renewable
sources will necessarily grow during next years.

IEA Bioenergy - Task 33 Meeting 4
Karlsruhe, Germany - May 13, 2009





Department of Energy Technologies, Renewable
Energy Sources and Energy Saving

Italian National Agency for New Technologies, Trisaia Research Centre
Energy and the Environment

Green Certificates

A Green Certificate (CV) for each MWh per year is associated to the electricity
produced by plants in possession of IAFR qualification, for:

> 8 years for plants powered by non-biodegradable wastes, qualified and started
before 2007 and CHP plants combined to district heating and powered by RES;

» 12 years for all plants powered by RES, started from April 1999 to December
2007;

> 15 years for all plants powered by RES, started from 2008.

4 more years are added, even if at 60%, to plants powered by biomass coming
from short supply chain, started before 2008, and plants powered by non-
biodegradable wastes, started from 2004 to 2006.

A multiplicative coefficient of 1.8 is applied to the energy produced by using either
agricultural and forest waste or biomass from short supply chain (70 km).

IEA Bioenergy - Task 33 Meeting 5
Karlsruhe, Germany - May 13, 2009
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Green Certificates Mechanism

Company with the obligation to produce a fraction
of the energy delivered to the grid from renewable

sources, which is not covered by its power plants

Vv

GME

prevailing >
option (Electricity Market)

A4

Bilateral negotiation
between operators

Trisaia Research Centre

Producers

Input to the grid or self-consumption —

/

€/MWh

€/MWh

Grid

— I

Sale to suitable customer, self-consumption or “dedicated drawing” by GSE

IEA Bioenergy - Task 33 Meeting
Karlsruhe, Germany - May 13, 2009
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Current Incentives

Green Certificates (CV)

2007 2008
weighted average price (€/MWh) 96.83 103.47
no. of Green Certificates traded 586203 690412
value of Green Certificates traded (MWh) 1 1
value (million €) 56.76 71.44
Source GME - updated as of 6 May 2009

For capacities up to 1 MW, plant owner can choose, as an alternative to CV, an all-
inclusive price of 22 c€ per kWh (30 c€ if either agricultural and forest waste or
biomass from short supply chain is used) for 15 years.

These incentives may be cumulated with other forms of support in capital account
(funds for innovative applications) from EC, national or regional Government.

IEA Bioenergy - Task 33 Meeting 7
Karlsruhe, Germany - May 13, 2009
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Market Trend

Market

requirements

Capacity o. Totazﬁs\?)amty Technology
/& Automation and\

<1 MW 36 ~ 20 Thermal Qil/ORC ease of management
1-5 MW 16 ~ 40 Thermal Oil/Steam Turbine b. Warranted reliability
5-10 MW 7 ~ 40 Steam Turbine c. Flexibility to
10-20 MW 7 ~ 100 W different feedstocks
>20 MW 5 ~ 200 W d. Reduction and

simplification of

71 ~ 400 \ effluents /

IEA Bioenergy - Task 33 Meeting
Karlsruhe, Germany - May 13, 2009
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Big Companies

a) Ansaldo Energia (www.ansaldoenergia.com)

b) Marcegaglia Group (www.marcedgaglia.com/energy/index e.html)

Large scale applications \
Biomass combustion (b)

RDF gasification

Coal gasification (a)

Residual interest in biomass gasification
Updraft fixed bed gasifier (a)

Updraft moving bed gasifier (b) /

T

IEA Bioenergy - Task 33 Meeting 9
Karlsruhe, Germany - May 13, 2009
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Small Companies

EcoEngineering Bio&Watt

(www.ecoeng.eu) (www.bio-e-watt.com)
» RDF Gasification « Downdraft Gasifier
» Design and Erection « Electrostatic Filter

SOCOGES

. Caema Engineerin
(www.socoges.it) 9 9

(www.caemaenergia.com)

* Downdraft Gasifier « Ankur Scientific Gasifiers

« Gas Engines - Capacity Range 250-1500 kW

IEA Bioenergy - Task 33 Meeting 10
Karlsruhe, Germany - May 13, 2009
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Implementations: Commercial Systems

Taranto

+ Capacity: 3 MW

« Company: Marcegaglia Group

« Technology: Updraft Gasifier

» Feedstock: Biomass

+ Current Status: testing was concluded;
system is being shut down

Genova
+ Capacity: 3 MW =
+ Company: Ansaldo Energia

« Technology: Updraft Gasifier

« Feedstock: Coal, Biomass, RDF

+ Current Status: testing is in

progress
j Rossano (CS)

Malagrotta (RM) {\Jw « Capacity: 20 MW

« Capacity: 100 MW . /CF())rrinnS:réy;:ergRyossano Energia

« Company: 7-Hills/JFE N

+ Technology: High Temperature Gasification e ™7 . lecznflogybﬁpd@ft Ct;asmer

» Feedstock: RDF * reedstock: Olive Waste

« Current Status: not in operation; dispute is on the way . Clgrretn'i Stat:_s: no evidence

about its continuous running

IEA Bioenergy - Task 33 Meeting 11

Karlsruhe, Germany - May 13, 2009
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Implementations: Prototype Systems
/p r‘gf_dE Quingentole (MN) )

ilacenza
+ Caema Engineering/RIVOIRA

*  Syngen

.« Capacity: 125 kWe + Capacity: 70 kWe
« Focus: Moveable Bed {Q“, + Focus: Oxygen Gasification
_ Downdraft Gasification (up to 30% vol.) )

fCasteI d’Aiano (BO)

e CISA/CoSeA :
« Capacity: 35 kWe B : ‘ &
» Focus: Stirling engine ‘

N |
T
/Torre Santa Susanna (BR) Monopoli (LE)
« ICQ/SOLENIA ' « SOCOGES
« Capacity: 500 kWth « Capacity: 120 kWe
K. Focus: Pyrogasification * Focus: Engine Tuning-Up

IEA Bioenergy - Task 33 Meeting

Karlsruhe, Germany - May 13, 2009 12
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The Gasification Platform at Trisaia R. C.

Fluidised Bed
1.3 MWth

Doi:vﬁdraft Gasifiers
30-80 KWe

Updraft Gasifier
150 kWth

Dual Fluidised Bed

MCFC 500 kWth

125 kWe

IEA Bioenergy - Task 33 Meeting

Karlsruhe, Germany - May 13, 2009 13
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Downdraft Gasifiers

CURRENT RESEARCH ACTIVITY

a) Demonstration
b) Use of different feedstocks
b) Gas engines testing

c) Oxygen-enriched air gasification

IEA Bioenergy - Task 33 Meeting 14
Karlsruhe, Germany - May 13, 2009
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Former Fluidised Bed Gasifier

a) Fluidised bed gasifier with
internal circulation of bed
material

b) Technology patented by
ENEA/University of L'’Aquila

c) First prototype: 1 MWth air-
blown gasifier to be fuelled
with rice husks

d) It was designed, erected and
tested in Trisaia and then
transported and installed in
China

IEA Bioenergy - Task 33 Meeting 15
Karlsruhe, Germany - May 13, 2009
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Novel Fluidised Bed Gasifier

CURRENT ACTIVITY

a) 1.3 MWth gasifier is under construction

b) Oxygen/steam as gasification agents
b) Catalytic ceramic candles inside the gasifier (UNIQUE Project)

c) 100 W Solid Oxide Fuel Cell

CANDELE

CERAMICHE

IEA Bioenergy - Task 33 Meeting 16
Karlsruhe, Germany - May 13, 2009
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Updraft Gasifier

v Technology is the same as Genova
gasifier by Ansaldo Energia

A

(o

H s

v 150 kWth gasifier is currently
under construction

v ]
{
Roginet
Py

-

SCHEDULED RESEARCH ACTIVITY

+ Cleaning systems (coalescent filters, bio-diesel scrubber)
« Gasification agent (air, air/steam)

+ Feedstocks (biomass, RDF)

» Gas application (methanol synthesis)

+ Cleaning applications (CO, sequestration, desulphurisation)

IEA Bioenergy - Task 33 Meeting 17
Karlsruhe, Germany - May 13, 2009
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Dual Fluidised Bed Gasifier

a) 500 kWth pilot plant was
developed in cooperation with
TUV (FICFB technology)

b) Hot gas cleaning (adsorbing
reactor and filtration unit) was
subsequently added

c) Clean producer gas is rich in
hydrogen and with a very low
concentrations of pollutants (fine
particles, H,S, HCI)

d) Suitable to be used as fuel for a
MCFC (current project)

IEA Bioenergy - Task 33 Meeting 18
Karlsruhe, Germany - May 13, 2009
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Molten Carbonate Fuel Cell

a) MCFC pilot plant is under construction
b) 125 kW stack by AFCo (Ansaldo Fuel Cells) B st

c) Stack will be fuelled either directly by DFBG gas Wi
or by an assisting gases mixture

RESEARCH ISSUES

« Achievement of the required
gas quality

« Stack durability under severe
feeding conditions

« System performances under
different feeding conditions

« Techno-economic feasibility

IEA Bioenergy - Task 33 Meeting 19
Karlsruhe, Germany - May 13, 2009
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THANK YOU
FOR YOUR
ATTENTION!I!!

