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The Issue Addressed

Transport Fuel Usage in EU 15

1998 Gas and diesel 244 Mtoe
2010 Gas and diesel (prognosis) 304 Mtoe

1998 Biofue 0.5 Mtoe
2000 Biofue 0.7 Mtoe
2005 Biofuel (1.4 %) 4.8 Mtoe
2010 Biofuel (target 5.75%%) 17.5 Mtoe
2020 Biofuel (“binding min. target”10%**)

*  Directive on Biofuels for Transport, 2003/30/EC
** EC Presidency Conclusions, Brussels, 8/9 March 2007
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Vaxjo Varnamo Biomass
Gasification Centre (VVBGC)

* Non-profit
making
project-based
company

e Large-scale
test platform

« European
biomass
gasification
centre

Vaxjo CHRISGAS)

UniverSity fuels from biomass



Sydkraft IGCC Plant, Varnamo
Acquired 2004 by VVBGC

* Operation 1994-
2000

 Air blown gasifier,
20 bar for GT

e Typhoon GT
« 18 MW thermal,

* 4 ton/hr feed
* 8 500 hours op.

e 3600 hours GT




Operation 1994-2000

Hours

8 500 hours Gasifier
B 3 600 hours Gas Turbine

e 6 MW electricity (4,2 +1,8 MW)
e 9 MW heat

Year




The Varnamo
Biomass
Gasification
Plant




VVBGC Site Activities 2005-2007

e Building Organisation

* Plant Documentation

 Plant Standards

 Status Review

* Repair Work after Status Review
 New DCS System

 Cold Test of Plant

» Hot Test of Plant




New DCS ABB Freelance




Hot Test

Fall 2006

« Start up gas turbine
» Start up boiler 40 bar

» Heating of gasification
plant

e Tuning of new DCS

e Operator training

Operating time: 100 hours




Hot Test

Spring 2007

 Combustion of biomass in
gasifier at 950 °C, 2.5 bar

» GGas turbine operation

e Operation Permit granted
for operation with New
DCS System

« Operator training

Operating Time: 97 hours




CHRISGAS:
Clean Hydrogen-rich Synthesis Gas

( Biomass and Waste>

\(FischerTropschD

Natural Gas ‘




Varnamo CHRISGAS - Process

Synthesis
gas
i P : : H, and CO
Biomass | Gasification Cleaning Up-Grading |, 2
(Wood P:10-15 bar HT Filter _ Hydrogen and
chips, (Steam Reforming, carbon oxide
pellet, I WGS) (€0, and H,0)
etc.
) Ash Methane and tar

Hydrogen decompose to H, and

Carbon oxide CcO

Methane

Carbon dioxide v

Steam

Tar Diesel DME Methanol

Ash (dust)




CHRISGAS Partnhers

Sweden : Vaxjo University (Co-ordinator), Vaxjo Varnamo

Biomass Gasification Centre (VVBGC), AGA-Linde, Catator, KS
Ducente, Royal Institute of Technology (KTH), S.E.P. Scandinavian
Energy Project, TPS Termiska Processer, (Valutec),Vaxjo Enerqi,
Perstorp, Sodra

Denmark : TK Energi

Finland: Valutec

Germany : FZ Jilich, Linde, Pall Schumacher
Italy : University of Bologna, ENI

Netherlands : Technical University Delft, CCS
Spain: CIEMAT

Project Duration : Sept 2004 — Aug 2009
(5 years)



CHRISGAS Objectives

To demonstrate the production of

a clean hydrogen-rich synthesis gas
(within a 5 year period at 18 MWth,3 500 Nm 3/hr
H, equivalent)

based on:
— steam/oxygen-blown gasification of biomass
— hot gas cleaning (to remove particulates)

— steam reforming (of tar and light hydrocarbons,incl CH,)



Parallel R&D Activities

— Feedstock biomass logistics
— Biomass drying integration
— Pressurised fuel feeding (piston feeder)

— Gasification, hot synthesis gas characterisation
(laboratory and bench-scale work)

— High temperature filtration/cleaning (e.g. S)
— Catalytic steam reforming (decay & deactivation)

— Shift gas catalyst characterisation
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Why Pressurised CFB
Gasification for Syngas?

High fuel flexibility — "robust technology”

No fine grinding of feed-stocks required

CFB proven in atm. and pressurized gasification

CFB "winner” in combustion technology (atm)
for size range 200 — 600 MW

Pressurised gasification, because fuel synthesis
technolgies (FT-Diesel, DME, methanol) are all at
30 to 100 bar



Total Power Consumption vs
Gasification Pressure




Background of the CHRISGAS/
Varnamo Project

- Pressurised CFB Is  "right” gasification
technology

- Right pilot/demo size: 18 MW,
~ for up-scaling & commercialisation

In addition:

- availability of Varnamo plant:
‘ allowing quick start and reduced investment costs




CHRISGAS is a Syngas Project
including Gasification RTD !

Major challanges

e Hot gas filtration at max temperature
(Test range 600 to 900 °C)

- Steam reforming — catalytic (ATR) or thermal

This gives 50-60% energy efficiency from dry
biomass to biofuel!

Aim for the Varnamo Demonstration:

To create know-how and experiences for
commercial introduction



Varnamo Gasification Plant
(after rebuild)




Varnamo Rebuild Layout
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Varnamo Rebuild Layout
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Model Drawing of VVBGC Gasifier







Varnamo / Rebuild and Operation

Rebuild Project - Ongoing
* Basic Engineering 2006

 Sweco PIC Contracted in
April 2007 as Project Engineer

Rebuild Schedule

- Start Engineering: April 2007
- Start Civil Work: Dec 2007
- Key Components: Aug-Nov 2007
- Start Construction at site:  May 2007
- Erection Completed: May 2009

Operation - Fall 2007

« Start with Combustion of Biomass
» Gasification Test, 10 bar

* Operator Training

e Further Tuning of New DCS




Swedish Oil Commission
Conclusions by the Year 2020

e Fossil oil consumption in Swedish road
transports can be reduced by 40-50 %,

l.e. from 95 TWh to about 50 TWh

12 to 14 TWh biofuel from forest and agricultural
sectors
(The Swedish Energy Agency foresees 20 TWh as possibl

o State support for pilot and demo units
recommended for 2nd Generation Biofuels, such
as DME, FTD, methanol and biogas



CHRISGAS/Varnamo Project
Financing Status

Grants for CHRISGAS RTD & Demo (2004)
« EC 6" Framework: 9.5 M (88 MSEK)
e STEM: 75 MSEK

Grant for Plant Rebuild & Operation (Dec 2006)
VXU / VVBGC application for rebuild & operation: 250 MSEK
« STEM: 182 MSEK with advance payment 26 MSEK

Industrial consortium to be established for remaining 68 MSEK




Thank you for your attention!

CHRISGAS is a Sixth Framework
Integrated Project supported by the
EC and the Swedish Energy Agency

http://www.chrisgas.com
http://www.vvbgc.com




