: European Biofuels
TECHNOLOGY PLATFORM

Status report on Demonstration Plants for
Advances Biofuels Production
- Thermochemical Pathway

Ingvar Landalv
Chemrec AB

14th September 2011 4th Stakeholder Plenary Meeting www.biofuelstp.eu
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DISCLAIMER

The presenter has gathered most of
the information from contacts with
project owners and technology
suppliers and to some extent through
the Internet.

Some deviations from factual situation
may be presented.

The presentation does not claim to
completely cover the given topic.
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European Biofuels

O oo o Four Identified Value Chains

A. Synthetic fuels™ (oxygenates or
hydrocarbons) through gasification.

B. Bio-methane through gasification

C. High efficiency heat & power generation
through gasification

D. Intermediate bio-energy carriers through

techniques such as pyrolysis and
torretaction

* Includes all fuels produced via synthesis of H, + CO
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Q CUBGEean Heie s A. Synthetic fuels (oxygenates or

Hydrocarbons) through gasification

[~ Pre- _ :;
;| treatment > Final
‘|-pyrolysis o Conversion
‘|- coarse prep. nitia . -Hydrotreatment i
Conversion -Co-treatment
Feedi Transport
—p " eeding sys. .
- Gasification ~Final Biofuels
- CH,4 ref'ng ) _>
- Tar handling Conversion| :
- Particulate .S . :
. | . ynthesis E
; tianaling - reforming )
; - Shifting - Cracking ;
H - I . ] . :'
*Could include ¢ _ ‘Eitis cleaning gy:t.rlc;trtgatms :
the value chainD - Distillation ;
S e - Etc . Co-products
: ; -
; Co-located ,

L L L T T N N N
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certain steps of final conversion

** Black Liquor is an internal
ack Liquor s an Internal, may be located elsewhere

energy-rich stream within pulp mill.
No pre-treatment necessarybefore gasification.
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c_ B s i A. Synthetic fuels (oxygenates or

Hydrocarbons) through gasification

Choren Projects

a. Beta plant,
~45 MW, / FT products / Under Start-up

b. Sigma Plan
~640 MW,/ FT products / Start-up 2016

c. Green-H, Plant
160 MW, /H, / Start-up 2016

Biolig® Project

2 MW, / fast pyrolysis: Operational
5 MW, EF gasification: Start-up 2012
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s b Bt b b A. Synthetic fuels (oxygenates or
' Hydrocarbons) through gasification

Chemrec Projects

a. BioDME

~3 MW, / DME / Start-Up
June 2011

b. Domsjo Biofuels
~200 MW,/ DME and Methanol / Start-Up 2014/15 Pilottests in Chicagoat G
UPM Project '
a. Pilot testing at GTI, Chicago

Proposed Domsjé Site : —
The BioDME Plantin Pitea

~5 MW, / syngas production / Ongoing

b. Commercial Demonstration

~300MW, / FT products(100 000 t/a) /
Start-Up 2015; Applied for NER300 support

Gasification Module
Full sized plant

il b o Source: UPM, Andritz,
g’ Carbona
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Q s b Bt b b A. Synthetic fuels (oxygenates or
' Hydrocarbons) through gasification

VVBGC Project

SS =

~15 MW, / clean syngas &
Funding closure unsuccess

Neste-Stora Enso projects

a. Varkaus

~ 12 MW, /5 MW, of syngas to reforming & cleaning / small
part streamto FT wax/ Test program completed 9/2011

b. Full Scale Demonstration

g

Applled for NERSOO Support StoraEnso Pilot Plant
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c European Biofuels A. Synthetic fuels (oxygenates or

TECHMNOLOGY PLATFORM

Hydrocarbons) through gasification

Wood
Torrefaction | —»
Straw, etc. [
BioTfuelL Project :
oLl
~12 MW,/ FT products / 2013 Milling |-
Petcoke
Fuel mix of fossil and renewable
Residues Source: Uhde

Including torrfied biomass

Integrated Process Chajin for the Production of Bio-Methanol

Feadstock Pretreatmant w Gas Treatment

—o  CO-Shift

Varmlandsmetanol
~ 111 MW, / Methanol/ 2014

Domestic :
Fakat 11— Gm ..... o | 1
Residues . fual grade

Source: Uhde
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c B s i A. Synthetic fuels (oxygenates or

Hydrocarbons) through gasification

Fossil products
g LR, IR, W)

Raw Symgas Pure Syrigas
Wood chips H2/C0=1,5 Hafeo= 2 ] Furp G

Gussing Plant ‘P‘-?-Tw

Test site for

- rogen o
FT technology: 2 technologies in lab Giissing FT production flow Scheme (puref ecycled]

scale tests

Higher alcohols: 1 technology in lab scale |
test

Examples of NER300 Project

Holland (Siemens/Linde): Fuel grade
Methanol project: 400 kt/ y

Sweden (Rottneros): 2 fuel grade
Methanol Projects: 230 and 140 kt /vy

Finland(Metsaliitto/Vapo): A third* FT

PrOjeCt © S 1 OO t/y Location of one of the Swedish projects: Rottheros Vallvik pulp mill

* Besides two projects mentioned earlier
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TECHMNOLOGY PLATFORM

( European Biofuels A. Synthetic fuels (oxygenates or

Hydrocarbons) through gasification

Key R&D Areas
* Pre-treatment scale-up and cost

 Where is the system pressurized? (Biomass
feeding system: Syngas compression; ...)

e Syngas purification technology and cost
e Overall integration
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European Biofuels 4 o .
( WHE T TR B. Bio-methane through gasification

A AN RN mnwr SAN WA SRR SRR AR NRAST RS RAART o Esr s SRR NN mtar mAn tamar mnier o gAn gnAn S s e
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-grinding |, | - Feeding sys.
] ificai _

; Gasi |cat!on Final
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3 -Particulate Conversion

; handling _ >

: > - Shifting - Methanation

- Gas cleaning >
* _ ’ - Etc .

