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Institute of Chemical
Engineering

OverV| ew 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
— Austrian Bioenergy Centre

— FJ-BLT Wieselburg (HBLFA)

e Implementation:
— Biomass CHP Giissing
— BiIoSNG Demonstration
— Pyrotherm CHP Gissing
— Biomass CHP Oberwart





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

Graz University of Technology — Institute of Thermal Engineering

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

R&D of a two staged gasification system ?

Scientific Partner in Austrian Bioenergy Centre

Health, Safety and environmental issues for gasification systems

Heat pipe reformer (former Technical University Munich)

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

and Combustion Technology
Research on gasification and combustion in a fixed bed of solid fuel
Fundamental research on biomass particles under gasification conditions

Joanneum Research Graz - Department of Energy Research

Life Cycle Assessment





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

Vienna University of Technology, Institute of Chemical Engineering

 R&D in dual fluidised bed steam gasification

* Production of Fischer Tropsch fuels

* Production of BioSNG

* Usage of the product gas in fuel cells

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

« Scientific Partner in Austrian Bioenergy Centre

« Scientific Partner in Bioenergy 2020+

Austrian Bioenergy Centre
» Pressurised gasification (in cooperation with Vienna University of Technolgy)
 Usage of product gas from biomass CHP Glussing in a SOFC

FJ-BLT Wieselburg (HBLFA)
e 1stand 2"d generation biofuels
* Representative of Austria in IEA Bioenergy Task 39
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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 LES T
: biomass CHP start up
Demonstration IMWgp g N
Gussing
Pyrotherm Kraftwerk : :
Gilssing GmbH Pyroforce, 350kW.,, waste wood in operation
Energie Oberwart FICFB, 2.7 MW, wood chips n

commissioning
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Biomass CHP Gussing i u STImEEIE

ViENnA| Working group: Zero Emission
Energy Technology

SNG-demonstration Biomass gasification

Catalytic cracking

I

SNG Iab scale k. FT— I|qU|d fuels
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Renewable Natural Gas from Wood Work _ "
orking group: Zero Emission
Energy Technology
Commercial biomass CHP Hegas
| Fluegas
| Treatment
Wood Power
e - Gas .
D—} GaS|f|cat|on|—> Cleaning Gas Englne|—> >
Ash WY
BioSNG H, Recycle Streams
Energy,
Liquid G
: as : SNG
& Solid =P Methanation =9 .
Waste Treatment Purification | =
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Energy, CO, + H,S / Heavy HC SNG Fueling
Water ;
o M Station
Materials _ .
= CO, Product (to substitute N,) = '»ﬁ
Bio-SNG Fuel






PAUL SCHERRER INSTITUT

ﬂ::[b SNG from wood

Activity in Glissing

Synthetic Natural Gas (SNG) from blosyngas
Consortium of EU DG TREN project BioSNG

TU="
Starting date: May 2006 / LA lTj:‘;:f“:ig;*W}mm o
Duration: 36 months re pO’feC o j»

Coordinator: IE-Leipzig

>
N

‘ o
& < of fhe Crech Republic
A /
€DF | o 4o

/N ConzEepTE

TecHNIK /

/a UmvweLT

http://www.ie-leipzig.de/Energetik/Bio-SNG/Index.htm

S. Biollaz, 7.10.08
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PAUL SCHERRENSTITUT SNG from wood
d ,:l: b Activity in Gussing

SNG from biosyngas

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

CHP-plant

SNG-Production

1 MW¢, PDU consists of several sections:

* pretreatment
* methanation
* H,/CO, separation

Demonstratlon Unit

10 S. Biollaz, 7.10.08






PAULSEHERRENSIITUT SNG from wood
d ,:E b Activity in Gussing

Status & Outlook

Pilot and Demonstration Unit

Mechanical completion: July 2008
Safety tests and electrical loop tests finished
Cold commissioning is going on

Start of SNG production planned around the end of the year

11 S. Biollaz, 7.10.08





Pyrotherm CHP Gussing

Institute of Chemical
Engineering

Working group: Zero Emission
Energy Technology

Owner: Pyrotherm Kraftwerk Gussing GmbH
Constructed by Pyroforce / CTU

Power production 350 kW

Heat production (1) 70°C/90°C 437 kW

Heat production(2) 115°C 140 kW

Biomass type used

Clean waste wood from parquet floor
iIndustry

Hours of operation (gas engine)
(6" March 2008)

540 h, IBS Jan./Feb. 2008
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Engineering

Biomass CHP Oberwart

Working group: Zero Emission
Energy Technology

Owner: Energie Oberwart GmbH
Constructed by Ortner Anlagenbau
Power production 2750 kW

Heat production 1500-6000 kW

Biomass type used Wood chips

Status: In commissioning
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Biomass CHP Oberwart SHOHIEEHNG

Working group: Zero Emission
Energy Technology
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SUSTAINABLE )DEVELOPMENT
TECHNOLOGY CANADA™

Partnering for real results.

SDTC Gasification related projects

Blaine Kennedy

Manager, Screening & Evaluation
International Energy Agency
Task 33 -- Gasification

Montreal, October 16, 2008

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™






Mandate

e SDTC is a policy instrument of the Government of Canada to
deliver environmental and economic benefits to Canadians

e As a delivery agent, we foster the development and demonstration of
technological solutions that address:

Clean Air;
Climate Change;
Clean Water;
Clean Soil.

® Forge innovative partnerships representing multiple players in the
Innovation Chain and build a SD technology infrastructure.

* Ensure timely diffusion - increase number and rate of uptake of SD
technologies into the marketplace across Canada, providing national
benefits.

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™






Innovation Chain

Stages of Technology Development

Market
Technolo Figellet Entr
Fundamental Applied gy . Commercialization y
Development & Demonstration &
Research Research . & Market
(Pilot to Full Scale) Market
Development
Volume
Risk Profile
Technology
Technology
Technology \
Financial

Financial Market Market

Market

Market

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™






Funding Gaps

Product
Fundamental Applied Technolltjngr)T/]ODne;/t?!’;iporEent and Commercialization [Market Entry
Research Research (Pilot to Full Scale) & Market & Market
Development Volume

Funding Iptensity

Governments

Venture Capital

Industry Industry

Angel Investors

12 130 10
Public and Private Sector Research # of energy & environment deals by stage-seed, expansion & mezzanine.

From 2000 — Q3 2004
Source: MacDonald and Associates, Oct 2004

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™ a
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SDTC Innovation Awareness

e Innovators in financial need approach SDTC

e Technology is past R&D stage but not yet
commercial

e Innovators are concerned about confidentiality of
intellectual property (IP) when market value
becomes apparent.

e SDTC maintains confidentiality.

e SDTC sees a very large number of innovative SD
technologies at various stages of development

= Inquiries, SOIls, detailed proposals, stakeholder consultations, R&D
organizations, competitive analysis, research

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™






SDTC Bio-based Projects by Type

e BioLiquid
« Alcohols: Lignol Innovations, BioVision Technology, Enerkem Technologies, Woodland
Chemicals
» Biodiesel: BIOX, Milligan BioTech, Peacock Industries, Menova
= BioOil: Ensyn Technologies, Dynamotive Energy Systems, Advanced BioRefinery
e BioGas/Syngas
e Municipal, Industrial & Commercial Waste: Paradigm Environmental Technologies, Dépo6t
Rive-Nord, Envirogain, Biothermica Technologies, Plasco, Ferti-Val, Terragon Environmental
Technologies, Pyrogenesis, Nexterra Energy
e Agricultural: BioTerre Systems, Highmark Renewables, Clear-Green Environmental,
Peacock, BC Eco-Systems
» Bio based Products
e Bio-Hydrogen: SHEC Labs, HTC Purenergy, Atlantic Hydrogen
» Plastics: Cerestech
e Solid Biomass
« Industrial: Dry-Rex, Atlantic Packaging, Great Northern Power, Alternative Green Energy
Systems, Nexterra, Cerestech, Vidir Biomass
e Renewable Resource Production
e Forests and forest products: MicroTek, Agro Terra Biotech, Industrial Catalytic,
Noram Engineering
e Agricultural: BioTerre Systems, Highmark Renewables, DeCloet Greenhouse
Manufacturing, Sunarc, Clear-Green Environmental, Peacock, Prairie Pulp & Paper,
Parkland Biofibre, Vidir Biomass
e Marine: Middle Bay Sustainable Aquaculture
e Enabling Technologies
» Dehydration: Vaperma, WhiteFox Technologies, Nutriloc Ingredients, Radient
» Cogeneration: Altek Power, Orenda/Magellan
» Process control: Tenova Technologies

