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BIOMASS GASIFICATION  SWEDEN 2009


ETC, R&D
Chemrec, 3 MW demo
Black liquor gasification
Piteå


Mid-Sweden University
Indirect double bed test unit
Härnösand


F-W 20 MW CFB gasifier
Norrsundet/lime kiln


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


Bioneer 6 MW
Fixed bed updraft gasifier
Vilhelmina


TPS, R&D and FB gasifier
Nyköping


BIOFLOW PCFBG
VVBGC demo
Värnamo


Metso (Götaverken)
35 MW CFB gasifier
Varö lime kiln


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


CTH system studies
2 MW indirect gasifier 
CFB coupling F-T R&D
Göteborg Energi SNG 
study 200 MW
Gothenburg


Umeå Universitet, R&D
ash sintering, tar reduction, 
indirect gasification process dev.


Pilot or demo


R&D


Commercial


Mälarenergi 2*100
MSW gasifier


200 MW SNG study
Lund University
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Formulated Policy
• Secure energy supply in an economic way


• Reduce GHG emissions 4% by 2012


• Use of environmental taxation (CO2 1.10€/kg, S 5 € kg, NOx 5 €/kg)


• Follow EU ETS policies
– ETS: Base case 26 Mtonne CO2 ,emissions ~ 50% of total emission
– 2004-2007 23 Mtonne
– 2008-12 20 Mtonne in proposed allocation plan 


• Energy Savings Plan
• Biofuels directive


– 3.1% achieved in 2006
– Energy tax reduction on biofuels to 2011 to a value of  9 billion SEK
– This can only be prolonged to 2013, on-going investigation of alternative
– Import duty on ethanol was removed in 2008 (EU duty 290 €/m3)


Statistics and information www. energimyndigheten.se
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2009 Energy and Climate Bill
• Reduce GHG emissions 40 % by 2020 outside ETS sector


– 20% done (rel. 1990), 30% by flexible mechanisms
– Continued use of environmental taxation
– EU new fuel directive for blending and sustainability
– Sweden independant of fossil transport fuels in 2030


• Follow EU ETS policies
– 21% in the EU


• Minimum 50% Renewable Energy 2020
– RE Certificate prolongated and target increased, +25TWh rel.2002
– Windpower planning 20TWh landbase+10TWh seabased


• Energy Savings Plan
– 20% reduction 2020


• Nuclear power
– The reactor development law (1984:3) is revoked
– Up to 10 new replacement reactors can be accepted on present sites


Proposition 2008/2009:162 and 163
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R&D and D


– Second black liqour program on-going (85 MSEK) 
– Biomass gasification program on-going (40 MSEK) 
– 2nd. generation BTL pilot activities 150 MSEK 


extra in period 2008-2010
– Establishment of financing 2nd. generation BTL as policy 


task in the financial plan for the 2008-2010 period 
– EoI for 875 million SEK for demonstration of second


generation biofuels and other energy technologies for the 
period 2009-2011.


– 37 EoI applicants, 5 selected projects.
– Five gasifcation applicants
– One gasification selected, black liquour demo


(Värnamo has already allocated funds)
Statistics and information www. energimyndigheten.se
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Indirect co-firing


•Supplier:  Götaverken


• Fuel: Bark,  wood wastes 


• Fuel capacity: 30 MW 


• Gas usage:  lime kiln


• Commissioning: 1987


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


• Metso Power will conduct 
slipstream hot gas cleaning 
tests starting in 2009


CFB  Gasifier at Värö pulp mill
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Växjö Värnamo Biomass Gasification Center


• Public non-profit project-based company
• Large-scale test platform for synthesis gas
• Biomass gasification centre on an European scale


• Ind. consortium to engage in a PPP to co-finance and exploit results
• Program cost estimated to 40 M€
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The Värnamo plant after rebuilding
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Proposed VVBGC PPP Structure
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ETC Gasification Activities
Entrained flow gasification: black liqour, biomass
Cyclone gasification: biomass
Synthesis gas: zeolithe membrane reactorMeOH, one stage DME pilot







2009-05-14 - 11


Co-gasification in Utility CFB Boilers
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Co-gasification in Utility CFB Boilers
Heating season 2008/2009 1 800 hrs of linked operation (5+6 week continous)
Operation with fuel and steam 180 hrs (daytime only) 


Start-up time from
sand circulation on 
flue gas nighttime
to steam gasifcation
approx. 10 minutes
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Co-gasification in Utility CFB Boilers
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HTAG-High Temp Air Gasification (Air Preheat )


Downdraft gasifier Updraft gasifier
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BTL Research Laboratory


• Integration of  
FT synthesis 
reactor


• Prove BTL 
integration


• System 
modelling


• Work on Fuel 
flexibility


150 kW ICFB gasifier. Commissioning, first hot tests
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Pipeline


Industry


Vehicles


Heat
Rya CC CHP


Fuel
handling


Gasi-
fication


Gas 
cleaning


Metan-
isation


CO2-
wash


Pressure
boosting


Dryer


Biomass to SNG: GOBIGAS
Plan: 100 MW output Plant
Status: On-going Studies
Owners: Göteborg Energi, 80%, E.oN 20%
Contractors: M+W Zander FE GmbH 


CTU - Conzepte Technik Umwelt
Repotec


Target: Decision 2009
R&D: Indirect gasification, Chalmers


Tar reforming, KTH
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SPV company formed:
E.ON Gasification Development Co.


