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DOE Demonstrations

e Hawali
e Vermont
e Minnesota

« Small Modular Projects
- CPC
 Carbona

Attention to Detall
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Hawall Gasification Demonstration
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Hawalil Gasification Demonstration
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Hawall Process Schematic
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Hawall — Lessons Learned

Non-technical

1. Impact of Initial Cost Increase:

Major experimental programs of this nature must have the leadership of a commercial E&C firm
during the design and construction phase.

2. Environmental Assessment:

The most important lesson coming out of the environmental permitting process is that
solicitations should require substantial environmental reviews before committing to the decision
to proceed with a project. Given the time and expense to perform such reviews the time and cost
impacts of environmental assessments should be included in project plans. To a large extent the
Biomass Power Program has learned from the Hawaii Project in this area. The Vermont Project
was able to structure a project involving feeding the product gas to an existing boiler, without
requiring a complete evaluation of the existing power plant permits, and using the using the
existing boiler emission permits.
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Hawall — Lessons Learned

. Impact of the Energy Policy Act of 1992

DOE was required to evaluate the project under the rules of EPAct92. Given the requirement by
the State of Hawaii for commercial application for funding, a DOE determination was made that
the project was a commercial, not experimental, project. The conversion into a commercial
project placed expectations on the project that could not be met.

Commercialization required a number of conditions to be met. HS&S, the host company, needed
to agree to assume ownership of the facility. They were not. Since the completion of the Hawaii
project, HC&S has closed the Paia mill. Second, the facility was an experimental unit at a small
scale. The capital cost of an experimental facility and the associated labor-intensive design
(needed for experimental data gathering/analysis but not commercial operation) made the
commercial cost of electricity uneconomic.

Although the stated experimental goals were not reached in the proposed time, much valuable
technical experience was gained in material handling systems, and in system integration.
Therefore, the project was successfully addressing issues in start-up, testing and evaluation of
experimentally scaling up biomass gasification technology.

. TVP Project:

The advisory groups should not have been disbanded. On highly developmental projects of this
nature, limiting technical input greatly increases technical risk.
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Hawall — Lessons Learned

Technical

. Impact of Initial Cost Increase:

Bagasse is an extremely difficult feedstock. Organizations with direct operating and design
experience should be involved in bagasse projects. Decisions to modify the feed system design
to fit within the allowable funding did not recognize the potential for technical difficulties and
led to the majority of operational difficulties through the life of the project.

. Phase 1 Equipment Decisions:
Uniformity of feed is critical to the successful operation of a gasifier. The use of a feeder

designed for a particular feed, rather than adaptation of a system not designed as a process feed
system is needed.

. Phase 1 Equipment Decisions:
We need to do a better job of evaluating the ability of the non-Federal partner to operate new
equipment such as the plug-screw feeder. We probably would have had more success using a
system closer to commercialization.

. Phase 1 Equipment Decisions:

We should more carefully evaluate the details of equipment. In the case of the plug-screw
feeder, the use of a lubrication system would have eliminated many of the problems with
overheating and high-current draws.
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Minnesota Alfalfa Project






Minnesota Alfalfa Project

e Phase l

Feasibility Study

Funded by DOE Biomass Power for Rural Development
Initiative

Northern States Power (NSP) and Univ. of Minnesota
Looking at 125 MWe from agricultural residues

Led to formation of Farmer Cooperative in Southwest
Minnesota
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Minnesota Alfalfa Project

e Phase 2

» Selected by DOE as solicitation Award
 Minnesota Valley Alfalfa Producers (MNVARP)
» Location — Granite Falls, MN (Southwestern MN)
 Two-Phase Project
* Feed Production
» Alfalfa separation
» Leaves — high protein animal feed (soy market)
» Stems — pellets for power plant feed
* Power Production

* 65 MWe Biomass Integrated Gasification Combined Cycle
» Based on Tampella technology (Carbona)
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Minnesota Alfalfa Project

* Feed Preparation
 Distribution alfalfa pellet plants
* Drying and Separation
* Feed Pellets (Leaves — high protein)
* Fuel Pellets (Stems — low protein)
 Phase One
« Prior to Construction of BIGCC plant
« Traditional Alfalfa Pellets
« Sold in traditional alfalfa market

* Led to political problems
» Gov subsidy of one company in alfalfa’/hay market
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Minnesota Alfalfa Project

e Gasification

« Commercial design
e 65 MW
 |IGCC
» Based on Carbona gasifier
* Pilot testing at Carbona pilot plant in Tampere, Finland
» Successful, but some challenges
* Required recommissioning of pilot plant
* Ash content
* 5 times plant design basis

» Led to ash build up and candle filter cracking
* Required system modifications
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Minnesota Alfalfa Project

* Project Terminated in 2001
« Commercial Design Complete

 Unable to meet implementation schedule required by
NSP

e Number of Issues Unresolved
* Financing
e Political
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Summary of Lessons Learned: Minnesota Agri-Power Project

1. Vendor Guarantees and Warranties: IT plant configuration has not been tested, and/or It the
feed has not been tested, then extended pilot testing is required ( 1000 - 2000 hours at steady
state conditions) to develop vendor confidence leading to guarantees and warranties for
commercial operation.

2. Pilot Plant Experience: Such testing may be doubly important when guarantees and
warranties are needed from “downstream’ unit operation vendors such as gas clean-up, gas
turbine and steam turbine original equipment manufacturers.

3. Project Scale-Up: A scale-up of ten times is too large to incorporate guarantees and
warranties for untested processing steps or combinations of unit operations.

4, Project Financing: Developmental projects are inherently risky. Need to develop creative
approaches to investment and financing arrangements.

5. Entering New Markets: Must develop a marketing plan and study existing markets for
agriculturally-based, and other potential feedstock products. Expect resistance (political and
economic) from current market suppliers.

6. Feedstock Suitability and Flexibility: Need to develop criteria for suitability offeedstocks for
electrical conversion. If possible, design conversion system to be capable of handling
multiple feedstocks.

7. Technical Readiness: DOE needs to perform in-depth reviews of the technical status of
development in relation to the proposed commercial project to better estimate the
technical/commercial feasibility of the project. Ata minimum the project technical
development time and cost should be reviewed in detail.

8. Reviews Prior to Award: A detailed technical review is required at the solicitation technical
review stage to identify technology readiness for commercialization, rather than addressing
such issues after agreements have been reached and project timing and costs contractually
set.

Figure 4-12; &lfalfa Pilot Separation Facility, Priam, MN
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FERCO GASIFIER- BURLINGTON, VT

350 TPD





. Vermont Process Schematic






Vermont — Lessons Learned

 Many of the basic lessons were the same as Hawaii
e Project was the result of a competitive solicitation

e Bid cost was low

 Award negotiation time increased costs

« DOE award did not increase

e System components scaled back to save costs

e Second cyclone
e Product Gas Transfer Line

* Most operational problems due to scaling back
o Other

« Change in engineering firm

 Equipment delays
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DOE Supported Small Modular Gasification Technologies






DOE, the European Union, the Danish government, Skive Fjernvarme, and Carbona are cooperating
in the 5SMWe Carbona Project in Skive, Denmark
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DOE and the USDA Forest Service have supported development
Community Power Corporation’s BioMax Modular Biopower System
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CPC’s Process Schematic

) Feedstock Dryer icati
Pyrolysis Air Dry Biomass Feed Or Heat Application Gas Application
(Primary)
>@
750°C
22% CO
) 16% H2
Pyrolysis 10% H20
(900°C) 9% CO2
3% CH4
40% N2

Tar Cracking
(900 to 1000°C)

©

Char Air ) ) Fine Filter
Cooling Air < 0.7 um

Coarse Filter l

70%0 of Biomass Energy = Chemical Fuel
15% of Biomass Energy = Recoverable Heat, Gas Cooling






Community Power Corporation

Today: BioMax — Modular Bioenergy Systems
lFrom 2510 J OO (kWe)

(-‘“’ -
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CPC Projects

CPC’s BioMax Has Extensive Field Experience
18 BioMax Sites

Walden, CO
Reno, NV ] _
Madison, Wi \ iy . CANADA
Starkville, MS
Grand Forks, ND
Mt. Wachusett, MA
Miami, FL

El Salvador (#1)

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

uUs Army *

* Installation pending

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

Prototype Tactical Biorefinery
Mobile encampment feeding waste to energy (gaseous fuels and ethanol)
US Army/Baghdad

Contractors: Community Power Corporation, Purdue University, Defense Life Sciences
BioManx 50 May 2008
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TRI Technology and Projects

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

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

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

State-of-the-art 4 dry ton per day solid biomass pilot plant at Carbon-2-Liquids (C2L) Center, Durham NC
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Questions?
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1 Workshop: Thermal Gasification of Biomass
i 2-5 November 2009, Breda, Netherlands

Biomass co-gasification tests
In ELCOGAS IGCC power plant

Dr. Pilar Coca Llano
ELCOGAS R&D Group






OUTLINE

v ELCOGAS description:
* the company
» process description
» gperational data
v ELCOGAS R&D plan:
» Diversification of raw fuels (tests with biomass)

v Further steps





OUTLINE

v ELCOGAS description:
* the company
» process description

» gperational data
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w4 ELCOGAS DESCRIPTION:

ELCOGAS

ELCOGAS S.A. is a Spanish company
established in April 1992 to undertake
the planning, construction, management
and operation of a 335 MWs, IGCC
plant located in Puertollano (Spain).

ELCOGAS is shared by European
electrical companies and equipment
suppliers.

ENEL  Autocartera Siemens Babcock Wilcox
Energias de  4,3% 0,3% 2.5% Espafiola

Portugal 0,0%
43% \

Hidrocantabrico

Krupp Koppers
0,04%

National Power
0,0%

4,3%
lberdrola .
Generacion EDF International ENDESA Generacion
31,4% 0
12,0% 40,9%

Shareholders

ELCOGAS IGCC
PLANT
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=1 ELCOGAS DESCRIPTION:

ELCOGAS

T Flue gas to stack
Steam >
Heat Recovery i
Steam STEAM
| Generator [
HP Steam 'y TURBINE
MP| Steam lgSMWISO’
Coal Petroleum Coke } v
Limestone Condenser
Hot combustion gas
HP Boiler
Coal MP Boiler §— Filtration Water : Sulfur Cli\n syngas
preparation Gasifier Raw Gas wash Removal \
Coal - N, A
TaillGas Claus gas GAS
Quench Gas TURBINE
Air—» Sulfur
200 MW
Slag Fly ash Water 0, Recovery 00 ISO
N, to treatment +
O, Sulfur (99.8%)
Waste N,
Air Separation Unit <
Compressed air






ELCOGAS DESCRIPTION:

ELCOGAS

Main Design Data Power output and emissions
: : : GAS STEAM | GROSS NET
The design fuel is a mixture 50/50 of POWER | TURBINE | TURBINE | TOTAL | TOTAL
coal/petcoke currently operating at 45:55 OUTPUT (MW) (MW) (MW) (MW)
COAL |PET COKE FL%5EOL-5|\(§I)IX 182.3 1354 317.7 282.7
: ' EFFICIENCY GROSS NET
Moisture (%ow) 11.8 7.00 9.40 (LHV) 7100 122
—p | Ash (%w) G | 026 - ——
C (%w) 36.07 8221 £9.21 EMISSIONS o/kWh mg/Nm® (6% Oxygen)
H (%ow) 2.48 3.1 2.80 ;82 8% 12550
A (), 081 L.90 1.36 Particuxlate 0.02 7.5
O (%w) 6.62 0.02 3.32
—> (S (%w) 003 | C550) | (B2
LHV (MJ/Kg) 13.10 31.99 22.55
Raw and clean gas data
Raw Gas Clean Gas
Actual average Design Actual average Design
CO (%) 59.26 61.25 CO (%) 59.30 60.51
H (%) 21.44 22.33 Ho (%) 21.95 22.08
€O, (%) 2.84 3.70 CO» (%) 2.41 3.87
N> (%) 13.32 10.50 N> (%) 14.76 12.5
Ar (%) 0.90 1.02 Ar (%) 1.18 1.03
H,S (%) 0.81 1.01 H.S  (ppm) 3 6
COS (%) 0.19 0.17 COS (ppm) 9 6
HCN (ppm) 23 38 HCN (ppm) - 3
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ELCOGAS DESCRIPTION:

ELCOGAS

GASIFIER FEATURES

Type: Pressurised entrained flow
Feed: 100 t/h, dry fuel

Gasifying agents: O,/steam
Quenching gas: 250 °C

Ash: slag (85-90%) + fly ash (15-10%)

Burners design: annular

<—— MODERATION NITROGEN
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<4—— COAL & NITROGEN (5-6 m/s)

<+—— OXYGEN/STEAM

<+—— FLY ASH & NITROGEN
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<«—— COAL & NITROGEN (5-6 m/s)
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<+—— MODERATION NITROGEN

HP EVAPORATOR 2 _|
@EF2m3

H

HP R&W GAS EXIT & ELBOWS T
TRANSFER LINES

BURMERS

SLAG RUMOUT

SLAG IMMERSION SHAFT

Water level ——————

i

REVERSAL CHAMBER
@m3

HP MEMBRARE WALL
(297 m

HP EYWAPORATOR 1
o2m

raw gas
@siromsmy ﬁEEI

¥

from QUENCH GAS
COMPRESSOR

P MEMBRAME WALL

(Msm 3
IP MEMBRANE WALL

(180 m 3

slag
(24,3 th, dry)

e oo | )
Sl mll
y o
IP B APORATOR 1
guench gas TRAMSFER LIMNES il
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<