IEA Bioenergy - Task 33 Meeting 20
Karlsruhe, Germany - May 13, 2009






ECIN

Energy research Centre of the Netherlands

\

COUNTRY REPORT
the NETHERLANDS

Bram van der Drift
Karlsruhe, 13 May 2009

www.ecn.nl






\

2z (|

~ 4

NATIONAL POLICIES and DEVELOPMENTS
subsidy scheme since 1 April 2009

total price incl.

max. total subsidy in minimum basic

subsidy > contract period energy price @
“basisbedrag” contract period “basisprijs”
g pri
biomass (10-50 MW) 11.5-15.6 €ct/kwWh @
biomass digestion (GFT ©) 12.9-14.9 €ct/kwh @
550 M€ 12 years 4.4 €ct/kwWh
biomass co-digestion and combustion 15.2-17.7 €ct/kWh @ y
(<10 MW) ) '
biomass digestion (other fuels) 15.8 €ct/kWh
waste 11.7-14.0 €ct’/kwh © 158 M€ 15 years 9.2 €ct/kwWh ©
biogas (waste/sewage water, landfill) 5.9 €ct/kWh 7 ME 15 years 4.4 €ct/kwWh
biogas (GFT ©) 46.5 €ct/m,®
180 M€ 12 years 14.7 €ct/m,®
biogas (manure, other) 58.3 €£ct/m,’
biogas (waste/sewage water, landfill) 21.8 €ct/m,® 15 M€ 12 years 14.7 €ct/m,®
2): the SDE subsidy will compensate the difference between the total costs (second column) and the actual relevant price having a minimum

value as given in the last column; the minimum energy price is 2/3 of the expected long-term price; this creates low risk for the plant owner
and at the same time creates financial control for the government. Plant owners may insure the risk of lower market price than mentioned
in last column.

(2): depending on heat production, range 0-2 MJ heat / kWh electricity

3): GFT is the Dutch abbreviation for green waste from households, including garden waste

(4) depending on heat production, range 0-4 MJ heat / kWh electricity

(5): depending on energy efficiency (range 22% to 31%) being power plus 2/3 of heat, weighted monthly efficiency

(6): relative high energy price (or low subsidy) due to fact that approx. half of the power is produced from non-biogenic fuels (in the
Netherlands, 48% of incinerated municipal solid waste is biogenic)
(7): gas price is lower then market price, SDE is like an insurance in this category

IEA/Task 33 — NL-report — 15 May 2009 — Karlsruhe www.ecn.nl
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BIOMASS GASIFICATION IN THE NETHERLANDS

e Essent: 85 MW, CFB-gasifier (~30 MW,), demolition wood, 5%
Indirect co-firing in coal boiler

« NUON: ~85 MW,, (~35 MW,_), demolition wood, 15% direct co-
gasification in coal-IGCC, Shell technology

« HoSt: 3 MW,,, CFB-gasifier, chicken manure, heat and 0.25 MW,
(boiler/steam)

e BioMCN: 200 kton/y bio-methanol (180 MW,,.o Or 5 PJ/y) from
glycerin, 50% “co-gasification” in natural gas reformer, glycerin
distillation pre-treatment, start-up end May 2009

« Dahlman: OLGA sold to Portuguese customer, HoSt supplies CFB
gasifier, chicken manure, ~1 MW, start-up end-2009

 HVC: co-operation with ECN on CHP- and SNG-technology based
on MILENA and OLGA

3 IEA/Task 33 — NL-report — 15 May 2009 — Karlsruhe www.ecn.nl
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ECN technology, biomass-to-SNG with 70%

TIME 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

CHP PILOT PHASE DEMO DEMO COMMERCIAL OPERATION DEMO

L 10 MWth PHASE

v

SNG LAB PHASE PILOT PHASE DEMO DI O COMMERCIAL

2 50 MWth PHASE OPERATION DEMO

design data

IEA/Task 33 — NL-report — 15 May 2009 — Karlsruhe www.ecn.nl
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MILENA
gasification technology

IEA/Task 33 — NL-report — 15 May 2009 — Karlsruhe www.ecn.nl
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OLGA

tar removal

' '
DAHLWVMIAN
FILTER TECHNOLOGY

6 IEA/Task 33 — NL-report — 15 May 2009 — Karlsruhe www.ecn.nl
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MORE INFORMATION

Bram van der Drift

e: vanderdrift@ecn.nl PO Box 1
t: +31 224 56 4515 NL 1755 ZG Petten
w:  www.ecn.nl the Netherlands

publications: www.ecn.nl/publications

composition database: www.phyllis.nl

tar dew point calculator: www.thersites.nl

IEA bioenergy/gasification: www.ieatask33.org

Milena indirect gasifier: www.milenatechnology.com

OLGA: www.olgatechnology.com / www.renewableenergy.nl
SNG: www.bioSNG.com and www.bioCNG.com

7 IEA/Task 33 — NL-report — 15 May 2009 — Karlsruhe www.ecn.nl
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1 |n 2004, NZ primary energy supply was 766 PJ
(MED 2005):

Other

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

Geothermal, 12%

(85PJ) 11%

Hydro, (97PJ)

13% Imported oil,

(258PJ) 34%

Gas, (161PJ)

21% Domestic oil,

(18PJ) 2%
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Around 1.5 million
m3/y wood
processing residues
available for
energy.

In New Zealand,
around 4 million
m3/y forest
residues available

for energy.
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In the Future
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New Zealand Energy Policies and
Strategies: An Update
1 In 2008, National Party won the national election and

replaced Labour party in power.

1 |n late 2007, Labour-led Government issued new
policies and strategies:
— Biofuel sale obligation bill: 0.53% in 2008, 3.4% by 2012.

— By 2040, GHG emissions are reduced by 50% of 2007 level.
— By 2025, 90% electricity is generated from renewable sources.
— Emission Trading Scheme was introduced.

1 The bio-oil obligation was removed by National-led
government which plans to promote bio-oil application
through tax incentives.

1 The government increased funding on bioenergy R&D.






0] adinaG o[11C
promotes renewable energy?

1 Carbon Neutral Objectives:
— Carbon neutral in the electricity sector by 2025
— Carbon neutral in the stationary energy sector by 2030
— Carbon neutral in the transport sector by 2040
— Carbon neutral in the total energy sector by 2040.

1 Emissions Trading Scheme (ETS) is the
government’s core price-based measure for
reducing greenhouse gas emissions and achieving
broader sustainability objectives in New Zealand.
Over time it will include all major sectors (forestry,
transport, stationary energy, industrial processes,
agriculture and waste) and all greenhouse gases.






National Programs Iin Biomass
Gasification: R & D Activities

1 From October 2008, the University of Canterbury has
started a new 6-year research program of Biomass to
Syngas and liquid fuels based on the previous research
program of Biomass Gasification for generation of
electricity and heat.

1 Both programs have been funded by the NZ Foundation
for Research, Science and Technology (FRST).

1 Objectives of the new funded programme:

— Gasification of biomass, blending of biomass and coal,
blending of biomass with biosolid wastes.

— Pyrolysis of biomass.
— Synthesis of gasification producer gas to liquid fuel.

— Life cycle analysis (LCA) for various pathways from
biomass to energy and liquid fuels.






Members of New Programme

1 University of Canterbury (Leader).
1 CRL Energy Ltd. (Research collaborator)

1 Crop and Food Research Institute Ltd. (Research
collaborator)

1 Methannex Ltd. (Industry partner)
1 Solid Energy Ltd. (Industry partner).

8 Three forestry companies (Industry partners).






Progress of Biomass Gasification in

University of Canterbury

- ' B = Fast Internal Circulating
o e U8 Fluidised Bed (FICFB)
gasification system has been
constructed and tested in
cold and hot conditions.

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

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

Four masters students has
graduated. Six new
postgraduate students (4
PhDs, 2 MEs) are working in
this area.






1) Olivine Sand trials

1 Olivine sand when used as a bed material is known
to have strong catalytic activity in cracking the wood
tars and lowering the tar content in the producer gas.
Our plan was to test the olivine sand and compare
results with runs based on Greywacke sand.

1 Hot runs were carried out using Olivine, hydrogen
content was slightly higher than that achieved using
Greywacke sand. Tar content was similar but distinct
colour change of the tar in methylene chloride shows
the tars produced have probably different
composition, with maybe lighter (more volatile)
individual components.






2) Calcite/Olivine trials

1 A hot trial with 25% Calcite/75% Olivine sand: higher
H2 content was achieved at 33% compared with 25%
usual. The thermal efficiency for the run peaked at
58% which was much higher than 40% usual.

1 A hot trial with 50%Calcite/50% Olivine sand: a high

gas rate was measured for a peak thermal efficiency
of about 60%. Hydrogen content of 42% was achieved
and CO2 content was about 20%. The only downside
was unexplained large cycling of the gasification
temperature between 850 and 700C. This behaviour
was outside our control and caused the gasifier run to

be shut down early.






3) Co-gasification of Biosolids with wood sawdust
(Biosolids = Dried Sewage Sludge)

1 There is an interest by the local City Council to test dried
biosolids in our gasifier. The plan was to try varying
loadings of biosolids from 10% to 100% in mixture with
wood to study behaviour and gas quality (palletised).

1 Trials have been completed with successful outcomes on
gas quality. The fuel ratios of biosolids/wood were varied
from 10% to 100%. Good quality producer gas was
produced similar to wood, but at higher ratios 60, 80 and
100% biosolids, the ash accumulated over the run and
eventually over-filled the cyclone receiver, bypassed the
cyclone and carried over into the afterburner.






Biomass Drying Technologies

1 Requirements for the biomass drying:

— Achieving required MC, which varies with conversion
technology to be used.

— Achieving high energy efficiency. Biomass is used as
an energy source, therefore overall energy efficiency is
critical to maintain the whole process sustainable.