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™ 6





Bioproducts/bioenergy technology

road map
Feedstock, resources,| | Harvesting, Conversion, Processing Products
inputs Transportation, Comminution Wood products
Forest -- Plantations Materials Handling, Bryln% _ IEOO_CII_S
] Forgsts Storage Fsrnessl.tlczriitrlr?gr conversion HigltleeI;Sctricit
- Residues Harvesting combines, | bp y : rcity
Agriculture -- Animals clearcut, selective cut, - umber Cogeneration
- wastes, manure Logging methods, - veneer/plywood Bio-fuels
Plants -- Energy crops trucks, recovery from - panelffibre boards Bio-diesel
- Food crops storage, - pulp . Bio-oil
grains Agrlcylture processing Ethanol
oil seeds - grains, oils Methanol, Methane
fruits, vegetables - market & cooking - Syngas
wastes/residues vegetables/fruits oxygenation
Aquatic - processed foods . LL.JbrlcanFs
Microbial - meat, seafood, fowl, dairy Bio-plastics
Wastes -- Landfills Energy Production | Platform chemicals
- Industrial - Thermochemical (combustion, Inks, Adhesives
- Sewage gasification, pyrolysis, plasma) Surfactants
Biochemical (Hydrolysis, Paints & coatings
fermentation, dehydration Pharmaceuticals
- Crushing, esterfication Biopesticides
Issues / barriers Digestion (aerobic, anaerobic)
Growth rates, species, Issues / Barriers Composting Issues | Barriers
nutrition, inputs, quality Timing, cost, weather Other, fractionation c ducte. Life Gvel
production costs, protection, load AO-LI)rO_ uc S,f ife Cycle
seasonality, degradation, capacity, density, road Issues / Barriers na ySItS, pertormance,
concentration, moisture system, moisture Scale, efficiency, capital costs, pelr.c.ep lons, kaxe;,
content, sustainability content, recovery techs operating costs, feedstock costs, policies, market size,
energy costs, chemicals, enzymes comptltqr_1, emissions,

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™






Types of bio-based feedstocks &

sources

Source Type Examples
Forestry Logging residues Tops, branches, culls, slash, stumps

Environmental forestry From plantations; prunnings, thinnings

Weed species, inferior trees, brush, scrub from stand improvement and clearings

Energy crops Fast growing species, harvested for energy such as hybrid poplars, willow

Urban forestry Prunings, thinnings, removals, landscaping by municipalities, utilities, developers
Farming, agriculture Crop residues Stalks, straw, chaff, shells, stover, husks, branches,

Energy crops Purpose grown crops; switch grass, Jerusalem artichoke, Kochia,

Vegetable oil seeds for biodiesel; canola, soybean, mustard, flax

Sugar and starches for alcohols; sugar beets, corn, cereal grains

Distressed seeds unsuitable for food processing; all of the starches and oil seed crops
New varieties and species with characteristics for specific products

Animal manures Manures and bedding; cattle, pigs, chickens, fish, marine animals, etc.
Animals Dead stock, offal
Forest products industry
wastes/residues Pulp & paper Bark, rot, hog fuel, sludges, spent pulping liquors
Wood Products industries  Bark, sawdust, shavings, sander dust, culls, trim, ends, lily pads, shorts,
Food & beverage Crop processing Stalks, straw, chaff, shells, stover, husks, branches, Etc., if delivered to the processor

Seeds, pits, cores, peels, shells, skins, etc.
Pulp, sludges, brine, wash water, chemicals, solvents, off gasses

Animal processing Offal, skins, bones, blood, fat, renderings, tallow, fur, feathers, shells, scales
Brine, wash water, solvents, off gasses,

Industrial, Commercial,

Institutional (ICI) wastes Includes all of the forest and food products industries identified above
Construction and Demolition wastes
Paper, plastics, furniture, food, manufacturing wastes, etc.

Municipal Municipal Solid Wastes Houselhold wastes

Municipal organic wastes  Putricibles, food, gardening,

Sewage Sewage, sewage sludge waste activated sludge
Special organisms Algae, bacteria, E. Coli, micro-organisms

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA"™ 8





Bioproducts economy pathways

Resources Transportation, Technology Platforms Fuels/Products Markets
=™ Prep & Handling
= g Space ) )
E o F Heating —p Residential
E L5 .
2 o
Pt " > § 1.2.3 1.Distributed
2 =3 Electricity
=~ £73 e Power Grid
y :
o Syngas/Fuel Gas 2. Biopower
é —_— \ 3. CHP Agriculture
2 RN
E o 4] Syngas
& 28 [~ FT Disti i
O istillates Industrial
< wt?:" Sugar/Lignin Hydrogen
5 o
é S 13 Bio-oils
> 3 A
% = Biofuels )
;_-“ = B - Carbon-Rich Chains ,/ BioProducts P> Transportation
g
L = * The Plant Products Platform could potentially improve crop composition and yield.

Figure S-2  Bioenergy Pathways for Alberta Resources

% 403-0908 Bicenargy Opportunities for Alberta: v
LEVELTOM Strategic Feasibility Study

Engineermng Soutons
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Emerging Biorefinery processes

e Gasification

e Pyrolysis

e Fractionation, hydrolysis, fermentation

e Oil seed crushing, separation, transesterfication
e Digestion, anaerobic

e Combustion

e Enabling technologies

e Pretreatment, comminution, drying, cleaning

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™






Biomass Gasification

e Several different high temperature, oxygen starved
processes produce a syngas containing H2 and CO with
other gasses and particulates.

e Syngas must be cleaned for most uses — scrubbing or in
Situ process chemistry.

e Catalytic reformation of clean syngas for reactive
iIntermediates and possibly to alcohols (including ethanol).
Large potential as chemicals.

e SDTC has funded Enerkem, Biothermica, Nexterra,
Woodland, EnQuest, Terragon, and Aboriginal
Cogeneration and knows of and is considering others.

e Some recent announcements: Range Fuels, Poet

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™






Gasification, syngas products

Potential Syngas Products

* Hydrogen
* Methanol and MeOH derivatives (NH3, DME, MTBE
formaldehyde, acetic acid, MTG, MOGD, TIGAS)

* Fischer Tropsch Liquids

Waxes Qlefins

. E th an 01 Diesel Gasoline MTPE
* Mixed alcohols Mixed 5 Acetic Acid
Alcohols Fischer-Tropsch =
¢ OIEﬁnS Formaldehyde o %
- L =
* Oxosynthesis 2o
. 23
* Isosynthesis - zeolites (o nne
» Methanol — Gasoline
)
& = MTG
H,0 fl e
: <
WGS 7
Purify oMe A
M100
M, over FeiFed M85
N Ha' {K,0, ALO,, Cal) 2 AldEnYdEE DMFC

Alcohols

Mark Ruth, NREL, Development of a Biorefinery Optimization Model, 2004,

from Joe Van Gerpes, Professor of Biological & Agricultural Engineering, University of Idaho

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA"™ 12





Enerkem Technologies Inc.

Alcohols from residual biomass and organic wastes

Low severity gasification process to clean syngas.

Synthesized by catalytic reforming and synthesis technology into alcohols (such
as ethanol, methanol and butanol).

From carbon based, low grade, heterogeneous biomass, such as forest residues,
forest products wastes, farm and food processing wastes, construction and
demolition wastes (including preserved wood).

Renewable replacements for natural gas and petroleum fuels at a lower cost.

Produces ‘clean’ syngas suitable for further chemical processing by eliminating
the potential impurities, toxics or harmful substances in the process.

Tipping fee that is lower than the current cost of landfill (<$70/tonne) and
easier-access and cheaper feedstocks than corn and homogeneous cellulosic
biomass.

This will result in lower ethanol production costs and smaller plant sizes
(<$0.30/liter and <$50 million capital cost).

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™
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Enerkem Technologies Inc.

E n e rkel' r 'l Enerkem’s waste treatment approach and

biofuels strategy via gasification

Technologies
—] ferrous material and aluminum |
Selected Existing ——p[ 013SS ]
—| Home-sorted Sorting / Recovery [
Waste Facility plastics otres. -
[20-40] I _>| Paper and packaging |
Non-manually
Residential Recoverable
Solid Waste —| “residue”
[100]
Example:
[80-60] City of Edmonton’s Clover
Bar Recovery Center —] ferrous material and aluminum ] SbTe Phase 2
Advanced Development
. L ..;:‘;?]ag:g.. Sorting / Recovery p{ gTass and ceramics | & Industrial Demo
Facilit
I I Y PUTESCIDIE Materals Plant
L
- )
= _J'-J Non-recyclable Incremental Technology Box
Numbers represent mass “residue” [ " ==t = e e e e = e
quantities
I
1
Pretreatment I 9' Ethanol Production |
|
| |
L N o BT I
non-recyclable .
"residue” 9' Methanol Production I.lél Chemical Products |
| : I
Option 2 .
(Future) e e i =
Gasification — Advanced Gas Clean Syngas
—l conditioning/cleaning
Option 1
residual solids (Present)
- [2.0-1.5
o er?rliz:g;d air A 4 |—> EE or
- . Production
’ o eriate |
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Woodland

Chemical Systems Inc.

CPR™ Technology

Feedstock Options Key Process Steps Product Options

Biomass:
Wood, crop
residues,
grasses,
bagasse

Ee

Biosolids:
Municipal,
factory farms,
paper sludge

Fuel ethanol

Other Products Possible

_J Gasification Catalytlc Product _/ Acetic Acid
Reactions Purification VAM
Formaldehyde
Methanol

Patented process based on established technologies

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™






EnQuestPower Corporation

» 5.8 MW combined cycle cogeneration power plant to
provide heat and electric power to the grid

» by converting 24,000 tonnes/year of municipal solid waste
(MSW) into a clean syngas through steam reformation.

» project will optimize synthetic gas production, gas
cleaning, power generation requirements and specific
design and build requirements for a full-scale commercial
plant.