IFEVAPORATOR 2
EEma

HI
Hl

HI

IP ECONOMIZER
EEm3

=

—=3— ,Eag—ﬁ e S—
|
~—

| all

[
]

raw gas to

CANDLE FILTER
(413770 m 2 /h)






&1 ELCOGAS DESCRIPTION:

ELCOGAS

1992 Main contracts award

Jun 1996 First synchronization of gas turbine

Oct 1996 Commercial operation with natural gas

Jun 1997 Performance test of the Air Separation Unit

Mar 1998 First switch over from natural gas to coal gas
Nov 2000 First 1,000 GWh produced with coal gas as IGCC

Total: 17,551 GWh
IGCC: 11,476 GWh

Dec 2008

Up to 2008, 4,450 modifications have been

installed in the ELCOGAS power plant
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=1 | COGAS DESCRIPTION:

ELCOGAS

Naturalgas (mg/Nm3 at 6% 02 dry)

350 +—{ ©EEC 88/609 2917
300 + DBELCOGAS Environmenta Permit : = . .
250 +— OELCOGAS 2008 average 250'02040 EmISSIOnS In
200 NGCC mode
150
100
29.2
50 =32-5—6-3
0 — | 42 42 00
SO2 Particles NOx
Coal gas (mg/Nm?® at 6% 0O, dry)
O EU Directive 88/609/EEC
. . . 700 650 O EU Directive 2001/80/EEC
E m ISS I O nS I n 600 500 O ELCOGAS Environmental Permit
500 0O ELCOGAS 2008 average
400
|IGCC mode 200
300 1— 200 200
200 +—— 146,5 e
100 258 50
0 — 2"
SO2 NOx Particles






ELCOGAS DESCRIPTION:

ELCOGAS

IGCC, NGCC and Total yearly production

2.500
O NGCC GWh
W IGCC GWh
2.000
1,550
o 1,533 1,462 1389 1,489
= 121 2
: |
o 1 P22
1.000
752
B36
D
500 +— —
744
. g . , , , , , , , , ,
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

year

1st 5 years: Learning curve

2003: Major overhaul Gas Turbine findings

2004 & 2005: Gas turbine main generation transformer isolation fault

2006: Gas turbine major overhaul & candle fly ash filters crisis

2007 & 2008: ASU WN, compressor coupling fault and repair MAN TURBO





OUTLINE

v ELCOGAS R&D plan:

* Diversification of raw fuels (tests with biomass)





e » ELCOGAS R&D INVESTMENT PLANT:

E
s

ELCOGAS

BASIS of the PUERTOLLANO IGCC R&D PLAN
» Based on the opportunity that an IGCC plant represents

» Contribution can be relevant in:
-- climate change mitigation

-- energy supply reliability

MAIN LINES OF THE R&D PLAN

CcO, emission reduction using fossil fuels
H, production by gasification of fossil fuels

DIVERSIFICATION of raw fuels and products

Other ENVIRONMENTAL improvements

IGCC processes OPTIMISATION
DISSEMINATION of results

vV V V V VY VY
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w4 DIVERSIFICATION OF RAW FUELS AND PRODUCTS

ELCOGAS

Coal preparation unit was considered the most potentially affected system regarding the fuel handling

Coal Preparation Unit consist of:

1) The coal/petcoke and the limestone are Pulverised Fuel Hot Gas Chimney
extracted from the raw material bunkers and N Bag > Blower -
. . e a Hot Gas filter
are mixed according to a specified proportion. U U T L -
2) The fuel is ground (12-26% > 90 um) and is
dried (residual moisture < 2%) in two parallel O 4

grinding/drying trains. R

1
1
1
1
1
1
1

3) The drying process is performed via the A Fuel | = Pulverised |
exchange of humidity between hot gas e ol Mixture A
entering the mills and the fuel system. gas Geneorator !

4) The coal dust produced is separated from the > T i
carrying inert gas through bag filters to be P g I v
finally stored in the unpressurised bunkers. 'Recirculation hot gas i

-
Storage
bunker

Biomass injection way:

The solution implies no modifications in the plant ~ (2%) Limestone/ (%required) New material

1) Several alternatives were studied. :>_> Fuel mixture to the
. . . . ) . Common fuel (coal/pet coke rinding system
2) Final solution is to mix the new material along with the ( 4 ) e .

limestone that is used in each train.

3) “Limestone” dosage can be controlled easily.
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ELCOGAS

Total consumption: 93.3 t of MBM (77.7t HRM, 15.6t BS)

eI D|VERSIFICATION OF RAW FUELS AND PRODUCTS
TESTS WITH MEAT AND BOND MEAL (March-April 2001, approx. 20 h)

MBM characteristics Fuel compositon (dry basis)
[ Parameter HRM BS — Parameter | Regular fuel | 1% MBM (%w) | 4% MBM (%W)
C %) 39.46 50.48 MBM (%) 0 0.9 %)
H (%) 6.22 7.69 C (%) 63.40 61.40 63.30
N (%) 7.81 13.85 H (%) 3.43 3.37 3.27
S (%) 0.37 0.55 N (%) 1.34 1.27 1.53
Ash (%) 25.54 1.45 S (%) 3.30 3.19 3.43
Volatile (%) 63.7 93.82 Moisture (%) 0.97 0.84 142
=P Cl (mg/kg) 2,560 6,500 Ash (%) 24.43 27.25 2474
LAV (kJ/kg) 17,568 21,405 S ppm) 155 35 155
HAV (kJ/kg) 24,921 24,252 25,006

Main conclusions

» Technical viability of co-gasification was demonstrated
> No differences with respect to ELCOGAS habitual operation
» Similar clean gas characteristics
» No main differences in the quantity and characterisation of by-products:
T Na & Pin fly ash and Na in slag
T Cl in the venturi water
» Decrease of the gasifier fouling
> Gasification process efficiency was worse than in normal operation (74% vs. 75%)
> Electricity cost was better due to negative cost of MBM





DIVERSIFICATION OF RAW FUELS AND PRODUCTS

ELCOGAS

Spanish project to impulse biofuels technologies in Spain (2006-2009)

Aim: to contribute to bio-diesel use in the national market and move Spain into the vanguard
of R&D renewable bio-diesel area
v  Coordinator: REPSOL-YPF

v Total budget: 22.5 M€

ELCOGAS LEADS THE SUBPROJECT
“BIODIESEL VIA GASIFICATION”

Targets:

v' To evaluate the viability of the biomass (10% planned) and fossil fuels co-gasification
in a pressured entrained flow gasifier by real tests in the Puertollano IGCC plant.

v' To evaluate in laboratory the viability of the biodiesel production by Fischer-Tropsch
starting from the synthetic gas (CO and H,) obtained partially from biomass.

Partners:

v UCLM: Universidad de Castilla-La Mancha (University)
v INCAR-CSIC: Instituto Nacional del Carbén (Spanish Research Council)





DIVERSIFICATION OF RAW FUELS AND PRODUCTS

ELCOGAS

BIOMASS PRE-SELECTION TASKS

EXhaUStlve_ Se_a!‘Ch O_f reports and Some of the pre-selected biomasses to undertake the
scientific articles tests at laboratory scale

Criteria finally applied

Size <25 mm
Humidity <12 %
Price < 150 €/t

Availability in large quantities
Clive off wastes (Oapida)

TYPEOFBIOMASS | PRICE. | AVAILABILITY
Almond shells 54 1,000
Grape wastes 53 1,5000
Oruijillo (olive oil wastes) 55 350,000
Olive pits 72 8,000-10,000
Vineyard pruning 85 <100 oadsn splinters Vineyard prining
Wooden splinters 80 <100






DIVERSIFICATION OF RAW FUELS AND PRODUCTS

ELCOGAS

BIOMASS SELECTION TASKS (undertaken at lab scale)

ELCOGAS requires biomass to be together with coal/pet coke w/o additional or modified equipments

@ Evaluation of possible treatment systems

Among the pre-selected biomasses: Suitable for being used in
Not appropriate for grinding tests ELCOGAS grinding process
BIOMASS REASON BIOMASS GRINDABILITY EASINESS
Vineyard pruning Fibrous character Orujillo | It offers the best grinding properties in each mill
Wooden splinters Shape : :
P P Olive pits | They offer similar grinding properties when the
Grapes wastes Difficult handling Almond process is carried out under cutting stress or
combining pressure, friction and shock forces

shells

Study of coal/petcoke/biomass (2%, 5%, 10%, 20%): Biomass mixtures grindability properties
with a mortar (similar to the ELCOGAS grinding system).

v Addition of orujillo does not change the grindability properties of the mixtures
v' Addition of almond shells or olive pits worsens the grindability properties of the mixtures
v' Grain size distribution Coal/petcoke/Orujillo: Higher percentage of fines fraction

@ Biomass co-gasification tests in laboratory up to a 10% in weight

v Orujillo presents beneficial characteristics for its use as a fuel (quality of the clean gas)

ORUJILLO IS THE MOST SUITABLE BIOMASS TO BE USED IN ELCOGAS






ELCOGAS

CENIT BIODIESEL PROJECT (4)

ORUJILLO CO-GASIFICATION consists on the partial substitution of the
common fuel (50% mixture of coal and pet coke) by the biomass, that is
introduced to the process mixed with the [imestone in the required proportion

and together with the common fuel.

SUPPLIER OF ORUJILLO: CGC (COMPANIA GENERAL DE CARBONES)

Orujillo storage area

Orujillo and common fuel characterisation

Parameter Orujw\cl)err%céeeived. ELCOGAS common fuel.
(*dry base) composition 2008 Average composition
Moisture (%) 13.13 0.73
Volatile* (%) 68.89 18.54
Ash* (%) 8.51 22.35
Crixeqr (%0) 22.52 59.22
LHV (kcal/kg) 3,693.87 6,019.66
C* (%) 49.40 69.82
H* (%) 5.96 3.66
N* (%) 1.44 1.45
S* (%) 0.14 3.86
Cl~* (mg/kg) 2,735.35 271.44
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ELCOGAS

CENIT BIODIESEL PROJECT (5)

Two levels of co-gasification tests were planned:

> Stage of technical viability to check, with a reduced amount of oruijillo, if the foreseen procedure
of handling and consumption is valid from a technical point of view, especially in its reception,

storage, mixing and grinding.

> Productive stage to operate with bigger biomass and variable ratios (up to 10%) in order to

analyse the performance and influence in the process.

Battery of undertaken tests

Co-gasification test Month/Year | Orujillo dosage ratio in weight (%) | Tons of orujillo (t) | Test duration (h)
August 2007 1% 7.4 9.5
September 2007 2% 20.00 7

November 2007 2% 81.86 28.5
August 2008 4% 100.42 21
October 2008 4 % 299.36 79
November 2008 4% 252.36 54

February 2009 2% 518.86 291.3
March 2009 6 % 395.86 64.4
March 2009 2% 512.38 289
June 2009 8 % 383.90 46
July 2009 2% 136.86 40
September 2009 2% 295.48 135
September 2009 10 % 656.68 62

TOTAL
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ELCOGAS

Duration/Consumption:

e Duration of test: 46 hours
e Orujillo consumption : 383.9t
 Total fuel fed: 4,588.6 t

Fuel characterisation

CENIT BIODIESEL PROJECT (6)

Average analysis
orujillo (ELX)

Average analysis
common fuel (ELX)

Fuel with 8%
orujillo (ATISAE)

Moisture (%) 13.32 0.73 0.7
Volatiles* (%) 68.73 18.54 21.5
Ash* (%) 8.42 22.35 22.1
Cyijor (%) 22.85 59.22 56.4
LHV (kcal/kg) 3,685 6,019.66 6,104.5 (HHV)
C* (%) 49.64 69.82 64.6
H* (%) 5.99 3.66 3.42
N* (%) 1.44 1.45 1.24
S* (%) 0.13 3.86 3.29
Cl** (mg/kg) 2,770 271.44 800

Grinding system operation






e CENIT BIODIESEL PROJECT (7)

¢
-
ELCOGAS
: r Normal composition
Clean gas characterisation| With 8% orujillo | 1999 5008 e
fuel (ELX)
. - [0)
Duration/Consumption: CO, (%) 2.37 2.34
CO (%) 60.36 60.81
H, (%) 22.55 21.95
« Duration of test: 46 hours N, (%) 13.70 13.82
* Orujillo consumption : 383.9t Ar (%) 1.00 1.01
» Total fuel fed: 4,588.6 tons CH, (ppm) 136.67 98.92
H,S (ppm) Not analysed 3.35
COS (ppm) 21.99 6
LHV (kcal/mol) 54 54