Mission statement
“The company’s target is to develop and exploit
technology for thermal gasification of biomass in
order to produce combustible gases, power and heat”.
Target
200 MW SNG plant in operation 2015


Other activities: 20% stakeholder in GoBigas
Involved in the Värnamo discussions


Biomass to SNG: E.ON
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Co-firing: Mälarenergi, Västerås


• Location: MälarEnergi, Västerås


• Capacity: 2*100 MWth, 


• Fuel: Assorted wastes, dem. wood etc.


• Data: Start of construction late 2008, early 
2009 subject to permits etc.


• Application: Co-firing of clean gas into 
existing 600 MW PF boiler 
using peat and coal. Project 
includes major renovation 
of boiler and extension of flue 
gas cleaning to met WID 
requirements
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Biomass Gasification in 
Switzerland


Ruedi Bühler, Umwelt+Energie


• Policy
• Programs
• BMG Industry + BMG projects
• PSI activities: Serge Biollaz
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BMG industry + industrial projects 
(1)


• Type of gasifiers: Indian Institute of Science 
open top down draft gasifier


• Produced by Netpro, Bangalore, India.
• Several plants in operation in India
• Plant sold in Switzerland


– Woodpower, Wila 450 kWel.


Dasag Renewable Energy
Engineers and Suppliers of Biomass
Gasification Power Plants
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Woodpower, Wila
Main features:
• 450 kWel + waste heat utilisation.
• IISc-Netpro gasifier  
• Biomass:  15% moisture content
• Producer gas cleaning system with cyclone 


separation, quenching, scrubbing and 
filtering.


• 1 Jenbacher engine
• Commissioning started January 2007
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Woodpower, Wila
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Woodpower, Wila
Experience:
• Some wrong design details
• Fire


– cleaning of control cabinet
– ash / char coal disposal


• Changes, improvement in plant design during 2007, 2008 and 2009
– Changes / improvements carried out by Woodpower (owner) itself 


with support of IISc (Dasappa)
former subcontractors of dasagren


– Changes May to July 2009: New treatment of charcoal: post-combustion on 
the site


• Woodpower convinced that main problems now solved
• Woodpower still convinced of the IISc technology 
• Source of main problems according to Woodpower: Detail engineering 


of the licenced manufacturer.
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dasagren


• dasagren: “silent liquidation”
– no manpower
– no activities
– could again become activ.
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New company: XyloPower
founded by
• former subcontractors of dasagren
• former partners / shareholders of dasagren
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Slides from  XyloPower
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Slides from  XyloPower
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BMG industrial project (3)


PyrolysePyrolysis


Drying


Oxidation


Reduction


AshAsh


FuelFuel


AirAir


SynSyn GasGas


AirAir


PYCON
P   Y   R   O   F  O  R  C  E 


C  O  N  Z  E  P  T  E    AG


+


Pyroforce 2-zone gasifier
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Pyroforce System


• 2-zone downdraft gasifier
• Gas cooler (to 150°C)
• Bag house filter 
• precoating (adsorbant for 


contaminants + tar reducing)
• Washing column (water or solvant)
• Jenbacher engine.


PYCON
P   Y   R   O   F  O  R  C  E 


C  O  N  Z  E  P  T  E    AG


Cooler


air


Adsorbant


Bag house


Scrubbber
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Commercial Plant 
Güssing, AT


• 300 kWel , 2 gasifiers + coolers 
• 1 Bag house filter
• 1 Jenbacher engine
• commissioning phase 2007
• actual:


– new control system
– in operation again since March 2009


PYCON
P   Y   R   O   F  O  R  C  E 


C  O  N  Z  E  P  T  E    AG
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Güssing, AT PYCON
P   Y   R   O   F  O  R  C  E 


C  O  N  Z  E  P  T  E    AG


view after placing of the gasifiers
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Commercial Plant 
Nidwalden, CH


• 1’200 kWel , 8 gasifiers + coolers 
• 2 Bag house filters 
• 2 Jenbacher engines
• commissioning 2007


PYCON
P   Y   R   O   F  O  R  C  E 


C  O  N  Z  E  P  T  E    AG
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Holzstrom Nidwalden:
actual situation


• Electricity produced 2008: 2’100 MWh
• Problems:


– quality of demolition wood
– feeding and flame migration (—> redesign of upper part 


of reactor)
– gas cooler (weld): to be replaced
– control system will be replaced (based on experience at 