» The high temperature Steam Reformation (SR) conversion
process is an oxygen deprived environment with near zero
generation of dioxin and furans.

» Unique extrusion equipment excludes oxygen while
completing a size reduction of MSW that enhances surface
area reactions.

» The process provides a significant reduction in carbon
dioxide per unit of electrical energy generated.

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™






EnQue

stPower Corporation

Waste/Carbon
Feedstock
Chemical Reformation of Carbonaceous Material fSteam
: Reformation
e Heai  hetg
: |I Svneas ¢
Biomass M 2 Process Cias Syngas
Sewage Sludu “ Electricity from .I !uI I. ells Power Generation Cleanlng Alternative Fuels
Mumcipal Solid Waste - Combined-Cycle Electmiaty %
Paper Wast B Recovered Metals Process
saper Waste Recovers: .
Other .-@ =iz . Steam & Heat / \A
- N . Ligquids Syngas Syngas
Carbongesous moteral () rencts with steam (H-0) 1o lorm CO plus H i
— Power Natural gas Gas Separation
Electricity || - Replacement
Generation p
4 (single;cycle) A 4
v Gas-to-Liquids
Heat Recovery (i.e. Ethanol)
A\ 4
/\ Hydrogen_
Power Generation Process Heat Fuel and,

(combined-cycle)

(steam or hot water)

!

Greenhouse or
Industrial/Commercial End
User

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™
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EnQuestPower Corporation

EnQuestiPowerco

MSW FEEDSTREAM (ALSO-BIOMASS, BIO-SLUDGE AND COAL)

v

LockrorPer | NATURAL GAS,SYNGAS OR
VENT LANDFILLL
SHREDDER JL IRON 10N EDDYACURRENT PURGING GAS OUTER
To -8” :.'. TO CEB INDIRECT FURNACE
HEATING HEATER
EXHAUST =

3t ah SORTED
MSW TO / TO WHB
- ‘ PROCESS ian = = =
v INDIRECT SYNGAS
LY HEATED
ROTARY STEAM REFORMER

RESIDUAL
BY- PRODUCT
TO AGGREGATE
FILLER

NON
FERROUS

FERROUS

MSW STORAGE

QUENCH

_
PARTICULATE CLEANING DEVICES (S) LIME

40000

SORBENT BEDS

' FINE SOLIDS

» Product Matrix ° Clean Syngas for Power Generation - Fuel Cells,
Gas Turbines, Steam Engines and Turbines
* Purified Hydrogen Recovery
* Methanol, Ethanol and Fisher-Tropsch Products
* Foundation gas for plastic manufacturing

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™ 18





Biothermica Technologies Inc.

Coupling of a biomass gasification unit to a Gazmont biogas power
station

» Biothermica will further develop, build and operate a pilot scale, 4 t/h
fluidized bed, high pressure, gasifier.

» Convert 35,000 tons/yr of construction and demolition waste and other
urban wood waste to clean syngas.

» Co-firing with landfill biogas in the Gazmont 25 MW power plant in
Montreal.

» Syngas at $4/GJ can displace natural gas at $10 — $12 /GJ. This
demonstration will show the viability of coupling a fluidized bed gasifier to
an industrial steam boiler.

> The team has several decades of experience in biomass gasification,
pollution control and thermochemical environmental processes and has
marketed VOC thermal treatment technologies (BIOTOX process).

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™






Biothermica gas cleaning

Clinox® Technology

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA"™






Aboriginal Cogeneration

e Aboriginal Cogeneration will use the down draft gasifier and
scrubbing unit from EERC
Solution: Commercially Viable Gasification Systems for
Biomass Waste-to-Power

3 Commercial
Gasifier Models
Available to Date
(0.5=50 t/day)

System delivery time including permit and grid
interconnect is approximately 6 months.

SDTC-Biomass Gasification System-13Feh0ad -6-

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™






Aboriginal Cogeneration -- EERC

Gasification Converts Biomass into a Syngas that Can Be
Used for Heat and Power Generation

Biomass Feed

ﬂl'rrlrm; anrl railroad ties of up to 30%

maoisture.
Pyrolysis:
* Chemical decompaosition of feedstock, Drying Zone
production of pyrolysis gases, including tars.
Combustion: Pyrolysis Zone
* Thermal breakdown of tars and complete
oxidization of feedstock. Combstion Bt
oo T
Reduction: Reduction oot
* Endothermic process that reduces the gases alul
to combustible syngas (approximately 17% MW’

H, . 17% CO, 3% CH, , 12% CO, remainder
primarily M,).

Ash:

s e b grmomnl s o e e e v ol gl
T e B LISE D u T LT R Wy

postgasification treatment.

SOTC-Riomass Gasication Sysiems13 el T
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Aboriginal Cogeneration -- EERC

System Combines Proprietary and Off-the-Shelf
Components to Provide an Automated Package

Proprietary Safety
Automation and Control Froprietary and Patent-

e Fending Engine/Gas Burnar
h‘“‘--ﬁh‘__‘ Control r
Compliance with Federal
Biomazs — Air Quality Regulations
R -
- | [

- - Wenturi
-""I__..--"/ Stmbhﬂr_ « Exhaust
= Gasifier
Fren ary . Vo] |

Air ! -
[ Filkration System
L III
l Engine Generator
Proprietary and Patent- A -
FPending Ash Removal and .
Propristary Components

Disposal Within Regulatory - priEtary po
Compliance I:I Off-the-shall Companents

Economical sclutions for automation and robust solids and
gas handling have not been achieved in the past.

AOTC-Rudias GEasfic abon Sytlam-13Fsbin
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Fast Pyrolysis

e Canada leading technology developments and first industrial scale plants.

< High temperature vapourization in an absence of oxygen with rapid cooling.
« Fractionates biomass into syngas, liquids and char.

e SDTC has funded 3 different small scale systems (there are others).

« At the mill scale of 70 ODt/day and multiples — Ensyn, Dynamotive
< At the moveable scale of 5 to 50 t/day — Advanced BioRefinery
e Gaseous fraction used for process heat but has potential for other products.

e Char is used as fuel and converted to activated carbon for scrubbing flue gasses and has many
potential uses.

e Pyrolysis liquids are used as liquid fuels by all projects but can be a source of many possible
chemical feedstocks.

< Dynamotive bio-oil is conditioned and used in Orenda/Magellan 2.5MW turbine generator.

< Ensyn pyro-oil is converted to wood smoke food additive and a substitute for phenol formaldehyde resin in
composite board products.

= ABRI will supply fuels and is exploring many other uses.
e Pyrolysis liquids

e 200 + compounds identified provides a platform for many possible conversions and products

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™ o4





Dynamotive — West Lorne, Erie
Flooring plant
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Ensyn -- Bio-Refinery Advantages

The Bio-Refinery advantages:

» Flexible in processing - respond to changes in feedstock supply.
» Feedstock demands - economic at smaller quantities.

» Value Products - results in economic modular units.

* Not relying on single product - enhances value equation.

» Flexible product mix - responds to customer demand.

» Power equation - All production can be converted to power.

* Replicability - multiple rural locations with many feedstocks.
Launching:

« a platform on which new and innovative refining and energy technologies (i.e., from
universities, research centres, etc.) can be integrated and demonstrated.
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Advanced Bio-Refinery Inc. (ABRI)

Cost-effective Modular Systems for Conversion of Forest Biomass to
Value-Added Bio-Liquid

» 50 tonne/day, transportable, fast pyrolysis system for logging sites, beyond
the present economic feedstock range.

» Pyrolysis of wet logging slash to an energy dense, economically transportable,
bio-liquid.

» Bio-liquid will be used in fuel and hog fuel boilers and in Orenda’s new 2.5 MW
turbine power generator.

» ABRI will field test the equipment, determine operating costs and establish
relationships between feedstock qualities and product energy and chemical
values.

» The new flail sizer/dryer feeds the new pyrolysis reactor which uses steel shot
as the heat transfer medium enables lower temperature and higher efficiency.

» The flail dryer and steel shot reactor reduce the size sufficiently that the
whole system can be fabricated in modules and moved from one biomass
source to another.

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™






Advanced Bio-Refinery Inc.

Relative Value

TANKER TRAILER 1300 GJ

HOG FUEL TRANSPORT 300 GJ
. @ $3.00 PER GJ = $900

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™ 28





ABRI Hub & Spoke Model

Regional Service Hubs
+ Transportation & Distribution
+ Bio-liquid Storage & Refining

+ Bio-liquid =» Gasify =» Ethanol

Remote BioRefinery

+ Processing
+ Production
+ Site Refining






Enabling technologies

e Versatile, small scale biofuel energy systems

e Small scale turbines for power generation and heat recovery
- Orenda/Magellan, Altek

- 2 stage, high temperature, slaging combustors for straws

e Biomass drying, comminution

» Mechanical drying

- AGES explosive deceleration mechanical, DryRex vacuum drying, FertiVal
sludge drying, Elcotech electro osmosis, ABRI flay drier

e Dehydration and cleaning

e Polymer membranes: Vaperma, Whitefox
= Microwave drying: Nutriloc

e Extraction, separation and enhancement of high
value minor components

e MCN, BioExx, Radient

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™






Altek with Magellan/Orenda 2.5

MW biofuel turbine

Magellan is using biofuel from pyrolysis to power their
OGT2500 2.85 MW industrial turbine package.