Clean gas evolution

‘LOAD DURING 8% ORUJILLO CO-GASIFICATION TEST
100 aasifer load (%) 200.000
90 180.000
80 4 -+ 160.000
clean gas flow (9
70 4 -+ 140.000
60 \ =+ 120.000
<
%] CO clean aas (%) 1 100000 @
(=]
X S
=z
40 A -+ 80.000
30 4 -+ 60.000
H, clean gas (%)
g F 20 1 -+ 40.000
Chloride content in the wash water of
the raw gas increased because of the 10 | % Qrujillo 1 20.000
higher chlorides content in orujillo. o ' ] o
§ 8% 83 3 8¢8I T8I B8 I Y8 LTEIYTE8ETLEEITEETY8 IS 8 T
K d 8 4 & N d 68 4 & N d B8 94 d K~ A 6 d d KN A B8 dd N A 6 d d KA 6
o — — o o o — — o~ o o — — o o o — — N o o — — o o o — — o o o — —
8823838882388 3832888383288g323838 882888828
ooooooooooooooooooooooooooooooooo
s ¥ 4§ d 5 5 § § 0 5 5 ¥ 8§ d 5 5 9 8 9 e 5 9 98 0 6 5 9 8 9 6 5 9
ooooooooooooooooooooooooooooooooo
I 2 2 € v B & L 2 &8 8 2 L 2 R KR L 2 & 3 2 2 2 5 0 2 L 2 & s 2 -
— < 4 <+ 1 U u 4 +H © © © +H H N~ N~ N~ 4 +H 0 0 0 +d +H O O O N N o o
— — — — — — — — — — — — — — — — — — N N






ELCOGAS

Emissions

CENIT BIODIESEL PROJECT (8)

Emissions from HRSG chimney (CC)

Emissions from HRSG chimney (CC)

Parameter

Value w/ 8% orujillo

Values w/ common fuel
(2009)

Parameter

Value w/ 8% oruijillo

Values w/ common fuel

HAP (mg/Nm?3

< quantification limit

< quantification limit

(< 0.00001) (< 0.000571)
COVs (mgC/Nm?3) 9.46 37.91
o < quantification limit
Dioxines & Furanes 0.00209 (< 0.0009)

(ng I-TEQ/Nm?3)

< quantification limit

< quantification limit

3 <
HCI (mg/Nm3) (< 0.56) (< 1.45)

200 4
180 -
160 -
140 -
120 -

2
£ 100

2
80 1
60
40
Particles before/during the test: 0.01 mg/Nm?3 0]

0 T T T

Zn (mg/Nm3)

0.00962

< gquantification limit
(< 0.0028)

Cu (mg/Nm3)

[0.00287-0.00553)

< gquantification limit
(< 0.00587)

Pb (mg/Nm3)

< gquantification limit
(< 0.00201)

Ba (mg/Nm?)

< gquantification limit
(<0.0042)

Cr (mg/Nm?)

< gquantification limit
(<0.00139)

< gquantification limit
(<0.001)

‘EMISSIONS DURING 8% ORUJILLO CO-GASIFICATION TEST‘

NOx (mg/Nm?)

S0, (mg/Nm?®)

Oruijillo (%)

- 100

- 90

- 80

+ 70

—+ 60

+5 %

+ 40

+ 30

+ 20

- 10

15/06/2009 1:12

15/06/2009 6:00 -
15/06/2009 10:48 ~

15/06/2009 15:36 -
15/06/2009 20:24 -
16/06/2009 1:12
16/06/2009 6:00 -
16/06/2009 10:48 -

16/06/2009 15:36 ——

16/06/2009 20:24 4

17/06/2009 1:12
17/06/2009 6:00
17/06/2009 10:48
17/06/2009 15:36
17/06/2009 20:24
18/06/2009 1:12
18/06/2009 6:00
18/06/2009 10:48
18/06/2009 15:36 1.
18/06/2009 20:24 -

19/06/2009 1:12

19/06/2009 6:00 -
19/06/2009 10:48 -

19/06/2009 15:36 -
19/06/2009 20:24 -
20/06/2009 1:12 -
20/06/2009 6:00 -
20/06/2009 10:48
20/06/2009 15:36 -






ELCOGAS

CENIT BIODIESEL PROJECT (9)

Main conclusions extracted from the real tests in ELCOGAS power plant:

» The technical viability of co-gasification up to 10% has been demonstrated

» Operation on design ranges

» Biomass handling:

* Orujillo should not be stored for a long time, since the biomass absorbs humidity
* Oruijillo goes easily stodgy if a large quantity is stored in the feed hopper before its consumption.

» Grinding system: during the 8% and 10% tests, the increase of the mills consumption and the DP
were detected.

» Gasifier load: no influence on the gasifier load arises from the orujillo co-gasification when 1%, 2%,
4% & 6% tests were carried out. More difficult to maintain it in 8%-10% tests due to the mills load.

» Clean gas: Orujillo co-gasification has no impact on the clean gas quality; its characterisation is
similar to those relating to ELCOGAS common operation.

»> Emissions: the 8% and 10% addition of orujillo seems to have an influence on the SO, emissions
(although orujillo has no content in sulphur), but always within limits.





OUTLINE

v Further steps





DIVERSIFICATION OF RAW FUELS AND PRODUCTS

ELCOGAS

Further steps:

» Results of the 10% test of orujillo co-gasification
» Economic studies of co-gasification tests

» Test with other alternatives materials (wastes)
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1 Workshop: Thermal Gasification of Biomass
B

wome|  2-5 November 2009, Breda, Netherlands

THANK YOU FOR YOUR ATTENTION

Biomass co-gasification tests in ELCOGAS IGCC power plant

Dr. Pilar Coca Llano
ELCOGAS R&D Group

www.elcogas.es
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IEA Task 33 Workshop
Operating Experience with Biomass Gasifiers

Research & Technology Development Needs
to Improve Gasification Plant Operation

Breda, Netherlands
November 3, 2009

CARBONA ANDRITL
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Skive Gasification/Engine CHP Plant

Gasifier/Engine Plant
in Skive/Denmark

CARBONA ANDRITL

November 2009 Pulp & Paper





Skive Process Diagram

TO STACK

BIOMASS, 28 MWy A
1 GAS FILTER

TAR REFORMER

2 BOILERS

GASIFIER
GAS SCRUBBER

FLY ASH
DISTRICT

HEATING
11.5 MWy,

Cr

WATER 1 POWER
3x2 MW,

GAS BUFFER
TANK

v

AIR/ISTEAM
S

3 GAS

ENGINES
BOTTOM ASH GAS COOLERS

CARBONA ANDRITL
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Skive Gasification CHP Plant, Denmark

6 MW POWER B {
12 MW DISTRICT HEAT
-:1; 2. -—.J
AR
3 GAS ENGINES : 24/11/2008
CARBONA S pr—
4 November 2009 PI.Ilp &I: PI atlper





CHP Plant

CHP Plant process:
= 1 Gasification Plant (gasifier, gas cleaning)
= 3 Gas Engines and 2 Gas Boilers

Plant Capacity:
= Nominal biomass feed 19.5 MW, max. 28 MW,
= Power generation 6.0 MW (3x2MW GEJ620 gas engines)
= 11.5 MW district heat in CHP-mode
= Optional gas consumers 2x10 MW, gas boilers

Plant Operation:
= Fully automated
= All combinations of gas consumers
= Load range 50-130%

Fuel:
= Wood pellets
= Plant design for wood chips

CARBONA

5 November 2009

ANDRITL
Pulp & Paper





Gasification Plant

= Gasification Plant Process:

= Carbona air blown, low pressure bubbling fluidized bed gasifier

= Limestone based bed material
= Catalytic tar reforming

= Gas cooling and filtration

= Gas scrubbing
= System pressure 0.5 — 2 barg

= Typical dry gas composition after reformer:

= CO
= CO2
= H2
= CH4
= N2
LHV

CARBONA

%-vol
%-vol
%-vol
%-vol

20
12
16
4
balance

MJ/m3n 4.8 -5.2

November 2009

ANDRITL
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Project Status

= Commissioning started in September 2007
= QOperation: gasifier, cooler, filter flare
= Commissioning of two district heating boilers
= Operation as district heating plant
= Commissioning of the reformer in January 2008
= Startup of the scrubber in January 2008
= Startup of first engine in March 2008, acceptance of gas quality for engines
= |nstallation of two additional engines in summer 2008
= Start of second engine in September 2008
= Start of third engine in November 2008
cont.

CARBONA ANDRITL

November 2009 Pulp & Paper





Project Status cont.

= Plan for 2009:
= plant fine tuning
= operate on Overall Plant Control

= Plant in operation with 2-3 engines through spring 2009, main focus on
Overall Plant Control adjustment

» New catalyst from Haldor-Topsge (HT), installed in 2009 August

» Plant started for autumn operation at the end of August 2009

CARBONA ANDRITL

November 2009 Pulp & Paper





Operation Experiences

= Gasifier (pressurized, bubbling fluidized bed, bed material dolomite,
operated @ 850 )

= Fuel feed is simple due to wood pellets, wood chips not used yet

= Gasifier generates stable gas with constant composition and LHV

= Tar content of the gas is low

= Cyclone recirculation is sensitive for interruptions of operation (cyclone
performance affects dust and tar formation)

= Calcined dolomite forms deposition if gasifier cools too much during
operation interruptions

CARBONA ANDRITL

November 2009 Pulp & Paper





Gas Composition

CARBONA ANDRITL
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Operation Experiences

» Tar Reformer (monolith catalysts, operated @ 930-850 °C, steam/nitrogen
pulse cleaning)

= Reformer temperature auto control functions properly

= Reformer pressure drop stable (pulse cleaning)

= Reformer performance is not satisfactory,

- tar reforming 50-70%

ammonia reforming below 20%
expected values are higher based on lab and pilot testing
catalyst type changed in summer 2009, operation is going on

CARBONA ANDRITL

November 2009 Pulp & Paper





Operation Experiences

» Gas Filter (bag house filter operated @ 200 °C, nitrogen pulse cleaning)
= Filtration performance is good
= The fine dust (below 40 um) generated during wood pellet gasification
causes dust hang-up in the filter at higher load conditions
= |[n case of malfunction gasifier load is reduced for a wile
= Improving measures under way
In cooperation with the filter the vendor

CARBONA

November 2009 Pulp & Paper





Operation Experiences

= Scrubber (gas cooling and water scrubbing @ 200/40 °C)

= Scrubber removes effectively all remaining hydrocarbons, ammonia and
submicron dust

Due to insufficient reformer performance waste water was a problem
Micron size solid filter and activated carbon filter installed for water clean up
Latest results: Waste water hydrocarbon level meets requirements, water
nitrogen content is higher but close to limit

Waste water is disposable

ANDRITL

November 2009 Pulp & Paper
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Operation Experiences

= Gas Boilers (2x10 MJ/s)
= Utilizing gas from filter (200 °C) and gas from scrubber (40 °C)
= Clean heating surfaces after 4000 h operation

» Gas Engines (3x2MW GEJ620)
= Gas engines “like” the stable quality gas
= Gas ramp filters and valves are clean after 2000 h of operation
= Full load (2 MW) operation of the engines tested
= Gas engine emissions under guarantee limits

08/09/2009

CARBONA ANDRITL
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Research and Development / Future Plans

» Research & Development requirements:
= Tar catalyst development for dust containing gas
= Tar reforming at least 80-90%
= Ammonia reforming at least 60%

» Carbona/Andritz and Skive Fjernvarme cooperates with catalyst vendors in
catalyst development

= Skive reformer is equipped with HT catalyst since summer 2009

CARBONA ANDRITL

November 2009 Pulp & Paper





Operation Experiences

= Other experiences

= Plant control is based on load/pressure adjustment

= Automatic operation with one gasifier and five consumers is
challenging. Overall Plant Control development took time

= Plant operation interruption (note: not shutdown) occurs mainly on
engine or boiler stops

= Flare noise was a problem, flare burner was modified and operation
time minimized

CARBONA ANDRITL

November 2009 Pulp & Paper





General Experiences

= Gasification / gas engine process is too complicated for small capacity
(below 5 MW) CHP plant. Gasification / gas engine process has to be
simplified e.g. applications based on hot gas engines (engine
manufacturers to develop).

= The commitment of plant owner and crew is essential. The commitment and
skill of the Skive Fjernvarme staff had special importance in plant
implementation and operation.

CARBONA ANDRITL

November 2009 Pulp & Paper





Legal Disclaimer

All data, information, statements, photographs, and graphic illustrations contained in this presentation are
without any obligation to the publisher and raise no liabilities to ANDRITZ AG or any affiliated companies, nor
shall the contents in this presentation form part of any sales contracts, which may be concluded between
ANDRITZ GROUP companies and purchasers of equipment and/or systems referred to herein.