— Low impact on environment (emissions). VOC

emissions increase with drying temperature and drying
time.

— Low costs.

1 Hard to achieve all at the same time, but dryer design
and drying operation can be optimised.

Sources:

1. Brammer, J.G. and Bridgwater, A.V. 1999. Renewable and Sustainable Energy
Reviews 3: 243-289.

2. Xu, Q. and Pang, S. 2008. Drying Technology 26 (11): 1344-1350.

3. Pang, S. 2008. Drying Technology 26(6): 623-624.

4. Wimmerstedt, R. 2007. In Mujumdar, A.S. Handbook of industrial drying.






Considerations in Dryer Option

1 Particle size of the materials for drying.
1 Drying capacity.
1 Costs in capital and operation.

1 Available source of heat and alternative uses of
that heat source (competing use).

1 Technical and economic evaluation of the
integrated system (proportion of costs and
benefits of the drying operation).






Based on the above criterion, four types of
dryers will be discussed:

1 Packed moving bed dryer.
1 Rotary dryer.

1 Pneumatic dryer.

1 Fluidised dryer.

Technologies for increasing energy efficiency
and reducing environmental impacts:

1 Superheated steam drying.

1 Incorporation of heat and emission recovery
system.






Packed Moving Bed Dryer

(or continuous through-circulation dryer)

» Single-layer, Moist gas out 4

biomass single-
pass, air double- KERECEIE = = e

pass.

Dry material out

_____

e

Dry gasin f

Moist gas out

ﬁ Wet material in
» Multi-layer, / I\ ﬁ

biomass multi- Z ~
pass, air single- J — ”

Pass. Dry material out j \ \ & iD Hot gas in

Sources: Pang et al. Drying 2008, p.1122-1129.
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Brammer, J.G. and Bridgwater, A.V. 1999.





Results and Discussion (cont.)

1 Biomass single-pass, air double-pass

140
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Drying time (min)

0 5 10 15 20 25 30 35 5
Drying Time (min)

25 30 35

a. Hot drying air enters from 1st half
of dryer and is reversed in 2" part.

b. Hot drying air enters from 2"d half
of dryer and is reversed in 18t part.

1 At the same air velocity, air double-pass uses only half of

drying air as compared to air single-pass.

1 Drying air inlet from second part of the dryer can achieve
lower final moisture content.





Rotary Dryer
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Results and Discussion (cont.)

1 Co-current configuration:

_ 140 o 00
&3 z
g 1207 2 400 |
S o
é 100 3 Hot air
o
2 80 £ 300 1
2 S
g %0 5 200
8 15
S 0 % Wood chips
3 20 — € 100 -
o o
z O T T T T T E O
0 2 4 6 8 10 12 | | ‘ ‘ ‘
Dryer length from the inlet end (m) 0 2 5 ‘:' . 6 . 8d - 10 12
ryer length from the inlet end (m

1 Final MC is below 10%, for use in biomass pyrolysis.

1 Hot drying air is in contact with wet biomass and cooler air in
contact with dry biomass, less risk of fire.

Sources:

Xu, Q. and Pang, S. 2008. Drying Technology — An International J. 26: 1344-50
Wimmerstedt, R. 1999. Chemical Engineering and Processing. 38: 441-7.






Pneumatic Conveying Dryer (also
called flash dryer or tube dryer)

Moist

’_Q— = gas out

Bag filter

Cyclone

Wet L l +
material | Dry material
in out

' Feedpoint with
venturi section
—

Hot gas
in

Sources:
Brammer, J.G. and Bridgewater, A.V. 1999.
Pang, S. 2001. Drying Technology 19(8): 1789-1805.






Superheated Steam Drying: Vapour Internal Reheating

Heating coill ) Pressure

monitor

Temp.
sensor

Condensate pymp

1 Similar advantages to MVR system.
1 Uses less power but needs heat source for internal heating.

Source: Pang, S. 1997. Drying Technology 15(2): 651-670.
Vijayaraj, B. et al. Drying 2008, p.449-455. Pakowski, Z. et al. Drying 2008, p.1093-1097.






1 Drying technologies suitable for the drying of
biomass include:

— Packed moving bed dryer;
— Rotary dryer;

— Pneumatic dryer;

— Fluidized bed dryer.

Technologies for increasing energy efficiency and

reducing emissions:
— Multi-stage drying;
— Drying with heat/emission recovery system;
— Superheated steam drying.

Mathematical modelling provides a powerful tool
for improvement of dryer design and optimisation
of drying operation.






R&D Activities in Biomass Gasifiation:
CRL Energy Research Ltd.

1 CRL Energy has recently successfully completed a
government funded programme into fluidised bed
gasification of low rank coal and syngas clean-up for
production of fuel cell grade hydrogen.

It has now begun research into the impacts of adding

woody biomass to the low rank coal. The focus is on
measuring and understanding any changes in

reactivity and syngas composition that may result from
biomass addition and assessing the suitability of the syngas
for Fischer-Tropsch conversion to synthetic fuels.

This programme is in collaboration with University of
Canterbury and coal industry in New Zealand.






The CRL
Energy

Gasifier






Commercial Activities: Page MaCrea
Engineering Ltd
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1 1.7 MWth -Llpdraft gas'ifi'irer in a pIyWOOd rhill using fuels:
— Plywood chip at 11% moisture content wet basis.
— Veneer trim (green wood waste) at 45% MC.

— Debarked waste (mixture of bark and green wood waste)
at 42%MC.

1 Planning to build a ~ 8 MWth gasifier.






Commercial Activities: Alternative
Energy Solution (AES)

AES is representative of Ankur in
Australasia.

It concentrates on scales of
30kw-5.5MW with electricity
generation modules.

Working with Ankur, AES has
developed a high temperature
gas conditioning filter (HTF)
which has passed prototype tests

and was commercially released in
2007.
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Commercial Activities:
Fluidyne Gasification Technology

Fluidyne Gasification Technology continues to provide
supervision on gasification activities undertaken by licensees in
Australia, Canada, Chile, and California.

Support is being given to gasification studies at the University
of Ulster, Northern Ireland, in the supply of a Microlab and
Tasman Class gasifier in mid 2008.

From late 2007, an approach was initiated to enable diverse,

but experienced expertise, to associate informally to review and
design biomass processing systems that include gasification as
part of commercial processes being investigated, or developed.

Experience has shown a serious gap exists within
consultancies to be able to advise clients accurately from in
house expertise.






<4 Canada. Large
charcoal gasifier
designed for
Alterna Energy.

A Chile Andes
Class gasifier set

up.

» Tasman Class gasifier similar to
Ulster University Micro-Lab gasifier






Commercial Activities:
Windsor Engineering Ltd.

1 Windsor Engineering Ltd. is negotiating with an
European gasifier manufacturing company to
represent them in New Zealand and Australia for
construction of 1-5 MWth gasifiers in Wood
Processing Industry.

1 This is financially supported by New Zealand Energy
Efficiency and Conservation Authority (EECA) grant.
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BIOMASS GASIFICATION SWEDEN 2009

2009-05-14 - 2

. Pilot or demo

[ ] r&D

. Commercial

ETC, R&D

Chemrec, 3 MW demo
Black liquor gasification
Pited

Umeda Universitet, R&D

Bioneer 6 MW
Fixed bed updraft gasifier L} ash sintering, tar reduction,
Vilhelmina indirect gasification process dev.

Mid-Sweden University
Indirect double bed test unit
Harnosand

KTH, gasification and F-T studies
Tar/iron catalysis HTAG
Stockholm

alarenergi 2*100

CTH system studies
MSW gasifier

2 MW indirect gasifier
CFB coupling F-T R&D
Goteborg Energi SNG
study 200 MW
Gothenburg

TPS, R&D and FB gasifier
Nykoping

Metso (Goétaverken)
35 MW CFB gasifier
Vard lime kiln

BIOFLOW PCFBG
VVBGC demo
Varnamo

E.ON Sweden

Lund Universit
200 MW SNG study " ! Y

tps





Formulated Policy
Secure energy supply in an economic way

Reduce GHG emissions 4% by 2012

Use of environmental taxation (C0O,1.10€/kg, S 5 € kg, NOx 5 €/kg)

Follow EU ETS policies

— ETS: Base case 26 Mtonne CO, emissions ~ 50% of total emission
— 2004-2007 23 Mtonne

— 2008-12 20 Mtonne In proposed allocation plan

Energy Savings Plan

Biofuels directive

— 3.1% achieved in 2006

— Energy tax reduction on biofuels to 2011 to a value of 9 billion SEK

— This can only be prolonged to 2013, on-going investigation of alternative
— Import duty on ethanol was removed in 2008 (Eu duty 290 €/m?)

Statistics and information www. energimyndigheten.se tps

2009-05-14 - 3





2009 Energy and Climate BiIll

Reduce GHG emissions 40 % by 2020 outside ETS sector
— 20% done (rel. 1990), 30% by flexible mechanisms

— Continued use of environmental taxation

— EU new fuel directive for blending and sustainability

— Sweden independant of fossil transport fuels in 2030

Follow EU ETS policies
— 21% in the EU

Minimum 50% Renewable Energy 2020

— RE Certificate prolongated and target increased, +25TWh rel.2002
— Windpower planning 20TWh landbase+10TWh seabased

Energy Savings Plan
— 20% reduction 2020

Nuclear power
— The reactor development law (1984:3) is revoked
— Up to 10 new replacement reactors can be accepted on present sites

Proposition 2008/2009:162 and 163

tps





R&D and D

— Second black ligour program on-going (85 MSEK)

— Biomass gasification program on-going (40 MSEK)

— 2nd. generation BTL pilot activities 150 MSEK
extra in period 2008-2010

— Establishment of financing 2nd. generation BTL as policy
task in the financial plan for the 2008-2010 period

— Eol for 875 million SEK for demonstration of second
generation biofuels and other energy technologies for the
period 2009-2011.