Ligu
Bio-Fuel il
Bio-Fuel , SRS ot
Liquid rOMm power
a Fuel ation
lorage vereatility
and continuous

operation

Waste Heatl Recovery
{application specific)

- Process Steam
- Heating
- Cogeneration
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Magellan Areospace with Altek
Power

Applications

(up to 1.2 MW)
Remote communities

Off grid communities

Distributed power
generation

AT1200 industrial engine able to run on pyrolysis based fuels
and gasification based fuels such as:

- Biomass derivated fuel:
bio-diesel, bio-oil, biogas, alcohols

- Waste fuels:
Landfill gas
Coal bed methane

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™
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Vaperma Gas Separation Solutions

Biofuel Advanced Dehydration System Using Novel Vapor Permeation Membranes

» Advanced dehydration process technology for the biofuel industry using a vapour
permeation polymeric membrane.

» For gas separation applications in the chemical, petrochemical and gas processing
industries.

» Increased energy efficiency (up to 40% on costs), easy integration in any fuel-grade
ethanol process, modularity, flexibility, simple operation and low maintenance.

» Capable of separating a 40/60 ethanol water vapour mixture to produce 99+% v/v fuel-
grade ethanol.

» A pressure differential across a novel capillary asymmetric, integrally skinned,
combined polymides and PVP polymer, membrane fibre gives a high water flux and
water/ethanol selectivity. They can sustain a high temperature of 145°C and a pressure
of 4 bar.
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Vaperma Inc.

Markets & Value Proposition

Natural Gas
Mark&ls -Sour Gas
-Bingas
* High H20 Selectivity
Value

+ High HZS Selectivity

+ Compact System

+ No Heat Regeneration
* Mo Solvent Handling

Proposition

Vaperma
Technology

11
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Alternative Green Energy Systems

AGES Inc.

e Feedstock moisture content must be reduced from about 50-60% to about 10-
15%, which is a very energy-intensive process (largely based on fossil fuels).

e The Alternative Green
Energy Solutions
AGES/KDS kinetic
technology system
dewaters waste

FLUID 8ED < B ] materials (e.g. pulp-

RETURN T0 PAPER semmms - <P and-paper biosolids,
e : sludge, and wet bark)

without heat.

e The system uses less

1 @A T @l PW L. than half the energy
-~ egeme—— ' - " of conventional drying
GES-3000 dewatering & disintegration system ":i:l Dust handling & dosing to burner SyStemS

) LBE dust / gas / oil combustion system &) THERMIX PC / PLC based control system

Courtesy of Alternative Green Energy Systems Incorporated
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Benefits of small biorefineries

e Do not use a simple ‘economies of scale’ model for all processes and
every product.

e Small scale and scalable innovations can enable biorefineries.
e There is no need to pay to move water and air.

e Examine the whole chain of processes and costs considering the new
technologies.

e Synergies between processes can reduce total product costs.
e Revenues from co-products can carry a portion of the feedstock costs.

e The traditional refinery can be broken into component producers with
market exchanges.

e Many inputs, many processes and many markets provide resilience for
all players.

e Feedstock producers can invest and produce and protect themselves.
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Questions?

For more Information:
Blaine Kennedy
Manager Screening & Evaluation
Sustainable Development Technology Canada
45 O’'Connor Street, Suite 1850
Ottawa, Ontario K1P 1A4
www.sdtc.ca

(613) 234-6313 ext. 236
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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
2"d Semi-annual Task Meeting, Oct. 16-18 , 2008, Montreal, Canada

KIT — die Kooperation von Forschungszentrum Karlsruhe
Forschungszentrum Karlsruhe GmbH ﬁ H%‘é:;g;{:“,r I— in der Helmholtz-Gemeinschaft
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| BMG - Germany, Policy AT

EEG Erneuerbare Energien Gesetz

RES act 2000/2004/01.01.2009
= bonus for electricity from renewables

for biomass (according to BiomasseVO)

= bonus guaranteed for 20 years

* new technology bonus: + 2ct/kWh / degr. 1%/a

* BMG/FC / CHP / elec. eff > 45%

« NawaRo bonus: +2.5 to 6¢t/kWh = fct(fuel, power)
e CHP bonus: +3ct/kWh

KIT — die Kooperation von Forschungs
Forschungszentrum Karlsruhe GmbH ﬁ HHHHHHHHH ]- in der Helmho
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I basic bonus for electricity from renewables, EEG

Vergutung
EUR Ct/kWh .
o S S degression reduced from 1.5%/a.to 1%/a
‘12 Tl o el Ly e s -AE- ————————— - =l e i - =
bis 150 kW
(§ [ SRNHT— e B B T e S
bis 500 kW |
g. o [P — i e A, s o P i i e L LR L L L Ll
bis 5 MW |
8 v N ————
bis 20 MW |
1 TR e -_i_-___________----_ g -
EEG 2004 . EEG 2009
5 L} T T Li ¥ ; L] | L] T Ll Ll L}
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Inbetriebnahmejahr

Eniwicklung der Grundvergiitung bis 2015 fiir das EEG 2004 und EEG 2009

KIT — die Kooperation von
Forschungszentrum Karlsruhe
und Universitat Karlsruhe (TH)

Lit: Thomé-Kozmiensky 2008, S. 325
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I BMG - Germany, Policy

EEG / RES act — 2000 /2004 /01.01.2009

=»bonus for electricity from renewables
goal 2004: 12.5% electricity from RES by 2010

new: 27% in 2020

Erzeugter Stromin Milliarden K& h

T

1990 1992 19 196

Lit: EEG-Eine Erfolgsgeschichte / BMU 2007

1993

Ouelle AGEE-Stog/ AMU

EE-Anteil am gesamten Stromverbrauch

19040
b LILIE
2004

2006:

S.4M
B, 3%,

9.3%
12,04,

tlued e AGEE-SEr MU

Iusammensetzung der erneuerbaren

=
L)
30 —T Stromproduktion fiir 2006

T 1 1 Windenergie:
Wasserkraft:
Biomasse:
2000 202 2004 2008 Photovoltaik:
Deponie., Klirgas,
biogene Abfille

KIT — die Kooperation von f
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41.3%
29.3%

19.2%
2. 7%

7.5%
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| BMG - Germany, Policy AT

EEG / RES act — 2000 /2004 /01.01.2009

=»bonus for electricity from renewables
Cluelle: BMUY Leitstudie 2007

Cost for Electricity Production Mittiere Stromoestahungskosten in Cant pro K&
12
Fossile K
10 =—"'f
Ouelie: BM U L eitstudie 2007 -

Mittere Stromgestehungskosten fir Erneuerbare
Enerylen

2005: 10 ct/kwh (ohre Photovoltali: 8.1 ¢t/ Kvwh!
20.20: 6,9 cff kKWwh (Schatzung)

,-""'"
- Gasame

e S — —

EE-Heuaniagen

2030: A0 o/ kWh (Scadtzung) i
Ouelie: BM U L eftstudie 2007
Primirenergieverbrauch in Deutschland 2
[Anteil Erneuerbare Energlen)
2000 14.401 P] (EE: 2.6%]
M5 14.286 P| (EE: 4,7%) 000 005 2010 2015 2020 2025 030 2035 2040 HM45
2006: 14.465 P (EE: 5.8%)
2010: iSi‘hEEUTlL.'I:l 13492 P] I'EE: 8'4%1 Lit: EEG-Eine Erfolgsgeschichte / BMU 2007
ﬁ';uﬁgtitKﬁTKhl(T% ot & LT T oo hemhone Gamanschan





| 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
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| 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 ]
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l—v——@— 2 1,0
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0, D— o o )
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| BMG - Artfuel, CUTEC

Gaskonzentration
VDI._Ua"Eh tr 2'43

AT

Karlsruhe Instiute f ft-'l'.ﬂ-':nr_.r

2,49
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A=028 A=10,28 =027 »=0,38
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H.:CO-Verhaltnis: 1,99 1,90 1,80 2,32
H, (MJ/Nm?): 9,47 9,14 9,53 8,90
. CxHy I:l CHa . H> - co D N2 - COz

Eigenschaften von Synthesegas fiir die BtL-Produkition

Lit: Thomé-Kozmiensky 2008, S. 374
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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
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Deduster
Gas-scrubber
__Ash, dust
Lit.. CHOREN
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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 m®/a
- pressure: 6 bar
- invest: ca. 100 Mio. €
Mechanical Completion in April 2008 =» not in operation 11/2008

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

- decision expected 2009
- invest > 500 Mio€

KIT — die Kooperation von Forschungszentrum Karlsruhe
Forschungszentrum Karlsruhe GmbH ﬁ H%lé:;g;gﬁ“,r ]]: in der Helmholtz-Gemeinschaft
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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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| BMG - FZK biolig AT

Energy density Biomass harvesting Transportation
[GJ/m?3] ., radius

Straw 2

, | 25 km

ed intermediaté
Slurry 25 Fast P
l l 250 km

Centralized Syngas- and
Synfuel Production

Diesel 36
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Marlsruhe Insteiut

bioliq - Fast Pyrolysis and Biosyncrude
Lurgi

Strohstaub-
filter

P
=
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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

KIT — die Kooperation von ﬁ i Forschungszentrum Karlsruhe
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I High Pressure Entrained Flow Gasifier by LURGI A‘(IT