© ANDRITZ AG 2009. All rights reserved. No part of this copyrighted work may be reproduced, modified or
distributed in any form or by any means, or stored in any database or retrieval system, without the prior written
permission of ANDRITZ AG or its affiliates. Any such unauthorized use for any purpose is a violation of the
relevant copyright laws.
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IEA Bioenergy Agreement:
Task 33: Thermal Gasification of
Biomass

Breda, Netherlands
Juhani Isaksson 03.11.2009
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Metso: a global supplier of sustainable
technology and services

® Our customers operate Iin
the following industries:
- Mining
Construction
Energy
Recycling
Pulp and paper
* About 29,000 employees (Dec
2008) in over 50 countries

* Net sales in 2008
EUR 6.4 billion

* Shares listed on
NASDAQ OMX Helsinki Ltd

© Metso






Power Business Line

Boilers
- Fluidized bed boilers
- Oil and gas boilers
- Power plants
- Recovery boilers for chemical recovery

Evaporators
- Evaporators for black liquor concentration

Environmental systems
- Air pollution control systems

Services
- Rebuilds and upgrades
- Maintenance
- Spare parts
- Accessory products
- Partner services

New products and technologies
- LignoBoost for lignin removal
- AshLeach for reducing the harmful
chemicals in fly ash ’
- Biomass gasification to replace oil and natural gas &%

© Metso






METSO Power’s experience on gasification

Biomass gasification in

Gotaverken

« Atmospheric fluid bed gasification

* For limekiln applications

e Mainly in Sweden

» Late 1980°s

* One commercial unit in operation for
20 years

Coal and biomass gasification

in Tampella

* Pressurized fluid bed gasification
* 15 MW test unit in operation 1990 -
1995

» Gas cleaning test

Now both companies are part
of Metso Power

- ) metso
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History of Gasification in Metso Power

TAMPELLA POWER

Tampere pilot plant

*15 MWth pressurized FB gasifier

* Biomass and coal gasification development
* Hot gas cleaning development

Atmospheric/ CFB gasification development
» Varo lime kiln gasifier 1987

ENVIROPOWER METSO CFB /BFB

Boiler experience
* Fuel handling

Founded by Tampella Power and Vattenfall 1992 * Ash handling

» Upkeep Gasification know-how *Refractory experience

* Now owned by Metso Power

METSO POWER
CFB GASIFIER

NEW DEVELOPMENT ACTIVITY

* Initiated 2002
* Biomass gasification for limekilns
* Biomass gasification for power production
» Waste gasification
* Fuel drying
b Y

» Gas cleaning .r) mEtso

© Metso






LIME KILN GASIFICATION
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Biomass Gasification For Lime Kiln
Typical lay-out

1 Grid

2 Gasifier Rector

3 Cyclone

4 Return leg

5 Fuel silo

6 Air preheating

7 Start-up burner

8 Fan

9 Gas line

10 Lime kiln burner

fovse ) metso
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Biomass gasfier for a lime kiln — some
experiences

* A lime kiln can easily be switched
over to use gasified biomass.

* The size is usually large enough to
make this solution economically
viable.

* Fuel is normally available in a mill.

® During the second oil crisis in the
1980s, several gasifiers were built
to replace oil with biomass.

* At Varo, Sodra Cell, Sweden,
Metso (Gotaverken) gasifier has
been used since 1987.

=> QOver 20 years of industrial
experience.

Working at night too

h
() metso






Biomass gasifier for a lime kiln — some
expenences Gasifier

<_Solid fuel

A N
9 | ©Metso ") metso






Biomass gasifier for a lime kiln — the process

Fuel feed

[\ 35

gasifier

Air feed
+ preheat

m Dryer Q

Low grade heat Fuel feld

Ash
|2

Lime Kkiln

U metso

“
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KUVO belt dryer for biomass

EXHAUST AIR
EVAPORATED WATER

WET BIOMASS IN FRESH AIR IN

HOT WATER OR STEAM

>
DRY BIOMASS OUT

1t [ome ) metso
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KUVO belt dryer for biomass

More than 20 success stories in the past 5 years

© Metso
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Metso is able to offer today complete systems
to replace oil or gas at lime kilns

* Low-temperature dryers
* CFB gasifiers
* Lime kiln modifications

* Tailored services for your projects
- Mill layout
- Fuel selection
- Mill heat balance, sourcing dryer energy
- Engineering studies to justify your investment

U metso

© Metso
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GASIFICATION FOR POWER PRODUCTION
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Cofiring Is an efficient way to use biomass

Assume there is 100 MW biofuel available at the district .

efficiency 25 %

green electricity

La_rge boiler : > 40 MW
efficiency 40 % green electricity

+

160 MW
coal electricity

The final outcome is 60 % more
green electricity !

e ) metso
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TECHNICAL CONCEPT

Process concept:
* Gasify waste at 850-900 C

®* Cool it down to about 400 C
- all corrosive components, alkalichlorides, Pb, Zn will be in solid form

* Filter all dust out so the resulting gas is clean
®* Burn clean gas in gas fired boiler

Fuel handling
Gasifier

Gas cooling
Gas filter

Gas fired boiler

arwpdE

A N
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TECHNICAL CONCEPT

Benefits:

®* Possibility to use high steam parameters -> higher efficiency

®* Possible to use lower grade waste as a fuel - lower fuel cost

* Tolerance for fuel quality = multiple fuel sources, less corrosion
®* Less expensive materials in the boiler = lower investment cost

Fuel handling
Gasifier

Gas cooling
Gas filter

Gas fired boiler

abhwNE
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Waste/bio gasification for a gas boller

Case Lahti

- Only fuel is gasified waste
- Gas boiler 540 C/140 bar

- 2* 80 MW

- 400 000 tn/a mixed waste

) metso






Cofiering of waste for a PC boller

Case Malarerenegi

- Pulverized peat firing

- Reheat boiler 750 tn/h, 189 bar, 540 C

- Min load with gas only

- Full load gas + peat

- Gasifier fuel : mixed waste 500 000 tn/a
- Fuel input to gasifier 200 MW

—

© Metso
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Clean bio cofiering in a PC boiler

Potential bio case |
-Clean bio as fuel=>
no gas cleaning
-Easy boiler modification
- Short downtime
- Bio ash not contaminated

N

X

X Ir |
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VARO FILTER TEST

21
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VARO FILTER TEST

FILTER INSIDE

- 120 PIECES OF FULL SCALE
FILTER ELEMENTS DURING
ASSEMBLY

22 | © Metso Date Author Title
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VARO FILTER TEST
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VARO FILTER TEST B &
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GoBiGas and Pyrolysis

© Metso Date Author Title
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GoBiGas

Gothenburg Energi -Biomass Gasification Project

* Bioférgasningsprojekt som drivs av Goteborg Energi och E.ON

® Forgasning av biobransle for produktion av syntetisk naturgas

* Placering: Vid Ryaverket

* Etapp 1: 20 MW gas, klar 2011/2012

* Etapp 2: 100 MW gas klar 2015

* Forgasningsteknik: Indirekt forgasning, teknikleverantor Repotek

U metso

© Metso
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Chalmers Gasifier

:D¥18 Panna | Firgasare
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GoBiGas

Gothenburg Energi -Biomass Gasification Project
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Pyrolysis Pilot

* Metso’s test plant at Tampere, Finland
- Main boiler 4 MW,,, CFB-pilot
- Pyrolysis input ~2 MW (~ up to 7 tons/d of bio-oil)

* Pyrolysis unit utilizes the hot sand in the fluidized bed
boiler as a heat source

* Pyrolysis gases are condensed into bio-oil and the
remaining solids, including sand and fuel char, returned
to the fluidized bed boiler. In the boiler, the char and
NCG are combusted to produce heat and electricity

 Pilot plant ready
- Hot commissioning done
- Bio-oil production successfully started
- Extensive test runs during 2009-2010

© Metso
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Metso Fast Pyrolysis Unique Characteristics

Integrated process
- Old infra can be used (retrofits)
- New infra can be optimized
- Reduced investment

Unique concept: integrated heat, electricity
and bio-oil production

Plant optimization
- Design
- Operation

High efficiency

Scale-up

No fossil fuel consumption

NO waste streams

Metso: full scope supplier

) metso
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Welcome at the Nuon Power Buggenum IGCC
Willem-Alexander Power Plant

tember 30, 2009
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History of Willem Alexander Power Plant

Decision Dutch Authorities:
- Clean coal technology as a substitute of nuclear (1988)

 Government owned Dutch electrical companies decided to build the Willem-Alexander

Power Plant. Demkolec was founded.
* Opening plant 1994
 Demonstration period 1993 — 1998
e 1998 — 2001 commercial operation
« 2001 acquisition by Nuon

o 2001 — up till today, commercial operation for Nuon
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Figures Willem-Alexander Power Plant

« Power Plant based on Coal Gasification

* Maximum nett output 253 MWe

* 43,1% efficiency

* Fuel consumption ~ 500.000 t/y coal
* 10% biomass (target 15%)

« 123 FTE

Goals 2009

« HSE
» Strive for zero lost time accidents
» Sickness < 4%
» Keep licence to operate

* Availability
» Operational hours on syngas -> 7500 h

* Costs within budget

(status ytd 2009)

(1 lost time incidents)
(2% sickness)

(no isues)

(projected 7200 h)

(opex and capex within budget)

VATTENFALL ',
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Advantages IGCC (Integrated Gasification Combined Cycle)

« Low emissions of NOx, SO,, mercury and dust

» High Fuel flexibility; many types of coal, secundairy fuels and biomass
* Re-use of byproducts (sulphur, slag, fly-ash and salt)

« Low water consumption

» Dual-firing (syngas and/or natural gas)

o Carbon capture ready
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Process Willem-Alexander Power Plant
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COAL GASIFICATION - CLEANEST FOSSIL FUEL

Indexed emissions,
using an old
generation
coal-fired power
plant (1980s) as
reference point.

W CO,

B NOx

Ml SO,

W Acidification
Dust particles

W Mercury
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Availability improvement
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Magnum — Implementation of Lessons Learned Buggenum

Over 5000 design changes have been made in Buggenum. For Magnum a dedicated
program was set up to implement lessons learned from Buggenum.

The top 10 lessons learned Buggenum;

Increased powder coal sluicing capacity + modified design
Water cooled heat skirt in lower part gasifier
Overdesign in quench gas system (700°C)

Alt. Material for gasifier slag bath water cooling system
Improved Hot Gas filter for flyash removal

No ASU integration

ASU operated at fixed pressure (appr. 5 to 6 bar)
Proper mol sieve design ASU

ASU based on internal compression concept

10.Proper training of operators and maintenance engineers

© 0N ORWDNE
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Biomass & Secondary Fuels co-gasification
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Biomass & Secondary Fuels co-gasification; Test program

— Test program started in 2001

— 34 types of biomass tested; wood, chickenlitter, municipal sewage sludge, grape seed,

palm-pits, cacao meal, sunflower pits etc..

— 5 types of secundairy fuels tested: Pet-cokes, carbon black, Rofire® (paper/plastic residue

papermills), lignite, anode dust
— Wood is preferred fuel for following reasons:
« Abundantly available
» Public acceptance is high
» Best operational experience

— Results: On a continuous basis 15% has been proven, thus 100.000 t/y is target (equals ~

100.000 t/y of CO, reduction)

10





a1

[@ VATTENFALL o

Biomass handling & storage
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Carbon Capture pilot plant

Pilot Plant Objectives:
— Prepare for large-scale application in Magnum.
— Test and optimize existing/proven technology blocks in different operational set-up; i.e. for
power production where there is focus on efficiency rather than on product purities as in

chemical industrial applications.

— Gather operational experience.

CO, Capture pilot

it z <
= R T
i A

12
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Unit integration with the Buggenum plant

Gas

o syngas
Gasifier = Treatment 7% Saturator =—>  CCU
,-...1% H2
rich gas
_ CO, 10.000 t/y
mﬂ% COZ demo W L] E}TO storage (future)

Plant

Optimize efficiency of 2 main processes in pilot plant:

Water Gas Shift Reaction: Absorption Process
co — »H,rich gas

Ne

H,O

Fresh solvent

CO, + H, > CO, + H,

CO, rich solvent

Process operates at elevated pressure which is a great advantage of pre-combustion capture technology: :
» Allows use of high efficient physical absorbents i.s.0. chemical absorbents
» Allows compact design of installation as gas volume is highly compressed
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Overall View CO, capture test plant

14
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Coal to Liquid (CTL) pilot plant

The Coal to Liquid process is mostly used for production of liquid transportation fuels.
It makes use of the so called Fischer Tropsch Synthesis reaction:

H,O FHQ’
';20 FHB CH, FHZ
|
i CH CH
CH 3 3
/CH4 | 3 / fHZ/Y etcetera
C(K HZ\ N TH3 CH2 S CH2\>

I
“THE CATALYST SURFACE”

(metallic Co or carbidic Fe)

H,O

R&D Collaboration agreement with Gasification Technology Licensor Shell

»  The Shell Fisher Tropsch process has been proven in petrochemical applications (oil gasification) but
not in coal gasification applications. In case the principle can be proven in Buggenum a major market

will open up for Shell in China where coal is abundantly available whereas oil reserves are very
limited.