— 37 Eol applicants, 5 selected projects.
— Five gasifcation applicants
— One gasification selected, black liquour demo

(Varnamo has already allocated funds)

tps





Indirect co-firing

CFB Gasifier at vVaro pulp mill

sSupplier: Gotaverken

. Fuel: Bark, wood wastes

| « Fuel capacity: 30 MW

» Gas usage: lime kiln

e Commissioning: 1987

g ° Development: Enriched air

2009-05-14 - 6

tests in 2003 to try to
debottleneck lime kiln

» Metso Power will conduct
slipstream hot gas cleaning
tests starting in 2009 t

S





Vaxjo Varnamo Bio

TN S e T

mass Gasification Center

Public non-profit project-based company
Large-scale test platform for synthesis gas
Biomass gasification centre on an European scale

Ind. consortium to engage in a PPP to co-finance and exploit results
Program cost estimated to 40 M€

2009-05-14 - 7 tps





The Varnamo plant after rebuilding

FLARE
iy GASIFIER
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* PRODUKTION
PLANT
STEAM
STACK ) TURBINE
\ e :
! l [ r Pilot Plant
AT Y after Rebuild
HEAT RECOVERY DISTRICT
STEAM GENERATOR HEATING
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Proposed VVBGC PPP Structure

90%?7

IND

VVBGC

Shareholder
and exit
agreement

10%

<

VVBGC Owners

Universities
VXU
RIT ?

Research

\.: partnership

'-l'"

Development
Company

Exploitation of

. IPR. know-how

Objectives Develulﬁment Company

Rebuild and operate the
demonstration plant

[ ]

- Generate and exploit IPR

Commercialize by licensing

2009-05-14 -9

I

- Industry:Developoment :

Sponsors & stakeholders

Swedish Energy Agency

mm (N

and test agreement
SNG

Leading Companies:
Petroleum Companies
Forest Company
Engeneering company

Local Companies

F-T Company





ETC Gasification Activities

Entrained flow gasification: black liqour, biomass
Cyclone gasification: biomass
Synthesis gas: zeolithe membrane reactorMeOH, one stage DME pilot

DP-1: High Temp, O, blown Plant, Pitea, Sweden

White
GAS COOLER Liguor
Black -
Li H25-
e Cooling water ABSORPTION
Coygen i :i é
Atomising £
medium — B
REACTOR 7 = : s
LATd steam I_
b g '
[t steam™
Purified and
cooled syngas
= it flare)
.reen Condensate
Liguor
Wealk
Wash x l;:c-g:i::':g water
Liquor n
4222008 8 CHEMREC
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Co-gasification in Utility CFB Boilers

CHALMERS Chalmers University of Technology

|dea to be Demonstrated

Circulating fluidized bed (CFB)

Heat, Electricity, Steam

A

N
Flue gas

%
g

= )

A B
=)
[1B]
Fuel f,
m) =
Air

2009-05-14 - 11

Heat, Electricity, Steam

A

r - ™
Flue gas
f!j | Bio Product Gas
AN |
o
= .
=
E Biomass
- _
) T
I Fluidization gas
Air (Steam or

Bio Producer Gas or ...)
New concept
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Co-gasification in Utility CFB Boilers

Heating season 2008/2009 1 800 hrs of linked operation (5+6 week continous)
Operation with fuel and steam 180 hrs (daytime only)

CHALMERS Chalmers University of Technology

Chalmers 8 MW CFB boiler
AFTER implementation of 2 MW gasifier

SR Table 1. dry raw gas composition spring 20083

mal %

Ha 24.2

CHy 13.3

co 42.5

|--_LI cO, 16.6
"_ | CaHs 2.9

| CaHs 0.5

Start-up time from
sand circulation on
flue gas nighttime
to steam gasifcation
approx. 10 minutes

e s

Particle Seal

2009-05-14 - 12





Co-gasification in Utility CFB Boilers

B erANET

Bloencray Chemical Looping Reforming

Reformed gas

-

Heat from boiler  Cyclone Super
— & heated
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_ Test unit under construction
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HTAG-High Temp Air Gasification (Air Preheat )

Gasification Installation (800 kWth)

e {
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Downdraft gasifier Updraft gasifier
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5 BTL Research Laboratory

Mittuniversitetet 150 |\\/ |CFB gasifier. Commissioning, first hot tests

e Integration of
FT synthesis
== reactor
kY - Prove BTL
Sl integration
B - System
N modelling

» Work on Fuel
flexibility

Tos





Biomass to SNG: GOBIGAS

Plan: 100 MW output Plant

| Status: On-going Studies
= Owners: Goteborg Energi, 80%, E.oN 20%

= Contractors: M+W Zander FE GmbH

CTU Conzepte Technik Umwelt
Repotec

EB== Target: Decision 2009
R&D: Indirect gasification, Chalmers
Tar reforming, KTH

- | CW
' @isationfl wash boostln
m tps

2009-05-14 - 16






Biomass to SNG: E.ON

SPV company formed:

E.ON Gasification Development Co.
Mission statement
“The company’s target is to develop and exploit
technology for thermal gasification of biomass in
order to produce combustible gases, power and heat”.

Target
200 MW SNG plant in operation 2015

Other activities: 20% stakeholder in GoBigas
Involved in the Varnamo discussions





Co-firing: Malarenergi, Vasteras

|_ocation: MalarEnergi, Vasteras D
Capacity: 2x100 MW,,
Fuel: Assorted wastes, dem. wood etc.

Data: Start of construction late 2008, early
2009 subject to permits etc.

AP
MdlarEnergi

Application: Co-firing of clean gas into

existing 600 MW PF boiler
using peat and coal. Project
Includes major renovation

of boiler and extension of flue
gas cleaning to met WID
requirements

2009-05-14 - 18 tps






Biomass Gasification In
Switzerland

Ruedi Buhler, Umwelt+Energie

Policy

Programs

BMG Industry + BMG projects
PSI activities: Serge Biollaz

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009





L

" BMG industry + industrial projects

(1)
dﬂSﬂg ren Dasag Renewable Energy

Engineers and Suppliers of Biomass
Gasification Power Plants

« Type of gasifiers: Indian Institute of Science
open top down draft gasifier

* Produced by Netpro, Bangalore, India.
« Several plants in operation in India
* Plant sold in Switzerland

— Woodpower, Wila 450 kW.,,.

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009





Woodpower, Wila

Main features:
450 kW, + waste heat utilisation.
[ISc-Netpro gasifier
Biomass: 15% moisture content

Producer gas cleaning system with cyclone
separation, quenching, scrubbing and
filtering.

1 Jenbacher engine

Commissioning started January 2007

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009





R Woodpower, Wila

Confederazione Svitzera

Confederaziun s¥iZra

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009





Woodpower, Wila

EXxperience:

Some wrong design details
Fire
— cleaning of control cabinet
— ash/ char coal disposal

Changes, improvement in plant design during 2007, 2008 and 2009
— Changes / improvements carried out by Woodpower (owner) itself
v with support of [ISc (Dasappa)
v’ former subcontractors of dasagren
— Changes May to July 2009: New treatment of charcoal: post-combustion on
the site

Woodpower convinced that main problems now solved
Woodpower still convinced of the [ISc technology

Source of main problems according to Woodpower: Detail engineering
of the licenced manufacturer.

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009





dasagren

dasagren: “silent liquidation”
— NO manpower

— No activities

— could again become activ.

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009





Y . Newcompany: XyloPower
founded by
» former subcontractors of dasagren

« former partners / shareholders of dasagren

~ XyloFowenr
_ Open-Top Solid-Bed Gasifier

S T — R

| -

| Made in Switzerland

S

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009
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schweizerische Erdgenossenschalt
Confadération suisse

o s Slides from XyloPower
XonI:’oweP

Participant in the market since September
2008 with basic development and engineering ,,.nnlﬁ*’
since 2005

S e A ] Turn-Key-Design and installation of biomass
T | gasifiers with a consumption of 425 kg/h
| biomass per reactor for production of
producer gas or electric power with CHPP in
‘M the range of 400 to 1200 kW,

- | Operation experience of a Gasification Plant
- in Switzerland since 2006 with an availability
of 95% through daily 24 hour operation

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009





schweizerische Erdgenossenschalt
Confadération suisse

SoNim e e Slides from XyloPower

Confederaziun svizra

ylopoer‘ |

Activities worldwide in cooperation with
challenging partners

Contact:

_ " ‘;‘l XyloPower AG
= S j| Mr. Alois Rohrer

Grossmattstrasse 17
“N CH — 8964 Rudolfstetten

-

Tel. +41.44.441 77 11
alois.rohrer@xylopower.com
| www.xylopower.com

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009





BMG industrial project (3)

/& /a UmweLt Fuel

PYCO N Oxidation

PYROFORCE Reduction
CONZEPTE AG

%P Syn Gas

¥

Ash

Pyroforce 2-zone gasifier

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009





VT PYCON
Pyroforce System

CONZEPTE AG

l' Cooler « 2-zone downdraft gasifier
;::--w " » Gas cooler (to 150°C)

