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Biorefinery BTL Demonstration Plans in Finiand

Several sites have been

. investigated by companies
= Three consortiums are presently *
planning second-generation BTL D i
biorefineries in Finland \ Abiad: Stracsl Facon
- ® pMetsaliitto and vapo
= The planned capacities are T
100 000 — 200 000 ton/a of diesel . Eﬁunda Estonia
=tora Ens nd Meste Oil

= EU’s NER300 funding has been applied
- decisions expected at the end of 2012

= Qverall iInvestment costs in order
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= \ery large-scale is needed to achieve “3 AANEKOSKI

. : O
positive economics?

= First plants will be more expensive
than mature technology?




VTT TECHNICAL RESEARCH CENTRE OF FINLAND 25/10/2011

Atinn N *ac Claaninm
aAaALIVvIIl All VAo \challlllg

- developed and tested at VTT on 1 MW scale
-ca. 4000 operating hours with different wood residues
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NEW INNOVATIVE TECHNOLOGY

FT-DIESEL
CH,OH

FUEL-FLEXIBLE GAS CLEANING
FLUID-BED - TAR & METHANE HYDROGEN

SNG

GASIFICATION ™SS)  REFORMING
 STEAM/OXYGEN e FILTRATION
e PRESSURISED e DIRTY SHIFT

GASOLINE
JET FUEL

Typical pressures: |« 1-10 bar > | < 20 - 30 bar

GASIFIER TARGETS
SO ASHLRELATED EROBLENS GAS CLEANING TARGETS

« SIMPLE DESIGN AND HIGH RELIABILITY [l * COMPLETE TAR DECOMPOSITION

» HIGH C-CONVERSION TO GAS+TARS e b SN ENEIRERORIING
L O ETEN OSSN » H,/CO RATIO SUITABLE TO FT-SYNTHESIS
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From: Sami Kokki, FW

THE OXYGEN STEAM BLOWN CFB GASIFICATION AND GAS
CLEANING DEVELOPMENT

MNordic Bioenerﬁy 2011, Jyvaskyld, 6.9.2011
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PROCESSES CHAIN OF THE VARKAUS TEST PLANT S SaT G

Foster Wheeler

Nordic Binenergy 2011, Jyvaskyla, 6.9.2011
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From: Jim Patel,
Andritz-Carbona, 2011

Synthesis gas for transportation fuels and SNG
ANDRITZ Carbona active projects

Gas
Conditioning

(cooling, filtering,

Fischer-
Trops ch Biodiesel

reforming, etc. )
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Processing Gas
Different
(shift, scrubbing, etc.) options [ Ethanol
[
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Typical plant size 150 — 450 MWfuel -

CARBONA ANDRITL

22 Carbona Gasifier for Syngas Production
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Gasification route to different products

a

1-30 bar :|% 30 bar *r|: 30-200bar—>|

FT-DIESEL

FT-GASOLINE

NEW INNOVATIVE TECHNOLOGY EXISTING & EFFICIENT
_________________________ BUT EXPENSIVE
| TECHNOLOGY

FUEL-FLEXIBLE GAS CLEANING
FLUIDISED-BED * TAR & METHANE
GASIFICATION —N REFORMING

* STEAM/OXYGEN e FILTRATION
 PRESSURISED « DIRTY SHIFT

HEAVIER

Gasification Technology suppliers ALCOHOLS
Andritz-Carbona, Foster Wheeler

and Metso have also several studies

and R&D&D projects abroad
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Atmospheric-pressure CFB/BFB gasification
for kilns and boilers

CFB GASIFIER

REACTOR UNIFLOW CYCLONE

GASIFICATION AIR FAN
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AIR PREHEATER
BIOFUEL FEED
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RETURN LEG

HOT LOW CALORIFIC
GAS (750 - 650 °C)

BOTTOM ASH COOLING SCREW

From: Foster Wheeler

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

* New development by Foster Wheeler
in 1990’s for boiler applications
» Gasifiers are now offered by
» Andritz Carbona
* Foster Wheeler
* Metso Power

» Feasible in size range 15-150 MW

VTT's role and activities

* IPR on gas reforming for clean gas
applications

 support for industrial projects

* R&D on gas filtration, heavy metal
removal and fuel characterisation
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Efficient utilisation of wastes and biomass

residues in existing power plants
a cost-effective way to reduce CO, emissions of power plants

CFE 2|OMASS JAS|IAER

@ FOSTER WHEELER From: Foster Wheeler a0 = T MWE
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- in operation since 1998

l | - no commissioning problems
- high fuel flexibility
Ll - gasifier availability > 95 %

‘[ || él . - boiler emissions decreased
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New CFB gasification plants are in commissioning/under construction

 two new gasifiers (2x80 MW) at Lahti waste-to-energy plant (supplier: Metso)
* one large gasifier (140 MW) in Vaasa (supplier: Metso)
* lime kiln gasifier (48 MW) at Joutseno (supplier Andritz)

* lime kiln gasifier (12 MW) at Varkaus was returned to air-blown operation mode
after succesfull test campaigns for Neste Oil and Stora Enso (Foster Wheeler)
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From: Kari Salo, Andritz, 2011