Bioszncrude

Technical features: Oxygen _ ]

e Cooling screen - \

0

» slagging mode
e fuel: slurry

Cooling
* Gasification with Oxygen | — screen
 Temperatures above 1200 °C
« Pressure max 80 bar Quench EQ <
water @

® Raw syngas
@) Quench water

@

Slag

Design based on Lurgi MPG Technology
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bioliq Gasification Lurgi XXIT
T |
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Verdichter —| Behélter [— Kiihl- Frisch -
netz
strecke wasser- wasser
kreislauf
A n
S e Ent d flow
Stickstoff- Ver- Regel - n ral n e o
flissig- | | Verdichter | Behalter [ ]
tank dampfor e e Cooling Screen
Not - Not -
] [ —
; l versorgung versorgung . Pth — 5 MW
Sauerstoff- Ver- Regel - l Y Y
fliissig- = Verdichter == [ ) pmax — 80 bar
tank dampfer strecke
Yergas_er . .
Kihlschirm e invest 25 Mio €
2 MW
80 bar
Slurry Slurry Slurry Slurry 400 kg/h T =1000-1400 °C
Puffer Homo - i Druck - |
30 m* genisierung erhéhung Erwarmung
Slurry
Puffer
30m®
Ent - 1000 Nm®*/h . Synthesegas zur
: . Verbrennung
Druck- 2 5
Flussig -
brennstoff erhéhung
25m® i
Quenche
Synthese- 1000 Nm¥h Synthesegas zur
$ gasvorbe- L $ Gasreinigung
handlung und Synthese
Druck -
schleuse
I '
Abwasser-
Behilter » aufbe -
reitung
ﬂ} Liefergrenzen: 1 Forschungszentrum * '
' 2 Sustec
Druck Schlacke Abwasser - » AP zur
ruc > >
tank Behandlung
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| Primary air /

O —[><—— Oxygen

Slurry / Liquid ] rﬁl—‘x'— Natural gas
fuel

Burner
(movable)

Gas analysis
-~ Gas cleaning
: Synthesis

Gasification zone

Optical .
measurements ................. SyntheSIS Gas
Quench Fuel g [ | —
Flare .
Technical Features:
Quench zone / — e P, =60 kW
_\l\_
Electric heating ® Mgg = 10 kglh
oT . =1400°C
+ Cooler Scrubber max. . . .
Slag e Gasification with O,
e adiabatic, atmospheric
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Concentration of organice

compounds [mg/m3Nh]
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arlsruhe Instaute of Technology
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DVGW-Forschungsstelle am Engler-Bunte-Institut der

Universitat Karlsruhe (TH), Gastechnologie DVGW

Overview ,,Technology platform bio energy and methane*

Objective: first commercially operated biomass gasification plant in

Germany

- 10 MW, -gasifier (AER-gasification)
- first step: power generation
- second step: methanation

- Integration of other biomass conversion technologies
platform for R&D activities

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

start of planning

end of preliminary planning
start of construction

Initial operation

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

=5





DVGW-Forschungsstelle am Engler-Bunte-Institut der
Universitat Karlsruhe (TH), Gastechnologie

\
DVGW

Fluidized bed gasification ,,Gussing“

air > coke combustion > > heat (4,5 MW,,)
Tcoke l heat heat
steam _
]—» gasifier »  gas conditioning » gas engine (2 MW,
biomass
preduct gas proguct gas R EER o
i e e catalyst
* biomass: wood E w
» Fuel power: 8 MW
* electrical output: 2 MW
« thermal output: 4,5 MW - ~=H®
* electr. efficiency: 25 % flue gas
- total efficiency: 80 % ﬁ

=5

biomass

___1

steam

air

¥ bed ash

¥ fly ash

chimney

/|






DVGW-Forschungsstelle am Engler-Bunte-Institut der
Universitat Karlsruhe (TH), Gastechnologie

DVGW

steam

AER-gasification

CO,-rich
flue gas

CaO






DVGW:-Forschungsstelle am Engler-Bunte-Institut der
Universitat Karlsruhe (TH), Gastechnologie

v
DVGW

Location:

Geislingen-Turkheim (near Stuttgart)

Biomass pyrolysis

gasification

LNG-plant






FEE Fordergesellschaft Erneuerbare Energien
(Heart) Breaking News

Overview BMG for CHP on the German Market (Mechanically feeded)
State-of-the-Art: March 2008

© FEE e.V. Completeness not claimed.

Developer / Manufacturer / Seller Systems, put into operation |Installed Load
2005/ 2006] 2007 [kWel]
Bernd Joos and licencees 2 4 2 about 250
bioenergy systems GmbH (1) 3 about 500
Biomass Energiesysteme GmbH & Co. KG 1 3 about 1,900
Bisea GmbH 1 about 420
DreBe GmbH (1) 3(1) 3 about 300
Kuntschar Energieerzeugung GmbH & Co. KG n.a. 2 7 about 1,125
Mothermik GmbH 7 7(2) 7 about 4,500
Reg-Energy GmbH / Scultura Engineering & 1 about 500
Consulting GmbH
Total 9(1) 17 (4) 27 about 9,500

prepared by: Eberhard Oettel, Dipl.-Ing. Dieter Brakow / Fordergesellschaft Erneuerbare Energien e.V.
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,g; 4 Biomass
it Heatpipe

Reformer

e Heatpipes ermoglichen
allotherme Vergasung

e hohe Heizwerte erlauben
Strom- und Warmeerzeugung
mit HeilBgasreinigung in
kleinen Anlagen (200 kW -
5 MW) flr dezentrale KWK

Motivation %

Entwicklungsstand l Reformer
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| E—— Technische
l Koks, Asche, Teere Lasu nge n

Brennstoffeintrag in den
druckaufgeladener

Vergaser (ca. 5 bar)
e Brennstoff soll mittels Fallschacht
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Vergaser unmittelbar in die Wirbelschicht
Wirbelschicht (Reformer) gefordert
e Fallschacht soll kontinuierlich
- freigehalten werden
Heatpipes i ! A
(I Forderleistung des

Fallschachts reicht aus
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microturbine,
fuel cell

Entwicklungsziel:
e HPR-Modul mit 500 kW

—— e -

Forschungszentrum Karlsruhe GmbH

28 | Thomas Kolb | ITC-TAB | 21.04.2008 [ngsze
und Universitat Karlsruhe (TH)
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stand

e derzeit ca. 400
"Vergasungsstunden" an der
Versuchsanlage der TU
Minchen

e 72h-Tests mit zwei Prototypen
waren erfolgreich

e erfolgreicher Betrieb einer
Mikroturbine und von
SOFC-Brennstoffzellen
(EU-Projekt Biocellus)

F HELMHOLTZ i— in der Helmholtz-Gemeinschaft
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ECIN

Energy research Centre of the Netherlands

\

COUNTRY REPORT
the NETHERLANDS

Bram van der Drift
Montreal, 15 October 2008

www.ecn.nl
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NATIONAL POLICIES and DEVELOPMENTS
energy report 2008

\

“energy report 2008” is the government vision on energy in the
coming years:
« SNG is mentioned often

e innovations recognized as essential: “Innovation Agenda”
(438 M£)

2 IEA/Task 33 — Montreal - 16 October 2008 www.ecn.nl





ECIN

NATIONAL POLICIES and DEVELOPMENTS
public money for energy research

\

Monitoring subsidized energy research (Aug 2008, Price Waterhouse
Coopers):

* Increase 2007 mainly for industry (UKR, subsidy on investment),

« 2007: 31% renewable energy, 29% energy efficiency, 21% fossil,
mainly CCS

200

€)

150

100 A

Totale budget (min

50

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

3 IEA/Task 33 — Montreal - 16 October 2008 www.ecn.nl
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NATIONAL POLICIES and DEVELOPMENTS
reality and targets

effect 2006 2007 2010 2020
RE (from 20% EU target) 14%
2.8% 2.6%
RE (national government) 20%
RE in power 6.5% 5.8% 9%
4%
RE in transport (biofuels) 0.4% 2%7? 9,/5%

CO, (national government) 3% 30%

4 IEA/Task 33 — Montreal - 16 October 2008 www.ecn.nl
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NATIONAL POLICIES and DEVELOPMENTS
new subsidy scheme since 1 April 2008

total pn'c_e incl. max. subsidy in contract period
subsidy contract penod
wind on-shore 11 €ct/kWh 796 M€ 15 years
biomass (<50 MW) 12 €ct/kWh 289 M€ 12 years
waste 11.5-13.7 €ct/kWh ? 187 M€ 15 years
PV 56 €ct/kWh 46 M€ 15 years
green gas’ 27.7 €ct/m,° 16 M€ 12 years

a: efficiency 22% to 31%

b: from digestion of sewage sludge/water treatment or landfill gas

5 IEA/Task 33 — Montreal - 16 October 2008 www.ecn.nl
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ESSENT

« 85 MW, CFB gasifier operated on demolition wood, cooler, cyclone,
600 MW, coal-fired boiler (Amer-9 power station, Geertruidenberg,
NL), 5 energy%

« Simultaneously, 22 energy% direct co-firing of clean wood pellets
(separate milling and burners) - -

 boiler maintenance late March-July: no
biomass related problems

e status gasifier: 1500 h in 2008

* main problem remains: cooler fouling,
after certain time, pressure drop gets
too high (cooling capacity also limiting)