- Bag house filter

* precoating (adsorbant for

Adsorbant

Scrubbber contaminants + tar reducing)
Bag house Y .
» Washing column (water or solvant)
« Jenbacher engine.
- —

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009





Commercial Plant
Gussing, AT

300 kW, 2 gasifiers + coolers
1 Bag house filter

1 Jenbacher engine
commissioning phase 2007

actual:
— new control system
— In operation again since March 2009

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009

PY

PYROFORCE
CONZEPTE AG





Sehweizerische Eidgenossenschatl

Confédération suiste PY‘ O N
Confederariond SviEier

l.'. |}I'J.|.'-'||'.'.|,' un s5¥rird

PYROFORCE
CONZEPTE AG

view after placing of the gasifiers

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009





Commercial Plant
Nidwalden, CH

1’200 kW, 8 gasifiers + coolers
2 Bag house filters

2 Jenbacher engines
commissioning 2007

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009

PY

PYROFORCE
CONZEPTE AG





Holzstrom Nidwalden: PY
actual situation

PYROFORCE
CONZEPTE AG

Electricity produced 2008: 2’100 MWh

Problems:
— quality of demolition wood

— feeding and flame migration (—> redesign of upper part
of reactor)

— gas cooler (weld): to be replaced

— control system will be replaced (based on experience at
Gussing)

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009





Commercial Plant
Nidwalden, CH

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009

PYCON

PYROFORCE
CONZEPTE AG





PY
Commercial Plants

CONZEPTE AG

PYCON gives warranties
— efficiency

— power + heat

— availability

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009





Biomass Activities of PSI

[J‘_: PAUL SCHERRER INSTITUT

=  Presentation S. Biollaz

IEA Biomass Gasification, Meeting Karlsruhe, 13" Mai 2009






PAUL SCHERRER INSTITUT

o]

Country report Switzerland
- PSI -

Serge Biollaz
PSI — CH-5232 Villigen

IEA - Gasification Task Meeting — Karlsruhe — Mai 2009

IEA Task 33 Meeting, Karlruhe, Germany 1 Dr. S. Biollaz, 13.5.09





PAUL SCHERRER INSTITUT

d;E Country report
} Switzerland, PSI

Outline

* Introduction
* Biomass to SNG activities (dry & wet biomass)

* Biomass to electricity activities (1GCC & IGFC).

IEA Task 33 Meeting, Karlruhe, Germany 2 Dr. S. Biollaz, 13.5.09





PAUL SCHERRER INSTITUT

‘;‘:: Country report
} Switzerland, PSI

Introduction

IEA Task 33 Meeting, Karlruhe, Germany 3 Dr. S. Biollaz, 13.5.09





PAUL SCHERRER INSTITUT

dJT-E Country report
} Switzerland, PSI

PSI’s portfolio strategy for Bioenergy research
SNG and electric energy from dry and wet biomass via gasification processes

Gasification & Heat
BtL processes *) CHP

Power

Gasification &

: Diesel, MeOH, etc.
Methanation /A ——
T—0 =
) Kompogas A%

Hydrothermal
Gasification

CHP

Biogas

*) PS| project BioMeth in the 90ies  [_] Actual PSI focus

IEA Task 33 Meeting, Karlruhe, Germany 4 Dr. S. Biollaz, 13.5.09





PAUL SCHERRER INSTITUT

d;E Country report
} Switzerland, PSI

Biomass to SNG activities

(dry & wet biomass)

IEA Task 33 Meeting, Karlruhe, Germany 5 Dr. S. Biollaz, 13.5.09





PAUL SCHERRER INSTITUT

q;]::ﬂ Country report
Switzerland, PSI

Bioenergy & the European Natural Gas Network
End users are getting access to bioenergy via a dense distribution network

* Energy crops

* Black liquor T
« sludges 5 “Eg“ =
: ORI 5

1st generation (biogas) & ﬂ“ S IR AN N
. . IS g & . :
2 generation (via syngas) /- | European NG grid (25 ... 70 bar) .

3" generation (from algea) *

Gas Infrastructure Europe: www.gie.eu.com *
1 ITany JE Ny e T P

IEA Task 33 Meeting, Karlruhe, Germany 6 Dr. S. Biollaz, 13.5.09





PAUL SCHERRER INSTITUT

d;]::[b Country report

Switzerland, PSI

SNG from biosyngas / dry biomass

R&D on methanation and gas cleaning in Glssing, A

CHP-plant

SNG-Production

For details see Reinhard Rauch workshop
presentation 14" May

- .- q

' W

nstration Unit -

IEA Task 33 Meeting, Karlruhe, Germany 7 Dr. S. Biollaz, 13.5.09
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Country report
Switzerland, PSI

Hydrothermal Gasification

(SNG from wet biomass)

IEA Task 33 Meeting, Karlruhe, Germany 8

Dr. F. Vogel, 13.5.09





PAUL SCHERRER INSTITUT

d;E Country report
} Switzerland, PSI

SNG from wet biomass via hydrothermal gasification
Combining algea and SNG production: SunCHem process

i nutrients, CO,, H,O

wet biomass (algea)

IEA Task 33 Meeting, Karlruhe, Germany 9 Dr. F. Vogel, 13.5.09
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Country report
Switzerland, PSI

PSI’s catalytic hydrothermal SNG process for wet biomass

Flue gas

T

Calculated net efficie

ncy (biomass dry matter to SNG):

* 60% for liquid manure, sewage sludge

* 70% for wood sawdust

* Recovery of the nutrients as concentrated brine
* Recovery of the CO, — sequestration

Salt
separator &
superheater
Biomass slurry saltbrine
R
Preheater
(Heat
recovery)
N
\Z
High pressure .
slurry pump -

Cooler

Gas fired
burner
Air
A
Reactor
(Gasification &
Methanation)
i
——D><—> > SNG
(to the pipeline or gas engine,
Phase i fuel cell, gas turbine)
separator
—>3+—— Water

IEA Task 33 Meeting, Karlruhe, Germany

Dr. F. Vogel, 13.5.09
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Country report
Switzerland, PSI

Process Development Unit (KONTI-2)

IEA Task 33 Meeting, Karlruhe, Germany

11

A Feed container

B High pressure pump
C Preheater

D Salt separator

E Fixed-bed reactor
F Coolers

G Pressure letdown &
GIL separation

H on-line gas analysis

Max. 1 kg/h
500°C
35 MPa

Dr. F. Vogel, 13.5.09
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d;E Country report
} Switzerland, PSI

Biomass to electricity activities
(IGFC & IGCC)

IEA Task 33 Meeting, Karlruhe, Germany 12 Dr. S. Biollaz, 13.5.09
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Country report
Switzerland, PSI

Existing and future options for power generation from wood

Electrical efficiencies for bio-power plants

60

50

30

Electrical Efficiency ng e [%]

0 1T

20 | R R

10 I O I

10 100
Biomass Input [MW,, ]

1000

CHP-Systems
- Steam cycle
- Gas engine (single unit) *
Gas engine - ORC combined *

Fuel Cell & Fuel Cell combined *

Power Generation

V/ Steam cycle

v

—— Gas turhine®

i][l]l[ Combined Cylce (CC)™*

@ Co-Firing NGCC or Co-Gasification CC *

* Processes based on Gasification

IEA Task 33 Meeting, Karlruhe, Germany
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q;‘:: Country report
} Switzerland, PSI

Biomass-Integrated Gasification Fuel Cell (B-IGFC)

Process steps for power generation from biomass via gasification and fuel cell

Power generation

Biomass Gas cleaning : Fuel Cell

pre-treatment SlIE L & - conditioning |8 (FC)

4— ,fuel spec*
@ \What is a good product gas for fuel cell application?

Species of interest in the product gas:
* Bulk: H,, CO, CH,, C,H,, N,, CO, and H,0
* Impurities & potential contaminants I: Tars, H,S, COS, S-containing tars, NH,, HCN, ...

* Impurities & potential contaminants Il: K, Na, As, Sb, P, Se, ....

IEA Task 33 Meeting, Karlruhe, Germany 14 Dr. S. Biollaz, 13.5.09
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q;E Country report
} Switzerland, PSI

Results of technical system analysis of B-IGFC, 1 MWy, \ et
General conclusion: Product gas should be CH,~rich and low in sulphur

Q Gussing BHKW 100% T Tubular cell
-2 1, Ca. 26 % 90% -
- Ny, ca. 54 % 80%
Temperature 150°C
70%
O System 4 S 60% -
I
2 Mg Ca. 32 % = 50% |
2 My ca. 42 % g |
Temperature 200°C ’
30% -
O System 5
> g ca. 27 % 20% 1
- 1y, ca. 46 % 10% -
Nih
o
Temperature 200°C 0% ‘ ‘ ‘ ‘ ‘ ‘
[ Electricity AC M Transformation losses  E Auxilury power demand [ Sulfur losses O Electrochemical losses
@ Fuel utilization O Gas processing M Gasification W Heat >200°C O Waste heat

More information; http://e-collection.ethbib.ethz.ch/eserv/eth:41553/eth-41553-02.pdf

IEA Task 33 Meeting, Karlruhe, Germany 15 Dr. S. Biollaz, 13.5.09
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q;‘::} Switzerland, PSI

Biomass co-firing in gas turbine
Issues investigated

combustion characteristic..-=-..,

gas e,
cleaning

extraction of pressurized air

>

Biomass quality

IEA Task 33 Meeting, Karlruhe, Germany 16 Dr. S. Biollaz, 13.5.09
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Country report
Switzerland, PSI