15
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Future R&D potential Buggenum

Future potential of IGCC + CCS, can be ~ 43 % overall plant efficiency. In order to achieve this

0% capture

following developments are required (red marked will be tested in Buggenum):
» Development high efficient GT’s suitable for H2 rich gas firing.
* Development of ITM
* Development of low steam to carbon ratio catalyst

* Development of biological desulphurisation of syngas (Paques)

16
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MAGNUM The new Nuon IGCC power plant






[@ VATTENFALL o

Characteristics Magnum Project
eClean Coal Technology: Gasification and Combined Cycle

Technology
eFuel flexibility: Multi Fuel Concept
ePeak and base-load plant
eNet Power output app. 1.300 MW,
eShell Gasification Technology (3 x 2000 tpd)
3 State of the Art Combined Cycle Units
eCommercial plant from beginning: No Demo!
eProven technology where possible
«CO, capture ready
<2011 start commercial operation
eSite: Eemshaven (North Netherlands)

19
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Combined Cycle Dual fuelled Gas
Turbines (Syngas, Natural gas fired)

Total net electrical output ~1.300
MWe
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uon Magnum: Daily operating philosophyrower
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Natural Gas
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0

Base load

Coal and secondary fuels (syngas)
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Typical Production
profile Magnum

Magnum profile characteristic:

1 1 1 1 1 1
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eBase load on coal/biomass/sec.fuels at
high efficiency
Peak load on Natural Gas
<Co-firing natural gas and syngas allow |
flexibility
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Magnum Business Case Evaluation

ft of reference case:

eep merit order as
arginal cost (fuels +
rbon, especially
tween coal and gas
2d installations) differ
ynificantly;

lel switching ability of
agnum enables
pture of value

2sent in the market

Solid business case Magnum vs. alternatives

—— Magnum

—— CCGT

—&—— USC
USC+CCGT

High carbon

Low coal, high gas

High fuels

Reduced Capacity

Base case

22

Oversupply

Low fuels

High coal, low gas

Low Carbon

VATTENFALL ',

Right of reference case

Flat merit order, cause(
by conversion at
marginal costs,
decreasing differences
between fuels;

Fuel switching of

Magnum avoids

L_significant downsides—
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Multi-product approach for Magnum

Inputs

Assets

Products

Clients
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Coal Biomass Sec.Fuels NG

| | l

ASU [ _Gasification? CO-Shift fT* CCU «E
A

N s R I
O, N, Syngas|| CO, || H, || SNG|| Heat

'

l

l

A 4

l

Eemsmond
Industry

NG
Q-con-
version

EOR;
Storage

Pipeline;
Public

Transport

(

sreenhouse
Local ind.;

LNG
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)2 storage options onshore gas fields
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Plant Tour

Guide rules:

tember 30, 2009
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In case of alarm follow
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Second Semi-annual Task Meeting, IEA Bioenergy, Task 33: Thermal Gasification of Biomass
Breda, Netherlands, 2 - 5 Nov 2009

10 years

. Blomass Heatpipe Reformer

Jurgen Karl

Institute for Thermal Engineering
Graz University of Technology
juergen.karl@tugraz.at

1 . History

2 . Technical Challenges and Solutions

3. Applications
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1 . History

* The ldea
« EU Project “Biomass Heatpipe Reformer”
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HIStOry of the Heatpipe Reformer

* the idea came up during experiments with pulse
combustors in order to evaluate the MTCI
gasifier...
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Technical challenge
Indirect gasification

Problem: -

 small' reactor requires extremely high heat fluxes
with high temperatures

« heat transfer coefficients determine heat
fluxes and reactor performance of |nd|rectly

heated gasifiers T —

MBG process
(Bergbauforschung /DMT, MAN-GHH)

=

253-Tube
Pulsed
Heater

Ty,

Super
Heater

Fuel Gas

MTCI-Gasifier
(pulse combustors)
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 small' reactor requires extremely high heat fluxes o e .
with high temperatures

(26) VeridTentlichungssprache: Dy

« heat transfer coefficients determine heat
fluxes and reactor performance of indirectly
heated gasifiers

Our Solution:;

e Heating of a fluidized bed gasifier
by means of liquid metal heatpipes
increases heat transfer by a factor
of 20...

condenser zone

evaporation zone 5
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HISTOrY of the Heatpipe Reformer

* the idea came up during experiments with pulse
combustors in order to evaluate the MTCI
gasifier...

 EU project BioHPR started 2001
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EU-Project n® NNES-20
Biomass Heatpipe Ref

combustion

Ty

E U _ P r OJ e kt Graz University of Technology
ENK5-CT-2000-00311

Biomass Heatpipe
Reformer

* Heatpipes Reformer provides syngas
with 5 bars and H2/CO ratio of 3:1

* integrated design favors small-scale
(200 kW - 5 MW) distributed
generation and Combined Heat and
Power Generation (CHP)

Focus:

» standardized CHP units (600 kW¢,,
100 kW, ) with hot gas cleaning and
microturbines in order to solve the tar
problem
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i ME  Biomass Heatpipe
d % Reformer

» Heatpipes Reformer provides syngas
with 5 bars and H2/CO ratio of 3:1

* integrated design favors small-scale
(200 kW - 5 MW) distributed
generation and Combined Heat and
Power Generation (CHP)

Focus:
mal N g » standardized CHP units (600
kKW, 100 KW, ) with hot gas cleaning

and microturbines in order to solve the
tar problem
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Biomass Heatpipe Reformer
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ENK5-CT-2000-00311

Biomass Heatpipe
Reformer

* Heatpipes Reformer provides syngas
with 5 bars and H2/CO ratio of 3:1

* integrated design favors small-scale
(200 kW - 5 MW) distributed
generation and Combined Heat and
Power Generation (CHP)

Focus:

» standardized CHP units (600
kKW, 100 KW, ) with hot gas cleaning
and microturbines in order to solve the
tar problem

O ) 1 & J
L©)fe/lar L.
EU-Project n® NNE5-2000-181
Biomass Heatpipe Reformer
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Main results
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- I— I— - — et Bt — ~
1000 temperatur combustor ) 10
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700 /\/ te mperature reformer ' : .
e -
» Proof-of concept s ") 1% 3
L ] =
* two 72h tests with g / 8
two 120 kW S soof i, S
< ] £
prototypes 300 : i ~—pressure reforme g
* (short) test run with - . . - 1 —
Capstone ]
microturbine ol I
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durationin h
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HISTOrY of the Heatpipe Reformer
IStory
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Challenges

2. Technical Challenges

*Fuel feeding
e Gas quality
* Hydrogen diffusion

12
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Fuel feeding
Challenge:

* Fuel feeding by means of gravity

Into a narrow pressurized fluidized bed

Solution:

e gravity chute feeds biomass directly into the
bottom of the fluidized bed

* Feeding capacity depends on tube diameter
and fuel particles

/‘
fluidized bed -

{ fuel J

]
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Gas Quality
Observation:

« (Gas composition depends
largely on the coke content
of the feedstock

Explanation:

 Coke layer accumulates on
the fluidized bed improves
hydrogen yield and reduces
tars

Accumulation coke layer

--§,f{.i;.'.-,%-,;-fg,t.—ﬁ!ﬂ-gi-l-l-'-'—-"—'-'--—-7-—-—-—---—-

i

|

Stationary gasification
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Gas Quality
Observation:

« Gas composition depends
largely on the coke content
of the feedstock

Explanation:

 Coke layer accumulates on
the fluidized bed improves
hydrogen yield and reduces
tars

60
50
40 CO = H2
c\ci \\//\/’/'
§30 / \—\\
20 —CO2 e —
0 T T
0 50 100 150
Zeit [min]
Accumulation coke layer Stationary gasification

>

= m
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* Fluidized bed gasifier converts every hydrocarbon feedstock

Technical restrictions:

« Gas quality depends on the ratio between volatile
components and fixed carbon / char

reforming reactants

CH4 C2H4
50
45
40
35 |
o 30 without coke
S025
= 20
15 with coke
5
s LAt
\%\g%({zi\b 00 \fo QQ’ 5 >
Q

50
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40
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Vol.-%

Fuel flexibilty of the
Heatpipe Reformer

reforming products

H2 CO CO2
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Hydrogen
Diffusion

Problem:

* hydrogen diffuses into the heat
pipe and accumulates as
non-condensible gas in the
condenser/ reformer zone

* hydrogen reduces active length of the

heat pipe
Solution:

o Continuous extraction of hydrogen by

means of diffusion

Hydrogen
accumulation

non condensable

gas

active length of
the heat pipe

psodium(800°C) -

approx. 1 bar

olegy
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Applications

3. Applications

* Microturbines

* Fuel cells

* SNG from Biomass

« Company Profile Agnion Inc.
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- CHP
P with gas engines

Advantages

* pressure improves specific
power and efficiency

“Fdl

Problem:

» (3as cleaning
e Tar problem...

19
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Advantages _ _ CH P
* simple hot gas cleaning W|th M | krOtu rb| nes

* Expansion of pressurised
steam improves
power and efficiency

Applications

(,Combined Cycle*) ‘Wasser
Problem: @f o
) ) ) 800°C, 5 bar Synthesegas 450°C
* no adequate Microturbine commercially Biomasse 7 T
available 133 kW o
=) O Nutzwarmeleistung
coke / . 65 kWth
ash Heatpipe Reformer Rauchgas
® (O== 120°C
A =
| o=
3.8 bar
< el @
Microturbine d
b r ¢ O =
elektrische Leistung
Asche  Luft \" 30 KWa






biocellus

EU Project BioCellus

CHP with
Fuel Cells

® heating of an indirectly
heated gasifier by means
of the SOFCs exhaust
increases the system
efficiency significantly

® QOperation of single SOFC
cells and a 600 W stack at the
HPR plant at TU Munich

chemical bonded

heat losses eneray 122 %

4%

800 °C :
sensible
| heat 12% Neiez = 42 %
Biomass
indirect + ] W/ :
. O gasification
SOFC
a
34% Sl g00-1000 «C
external

heat source

combustion
chamber

el. efficiency E 900 °C

TNel = 51%
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SNG: Substitute Natural Gas

Principle:

eproduction of 'natural gas' from syngas ("methanisation") 0

1. step: CH, O +H,0 —— CO+3H;, + co,ho, et

Thermal B|omass
gasification

2. step:
Methanation

Applications

CO+3H, — CH,+H,0

Advantage: Note.

» allows complete conversion of cellulosic « requires hydrogen rich syngas (Reforming)
and ligno-cellulosic biomass » pressurized gasification is advantageous. ..

22
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Situation Natural Gas
Supply in Europe

Possible Solutions

e Substitution of natural gas with
Biomass

« European gas supply depends
completely on Russian
resources in
a few years

Gasprom
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Situation Natural Gas
Supply in Europe

Possible Solution

e Substitution of natural gas with
Biomass

« Methanation makes Biomass
transportable

« Biomass may be used
In urban areas with high
efficiency due to favorable
conditions for CHP and
without fine dust
emissions

] B 24

Gasprom
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Focus Agnion Inc.

 Decentralized Biomass-to-SNG plants
preferably with heat utilization
(“Polygeneration”)

Possible Solution + Thermal input: 500 KW - 5 MW

e Substitution of natural gas with
Biomass

* Methanation makes Biomass
transportable

« Biomass may be used
In urban areas with high
efficiency due to favorable
conditions for CHP and
without fine dust

emissions

© Agnion Energy Inc. | 2008
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Focus Agnion Inc.

Company History + Decentralized Biomass-to-SNG plants
« Founded June 2007 preferably with heat utilization
« Office and R&D center in Pfaffenhofen, Germany (‘Polygeneration”)
* R&D center gas processing in Graz, Austria o Thermal input: 500 kW - 5 MW

» Total Headcount: 21

Management

 Founder: Prof. Dr. Jirgen Karl
« CEO: Dr. Martin Kroner

« CTO: Dr. Gunther Herdin
 Director of Finance: Lutz Elger

Investors

« KPCB Holdings, Inc., Menlo Park, CA, USA
« Munich Venture Partners, Germany

« Wellington Partners, Germany
© Agnion Energy Inc. | 2008 26






Company History

* Founded June 2007

« Office and R&D center in
Pfaffenhofen, Germany

« R&D center gas processing in

Graz, Austria

+ Total Headcount: 25

Technical status

« Commissioning Pilot Plant in

November 2008

« First gas: Dezember 2008

« Continuous operation
(1200 h without shutdown!)
from Januar 2009 — March 2009

© Agnion Energy Inc. | 2008
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agnion«®

Company History
+ Founded June 2007

« Office and R&D center in
Pfaffenhofen, Germany

« R&D center gas processing in
Graz, Austria

+ Total Headcount: 25

Technical status

« Commissioning Pilot Plant in
November 2008

* First gas: Dezember 2008

« Continuous operation
(1200 h without shutdown!)
from Januar 2009 — March 2009

« Commissioning of an MAN gas
engine in progress

© Agnion Energy Inc. | 2008
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Experiences in 2009
 No erosion of the heat pipes after several
thousand hours

 (Gas composition comparable to earlier
experiments run at TU Munich

« Max pressure: 5 bars

N
o
|

«

w
(@]

w
(@)

Concentration in vol-%, dry base
N
o1

« Thermal input > 500 kW with 30 heat pipes 20
Methanation concept b
« Fixed bed catalysts in combination with a hot gas cleaning 10 +
system 5
* First methanation tests (100 kW) scheduled for 2009/2010 CH4
0
Upscale 770 780 790 800
o EU prOjeCt “COZfreeSNG" Started 9/2009 Reformer temperature in °C

* Focus: Design 50 MW, for coal

© Agnion Energy Inc. | 2008 29






Agnions Gas Prices (1 MW scale)

Natural gas prices industrial
customers 11,6 Mio. kWh/a

Quelle: www.bmwi.de, EUROSTAT

agnion«®
Conclusion

 Energy costs will

200 9 further fluctuate
] SNG-costs®) | tremendously!

Lo
D 5 l I l l l I l l I l I l l l § » Fuel switch o
8 Natural gas = biomass or waste
) price Austria e - :
= Natural gas > ‘ Syngas-costs *) Qerlved fuel W|.||
< 10C price Germany = Improve security of
8 ~ T : S supply and costs
= fﬂ’ﬁ' [l +3 §
o 50 =
kS AW \ -2 O
> .
S Crude ol L 1 .

*) assumptions:

0 0 .
2004 2005 2006 2007 2008 2009 Wood chips 70 €/t

© Agnion Energy Inc. | 2008

Availability 7500 h/a
Bank rate 5% /12 years

30
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Conclusion

 Energy costs will
further fluctuate
tremendously!