6 IEA/Task 33 — Montreal - 16 October 2008 www.ecn.nl
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NUON POWER
250 MW, plant in Buggenum

\

» 2002: start biomass co-gasification trials
e up to 30 wt% biomass possible

* now: ~15 wt% demolition wood, might be
more, but...

 supply of pulverized demolition wood is
limiting factor

. taking actions to increase this to 30 or even yilk
40 wt% (clean wood, demolition wood)

* 1% slip stream CO,-capture test planned,
operational 2010/Q1

—improved concept, low energy use
— knowledge for Magnum project

7 IEA/Task 33 — Montreal - 16 October 2008 www.ecn.nl
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NUON POWER
Magnum plant

\

e Magnum will start as 1200 MW, NG-fired plant with dual-fuel
turbines,

 gasifiers will be added in next phase, incl. the option to have 50%
biomass co-gasification

8 IEA/Task 33 — Montreal - 16 October 2008 www.ecn.nl
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chicken manure gasification in Tzum

\

- 3 MW,, CFB gasifier, cooler, cyclones,
boiler, steam turbine

 flue gas cleaning: bag house filter

e 3500 h in 2007 (limited chicken manure
supply), ash to fertilizer industry

* in 2008 mainly test runs on RDF and
MBM, emissions measured (WID)

» problem: location does not need heat,
options considered: move the plant or
add OLGA and engine

» several initiatives for new plants running e

(NL)

HoSt, Tzum

9 IEA/Task 33 — Montreal - 16 October 2008 www.ecn.nl
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ABEEGN www.bioMCN.eu

BIO-MCN (formerly: METHANOR)

 past: 900 kton/y methanol from natural gas (two parallel lines)

* new owner: bio-MCN (Methanol Chemistry Netherlands) for
bio-methanol

« first feedstock option: glycerin from biodiesel production
 since 30 March 2008: 20 kton/y plant started successfully
 planning: 200 kton/y in 2009/Q1 and 800 kton/y in 2010

10 IEA/Task 33 — Montreal - 16 October 2008 www.ecn.nl
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/ E @ N www.OLGAtechnology.com

EC N OLGA plus water scrubbers
for 100 MW gasifier

OLGA

* interest from all over the world
» supplier Dahlman: 3 fte on OLGA

e crucial role in biomass-to-SNG
development at ECN

» adapted successfully to high
concentrations from MILENA
Indirect gasifier

» work started to adapt OLGA for
low-temperature gasifiers

DAHLINVIAN
FILTER TECHNOLOGY

11 IEA/Task 33 — Montreal - 16 October 2008 www.ecn.nl
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E @ N www.MILENAtechnology.com

\

ECN
MILENA indirect gasifier

* pilot (160 kg/h) installed late 2007

« officially opened by minister 4%
September 2008

* first tests performed

12 IEA/Task 33 — Montreal - 16 October 2008 www.ecn.nl



http://www.milenatechnology.com/



7 E @ N www.bioSNG.com

www.bioCNG.com

\

ECN
SNG, technology choices

3H,+CO > CH;+ H,0O

fuel gasifier tar further gas CH, gas SNG
removal cleaning synthesis upgrading

MILENA indirect gasification OLGA tar removal many options...

13 IEA/Task 33 — Montreal - 16 October 2008 www.ecn.nl
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ECIN

ECN
SNG, time and cooperation

\

e 10 MW CHP demonstration plant (MILENA, OLGA, engine)
ready 2012

50 MW SNG demonstration plant (MILENA, OLGA, etc.)
ready 2015

 HVC will team up with ECN in development
 HVC will be the owner of the demo plants

HVC is known as the owner of a waste
Incineration plant and a demolition wood
combustion plant

HVC intends to play a major role in realizing
renewable energy goals of their share holders

14 IEA/Task 33 — Montreal - 16 October 2008 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

SNG: www.bioSNG.com and www.bioCNG.com

IEA/Task 33 — Montreal - 16 October 2008

www.ecn.nl
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BIOMASS GASIFICATION SWEDEN 2007

2008-11-04 - 2

. Pilot or demo

[ ] r&D

. Commercial

ETC, R&D

Chemrec, 3 MW demo
Black liquor gasification
Pited

Umea Universitet, R&D

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

Mid-Sweden University
Indirect double bed test unit
Harnodsand

F-Wzomlcpsg?smerThe Norrsundet mill is due
Norrsundet/lime kiln
to close at the end of 2008

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

CTH system studies Stockholm

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 (Gotaverken)
35 MW CFB gasifier
Vard lime kiln

BIOFLOW PCFBG
VVBGC demo
Varnamo

E.ON Sweden
SNG or IGCC Study for | |
50 MW unit

tps





Formulated Policy
Secure energy supply in an economic way

Reduce GHG emissions 4% by 2012
Use of environmental taxation

Follow EU policies

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

— 2008-12 20 Mtonne in proposed allocation plan
* no emission rights for free even for existing plants
 the utility sector gets zero emission rights
* the industry gets a high percentage of their emissions rights

Energy Savings Plan

Statistics and information www. energimyndigheten.se

000000000000





Policy

e Biofuels directive

— 2.2% achieved in 2005, 3.1 % in 2006
— Energy tax reduction on biofuels to 2011 to a
value of 9 billion SEK
— Import duty on ethanol was removed in 2008 (Eu duty 290 €/m3)

e R&D and D

— New black ligour R&D program initiated (85 MSEK)
— New biomass gasification R&D program initiated (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

— Concretly, the FY 2009 budget allocates 875 million SEK for
demonstration of second generation biofuels and other energy
technologies for the period 2009-2011.

Stati
0000000 -04-4 I s





Fuel costs

Figure 4: Tctal energy prices for various user categories , 2006
140

Transpor

[ ] Value-Added tax Domestic
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Indirect co-firing

CFB Gasifier at vVaro pulp mill
:?' Supplier: Gotaverken
e Fuel: Bark, wood wastes
| « Fuel capacity: 30 MW

e Gas usage: lime kiln

e« Commissioning: 1987

§ ° Development: Enriched air
tests in 2003 to try to
debottleneck lime kiln

* Norrsundet mill will be closed
In 2008, (Foster-Wheeler unit)

G - &Y i
2008-11-04 - 6 tps





Pressurised combined cycle

VARNAMO, SWEDEN _ _
e Supplier:  Bioflow

(Foster-Wheeler,

Sydkraft )
i 2l  Fuel 18 MW
e s e[| Power 6 MW
e, o & * Heat 9 MW

T l ] x 18 bar pressure

AIR
‘ GAS COOLER z

M aAR R ° TyphOOﬂ GT

o \ = + Mothballed in 2000.
®'P= RanE™ x > 8000 gasifier and

% | — 3 600 hours of GT op.

MWV W

\—|

/—'
HEAT RECOVERY DISTRICT HEATING
STEAM GENERATOR






TPS atmospheric gasification

Fuel gas

Heat Recovery
Flue gas Steam Generatio
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Vaxjo Varnamo Biomass Gasification Center

R

ot Socors o e s o oURERE

* 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€

2008-11-04 -9





Proposed VVBGC PPP Structure

90%? <

— o T

VVBGC

Shareholder
and exit
agreement

10%

Objectives:

2008-11-04 - 10

VVBGC Owners Sponsors & stakeholders

f bbb bbb ]
: Universities : Swedish Energy Agency
: EC FP & EU sources
VXU MS national programs?
: KTH ?
Research : Industr Supporting
\~! partnership Y= G :
: : Company B companies
_ -'Industr ........ < FUture
: naustry |
projects

Company A

o Leadin
= Exploitation of _ J

> IPR, know-how companies

-
Rebuild of the demonstration plant

Generate and exploit IPR
Establish long term research platform





The Varnamo plant after rebuilding

FLARE
by GASIFIER
INPUT _ P
: 0 OXYGEN
STEAM
e —ba
‘ X
f HOT GAS AREFORMER LLER
STEAM —— FILTER | i
OXYGEN—— | 1
(R | ' :IYDRO
START-UP -
( ) GAS COOLER DR
TO FUEL
< PRODUKTION
PLANT
STEAM
ATALK ) TURBINE
w e :
f ] [ r Pilot Plant
- N Y after Rebuild
HEAT RECOVERY DISTRICT
STEAM GENERATOR HEATING
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Further hot tests

Sep. 2007

Gas turbine operation (oil), 82 hrs

Combustion of biomass in gasifier at 950 °C, 24 hrs

Gasification at 950 °C and 17.5 bar, 13 hrs

Gasification at full load, 7.5 hrs
Wood chip/pellet feed rate: 4.5 ton/hr

Produced power, 304 MWh

Nov.-Dec. 2007

Gas turbine operation (oil), 84 hrs

Combustion of biomass in gasifier overnight

Gasification at 950 °C and 17.5 bar, 46 hrs daytime

Gasification at full load, 26 hrs
Wood chip/pellet feed rate: 4.5 ton/hr

Produced power, 432 MWh

CHRISGAS

green fuel®





Black Liquor Gasification Activities

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

White

Black
Liquor

H25-
ABSORPTION

"y

v

Purified and
cooled syngas
(to flare)