Gasification of grass in a bubbling fluidized bed (BFB)

Ambient pressure, 1 kg/h

Ca K Mg Na Ba S Si
g/kg hay* 70| 173 1.6 01| 0.02 1.2 | 140
g/kg hay? 6.6 | 18.8 2.0 05| 0.03 2.0 9.4
g/kg wood? 5.3 1.7 0.6 02| 0.09 0.7 1.3

1 measurements 2: mean literature values

IEA Task 33 Meeting, Karlruhe, Germany

17

Dr. S. Biollaz, 13.5.09
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q;[:: Country report
} Switzerland, PSI

Diagnostics for gas composition and contaminants
Online measurement

clean gas
permanent gases

rawgas - continuous

P

wet sampling =

-
-

o =

loaded solvent )
tars, particles ot

. . A L‘ IJ'F!:E . .
» continuous gas sampling ICP, onling (metitewith bus)

* permanent gases (online uGC, 3 min/sample)
* tars in solvent (offline GC/MS or GC/SCD)

* 99% of particles in the solvent & online ICP (30 s/sample)

IEA Task 33 Meeting, Karlruhe, Germany 18 Dr. S. Biollaz, 13.5.09
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Presentation Outline

« USA Energy

« USDOE Projects

* Non-Federal Projects

» Gasification Technologies






USA Primary Energy Consumption

Fossil Energy Renewable Energy
Year Coal Natural Petroleum Total Nuclear Hydro- Geo- Solar/PV Wind Biomass Total Total
Gas Fossil electric thermal Renewabl Primary
e Energy Energy
Quadrillion Btu
1973 12.97 22.51 34.84 70.32 0.91 2.86 0.04 NA NA 1.53 4.43 75.71
1974 12.66 21.73 33.45 67.91 1.27 3.18 0.05 NA NA 1.54 4.77 73.99
1975 12.66 19.95 32.73 65.35 1.90 3.15 0.07 NA NA 1.50 4.72 72.00
1976 13.58 20.35 35.17 69.10 2.11 2.98 0.08 NA NA 1.71 4.77 76.01
1977 13.92 19.93 37.12 70.99 2.70 2.33 0.08 NA NA 1.84 4.25 78.00
1978 13.77 20.00 37.97 71.86 3.02 2.94 0.06 NA NA 2.04 5.04 79.99
1979 15.04 20.67 37.12 72.89 2.78 2.93 0.08 NA NA 2.15 5.17 80.90
1980 15.42 20.24 34.20 69.83 2.74 2.90 0.11 NA NA 2.48 5.49 78.12
1981 15.91 19.75 31.93 67.57 3.01 2.76 0.12 NA NA 2.60 5.48 76.17
1982 15.32 18.36 30.23 63.89 3.13 3.27 0.10 NA NA 2.66 6.03 73.15
1983 15.89 17.22 30.05 63.15 3.20 3.53 0.13 NA 0.00 2.90 6.56 73.04
1984 17.07 18.39 31.05 66.50 3.55 3.39 0.16 0.00 0.00 2.97 6.52 76.71
1985 17.48 17.70 30.92 66.09 4.08 2.97 0.20 0.00 0.00 3.02 6.18 76.49
1986 17.26 16.59 32.20 66.03 4.38 3.07 0.22 0.00 0.00 2.93 6.22 76.76
1987 18.01 17.64 32.87 68.52 4.75 2.63 0.23 0.00 0.00 2.87 5.74 79.17
1988 18.85 18.45 34.22 71.56 5.59 2.33 0.22 0.00 0.00 3.02 5.57 82.82
1989 19.07 19.60 34.21 72.91 5.60 2.84 0.32 0.06 0.02 3.16 6.39 84.94
1990 19.17 19.60 33.55 72.33 6.10 3.05 0.34 0.06 0.03 2.74 6.21 84.65
1991 18.99 20.03 32.85 71.88 6.42 3.02 0.35 0.06 0.03 2.78 6.24 84.61
1992 19.12 20.71 33.53 73.40 6.48 2.62 0.35 0.06 0.03 2.93 5.99 85.96
1993 19.84 21.23 33.74 74.84 6.41 2.89 0.36 0.07 0.03 2.91 6.26 87.60
1994 19.91 21.73 34.56 76.26 6.69 2.68 0.34 0.07 0.04 3.03 6.16 89.26
1995 20.09 22.67 34.44 77.26 7.08 3.21 0.29 0.07 0.03 3.10 6.71 91.17
1996 21.00 23.09 35.67 79.78 7.09 3.59 0.32 0.07 0.03 3.16 7.17 94.18
1997 21.45 23.22 36.16 80.87 6.60 3.64 0.32 0.07 0.03 3.11 7.18 94.77
1998 21.66 22.83 36.82 81.37 7.07 3.30 0.33 0.07 0.03 2.93 6.66 95.18
1999 21.62 22.91 37.84 82.43 7.61 3.27 0.33 0.07 0.05 2.97 6.68 96.82
2000 22.58 23.82 38.26 84.73 7.86 2.81 0.32 0.07 0.06 3.01 6.26 98.98
2001 21.91 22.77 38.19 82.90 8.03 2.24 0.31 0.07 0.07 2.63 5.32 96.33
2002 21.90 23.56 38.23 83.75 8.14 2.69 0.33 0.06 0.11 2.71 5.89 97.86
2003 22.32 22.90 38.81 84.08 7.96 2.82 0.33 0.06 0.11 2.82 6.15 98.21
2004 22.47 22.93 40.29 85.83 8.22 2.69 0.34 0.06 0.14 3.02 6.26 100.35
2005 22.80 22.58 40.39 85.82 8.16 2.70 0.34 0.07 0.18 3.15 6.44 100.51
2006 22.45 22.19 39.96 84.66 8.21 2.87 0.34 0.07 0.26 3.37 6.92 99.86
2007 22.78 23.64 39.77 86.21 8.41 2.46 0.35 0.08 0.32 3.62 6.84 101.57

5/14/2009





USA Renewable Energy Consumption in 2007

Waste Energy,
431

Geothermal
Energy, 353

Wind Solar/PV
Energy, 319 Energy, 80

Total = 6835 trillion Btu

5/14/2009





Biopower Summary

Biopower status
2006 Capacity — 10.4 GWe
— 5 GW Pulp and Paper
— 2 GW Dedicated Biomass
— 3 GW MSW and Landfill Gas
— 0.5 GW Cofiring
2006 Generation — 54.9 TWh
Cost — 0.08 — 0.10 USD/kWh

Potential

 Cost - 0.04-0.06 USD kWh (integrated gasification combined cycle)

o 2030 — 160 TWh (net electricity exported to grid from integrated 60
billion gal/yr biorefinery industry)

Sources: Aden,et. al, NREL/TP-510-32438, DOE EIA Annual Energy Outlook, Table A16 (year-by-year)





U.S. National Commitment to Ambitious Biofuels Goals

“Cost-competitive cellulosic ethanol”
— Cost-competitive in the blend market by 2012
“201in 10" (from the 2007 State of the Union address)
— Reduce U.S. gasoline* use by 20% by 2017 through...

o 5% reduction from enhanced efficiency standards (CAFE)

o 15% reduction from new Alternative Fuels Standard at 35 billion gallons/year (consistent with
the current RFS)

EISA (Energy Independence & Security Act)
— 36 billion gallons renewable fuel by 2022

e 21 billion gallons advanced biofuels
30 x 30 (followed from the 2006 State of the Union addres)
— Longer-term biofuels goal
— Ramp up the production of biofuels to 60 billion gallons
— Displace 30% of U.S. gasoline consumption* (based on 2004 use) by 2030





Major DOE Biofuels Project Locations
Geographlc Feedstock, and Technology Diversity e

mochemic

vm ,
. e T Woody Biomass — Mill Re5|dues Bioene gy Research Center
X r (Madison, Wl)

| Regents of the University of University of Maine \E/’,\;oczer'réllcal
Ly | e Cargill Inc Minnesota (Orono, ME) Mi(I)IORé,si(;?JZ]sass_
Pacific Ethanol [ B Biochemical Various Mascoma ' “‘ o
Biochemical e Various___/(Minneapolis, MN) Biochemical Mascoma (Gld Town, ME)
Wheat Straw, Stover, | | | (aneapolls MN) Flambeau River Hardwoods B|ocf\1/en"‘||cal \
Poplar Residues / — : Th}z'fmochemical (Upper Peninsula, MI) a”°“§ ;
Mont; State U \
(Boardman, OR) | \ Bgzne;n:n (?/I'?’) n|ver5|t}‘y ‘ Forest Rssmues/Wood Waste (Lebanon,“NHs \
/ ! | \ (P rkFallsy W) / | T
A ‘ NewPag Cornell Unjversity | University of
\ T DOE- Lak y | / y
Fher ea’( axes (Ithaca, NY) h Massachusetts — Amhers

I mherst, MA)
-GEGO al Research
lf (lekayuna NY)

& DSM Innovation Center

(Wisconsin Rapids, WI
Gas Technol Instltute

(Des Plaipes, IL)