Could include : ; energy

the value chain D carrier

; ' >

. Co-located

L
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| ¢

European Biofuels

TECHNOLOGY PLATFORM B. Bio-methane through gaSiﬁcation

ECN / HVC Project
12 MW,/ SNG /2013

lllustration of the ECN / HVC Plant

Gussing Plant p
" BioSNG .
8 MWt/ Heat & Power /2002 PDU

Fuelling

Technikum Station

SNG pilot at Giissing

GAYA (GdF — Suez)

Decentralized SNG for transportation application
1 MW,/ SNG /2013

Renargerc® 56-72 %

Biomathong
-

Rovees ~ 23-30 %

h

Riomass [| Gasification Mathanation Gaz
P S — catabytic way Upgrading
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European Biofuels

c. FRSHRGLOG R FLATEORN B. Bio-methane through gasification

GobiGas — Gothenburg Energy
a. Phase 1,

20 MW, of gas / SNG /2013
(Construction started)

b. Phase 2

80 — 100 MW, of gas / SNG / 2015-16,
(NER AppI|Cat|On) GoBiGas Project, Phase 2

Examples of NER300 Project

Sweden (E.On): 200 MW SNG plus
district heat
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European Biofuels 4 e E
t recnnoioor riaTronn o B. Bio-methane through gasification

Key R&D areas

* Pressurization. Where is the process
pressurized?

« Gas conditioning and purification technology
and cost

o Efficint distribution
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TECHMNOLOGY PLATFORM

Q European Biofuels C. High efficiency heat & power

generation through gasification

mRRT MRRRR aEatn o amAr mERR o MEa GASR MR NRRNS maAap NEANS NAES mEAR SR QAN SR RARSD O MRRRR mARS o mpmArmpanonmna o gper b

Pre- :
: [Treatment
: lcoarse prep
-drying
- Liorrefaction|—* Initial
* I-grinding Conversion :
-pyrolysis :
- Feeding sys. Fi
T inal
- Gasification e
- Tar handling Conversion Electricity
- Particulate for
handling ———) .
> _Gas cleaning vehicles
- Ete - Electricity
generation :
:As energy
¢ carrier
f >
Co-located g-

*Could include
the value chain D
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c European Biofuels gy C. High efficiency heat & power

generation through gasification

Gussing Plant (FICFB gasifier)
8 MW,/ Heat & Power /2002

(2 more plant in operation and

2 in EPC phase, 10-25 MW,)

Varnamo Project

18 MW, /9 MW Heat & 6 MW Power
Operated by Sydkraft 1996 — 1999
on behalf of developer Bioflow Oy*
Plant bought by VVBGC AB in 2004

*JV composed of E.ON Sweden and Foster Wheeler
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TECHMNOLOGY PLATFORM

t European Biofuels / C. High efficiency heat & power

generation through gasification

Key R&D areas
* Pre-treatment scale-up and cost

* Fuel gas purification technology (hot gas
filtration and tar removal at HT)

* Overall energy integration
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European Biofuels
TECHNOLOGY PLATFORM

D. Intermediate bio-energy carriers

1. Bioenergy
carrier for further
processing to fuels

Conversion >
Steps

-coarse prep.
-drying
-torrefaction
-grinding
-pyrolysis+
stabilization

(2. As energy carrier)

T wwe wmen wee e e e e eee meew e ey e

Distributed

- L D
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i European Biofuels
TECHNOLOGY PLATFORM

D. Intermediate bio-energy carriers

PYROLYSIS
VTT, UPM, Metso, Fortum integrated process

Pilot: 7 t/d verified; 80 tons produced; 40 t tested in
small boiler

KIT (former FZK)

Biolig project stage 1 for gasification
(see Value Chain A)

Other Projects

There are a great number of technologies in advanced
stage of development specially in the US. Two main
pathways for product:

% upgrading to automotive fuels through e.g.
hydrotreatment etc

% As an ordinary liquid fuel
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Q European Biofuels
TECHNOLOGY PLATFORM D. Intermediate bio-energy carriers

TORREFACTION

ECN

Runs a pilot (50 kg/h) (a,g
Q

Plans a demo at 1-5 t/h for start up 2012  “u,

BioTfuelL
3 t/h/ energy carrier / 2012

Other Projects

There are a great number of actors in the field of
torrefaction technology utilizing different technologies.
There are still no plants in commercial operation but
some demonstrations are in commercial scale such as:

Topell: 60 kton/y
Torr Coal: 35 kton/y = =
Stramproy Group: 45 kton/y Moving bed reactor

Screw conveyor reactor
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European Biofuels
TECHNOLOGT FLATFORN D. Intermediate bio-energy carriers

Key R&D areas

« Scale-up

« Cost reduction

* Pyro-oil stability
* Product quality
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