 Fuel switch to
biomass or waste
derived fuel will
Improve security of
supply and costs

 Heatpipe-Reformer
provides ideal
syngas composition
for any Second

\VYAVVAY. Vs g n i on. d e generation Fuel

© Agnion Energy Inc. | 2008
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Leadership in ecolnnovation

Gasification/Pyrolysis Operating
Experiences in Canada

Fernando Preto
CanmetENERGY
Natural Resources Canada

I[EA Task 33, Breda, Netherlands Nov, 2009
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Bioenergy in Canada

= Gasification & Pyrolysis are “HOT"
= Numerous developments across Canada

= Successes to date are mostly “Heat” generation
= In Operation
= Nexterra, Tolko (Heat for Dry Kiln)
= Ensyn, Renfrew (Liquid Smoke)
= Norampac (?)
= Construction & Commissioning
= Enerkem, Westbury Demo & Edmonton
= Nexterra, Various
= Plasco, Ottawa
= ABRI Tech, Ottawa & lowa
= Agritherm, (Research Facility)

= Numerous Initiatives Across Canada

= With fossil energy prices as principal driver, financing is

difficult especially in current economic climate

CanmetENERGY
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Companies with Operating Experience

= Gasification
= Norampac
= Nexterra
= Enerkem
= Plasco

= Pyrolysis

= Ensyn
ABRI Tech
= Agritherm (PDU)
Alterna (PDU)
Titan (PDU)

CanmetENERGY
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Norampac, Trenton, Ontario, Canada

= Located on Trent River in Ontario, Canada
= Produces corrugating medium (500 tpd)
= Zero process effluent operation since 1996






Norampac, Trenton, Ontario

* Dissolved solids recovered as a by-product

» Used as adust suppressant and road binder for the past 46 years.
= Principal users — local municipalities

= On-site storage ponds to deal with seasonal use

= |n 1999 needed alternate solids management compatible with
continued closed effluent operation

= Capability for both chemical & energy recovery

= Environmentally acceptable operation

= Required process to match scale and turndown requirements
= Capital cost restrictions

CanmetENERGY
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MTCI Black Liquor Gasifier
= H;Rich Gas

= Bubbling Fluidized Bed

= Low Temperature Operation (600-
700)

= Low Pressure (40 kPa in freeboard)
= Steam as Fluidizing Medium

20\ = Steam for Reforming Reactions
) = Sulphur converted to H2S

| T
= Product Gas ~ 13 MJ/Nm3
Bed Solids ‘ ' Fluidizing Steam

CanmetENERGY

Leadership in ecolnnovation
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MTCI Design Specs for Norampac Mill
(First Commercial Demonstration, Trenton, Canada)

= Feed: 115 tonnes per day (solids)
= Feed: 60% solids in liquor

= Fluidizing Velocity: 0.4 m/s

= Nominal Particle Size: 0.3 mm

= QOperating Temperature: 600-700 C

= QOperating Pressure: 300 kPa bottom; 40 kPa
freeboard

= Steam Rate: 5200 kg/h

= Solids Residence Time: 126 hours
= Gas Residence Time: 16 seconds
= Bed Depth: 9.5 m

= Bed Carbon Content: 3%

CanmetENERGY
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Norampac Commissioning

60

T 1 240

50 + L + 220
40 | Ly 1 200
30 A x/‘_‘/‘ L 180
o e
’/"“* R ANUUSUV P

+ 120

0 100

—@— Liquor solids rate tpd
—e— Carbon wt%

—aA— Mean size Microns/10

Solids Rate & Bed Carbon
Bed Size Microns

(run length was 27 days)

Operating at design conditions, carbon content hovered around 15%
(well above 3% target). Liquor feedrate and carbon content remained
constant while bed average particle size increased throughout run.

Leadership in ecolnnovation
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Steam Reformer Status

= After ~ 20 commissioning runs lasting up to 90
days the reformer is running at bed carbon
content above 15%

= The reformer is operating with only two of four
pulse heaters principally due to

problems/failures of tubes in the lower portion of
the bed

= A number of changes, including feed nozzles,
have been made in order to try to improve
carbon conversion

CanmetENERGY
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Gasifier Research Needs

= Fluidization Hydrodynamics (bed depth)

= Refractory life

= Forces on heaters/need for bubble breakers

= Hot gas clean-up/Condensable hydrocarbons

= Pulse Heater & Aerovalve design and materials
= Tube life at temperature and gas composition

= Improved Carbon Conversion

CanmetENERGY
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TGA Testing: Effect of Temperature
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TGA Testing:

Effect of H, and CO Levels
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TGA Testing Summary

"  Gasification rates were found to be essentially independent of
particle size (mean 212 um)

= Below 600 C conversion rates were found to be negligible. Rapid
conversion was only observed for temperatures above 700 C

= Temperature was found to be the primary factor in conversion
rates with activation energy of 230-300 kJ/mol

= Conversion is essentially independent (n=0) of unconverted
carbon content until over 80% converted [actual carbon content
below 4%] (n=1)

= Hydrogen and carbon monoxide showed an inhibition effect on
carbon conversion

CanmetENERGY
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®> nexterra

= Supplier of small-scale biomass gasification
solutions that generate heat & power

» |nside-the-fence applications at public
institutions & industrial facilities

= Enables customers to reduce energy costs,
reliance on fossils & GHG emissions

= Technology is cleaner, lower cost, more versatile
and more efficient than combustion

Nexterra’s Gasification Technology

=®» —P Syngas exits at 500 - 700°F

Partial oxidation at
1500 - 1800 °F and
fuel is converted
into “syngas”

Advantages
Commercially Proven
Design Simplicity
Fuel Flexibility
Low PM/NOx Emissions
Syngas Direct Firing
Low Capital
Low O&M Cost
High Turndown (5:1)
Fully Automated

Ash removed by
automatic ash

grate \

© o N0k W2

Primary air (30%
of stoichiometric)

Wood fuel
3-inch minus
6 — 60% moisture

QRC FINANCIAL CORPORATION f‘\ nexterra »

A4

Confidental — Mot for distribution






- I.ﬂ'.ﬂl.l'l'.l"ﬂ.l'.l LTE.

Tolko — Heffley Creek

=  Plywood mill dryer/HW
= 3 years of operation

=  96% availability

= Savings: $1.5 MM/yr

= GHG Red: 12,000 tpy
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Application Roadmap

4

Uniqueness
Differentiation 2009/10
Competitiveness

Fuel Diversification

2008/9

2007/8

2005/6

& nexterra 1
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$20 MM heat and power plant
Supplies 85% of USC thermal load

U N .1" VERSITY _._;_"_ EE _ Annual Savings: $2 - 3 MM/yr
SOMH@ROLIM = GHG Reduction: 20,000 tpy






Raw Emission Data from USC system testing

Run #1 Run #2 Run #3 Average

Opacity (%) 0 0 0 0

PM (mg/Nm3) 2.1 3.2 2.2 2.5
PM10 (mg/Nm?) 0.5 1.9 1.5 1.3
Condensable (mg/Nm?) 16.9 23.7 13.1 17.9
CO (ppm) 5.0 7.2 43.9 18.7

NOXx (ppm) 110 102 86 99

VOC (ppm) 0.02 0.4 9.8 34
SO, (ppm) 25.5 21.9 26.3 24.6

System capacity: 60,000 pph of superheated steam, 650 psi, 750 degF
Dry ESP installed for PM emission control

& nexterra /1

Confidential — Not for distribution





/20

Confidential — Not for distribution

-:!F!ﬁ-
nexterra

P
&

et e O

Hiiinain =

. 3

()
)
&
Q)
S
M






iderftial* Not for distributi/o?/_
L i
4

F I
Coﬁllf

A

R RS __ﬂ.____._m.,m...__.&.w.
e PR ET T el =











rﬂf}»’sd building 60,000 Ibs/hiisteam syste





Nexterra PDC upgrades — syngas clean-up






Preliminary Cracking Process Results
Cracking time: xxx seconds, Dry shavings fuel (15%)

A: Raw tar; B: Cracking at yyy°F; C. Cracking at zzz°F

N English (United States) & :

File Edit View Acquisition Help
DEEH@ & % EEk 1234586 1828384

RUN{ [FID-CHANNEL 1 [ [

100.000| C:\Documents and SettingsiyliMy Documents\2008-02\GC-test\Feb28-2008\sample#3-March-4th cracker. CHR/DEFAULT .CON |
A: Naphthalene: 489 mg/L--IPA
Phenol: 289 mg/L--IPA
4 : Naphthalene: 1306 mg/Nm3
Phenol: 772 mg/Nm3
2 - Phenol: 3357 mg/L- water
| | il

-2.500

RUN1[FID-CHANNEL 1 I |
100.000| C:\Documents and SettingsiylilMy Documents\2008-02\GC-test\Feb28-2008\sample#2-Marc h-4th-4sec-1800F01. CHR/DEFAULT.CON |

B: Naphthalene: 114.6 mg/L--IPA
Phenol: 0.420mg/L—IPA
Naphthalene: 306 mg/Nm?

1 Phenol: 1.13 mg/Nm?3
=Y i Phenol: 4.91 mg/L- water
Total Tar: 0.92 g/ Nm3dry syngas
-2.500

RUN1 [FID-CHANNEL 1 \ T

100.000| C:\Documents and SettingslyliMy Documentst2008-02\GC-test\Feb28-2008\sample#1-March-4th-4sec-2000F01. CHR/DEFAULT.CON |

)
[

Phenol 13.650

- /E =

C: Naphthalene: 54.1 mg/L--IPA
Phenol: 0.419mg/L—IPA

Naphthalene: 144 mg/Nm3
g - Phenol: 1.12 mg/Nm3
= Phenol: 4.87 mg/L- water
- H Total Tar: 0.45 g/ Nm3dry syngas
5 8 . oo 8P e o gl o af i
-2.500
K| L3 RN

0.000 45.000
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Leading developer and producer

of advanced fuels and green chemicals
from waste

@ Developer, owner, and operator of waste-
to-biofuels facilities

"’W!!!l m ; @ Proprietary technology platform developed
it M & in-house

y{

@ 60 employees (incl. 20+ engineers)
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DENERKEM, 2008

Feeding System Gasifier Cleaning & Catalysis
Conditioning conversion

Confidential © Enerkem 2009. All rights reserved. 0






Leading developer and producer

of advanced fuels and green chemicals
from waste

Enerkem Process* Waste  Biofuels (Ethanol)

: : Water
MSW ‘ Sortlng RDF  Low Severity Gas Cleaning 0
> CompOS'_ﬂng ' Gasification & : WWT
Shredding Reforming l
l T l Compression J
O,-enriched air (medium
Organics /steam NH, pressure)
v toAD v Water |
Recyclables and/or Inert to
compost solids WWT AcidGas | -
Removal 2
Sequential Syngas Compression
Ethanol «———— Ajcohols < Trace Impurities (high
Synthesis Conditioning pressure)
Water

to

Confidential © Enerkem 2009. All rights reserved. 1






Leading developer and producer

of advanced fuels and green chemicals
from waste

Sequential Ethanol Synthesis from Methanol

CHsOH + CO + 2H, ———*C,HOH + H,O

Stepl: 2CHOH + CO  ——— CH;COOCH;+ H,0

Step 2 : CH;COOCH; + 2H, —— CH,CH,OH + CH,OH

cat

Yields of ethanol: 360 L/t (RDF), dry basis

Confidential © Enerkem 2009. All rights reserved. 5






Leading developer and producer

¥ of advanced fuels and green chemicals
' from waste

Rigorous Path to Commercialization

Commercial Waste-
to-Ethanol Plant
(2012) Pontotoc,
Mississippi
l",
Commercial MSW- "

to-Ethanol Plant ‘
(2011) Edmonton

e o

.\ / I

Commercial
Demonstration Plant %
(2009) Westbury @

Pilot Plant
(2003)
Sherbrooke

R&D Center
(1999)
Sherbrooke

Confidential © Enerkem 2009. All rights reserved. 6
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" Leading developer and producer

-: Al | i g of advanced fuels and green chemicals
- I o I IJ 'l from waste

Westbury Plant (2009) - Canada

-’ss.m_ = - . :__--ﬁ
Capacity 5M litres (1.3M gallons) per year

Feedstock Treated wood

Product Ethanol

Start date Syngas 2009; Methanol and Ethanol in
2010.

First plant to use negative-cost materials that are usually
landfilled. Currently operating 24/7. Team of 13 people.






Leading developer and producer

-JL\_I"' .. o of advanced fuels and green chemicals
i -‘I_i" II Ii' from waste

Westbury Commercial Demonstration Plant

Confidential © Enerkem 2009. All rights reserved.






Leading developer and producer

of advanced fuels and green chemicals
from waste

Capacity 36M litres (10M gallons) per year

Feedstock Sorted Municipal Solid Waste
Product Methanol, Ethanol

Start date  Construction: April 2010
Operations: Mid 2011

Approval Environmental permit granted
Good support during public
consultation

@ Public-private sector collaboration between the City of Edmonton, the Government
of Alberta, through the Alberta Energy Research Institute (AERI), and Enerkem
Greenfield Alberta Biofuels (EGAB). It includes three facilities:

@ Waste-to-Biofuels Production Facility — will produce 36 million litres of ethanol per year
@ Advanced Energy Research Facility — will attract world-class energy research
© Municipal Waste Processing Facility — designed to optimize waste as a resource

Confidential © Enerkem 2009. All rights reserved. 9






Leading developer and producer

of advanced fuels and green chemicals
from waste

Total 72M litres (20M gallons) per year

Capacity

Feedstock  Sorted Municipal Solid Waste and wood
residues

Product Ethanol

Start date 2012

LOI signed with the Three Rivers Planning and
Development District for MSW feedstock

Expected to create about 124 permanent jobs for NE
Mississippi (plus 300 engineering and construction
jobs)

Will help recycle and convert 60% of the waste crossing
the area’s landfill gate

Confidential © Enerkem 2009. All rights reserved.