\//Teéhnology

|
DOE Joint Bloenergy Institute — — ) Purdue Universit
(Berkeley, CA) | | 7 | Poet, (West Lafayette, |yN) | (Hoboken NJ) Biochemical
Novozymes f’ | Biochemical ‘Thermochemical \ Univeristy of < Various
Biochemical * [ for’éc"b’?%’” F”ﬁ’ \{} (D P'@‘{“es ) B Toledo (JL_ (Parsippany, NJ)
Various O \\ Emery Energy f (Emmetsburg, IA) \\ ‘ (T Ideo\,/dH) ~ AU
: \ [ i o \ Alltech Dupont
(Davis, CA) O g;?;ms(zgggmcal Lignol JR Pq'rdue Univelsity B)ochemlcaf V|rg|n|a T?Ch Biopchemical
Biochemidel (Salt Lake City, UT) orosnemical Biochemical  Com Cobs/Corn FipedBlacksburg, VA) various
V;icouesmlca ( ) \év:ggzeBSmmass— Ag | ONest\IisfayeFfe IN) (Washingto KY) > (Wilmington, DE)
\ ] A . .
(Palo Alto, CA) | Gr"and‘JtrnttrOﬂ c Akqengoa ICM : = . ‘Research Triangle Institute (2)
Bl é:Fire Ethanol ¢ | Q) hemica ¥ _ Bloﬂhemlgﬂf,,,,\ DO ioenergy Sci , Thermochemical
Ceres. Inc %}> Biochemical [ Agrlcultural ReS|due| Switchgrass, Forag % ]:eé d/ l}I'N) Woody Biomass
; | Sorghum, Stover ak/Ridge,
Various = Municipal Solid Waste (Hu?oton, KS): (gt.g‘]‘bseph, MO) T \ ‘ . University of GeoréRe’SearCh Triangle Park, NC)
(Thousand Oaks, CA) (Mecca CA) | “ L \ \ Xchens GA)
. L _\ | S~ ‘ | Southern Research ~ Georgia Tech \
Verenium Corp | | N Institute  (Atlanta, GA) J
Blophemlcal | ‘w T,, — Thermochemical a>
Varlous L [ - \ Various { Range Fuels
(San Diego, CA) BV \ (B|mﬁngham AL) —____Thermochemical
\ \/ Woody Waste
* Nine Small-Scale Biorefinery Projects 1 / * (Saperton, GA)

Verenium Biofuels Corp.
Biochemical Process

{:} Four Improved Enzyme Projects [ Energy Cane and Bagasse
| (Jennings, LA)

Five Projects for Fermentation Organisms

+ Four Commercial-Scale Biorefinery Projects

Five Thermochemical Syngas Projects

* Three Office of Science Bioenergy Centers

Regional Partnerships
South Dakota State Univ., Brookings, SD
Cornell University, Ithaca, NY

@B DOE Joint Solicitation Biomass Projects ! ,
Univ. of Tennessee, Knoxville, TN

A Five Thermochemical Bio-Oil Projects Oklahoma State Univ., Stillwater, OK
Oregon State Univ., Corvallis, OR

‘ Six University Projects





Solicitations: Leveraging Partnerships to Achieve Goals

— Four cost-shared, integrated biorefinery demonstration projects to produce
130 million gallons of cellulosic ethanol in 5 years using variety of conversion technologies and
cellulosic feedstocks

— Cost-shared, integrated biorefinery demonstrations using cellulosic feedstocks to produce
renewable fuels; one-tenth of commercial scale

— Eight selectees announced for a total investment of $210 million
— Five selected research teams working on microorganisms

— Four selected research teams working on inexpensive enzyme systems for
commercial biomass hydrolysis

— Integration of gasification and catalyst development
— Pyrolysis oil stabilization

— Biomass R&D Initiative: 20 awards announced March 2008

— Integrated Pilot Sale Biorefinery

— Integrated Demonstration Scale Biorefinery
— Annual USDA/DOE Joint Solicitation

— Feedstock Logistics Solicitation






EPACT Section 932 “Commercial-Scale” Biorefineries

DOE investments in cellulosic biofuels will accelerate commercialization and
help create a biofuels market based on non-food feedstocks.

Biochemical- Lease and NEPA issues being
Bluefire Sorted MSW | Concentrated Acid Mecca, CA resolved. Anticipate an Award
Hydrolysis 2 for construction in FY09.
Corn Cob : : Emmetsburg, Awa_trd 2 TIA issued, ,
Poet Corn Fib Biochemical A engineering and construction
orn Fiber In progress.
Range Fuels Woody Gasification + Mixed Soperton, GA va ail:loelrSriI]IAaI;?jufgr’mstruction
g Waste Alcohol synthesis P ’ €nhg 9
in progress.
Agricultural : . NEPA EIS process initiated.
Abengoa Residue Biochemical Hugoton, KS Award 2 anticipated in FY09.

TIA = technology investment agreement
NEPA = National Environmental Policy Act
EIS = environmental impact statement






Demonstration-Scale Biorefineries Selected in FY08

Biochemical-Solid State

Washington County,

Ecofin Corn Cobs, Corn Fiber ) KY
Fermentation
Lignol , : : : .
: Woody Biomass Biochemical-Organisolve | Grand Junction, CO
Innovations
Mascoma Woody Biomass Biochemical Upper Peninsula, Ml
NewPage Woody Biomass - Mill Thermochemical-Fischer- Wisconsin Rapids, Wi

Residue

Tropsch

Pacific Ethanol

Wheat Straw, Stover,
Poplar Residuals

Biochemical-Biogasol

Boardman, OR

Woody Biomass - mill

Biochemical-Pentose

RSE residues Extraction Old Town, ME
Vgrenlum Energy Cane and Biochemical Process Jennings, LA
Biofuels Corp. Bagasse
Flambeau River Forest residues and Thermochem to Fischer-

Park Falls, WI

Biofuels LLC

wood waste

Tropsch






Abengoa Bioenergy

Will demonstrate dual biochemical and thermochemical
capabilities

Production:

e 11. 4 million gallons/year and sufficient energy to
power the operation and sell excess energy to the
co-located dry-grind ethanol production plant

e Both ethanol and syngas production, with long
term strategy of using the syngas for ethanol and
chemicals production

Technology & Feedstocks:

e Thermochemical (gasification) and biochemical
processing of 700 tons/day of corn stover, wheat
straw, milo (sorghum) stubble, switchgrass, and
other opportunity feedstocks





Range Fuels, Inc.

Use of a novel two stage gasifier followed by
catalytic conversion of the syngas to mixed alcohols

Production:

20 million gal/yr ethanol, 8 million gal/yr methanol in first
module

100 million gal/yr ethanol, 40 million gal/yr methanol at
commercial scale

Technology & Feedstock:

Pyrolysis followed by reforming of pyrolysis vapors to
synthesis gas

Syngas catalytically converted to mixed alcohols

Unmerchantable timber as feedstock, 500 ton/day first
module, 2500 ton/day commercial scale





New Page

Using gasification followed by catalytic synthesis to liquid
hydrocarbons

Production:
* 5,500,000 gallons per year of Fischer-Tropsch liquids

Technology and Feedstocks:

« 497 bone dry tons per day of woody biomass
comprised of mill residues and unmerchantable forest

biomass

» To deploy technologies at existing Wisconsin Rapids
Mill

o At feasiblility study stage

« Evaluating TRI gasification technology





Gasification Technologies

5/14/2009






Carbona; SKIVE GASIFICATION CHP-PLANT, DENMARK
6 MWe and 12 Mwth

SKIVE PROCESS DIAGRAM

BIOMASS, 28 MWith
l GAS FILTER TO STACK

TAR REFORMER

2 BOILERS

= GAS
SCRUBBER
FLY ASH

DISTRICT
( HEATING

11.5 MWth

GASIFIER

WATER

POWER
AIR/STEAM GAS BUFFER 3x2 MWe

_— TANK

3 GAS ENGINES

BOTTOMASH  GaAs COOLERS

\CHER GAS ENGINES ¢
t -.'!'

-

2 GAS BOILERS.

Status: >1000 hours with engines
April 2009

Source: Carbona

February 2009






STATUS OF UPM BTL PROJECT

Biomass to U route:
liquids a FB-gasification
development Q Fischer Tropsch synthesis

Q Product upgrade
Q UPM strengths:
Q  Access to raw material
Q Mill integration
a Closeto core business

Current status Q Exclusive alliance with Andritz/Carbona
Q Piloting in Gas Technology Institute facility in
Des Plaines, IL
a Commercial scale plant engineering ongoing &
EIA initiated
O Site selection process ongoing

Q Wood supply chain & logistics survey ongoing






Community Power Corporation, Littleton, Colorado

Today: BioMax — Modular Bioenergy Systems
From 25 to__‘lQO (KWe)

,’, - \HotA|rto Dryer
; -"‘“*- E"""' .

~;

L Gas Production Module

= B|omass Dryer

i, ,
- B

| Genset

National Renewable Energy Laboratory Innovation for Our Energy Future





Community Power Corporation, Littleton, Colorado

CPC’s BioMax Has Extensive Field Experience
18 BioMax Sites

Walden, CO

Reno, NV
Madison, Wi
Starkville, MS
Grand Forks, ND
Mt. Wachusett, MA
Miami, FL

El Salvador (#1)

El Salvador (#2)
West Lafayette, IN
Minneapolis, MN*
Winters, CA
Auburn, AL
Missoula, MT
Alexander, LA
Edmonton, Canada®
Detroit, MI*

us Army *

* Installation pending

BioMax 50
Power, Heat + Syndiesel (in mid-2008)

Prototype Tactical Biorefinery
. i Mobile encampment feeding waste to energy (gaseous fuels and ethanol)
(A et Fostaock) — —= x | | US Army/Baghdad
7 8 Contractors: Community Power Corporation, Purdue University, Defense Life Sciences
BioMax 50 May 2008

National Renewable Energy Laboratory Innovation for Our Energy Future





Emery Gasification Process

FEEDSTOCKS EMERY GASIFIER SYNGAS PURIFICATION SYNGAS CONVERSION PRODUCT OPTIONS
OPTIONS

STHGAS ¥

" STEAM TURBIMES
@ E z
WATER - GAS SHIFT/ -

P s R -
.