Cxygen

Atomising
medium

REACTOR

e L ey pr ) o

[T LT ] "y LT
1‘*‘: o i
I —_—
[T R [ L[] (] LLLLILIPY ]
e 4 UL P =

Mo

Raw syngas

QUENCH

[ -

Green
Liguor

Condensate

Weak . i
Waszh Cooling water

Liquar in OP1

s20008 3 CHEMREC
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DP1 inetgration with DME pilor

New process units downstream the DP-1 plant in Pitea

DP-1

CO,/H,S
A [ E5EE
=  Final 5
_ | Activated Wi o M
¥ *  Guard [
- Carbon ek § T
New Units
.:'-'3\_
=/
EDEI
The DME Pilot
RS | ' IEEees
. Process o
| DME | & b
BEW R RevONE i3 e
H2ICO=11 ] LP-st

4222008

4-5 ton DME / day

CHEMREC

\ " 44





DME pilot project

Demonstration of the complete chain from production of
DME from biomass to the utilisation in vehicles

Chemrec R _‘ ﬁ
ETC W oumn [ mmnn i e, - (R e
TOtal C_ Fuel _>

properties Key Deliverables:
VOlVO o Pilot DME production plant
TO soe DME pilat 14 DME fuelled vehicles
P E 4 DME filling stations
PREEM
) e lopmert
Delphl [ Synogas [ Industrial uss ]

ganeraticn

DuPOnt W
black liquor

Budget total 28M€, ~17 related to BLG plant+operations

DME operation 5,68 M€ DME price = 200% of diesel price
Energimyndigheten 50% = 2,84 M€ Additional 1 M€ cost for field test

2008-11-04 - 15 tps






Co-gasification in Utility CFB Boilers

CHALMERS Chalmers University of Technclogy

Chalmers 8 MW CFB boiler
AFTER implementation of 2 MW gasifier

Steamn fram boller

Particle Senl

tps





Biomass to SNG: GOBIGAS

Plan: 100 MW output Plant
Status: On-going Studies

S Contractors: M+W Zander FE GmbH

CTU - Conzepte Technik Umwelt
Repotec

Target: Decision summer 2008
In operation 2012

R&D: Indirect gasification, Chalmers
Tar reforming, KTH

IndustrySes

| Heat 28

@ |  Vehiclesam

' =
@isation§ wash Bboostin(
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Biomass to SNG: E.oN Sverige

Gasification of biomass the next generation for
production of electricity/heat and Substitute Natural
Gas (SNG)

* A pilot study started by E.ON to study the technical and economical
conditions for producing electricity/heat in a gasturbine and/or
produce SNG as a complement to natural gas

* The study will be ready 2007 and a decision will depending on the
result be taken late 2007 to start design of a demonstration plant.

* The aim is to decide December 2007 for design of a demonstration
plant, 50 MW,,. Commissioning 2012/2013.

Gasification — three ways of development — IGCC,
SNG or a combination IGCC/SNG

Industry
Heat market
] . N Filling
IGCC Gee/ SNG stations
SNG CHP

dHO

2008-11-04 - 18
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Co-firing: Malarenergi, Vasteras

L_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
MedlarEnergt

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

2008-11-04 - 19 tps
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TASK 33: Thermal Gasification of Biomass






Task Meetings & Technical Workshops : By Oct 17, will complete
4 out of 6 for the current triennium

Publications:
Task Meeting Minutes
Workshop Summaries
EXCo Progress Reports
Technology Report on ‘Synthesis Gas & Its Utility’
Website with Updated Country Reports

Next Triennium: Draft Scope to be Discussed at the Next Task
Meeting - 15 to 17 Oct 2008





Oct 2007): Synthesis Gas Contaminants

CONTAMINANTS RAW GAS TARGET
Tar+BTX 5-20 g/Nm3 <0.1g/g/Nm3
Hydrocarbons up to 6 % by vol -

Ammonia 200-2000 ppm <10 ppm

HCN 10-100 ppm <10 ppb

H2S 50-100 ppm <100 ppb

COS 2-10 ppm <10 ppb

Alkali /metal compounds 0.5-5 ppm <10 ppb

SOA : Low-temperature Gas Cleaning or HT Slagging Gasification Produce Clean
Gas
Note: Reliable Analytical Techniques A Challenge to Measure ppm and ppb Levels
See Task 33 WS 2: Characterization of Synthesis Gas Report on Task Website
Follow-on work: Standardization of analytical techniques for measuring
ppm and ppb level contaminants





WSS tApTiT 2008): HSE* Activities-for-Smal=sce
' up to 5 MWth Capamty

* Improve / Create Awareness: HSE is Important

* Establish a ‘state of the art procedure’ to Assess and
Avoid Risks

* Harmonize and Accelerate the Permitting Procedure

* Initiate Guidelines for Safe and Eco-friendly Biomass
Gasification Plants.

- Health, Environment, & Safety
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* Biomass Gasification and Synthesis Gas Contaminants

* Target Concentration Levels of Synthesis Gas
Contaminants
* Clean-up of Raw Synthesis Gas
e Particulate Removal
e Low-temperature Gas Clean-up
e Advanced Gas Clean-up
* Synthesis Gas Conversion
* Hydrogen
e Methanol and Methanol Derived Fuels
e Mixed Alcohol Fuels
e Fischer-Tropsch Synthesis

e Other Synthesis Gas Conversion Processes
« P-Series fuels

Syntec Fuels

BRI Fuels
Coskata Fuels
- Range Fuels

°* Summary






Focus: Thermal Gasification of Biomass and Selected Wastes - Biofuels, SNG,
Chemicals, and Power; Co-production; Integration with Ligno-cellulosic Biofuels
Processes; Sustainability (Feedstock, Water, GHG, Socio-economic Benefits,

Security of Supply)

Conduct Semi-annual Task Meetings/ Technical Workshops (Joint WS where
appropriate)

Survey & Exchange of Information/Maintain Task Website

Report/Update BMG Activities in Participating Countries & Other Selected Countries
Identify Gasifier Feeders that can handle Feed Stocks with Variable Properties

Discuss, Identify, and Address Sustainability (feed stock & water) and Social
Responsibility Issues (job creation) - Joint Study

Monitor Advances in Gas Cleanup and Thermochemical & Biological Synthesis -
Process and System Integration

Develop RD&D Priorities to Advance BMG and Related Bioenergy and Chemicals
Encourage collaborative RD&D for Innovations and Market Development
Identify Process Steps with Short Commercial Implementation Timeline/Warranties

Examine opportunities for Embedded Generation with Forest Product
Industries/Utilities as well as Integration with Chem. Process Inds & Refineries

Initiate Protocols for Characterization of Synthesis Gas for BTL
Develop Guidelines for Safe and Eco-friendly Small-scale Biomass Gasification Plants
Develop Position Papers for Policy and Decision Makers - Joint Study
Publish Selected Results
Provide other EXCo Deliverables
RED LETTERS: New Initiatives
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Biomass Gasification:
Experience and Current Projects

Presented at
International Seminar on Gasification -
Production Technologies and Applications

9 October 2008
Malmo, Sweden

By
Vann Bush, Managing Director

gti

GTI Overview

> Not-for-Profit Research, with
60+ Year History

- Over $50MM/yr energy R&D
- Facilities
¢ 7.3 ha campus near Chicago

« 18,600 m? in 28 specialized labs
¢ Other sites in Oklahoma and Alabama

> Staff of 250

» Commercialization activities

* 1000 patents, 380 licenses, 72 active
licensees

¢ 12 companies in venture portfolio

« Commercial activity in gasification

and gas processing
Energy & Environmental

Technology Center






Alignment with the Energy
Industry Value Chain

Ta

Needs
Secure, stable, Address strategic Maintain industrial
competitive domestic concerns of domestic gas competitiveness and
energy supply T&D infrastructure improve affordability

of end use technologies
Strategic Focus

« Unconventional Gas « Safety * Energy efficiency
" Resources « Pipeline Integrity * Environmental
tl « Gasification for « Cost Reduction performance
g » Alternative Supply « Efficiency
ﬂ Carbon Management

Biomass Gasifier
Technologies

t‘ Aab. 5, E
g , ﬂ Choren three-stage Carbo-V process
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GTI-Carbona Fluidized-Bed Biomass
Gasifier

HOT PRODUCT G&§ | > High carbon conversion, 95-98%+
» Capability to gasify a wide variety of
fuels, including coal/biomass mixtures
» Simple design with safe, reliable
operation
* Air-blown, enriched-air or oxygen-blown
operation
« Atmospheric to 30+ bara
» Operates at a lower temperature than a
GEN or slagging gasifier (to 1000°C)
R
1 « Longer metal component and refractory
life
» Good turndown capability, 30 - 50%
» Demonstrated at commercial scale by
Carbona

STEAM-IRON™ H,
HYGAS - SNG






Scale-up and Investment History of GTI
Gasification Technology
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1992 _
80 ton per day Gasification Pilot Plant in
Tampere, Finland using biomass & coal

165 ton per day CHP Plant in
Skive, Denmark using wood

I
fier Projects

100 ton per day Bioenergy Demo Plant
in Maui, Hawaii using bagasse

40 ton per day Flex-Fuel Test Facility
in Des Plaines, IL for biomass & coal






.|
Tampere, Finland Pilot Plant (1992)