Plasco Energy Group

- Plant design 75 tpd MSW to Syngas to IC engines
- Fixed bed gasifier (600 C)
- March 2009 Annual Report
- 890 hrs operation in previous year (1500 t processed)
- Max feed achieved 56.4 tpd
- Achieved Compliance with emissions regulations
- Power Generation Data Not Available

-%.iIH
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C d"" SUSTAINABLE DEVELOPMENT
ana. TECHNOLOGY CANADA™

Partnering for real results.

Waste-to-energy technology reaches major milestone
SDTC Celebrates Completion of Plasco Project

Ottawa, ON, October 22, 2009 — A technology that converts municipal solid waste into
electricity moved toward commercialization today. Sustainable Development Technology
Canada (SDTC) announced that the Plasma Gasification for Municipal Solid Waste
project led by Plasco Energy Group Inc. (Plasco) has reached completion.

“Our Government is delivering results by investing in projects that generate and increase
the supply of clean energy, while creating high-quality jobs for Canadians,” said the
Honourable Lisa Raitt, Minister of Natural Resources. “Plasco Energy is an excellent
example of companies that promotes sustainable energy for Ontario’s future, while
fostering a healthy, cleaner and more prosperous Canada.”

I*I
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Companies with Operating Experience

= Pyrolysis
Ensyn

ABRI Tech
Agritherm (PDU)
Alterna (PDU)
Titan (PDU)

CanmetENERGY
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Ensyn Corp: Fast Pyrolysis - RTP™

Bio-Oil Product

Fluidized Bed

Not a “ Severe”
Process

Low Pressure

Very Fast Heat
Addition

Biomass REHEATER

Feedstock

Heat added very quickly by a
“tornado” of recycled
flowing sand

" ENSYN 1






Commercial Development

First Commercial Plant constructed in 1989 & seven
since then in the USA and Canada

| “ ,. 8" = i
: ?“ " " Li' e | l‘! _ - l,;! .i' _-
%; i ‘fear {)peratlng Capamty =
Built (Metric Tonnes Per Day) Locatio =
Manitowoc Chemical #1 u':"-] Manitowoc, W, USA

Naniowos RTPT_ Varitowoc, W1, USA
Rhinelander RTP™ — 1 _ Bhinelander, W1, USA

Rhinelander Chemical #2 _ Rhinelander, W1, USA

Rhinelander RTP™ - 2 um Rhinelander, WI, USA

Rhinelander Chemical #3 _ Bhinelander, W1, USA

Petroleum Demo # 1 300 barrels per day Bakersfield, CA, USA

Renfrew RTP™ _

> ENSYN 2






Commercial Development

Renfrew Canada Plant (2007) is the largest to date
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Ensyn Commercialization Plan

A
‘Gre-en.’ Available
Fuel Oil
Y,
RS
e Heating Oil

B

Marine Fuels

Transport
Fuels

Timeline

Rolling Deployment 4





CanmetENERGY Bio-Oil Nozzle: External mix air assist atomiser. Fuel is injected
through a central pipe with a slight contraction at the tip allowing for a slight
kg/h






Tote #1 Comb Air T=117 C

Tote #1 Comb Air T = 46 CCanmetENERGY

Leadership in ecolnnovation
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Envergent Technologies LLC —
hsyn Joint Venture

UOP /

« Formed in October 2008

<a » Envergent

A Honeywell Company

 Provides pyrolysis oil technology for fuel oil substitution

and electricity generation

« Channel for UOP R&D program to upgrade pyrolysis oil

to transportation fuels

ucp

A Honeywell Company

Leading process technology
licensor~$2 billion in sales,
3000 employees

Co-inventor of FCC technology
Modular process unit supplier

Global reach via Honeywell & UOP
sales channels

S |
¥ ENSHN

» Over twenty years of commercial
fast pyrolysis operating
experience

» Developers of innovative RTPT™
fast pyrolysis process

« Eight commercial RTP units
designed and operated

Second Generation Renewable Energy Company
— Global Reach

mvergent Technologies 2008





Advanced Biorefinery Inc
Single Auger Fast Pyrolysis
Modular Mobile Pyrolysis Unit

=
yo—.
%

A number of 1 tpd units have been built:
CanmetENERGY: Saskatchewan Research Council;

AES BioEnergy, New Zealand; US Forest Service
CanmetENERGY

Leadership in ecolnnovation
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Advanced Biorefinery Inc

50 tpd Portable Unit
Currently being commissioned (lowa)

Reactor Condenser
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Mobile Pyrolysis Unit: Reactor

=I‘THERM

— -
S o
T Burner -
o
C

Q ~
— ¢ ! 7 E
2k K%

o) =
>l e
O - _—:—Q‘:l—n—__ _h
- — 1 P E
il a

Lift tube






g

e

~Self sustainab

ility: Eb scale testing

10

Energy, kJ/g biomass feed

L4

AGRI'THERM

.--'"'-.-.-l.-

300

C 400 C

450 C 200 C 550 C 600 C
Pyrolysis Temperature, "C

Grape skins, energy balance (5s vapor residence time,1 kg/hr feed rate)
(-e-) Heat required for pyrolysis;

(M) energy contained in the product gas
(E) energy contained in the bio-oil






e D
Feedstocks

Canada

* Forestry residues A\l

* Tobacco

e Distillers’ grains & corn stover

e Chicken litter

e Apple pomace

e Grape residues

e Flax straw

* Food waste

e Coffee grounds

» Wastewater treatment plant sludge

Rest of world
e Sugarcane plant and bagasse
e Rice straw
o Coffee husks
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Alterna Biochar

= Operated pilot “box” pyrolyzer (T=5-10 min)
= Successfully produced brlquettes

= Future efforts:
= Scale-up
= Char pellets
= Char gasification
= Other char uses

CanmetENERGY
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ALL PURPOSE

BIOCHAR |

Slow Pyrolysis for Biochak... | »&e

.

Organic Power (BC






Operational Needs lIdentified by Users

= Feedstock characterization / standardization

= Handling / Feeding systems

= Biomass and Products Infrastructure (Markets)
= Highly qualified personnel

= Public education resources

= R&D: syngas cleaning and upgrading, carbon
conversion

= Carbon Credits
= 5%

CanmetENERGY
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NIMBY

WASTE GASIFICATION

DMPACTS ON THE ENVIRONMENT
AND PUBLIC HEALTH

Proposed gasification
projects by Plasco and
others (Aboriginal
Cogeneration |
Corporation - AAC) have T
Increasingly been
opposed by
environmental groups

http://www.bredl.org/pdf/wastegasification.pdf

i+l
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WASTE GASIFIC

IMPACTS ON THE ENVIRO
AND PUBLIC HEALT

Page 6 The Blue Ridge Environmental Defense T eague

waste gasification project for research and development, but the project has not moved forward.*
There are currently no commercial-scale solid waste gasification systems operating in the United
States. (See Appendix B)

Emission of Air Pollutants

Incineration of solid waste is a technology which is being phased out across the United
States. According to Dr. Paul Connett. “Since 1985 over 280 incinerator proposals have either
been defeated outright or put on hold.”” Unreliability. economics, envirommental concerns. and
citizen opposition have forced municipal officials to find new methods of managing solid waste.

Gasification shares many characteristics with incineration. At high temperatures used in
incineration and gasification. toxic metals including cadmium and mercury. acid gases including
hydrochloric acid. and ozone-forming nitrogen oxides are released. Also. dioxins and furans are
created in the cooling process following the burning of ordinary paper and plastic. These
poisons are dangerous at extremely low levels and modern pollution control devices do a poor
job of reducing these emissions into the atmosphere. Some including mercury and dioxin are
persistent and bioaccumulative: they resist breakdown in the environment and are concentrated
in the food chain.

A TECHMICAL RFPORT PUBLISHED BY I

The Blue Fidge Environmental Defense League

Falteuary 20

Waste Gasification Adds Greenhouse Gases

In addition to the currently regulated air pollutants from municipal solid waste
gasification. the process also adds greenhouse gases to the atmosphere. The biggest contributor
to global warming, carbon dioxide. could soon be regulated as a pollutant by the US
Environmental Protection Agency.

Using municipal solid waste for fuel releases into the atmosphere the carbon which is in
the paper. cardboard, food wastes. yard wastes and other biological materials, plus the carbon in
plastic products and containers made from petroleum. The gasification of petroleum-based
plastics adds to greenhouse gases in the same way as burning fossil fuels such as coal. oil or
natural gas.

It is the release of carbon. carbon that has been locked up in fossil deposits for millions of
years. that is driving global wanning. However. carbon released into the atmosphere from the
burning or gasification of waste products made from trees and crops also adds to greenhouse gas
levels in the atmosphere. Over time some of this carbon is taken up again by new growth in
forests, but in the short-term the damage is done. The US EPA published an analysis of
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Mission & Wision June 15, 2004
History Denver Zoo Unveils Biomass Gasification

Model at Do At The Zoo Fundraiser Gala -

Today's Denver Zoo ;
Foop to Power & Reality a5 the Foo Moles Forwand

Master Plan with Gasifier

Zon Facts Denver Zoo is at the cutting edge of testing and
] applying renewable and sustainable energy

Mew Animals systers to produce local, on-site electricity and

heat through the developrnent of a bhiomass
gasification systemn, This biomass gasification
system, which will utilize the zoo’s diverse waste
streamn consisting of human trash and animal waste
to power its upcoming Asian Tropics exhibit, is a
green technological breakthrough that will support
the zoo's efforts to reduce landfill contributions by
35 percent, reducing 1.5 million pounds per year
currently going to landfill and reducing energy and
hauling costs by $150,000 a year. The gasifier will
o — e — chemically convert waste using a high temperature,
low oxygen process to convert it to a usahle
combustible gas.

# Mews Roomn

Press Releases

Photo Gallery
Get Zoo News

Mew Construction

"irhat’s unique about this process is the utilization of a diverse waste stream into clean
energy through gasification. Gasification has been used in the past, but never with a varied
waste stream like the zoo has. In addition gasification at a facility scale could be used in
many industries to make a huge positive impact on the environment on a global level,” says
Denver Zoo YP for Planning and Capital Projects George Pond,

Public education resources are required for continued
development of gasification technologies and projects
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Biomass CHP Gussing -
Biomass Steam Gasification

Dr. Reinhard Rauch

Vienna, University of Technology
Bioenergy 2020+

IEA Bioenergy Task33 Thermal Gasification of Biomass
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WiE | b asification process

Production of a high value gas for usage Iin
different applications

guality: fuels:

sLow nitrogen content (<1Vol%) All different kinds of biomass

*High heating value sLarge range of particle sizes

sLow tar content *Variation in water content
possible

Usage of the gas:

*Gas engine

*Gas turbine

*Fuel cells

*Synthesis gas (SNG, Methanol, Fischer-Tropsch etc.)
*Reduction gas (Steelindustrie etc.)
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Producer Gas Flue gas

Heat

< 2

) | cosicaion [ JCSRBSION] <+

Biomass u
Additional
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Steam Alr
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TECHNOLOGY

1993 1995

flue gas fuel producer gas
S yaw- dE flue gas

producer gas

flue gas
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TECHNOLOGY
Air Cgl:busl;tion
amper
e Flue Gas L-

(Sl

Product Gas
Cooler

Product Gas 3
o
3
_ - >,
@ c
m‘r"ﬂlﬂm 2 2
£ £
, Screw Conveyor 2 o
Secondary Air AVAVAVAVAVAVAVAVAVATAN System = ]

Biomass
Additional

Fuel Steam

PrimaryAir I

Steam Flow sheet of pilot plant Il

Main work is testing of fuels and further development of the gasification system
(bed materials, improved design, etc.)
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W E N e scale FICFB qgasifier

 Wood chips o Sewage sludge pellets
 Wood pellets e Animal residue

e Saw dust e Straw

e Coal  Willow

All fuels can be used, if the ash melting point is above
1000°C as pure fuel.