F.T. FUELS
ETHAMOL Ei
g MeHaNoL

Y ¥

AS5H HANDLING EY PRODUCT UTILIZATION

ed in prornoting both biornass and coal ga tion solutions that
hniques., Ermery has designed, ci
ed 3 pilot plant gas i ranging in throughput from 1 -
b y of solid feeds E oprment, coupled with
supparting funds from both the L. [ 1 and the U.5.

Enviranmental Pri
technal
gasifier

loping a large
liquid fuel praduction appl
capable of pro B

e same proagrarn, Emm
plant. This effort w

tional La
2ase fuel flex

http://www.emeryenergy.com/ (4-10-2009)
Innovation for Our Energy Future

National Renewable Energy Laboratory






Frontline Bioenergy, LLC, Ames, lowa

S o
LYRN--oos, g ] )

o
Gasifier

Benson, MN

Gasifier
Building

Phase 1 rI TPD‘inipL[l (12.5 MW,,)

Phase—2 (feitureyl 30 TE_Q_i__I:\_p__UF(BO MWy,

www.frontlinebioenergy.com, 515-292-1200, Ames, IA USA






Frontline System

Bubbling Fluid Bed

— Fuel flexibility: corn stover, straw, grasses, tramp material
— Robust performance, isothermal: minimal clinkers, bed recycle

Moderate pressure operation
— Greater throughput: single unit, allows shop-built components
— Benefits for Biomass-to-liquids: avoid first stage compression

Gas Conditioning

— Novel filtration: removes alkalis and PM, protects downstream
boilers and catalytic/biological processes

— Proprietary Tar cleanup: allows multi-burner applications

Upgradeable for Syngas production
— Add oxy/steam system for syngas production

CAPTURE THE ENERGY release the potential





GTIl Biomass Gasification Activities

el 1

| |
PWR
Advanced
Compact
Gasifier
Syngas System: Bay
Applications 2

> 2"d generation biofuels
Pfgéct sz:;mizﬁ)ln e Laboratory & pilot-scale

tests for Andritz/Carbona
and UPM F-T project
maximum feed rate of
biomass (02-blown, 25 bar)
is 40 tons/day

- Gas ! Bldg
Cleanup ‘

il .
EVAL

» Syngas cleanup
e Warm-gas cleanup train
Engineered catalysts

Acid Gas 1_:1__._- i |
|reatment o °
Rilot Plant \\i‘l},l’./ I | I i
| i » H, production

* Membrane reactor system

> Biomass pretreatment
e Hydrothermal process

Source: GTI





GTI Synthesis Gas Process

P;:’;i::;a, ng:?gsis, Power
cid Gas
Removal Removal CH P
Methanol
Fuel . Trace Synthesis, Alcohols
T Gasification Removal Upgrading FT Diesel
DME
Shift
Hydrocarbon
Reforming Hydrogen H2
Separation SNG

GTlI R&D GTI U-GAS®, Morphysorh®,
RENUGAS®, Ultra-Clean UCSRP,
Coal Biomass GPE bluegas, CrystaSulf® (+DO)  UCSRP,
Biomass pretreatment, PWR Compact GTI Catalysts, Ultra-Clean CrystaSulf-DO®
Coal and Biomass pyrolysis Gasifier Tar Reforming Membranes Ultra-Clean Catalyst

Source: GTI






2nd Generation Biofuel Production from Wood by Fluidized Bed
Gasification and F-T

CARBO"A UPM-KYMMENE OB
m BIODIESEL PROCESS
FT & Refining
Fuel Pre-treatment Syngas Process & Distribution
Wood Based Fuel Ultra
l : llllllllllllllllllllllllllllllllll T lllllll : Purification
Receiving & E — — E
Crushing " | Gasification . . A .
= | 250-300 Initial Gas Gas . Synthesis
v . MW Conditioning| Processing . ¢
PE:IﬂTigiig = ® PO
Upgrade

. . y
nygen J‘ ................................. l: 3 x

Plant Distribution

Source: GTI






Range Fuels’ Thermo-chemical Conversion Technology

Source: Range Fuels






Range Fuels - Status of Projects

Commercial Cellulosic Biofuels Plant, Soperton,
Georgia, U.S.
— Q1 2010 complete mechanical construction on Phase 1
— Q2 2010 begin cellulosic biofuels production from Phase 1
— 125 tpd scale

Pilot Cellulosic Biofuels Plant, Denver, Colorado, U.S.

— Q1 2008 began operations on 4t generation, fully integrated
and automated pilot plant

— Over 10,000 hours of operation on four generations of pilot
plants

— 2.5 tpd scale

Source: Range Fuels
..





TRI Technology and Projects

TRI's core technology is deep fluidized bed, indirectly-heated, steam reforming of biomass
—  Biomass undergoes evaporation, pyrolysis, and gasification in our system; tars are recovered and gasified

TRI's black liquor gasifier has been commercially operational for six years (Trenton, Ontario)

Two separate DOE “Small-Scale Biorefinery Projects” are employing TRI technology
— NewPage, Wisconsin Rapids, WI; 500 dry tons per day biomass to FT fuels and tail gas. Class 10 study underway ($30 million award, 2008)
—  Flambeau River Biofuels, Park Falls, WI; 1000 dry tons per day biomass to FT fuels. Class 30 completed ($30 million award, 2008)

State-of-the-art 4 dry ton per day solid biomass pilot plant at Carbon-2-Liquids (C2L) Center, Durham NC

Highly-scalable TRI reformer design:
number of PulseEnhanced™ heaters is
adjusted within same reformer vessel to

meet required throughput level

TRI BL gasifier (top left) at Norampac'’s
Trenton, Ontario plant

Newest TRI PDU in Durham, NC





TRI Technology and Projects

Black Liquor Steam Gasification
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University of California & West Biofuels: Thermochemical Conversion
of Biomass to Mixed Alcohols

Research Team: University of California (San Diego, Davis, and Berkeley), West Biofuels LLC.
Location: Woodland Biomass Research Center, Woodland, CA 95776
Contact: Professor Robert Cattolica, PI, UCSD, email: rjcat@ucsd.edu

» 5 ton/day dual-fluidized bed gasifier
based on “Pyrox Process”

e Producer Gas — 500 BTUs/ft3
e  Atmospheric Pressure
* Air blown combustor

e Auto-stabilizing: Bed Level
Temperature

» Auto-regeneration of catalyst

~ +  Minimizes replenishment of bed
~ material and catalyst

»  Extensive Testing on MSW in Japan
(MITI) for power production
3 units each 150 tons/day
7 year demonstration
1983 -1989
e Status: In Start-up

Source: University of California, San Diego





Nexterra Energy Corporation

Johnson Controls Inc.
University of South Carolina

JCIUSC Gasification System
Custamer:

Jobhnzon Controls Inc. -

Univerzity of South Caroling
Location:

Calumbia, Souwth Caroling

Facility Type:

University

Application:

Cogenetation plant to provide hest
and powveer for university.

Scope of Work:

Supply only of gasification system

Highlights
Start-ugp
24 2007 Gasifiers and metering bins st USC plant
Capacity:
E0,000 ks of high pressure 1 Gasters Cuiduian

steam for district heating o
PDWEF Wardn Hagl fodsr
1.38 WMWY of electricity power o 1= - LB Pan
generation s -

Fuel:

Wiood residue (hog fuel)
Fuel moisture cortent:
25 - 55%

Elasimaisl S
Frecgama

Process
3 gasifiers convert wood
hiomazs to combustible syngas.
Syngas is burned inthe oxidizer.
The hot flue gas iz directed
through heat recovery steam
generatar to produce steam.
Steam zent to a back pressure
turkine to produce electricity.

Turhine exhaust steam is g : e
distributed to campus heating llustration of Mexterra's gasification system at USC

system.

Credit:http://www.nexterra.ca/
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Primenergy

*Central Minnesota Ethanol Cooperative (CMEC)

*15million gpy ethanol plant in Little Falls, MN

*Funding — USDA, XCEL Energy, Private
*E&C — Sebesta Blomberg

*Gasifier — Primenergy

280 tpd wood

Biomass
Air

—

Gasifier

-

*50 k-Ib/hr high pressure steam for electricity

«35 MMBtu/hr thermal energy

SynGas

. Back Green
rocess - Pressure g Electrical
Steam Turbine Power

High Compliant
Prassure Exhaust
Steam
Heak
Green Recovery
Thermal Steam
Oxidizer Generalor

DDGS
Diryer
Exhaust

!

DDGS
Dryer

Dryer
Thermal
Energy

http://www.primenerqgy.com/Projects detail LittleFalls.htm 8/28/06
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Gulf Coast Energy, Inc

Process: Ethanol production via biomass
steam reforming, gas cleanup, mixed alcohol
synthesis, alcohol distillation

Gasifier: Indirect entrained flow using
natural gas as fuel

Status: 4.5 tpd pilot unit

Location: Livingston, AL

National Renewable Energy Laboratory Innovation for Our Energy Future
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