- 26 Tests

- 3850 h operation
- 80 tpd biomass

- 30 tpd coal

- up to 20 bara

- 700+ tons coal, 5300 tons biomass processed
- Multifuel capability; mixed coal and biomass (wood & straw) tested

gtl - Demonstration of clean syngas for IGCC; cogen heat & power

GTI/Carbona Biomass Feedstocks

by
Hard wood chips
Soft wood chips
Hard & soft wood mix
Forest residue
Bark
Paper mill waste
Wood pellets
Saw dust
RDF pellets
Wheat straw
Willow
Alfalfa
Rice straw
Oil palm
Bagasse






Flex-Fuel Test Facility:
Pilot-Scale Fluidized Bed Gasifier

« Pilot-scale process R&D

« Periodic test campaigns

¢ ~30 testing staff

= Biomass - 20 tpd w/air; 40 tpd w/oxygen TAfARECEREERES UL A FEE

= Gasification Pressure to 27 bara
= Extensive On-line Syngas Analysis Systems

Skive, Denmark
Combined Heat & Power Project






CARBONA Scope of Supply

BIOMASS GASIFICATION TECHNOLOGY

e Process design

Proprietary gasification technology
Proprietary syngas treatment technology
Plant design

PLANT CONSTRUCTION

* Turn-key delivery

» Manufacturing/erection supervision
* Plant commissioning

Carbona
USA / Finland

PLANT
CONSTRUCTION

(Carbona/Andritz)

R&D SUPPORT
Gas Technology

Institute
USA

Some Syngas Application Options

» Biomass-to-power in boiler

» Low efficiency (20-30%); limited co-firing range; boiler and site
modifications required; commercial

» Biomass-to-power with engines or gas turbine

» Varying efficiency (28-50%) without waste heat integration; high efficiency
possible in CHP application requires consistent heat load; commercial

> Cellulosic fermentation for ethanol

» Medium efficiency (50%); limited distribution system; high water demand;
technology still in R&D

» BtL via Fischer-Tropsch

* Modest efficiency (35-45%); can be improved with significant heat/steam
integration; ultra-clean gas required; product needs further refining;
commercial technology available

» Substitute Natural Gas (SNG)

- » High efficiency (65-70%); increased efficiency with waste heat integration;
tl pipeline infrastructure-ready, storable product; ultra-clean gas required;
‘ commercial technology available

(efficiency on HHV basis) 14






Synthesis Gas Process

Pimg:ie' Hydrolysis, POWe r
Acid Gas
Removal Rl CHP
Methanol
Fuel e Trace Symh%sis. Alcohols
Treatr t Removal Upgrading a
reaimen FT Diesel
DME
Shift
Hydrocarbon
Reforming sy H2
Separation SNG
GTI U-GAS®, Morphysorb®, GTI R&D
RENUGAS?®, Ultra-Clean UCSRP,
Biomass GPE bluegas, CrystaSulf® (+DO)  UCSRP, Coal
pretreatment, PWR Compact GTI Catalysts, Ultra-Clean CrystaSulf-DO? Biomass
pyrolysis Gasifier Tar Reforming Membranes Ultra-Clean Catalyst Coal and Biomass

Current Biomass Gasification
Activities

» Commercial Deployment Support
e Carbona/UPM BtL Project

» Biomass Pretreatment
e Hydrothermal treatment and pyrolysis

» Biomass Syngas Processing
» Engineered Catalyst for Tar Reduction
* H, from Biomass Gasification
e Gas Cleanup for Fischer-Tropsch Application of Synthesis Gas

» Miscellaneous
e |EA Bioenergy Task 33 Thermal Gasification of Biomass

» Biomass Gasification R&D Laboratory (Auburn University,
Natural Resources Management & Development Institute)

ﬂ'






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

UPM-KYMMENE jﬁ
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Commercial Plant Operational 2012 w

Biomass Pretreatment Project

Develop a process to render any ligno-cellulosic biomass into
material amenable to efficient gasification or pyrolysis.

» We must use forestry and agricultural
biomass sources to reach biofuel goals.

» Logistics of biomass supply is a major
economic and carbon intensity hurdle.

» Higher energy density bio-feedstock would
allow larger, more economic process scale.

» Gasification and pyrolysis both benefit from

’A’Q feedstock consistency.

Gasification Fuel gas

Power
Liquid fuels
Chemicals

N

Versatile Pretreatment [ i
gtl ‘ Technology Pyrolysis






Gas Cleanup for Fischer-Tropsch
Application of Synthesis Gas

Project funded by U.S. Department of Energy

Integrated with GTI pilot-scale pressurized, oxygen-blown
gasification of wood

» Slipstream raw syngas cleaned up to 30 kg/hr net feed to third-party

Fischer-Tropsch (FT) unit
H,/CO ratio adjusted to 2/1

Remove dust, tars, alkali, NH,;, and sulfur in novel warm-gas process,
and remove pure CO, with solvent, all to acceptable levels for FT

* Phase | 300 hrs w/o FT - evaluate cleanup performance, achieve specs

* Phase I 500 hrs with FT - confirm catalyst poisoning does not occur
Slipstream system currently in design stage

Initial operation in Phase | to start in January 2009

gti

GTI Innovations in Catalysts

> GTI patented method of thermal impregnation (TI)
- to infuse catalytic metals into the surfaces of a variety of natural olivines.
- to incorporate metals into specific formulations of olivine-structured silicates.

> Tl materials completely decompose tar (as naphthalene) and methane
and resist poisoning by up to 20 ppmv of H,S at 900°C.

r(a) (b) c) (a) Cobalt bulk catalyst
(b) Nickel and Iron bulk catalyst
‘ f I “, ;/f (c) Nickel monolithic catalyst

> GTl has filed for patent on glass-ceramic materials
- a number of glass-ceramic formulations that contain up to 40% catalytic metals.

- laboratory tests reveal up t0100% naphthalene decomposition over 100 h time on
stream.

(ii) (iii) i. base material, as an amorphous glass,
ii. material after heat treatment to create a
microcrystalline glass-ceramic,
iii. glass-ceramic after reduction under hydrogen to
- create Ni metal on all exposed surfaces.
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New Catalyst for Tar Decomposition
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- Ceramic membranes
- Metallic membranes

> Field Prototype Tests
- Biomass gasifier
- Integrated system
> guard-shift-membrane
- H, flux, purity targets

C) Xeel Enargy*

=2

& ~ —
:-'I;/;%Ed
: / .

|
o
T / +hydrogen
I «membrane  *Porous support
, +Copper seal coated by carbon :

Hydrogen Production from Biomass

> Laboratory Screening of H, Membranes

Conventional Hydragen Production Process

€0 H,

| l
Shif i 0, 1 il
e T o e N A
Cleaning T Reactor T Removal T Gas

Hydrogen Production using Closely-Coupled Membrane Process

H o

} 1
Gas Membrane Shift | o, Tail
Gasif
S P o i ! Remoal T Gas

Hydrogen Production using In-Situ Membrane Process

H, €0,
I |
Gasifier & Gas €Q, Tail
Membrane Shift ¥
iesiek Cleaning Remaval Gas
leactor
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Biomass to SNG Process Simulation
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SNG from Biomass: Biomass Gasifier, Water Gas Shift, & Acid Gas Removal Units

Commercial Systems Basis

» Oxygen-blown, pressurized fluidized bed gasifier (10 bar,)
» Hydrocarbon reforming (including inherent CH,)

» Sour water-gas shift to achieve H,:CO >3

» Compression for commercial acid gas removal for CO, and S
» USDOE simulation for AGR used in process

» Two stage + trim methanation reactor

» Dehydration to achieve gas pipeline specifications

~ 68% conversion efficiency

SNG Production Cost Sensitivity

2000 tpd (Dry) Biomass Gasification Plant

11) Biomass Price ($50/ton dry) 65, 35 11

10) €O, Credit ($5/ton) 510, $20, 540 10

9) Biomass Price Escal (4%) + 2%

8) SNG Price ($9/M1) $8, $10
7) SNG Renew Credit ($/MJ) $4, S5, $6
6) Capital Cost +25%
5) Discount Rate (8%) 7%, 9%
4) Elect Sale Price ($50 /MW-hr) 540, $60
3) Elect Purchase ($50 /MW-hr) $40, $60
O, plant lease included in

2) 0, Capital Cost (Annual Equip) + 25% e capital, supply cost included in
electrical power consumption.

1) Elect Renew Credit ($40/MW) $30, $50

NPV of Discounted Cash Flow [Before Interest & Taxes)
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Biomass Gasification Considerations

» Biomass price dominates economics. Therefore, processes
should maximize conversion efficiency.

» Pressurized gasification has significant efficiency benefits
e Larger scale systems possible with more compact gasifier

e 10 bar gasification increases SNG production efficiency by
11-18% vs 2 bar gasification according to process simulation

e Reduction in syngas volume for gas treatment (reduced
equipment size) and improved cleanup efficiency

(O, capital costs are not significant in plant economics)

» There are limited commercial options in syngas processing.
Advanced syngas cleanup and conversion systems can improve
process economics.

gti

Summary

» GTI is supporting Carbona commercial applications
of fluidized bed gasifier for 2"d generation biofuels.

» GTI is developing syngas cleanup technologies to
improve process economics.

» GTI is working as a development partner to
evaluate and prove new biomass conversion
processes.

gti