Fuels with lower ash melting point have to be used as
mixture (e.g. 15% straw works well)
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wien| o I NflUENCE ON gas composition

Bed material Olivine Calcite (AER-| Catalyst
Process) (Nickel)
Gasification 850 C 640 C 840°C
temperature
H, 'Mmol%] 37.7 67.5 43.9
CO 'mol% 29.1 3.3 27.2
CO, 'Mol%] 19.6 10.3 18.8
CH, 'Mol%] 10.4 13.1 8.3
C,H, 'mol% 2.8 1.7 1.3
C,Hg 'mol% 0.3 3.0 <0.1
HC (C,-C;) |[mol%)] 0.1 1.1 <0.1
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TUE Data CHP Gissing bioenergy2020+

e Start of construction
o Start up

e Fuel

e Water content

* Fuel power

» Electrical power
 Thermal power

» Electrical efficiency
» Total efficiency

e Owner and operator

September 2000
January 2002

~2,2 to/h  (Wood chips)

15 % (35 %)

8 MW
2 MW

45 MW

25 %  (20%)
80 %

Gussing Biomass Power
Station Association
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WIEN UNIVERSITY OF

TECHNOLOGY

product gas

. - scrubbar ~ electricity
roduct gas roduct gas »
P c:oolerg P ﬁlterg o '
heat
S
|
g‘ I flue gas
cooler
' district heating
| air boiler
| I
O Lk
-—-=-"3® — — >
oil burner
fl
flue gas '#Iat I?S
cooler chimney
HED
] 1
biomass ﬁ w
_I air '
steam : : h 4
¥ bed ash ¥ fly ash
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I after gas cleanin bloenergyz02o+
Main Components
H, % 35-45 Possible poisons
co % 2905 H,S mgS/Nm3 ~200
CH, % 10 Mercaptans mgS/Nms3 ~30
co, % 20-25 Thiophens mgS/Nms3 ~7
: HCI ppm ~3
Minor Components NH3 opm £00-1000
G, % 23 Dust mg/Nm3 <20
C,Hg % ~0.5
C,H, % ~0,4
O, % <0,1
N, % 1-3
CeHe g/m? ~8 H,:CO =from 1.5:1to 2:1
C-Hg g/m3 ~0,5
C,oHg g/m3 ~2
TARS mg/m3 20-30
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WIEN UNIVERSITY OF

TECHNOLOGY
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WIEN UNIVERSITY OF

TECHNOLOGY
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WIEN UNIVERSITY OF

TECHNOLOGY
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VIENNA

WIEN UNIVERSITY OF

TECHNOLOGY
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Biomass feeding

PG cooler
Cleaning >4000h

PG filter
>20 000h

PG scrubber

Consumption: ~1l//MW;

reacoat | —Biodiesel/ [ 2
Biomass 1 material i
{ Precoat- Productgas- —N Micro-Gasturbine
@ container ~power il i T T T i
H T N
i screw T mr -
1 |
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[ o Precoat- Daosing 2 | -
L I~ Dosing 1
[~ Product gag } Dosiing screw 1 X
onjer 1 [rmim 5
) Bion\ass bunker "‘@ ‘ »  Fischer Tropsch :
1
Transport band Post combuston 020 om0 -~ B T | il T e i e "
..... i
= T » Electncrty :
e | 1 public grid .
i Engine- -— Bt eSS J
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I I I
----------------- | i ===
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elevator | ||District heating !
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| heater heater ! cooler filter e
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H ; i ! |
s i g I
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i Pt =
|| : : chimney
: ___________ : sh recycle
T A T s [

Biomasse feedjfg

Gas production and fcleaning

Refractory gasifier
repaired 1/year

Air preheater
Cleaning: 500-1000 h

Products

Control of district heat
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Over 40,000 hours _
Biomass

I

Hydrogen

Producer Gas

(gas engine, gas turbine,
fuel cell)

o

Biomass
Gasification

7 Mixed alkohols

Synthetic Natural |
Gas (SNG) ™

- Synthesis gas
Methanol / DME / \‘

! Ammonia
others

Oxosynthesis
for aldehydes

Isosynthesis for
Isobutane
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Biomass gasification Catalytic cracking

SNG demo plant
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Commercial plant Gas engine
Fluidised bed partice| @@
850 °C tar
biomass
R&D
Sulphur gaseous
Chlorine products, Off-Gas
Ly Gas Treatmer)t —> FT-Synthesis —Product separation
and compression
240 - 280 °C
20 - 30 bar
catalyst
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TECHNOLOGY

Flow chart
Fischer-Tropsch PDU
Rev. 11/2009

Condenser Fischer-
Tropsch
RME Scrubber

Product-
Gas

products
Compressor
NS

Slurry
FT-Reactor

\f/ active coal zinc oxide cooper oxide

T

Condenser Scrubber

Steam Steam
generator reformer
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VIENNA

W I E N prvem or Anderson Schulz Flory distribution

ECl1 EC2 BC3-C4 OC5-C9 OC10-C19 O0>C19

100% :
Operation
90% - \ area of
LTFT
80%
70%
60%
50%

40%

30%

20%

fraction of hydrocarbons [w%]

10%

0%

0,5 0,6 0,7 0,8 0,9

Log(W, /n) =nlog« + const.
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TECHNOLOGY

A Slurry-Reactor is used. A slurry reactor is a 3-phase
reactor, where the solid catalyst is suspended in the
liquid product and the gas goes from the bottom to
the top and keeps the catalyst in suspension.

The main advantages are:

 Simple and cheap construction

* Excellent heat transfer

* No hot spots and no temperature profile along the
reactor

 Easyto scale up

The following catalysts were used till now:

e Haber Bosch catalyst (mainly for start up)

* Research catalyst (based on cobalt ruthenium,
produced from University of Strasbourg)

» Different commercial cobalt catalyst

« Commercial iron catalyst
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[ BioSNG PDU J

Fuelling Station
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 December 2008: First conversion of product gas into rawSNG
e June 2009: BIoSNG at Natural Gas quality produced

e June 24" : inauguration —
CNG cars were fuelled
using BioSNG from wood

e June 2009 CNG-car was
successfully used for
1000km with BIoOSNG

At the moment the team of
the GoBiGas project is in
Gussing and operating the
BioSNG plant together with
the consortium
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Germany Austria
OVGW
unit DVGW . BioSNG
regulation | regulation
G260 G31
Wobbe Index | [kWh/m3] | 12,8-15,7 | 13,3-15,7 | 14,15
Relative density [-] 0,55-0,75 | 0,55-0,65 0,56
Higher heating | n\vims) | 84-131 | 10,7128 | 10,7
value
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Successful scale up of a dual fluidized bed steam gasification system from
laboratory to industrial scale (within 10 years)

* Industrial plant available with
— High electrical efficiency (> 30 % with combined gas engine and ORC-process)
— No solid residues (without ash, carbon content <0,5 %)
— No liquid condensates
— European emission requirements are met
— High availabilities (>90 %)
— Second plant is already in operation (10 MW,

« High potential for biofuels (BioSNG, BioFiT)

— BioSNG, most suitable, 1 MW (100 m3/h BioSNG), demonstration plant is in
operation

— BIoFIT, research ongoing, scale up to 1 bpd is ongoing

 Biomass CHP Gussing optimal for research, as cheap synthesis
gas is available for 7000 hours per year
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Operating Experience with Biomass Gasifiers:

R&D needs to improve gasifcation plant operation
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TPS Termiska Processer AB
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BIOMASS GASIFICATION
Commerical technology?

Rich Baines, NREL
”3 commercial units operating for 5 years
I.e. 120 000 hours of track record”.

Kasper Lundtorp, Baccokc-Volund
’10 plant 10 years operation™





BIOMASS GASIFICATION: FB

Downdrafts
e Numerous, (none named, hence none forgotten)

Updrafts (examples only)

e Babcock-Volund: Harbodre 13 years, of which CHP 9 years.
Ansager 2 years

« JFE Japan (Babcock-Vo6lund) Yamagata, Ishigawa, Daio, 2-3 years

» Nexterra Tolko 3 years+ others

» Bioneer Kauhajoki, Kankanpaa, Vilhelmina, Byggelit >10 years each

« Metso: Kauhajoki, 2 years, Viitasaari, 1 year

o Kokemaki approx. 1 year, CHP 2 000 hr?

e Otherse.g. Plasco (< 1 000 hours)





BIOMASS GASIFICATION: Indirect gasifiers

Dual beds (examples only)

e (ussing 6 years

e Oberwart <1 year

* Villach

« Burlington and varieties by Silvagas and Taylor Bioenergy
» Waste fuel projects in Japan in the 70’s and 80’s

Others

o TU Graz/Agnion Heat pipe
* WoodRoll

» RangeFuels

e oOther





BIOMASS GASIFICATION

(examples only)

e Oulu HTW 1-2 years ?
e Corenso 10 years

o Skive 4 000 hours
e Hawalil

e Biosyn

* Energy Products of Idaho years

* Enerkem 1 000 hrs

e Others e.g. Norampac, MTCI

Co-gasification (examples only)
o Tampella tests

BFB





BIOMASS GASIFICATION CFB

(examples only)

Varkaus 1 years

V.é.;ir('j 20 years » Portocell 10 years.
Pols 3-Dyears . anti 10 years

Essent/Amer9  3-4years « Ruyien  >5 years
Greve In Chianti 10 years e Virnamo 7 000 hrs
Arbre e HOST 2-3 years?
Pletersaari 15-20 years

Norrsundet 20 years

Karlsborg 15 years






BIOMASS GASIFICATION: EF

Direct biomass (examples only)
e Chemrec DP1 1 year
 Chemrec New Bern 10 years
e BioLliq

e Choren

 WoodRoll

e Others

Co-gasification
« Elcogas 10 years co-gasifiction 1000 hrs
e Nuon 8 years co-gasifiction 3 years





BIOMASS GASIFICATION: Pressurised

Oulu FB

Karhula CFB
Varnamo CFB
Tampella BFB
ReNugas BFB

GTI Flexfuel BFB
Choren beta plant EF
Chemrec EF

TU Graz/Agnion BFB
Enerkem

others





BIOMASS GASIFICATION: Optimisation

Avallability, efficiency, investment cost,
O&M cost

Fuel

* Fuel quality, quality assurance

o Fuel pretreament, milling, drying, other
* Fuel flexibility and variations

Fuel feeding
 Inrelation to fuel quality and flexibility
e |nert gas usage





BIOMASS GASIFICATION: Optimisation
Avallability, efficiency, investment cost, O&M cost

Efficiency (”best use of limited resources’)

* Oxygen production

"Pinching”, use of energy at appropriate temperature level,
Drying

Fouling and ”safe "temperature regimes

Combinations with waste, indirect co-firing, Waste-boost

Gasification
e Ash properties
» Fuel quality variations, fuel flexibility





BIOMASS GASIFICATION: Optimisation

Avallability, efficiency, investment cost, O&M cost

Gas cleaning

e Contaminants: tar, ammonia, Cl, S, HM etc.
range from % to ppb

e (as cleaning, thermal, catalytic

» Scrubbers and scrubber solvents

* Fouling of heat exchangers

 Filtration ( "filter tests”, filter crisis”)

Life time cost issues
o Material aspects (corrosion, hydrogen diffusion)
» Refractories,

2009-12-30 - 11





BIOMASS GASIFICATION: Optimisation

Avallability, efficiency, investment cost, O&M cost
Emissions, residues

e Emissions, in particular from motors.

* Waste legislation

« Additives and sorbents

* Ash properties and disposal

o Tar/water residues,

e \Water net usage

e Overall engineering aspects of the complete system
System aspects

e Overall engineering and integration issues

o System controls

e Maintaining gasifier running (flaring, dual feed systems, surge
volumes etc.)

« Nuisances for neighbours, noise, odour etc.

2009-12-30 -





BIOMASS GASIFICATION: R&D

Fuel quality, fuel pretretament (drying), quality assurance

 Fuel characterisation is a good starting point

e Two avenues: standardised fuels (e.g. pellets, RDF etc.)
niche fuels ( agrowaste, bagasse etc.)

Fuel feeding

o Pressurised feeeding

« ”Difficult fuels”

Gas cleaning incl. for waste applications

« Catalyst development for tar etc.

* New traditional catalyst systems e.g. WGS
 Filtration including use of sorbents

e Scrubbing





BIOMASS GASIFICATION: R&D

Gas cleaning contd.

* “Deep cleaning” to ppb:s

« Analytical procedures compatible with requirements
* Process supervision with regard to contaminants

Ashes and residues

« Ash ”beneficiation”, recycling

o Waste liquids

« Emissions in particular for engines

End uses

e Motors, gas turbines

* New applications for CHP (FC, Stirling)
e Chemical synthesis

2009-12-30 - 14





BIOMASS GASIFICATION: To go forward

Other issues
e Permiting, inparticular when combining with wastes

« Lack of references for BAT. ( incl. requirements Industrial
Emissions Directive forlarge installations)

e Public acceptance

Project development and excution
 Client expectation and credibility

e ”Project stability”, partnerships, industrial partner, fuel
availability, product value, host installations

e Risk management
o Extended commissioning periods
o Capacity building, operators, engineering staff

Last but not least: Support and funding

009-12-30 -





BIOMASS GASIFICATION:
Acceleration of R&D
Integration as side activity in operating plants
 Lahti slip-stream test
o Varo slip-stream tests
e Chemrec downstream units
e (ussing side streams at 0.06 €/Nm3
e Chalmers CFB heating boiler
More plants, potentially more acceleration

Sidestream applications: Pyrolysis, FT, SNG, MeOH,
mixed alcohols, DME, FC, gas cleaning





GAME OVER

TRY AGAIN






BIOMASS GASIFICATION:
Summing up
Fuel gas and indirect co-firing, limited gas cleaning
e Many years of operational experience
with mainly FB and CFB, some BFB
years
Including gas cleaning for e.g. ICE and/or gas turbines

e Reasonaly long experience, mainly with FB and
Indirect Gasifiers, some CFB.

1000 hours-years
Including extensive gas cleaning for synthesis purpose
 Pilot and other development units up to 1 MW
<1000 hrs.





BIOMASS GASIFICATION:
Summing up
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