Metsa-Botnia, Joutseno gasification plant for lime Kiln

CFB - Gasifier, 48 M\\ih
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Metsa-Botnia, Joutseno
gasification plant process

Plant startup in summer 2012

_ CARBONA
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From: Ville Hankalin, Metso
Nordic Bioenergy 2011, Jyvaskyla

Metso’s Gasification Projects
Vaskiluodon Voima — Substituting Coal for Biomass in a PC boiler

* 140 MW, gasifier adjoined to
the existing 560 MW coal-fired
power plant

* PC boiler in operation since 1982

* Coal consumption
400,000 - 500,000 t/a

* Enables to replace up to 40
percent of coal

* Production capacity
- electricity 230 MW
- district heating 170 MW

* VVaskiluodon Voima’s total investment ~40 MEUR

i o ¢ metso
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From: Ville Hankalin, Metso

M etso ’S G aS|f| Catl on PFOJeCtS Nordic Bioenergy 2011, jyvéaskyla
Vaskiluodon Voima — Substituting Coal for Biomass in a PC boiler

* Metso’s scope

Fuel receiving and handling

Drying

Gasification

Boiler modifications

Automation, electrification and instrumentation

Product gas

Instrumentation,
electrification
and automation

Dried biomass

Wet biomass |I " |I

Biomass receiving Large-scale belt dryer CFB gasifier Existing PC boiler
and pre-handling 140 MW.
fuel

e o ) metso
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From: Ville Hankalin, Metso
Nordic Bioenergy 2011, jyvaskyla

Metso’s Gasification Projects

Lahti Energia — Gasification Power Plant

2 x 80 MW, gasifiers
Waste-derived fuel
50 MW, & 90 MW

heat = E

}wastefugl handling-

1.  Fuel handling

2.  Gasifier "

3. Gas cooling -

4. Gasfilter ! . Gas boiler
-

Gas boiler and P and APC
flue gas cleaning :

Start-up April 2012
Total investment 157 M€

Gasifier
and gas cooler

Architecture study of the plant

A N
11 |@Metso ‘,) metso




VTT TECHNICAL RESEARCH CENTRE OF FINLAND Se110/2001

Downdraft fixed bed gasifier:
+ several developers since Il world

+ suitable only to high-quality fuels
- 10-100 mm in size
- moisture < 25 % ¢Biomass

- no ash sintering tendencies
+ limited to smallest size < 1-3 MW
+ poor carbon conversion

Advantages:
- low tar content and simple gas cleaning
- low investment cost and easy to operate
- suitable to small gas engines < 300 kWe
(preferably naturally aspirating)

DRYING

. . PYROLYSIS
SME companies are developing small-scale

gasifiers for gas engines in Finland aiming to 100

— 500 kWe (at least 5 different companies) OXIDATION Air
New Ré&D project at VTT with five SME companies —= —~
is planned for 2012 REDUCTION
Product

-Global technology review
-Preliminary R&D on a couple of new ideas
-Support for SME developers

gas
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UPDRAFT GASIFIER “BIONEER”
- developed in 1980’s, 10 plants

- for boilers and kilns, 5 MW scale

- tar containing gas

- high carbon conversion ax
- robust, flexible, fully automated =
- Novel version in operation at Kokemaki Ash Gas boiler

Hot gas -
District heating -

Fuel silo .
Electricity
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5 MW district heating plant, Jalasjarvi, Finland,
in operation since 1987
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NEXTUCG: 2007 — 2011

= Industrial project funded by NSE Biofuels (Neste Oil ja Stora Enso), co-
operation also with Foster Wheeler

= Resulted in NER300 proposal — large FT-production unit

PRODUCTION OF SNG OR H2 FROM BIOMASS 2011 - 2014

= Evaluation of process alternatives — less capital intensive and suitable to
smaller size that BtL plants
= Pre-competitive R&D on gasification and gas cleaning

US-CO-OPERATION PROJECT ON EVALUATION OF
GASIFICATION-BASED SYSTEMS 2011-12

= Funded by Tekes and VTT (and DOE at Princeton)

= llkka Hannula as visiting scientist at Princeton Univ.

= Co-utilisation of biomass and coal for liquids and electricity
and combinations of biotechnical and thermochemical routes

= Evaluation of US development projects
= Aspen modelling of selected concepts and technologies

NORDSYNGAS: 2010-14
= Nordic co-operation: Luled, Pitea, Sinteff, VTT
= Fundamental aspects of pressurised gasification
= System studies related to integrated plants to pulp and paper industries

GASIFICATION REACTIVITY 2011 — 2014
» Fundamental research with Abo Akademi and Jyvéaskyla Univ.
= Funded by Finnish Akademi
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L aht| Stream S I P (Advanced Integrated Waste Management and WtE Demonstration)

( Lahti Energia/ZFI, VTT/FI, L&T/FI, Dong Energy/DK, FZK/D; total budget 23.5 M£) )
- Demonstration of complete advanced waste management chain including:

> waste processing
> material recovery
> SRD/RDF production

> advanced high efficiency WLE plant

11\ y ¥V V UL CAI I LU
> further treatment of ashes

-R&D of - waste processing and material recovery
- Improved hot gas cleaning
- advanced ash treatment
- new gasification based high efficiency WtE technologies

http//WWW lahtistreams.com/ _