Güssing)


PYCON
P   Y   R   O   F  O  R  C  E 


C  O  N  Z  E  P  T  E    AG
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Commercial Plant 
Nidwalden, CH


PYCON
P   Y   R   O   F  O  R  C  E 


C  O  N  Z  E  P  T  E    AG
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Commercial Plants
PYCON


P   Y   R   O   F  O  R  C  E 


C  O  N  Z  E  P  T  E    AG


• PYCON gives warranties
– efficiency
– power + heat
– availability
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Biomass Activities of PSI


Presentation S. Biollaz
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Country report 
Switzerland, PSI


Country report SwitzerlandCountry report Switzerland
-- PSI PSI --


Serge BiollazSerge Biollaz


PSI PSI –– CHCH--5232 5232 VilligenVilligen


IEA IEA –– Gasification Task Meeting Gasification Task Meeting –– Karlsruhe Karlsruhe –– Mai 2009Mai 2009
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Country report 
Switzerland, PSI


Outline


• Introduction


• Biomass to SNG activities (dry & wet biomass)


• Biomass to electricity activities (IGCC & IGFC).
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Country report 
Switzerland, PSI


Introduction
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Country report 
Switzerland, PSI


PSI’s portfolio strategy for Bioenergy research
SNG and electric energy from dry and wet biomass via gasification processes


Hydrothermal
Gasification


Gasification &
Methanation


Biogas
Natural Gas grid


Heat


Power


Kompogas


Diesel, MeOH, etc.


CHP


CHP


*) PSI project BioMeth in the 90ies Actual PSI focus


Gasification & 
BtL processes *)
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Country report 
Switzerland, PSI


Biomass to SNG activities
(dry & wet biomass)
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Country report 
Switzerland, PSI


Bioenergy & the European Natural Gas Network
End users are getting access to bioenergy via a dense distribution network


European NG grid (25 … 70 bar)
Gas Infrastructure Europe: www.gie.eu.com


1st generation (biogas) &
2nd generation (via syngas)
3rd generation (from algea)


wood


grass
straw


algea
• Energy crops
• Black liquor
• sludges
• …
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Country report 
Switzerland, PSI


separation


SNG from biosyngas / dry biomass
R&D on methanation and gas cleaning in Güssing, A


For details see Reinhard Rauch workshop 
presentation 14th May


Demonstration Unit
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Country report 
Switzerland, PSI


Hydrothermal Gasification 
(SNG from wet biomass)


Dr. F. Vogel, 13.5.09
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Country report 
Switzerland, PSI


SNG from wet biomass via hydrothermal gasification
Combining algea and SNG production: SunCHem process 


CC
CO2
H2O


O2


wet biomass (algea)


nutrients, CO2, H2O


Photo-
bioreactor


Hydrothermal
Gasification CH4


Dr. F. Vogel, 13.5.09
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Country report 
Switzerland, PSI


PSI’s catalytic hydrothermal SNG process for wet biomass


Biomass slurry


Water


CO2


SNG
(to the pipeline or gas engine,
fuel cell, gas turbine)


High pressure 
slurry pump


Preheater
(Heat 
recovery)


Gas fired 
burner


Reactor
(Gasification & 
Methanation)


Cooler
Phase 
separator


Air


PSA


Salt 
separator & 
superheater


Flue gas


Salt brine


Calculated net efficiency (biomass dry matter to SNG):
• 60% for liquid manure, sewage sludge
• 70% for wood sawdust
• Recovery of the nutrients as concentrated brine
• Recovery of the CO2 → sequestration


Dr. F. Vogel, 13.5.09
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Country report 
Switzerland, PSI


Process Development Unit (KONTI-2)


A B


C


D


E
G


H F


A Feed container
B High pressure pump
C Preheater
D Salt separator
E Fixed-bed reactor
F Coolers
G Pressure letdown &


G/L separation
H on-line gas analysis


Max. 1 kg/h
500°C


35 MPa


Dr. F. Vogel, 13.5.09
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Country report 
Switzerland, PSI


Biomass to electricity activities
(IGFC & IGCC)
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Country report 
Switzerland, PSI


Existing and future options for power generation from wood
Electrical efficiencies for bio-power plants


CHP-Systems


El
ec


tri
ca


l E
ffi


cie
nc


y  
η e


l, n
et


[%
] Steam cycle


Gas engine (single unit)


Gas engine - ORC combined


Fuel Cell & Fuel Cell combined 


Steam cycle


Gas turbine


Combined Cylce (CC)


Co-Firing NGCC or Co-Gasification CC


Power Generation


Biomass Input [MWth]
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Country report 
Switzerland, PSI


Gasification Fuel Cell
(FC)


Gas cleaning
& - conditioning


Power generationGas production / Fuel processing


What is a good product gas for fuel cell application?


Biomass-Integrated Gasification Fuel Cell (B-IGFC) 
Process steps for power generation from biomass via gasification and fuel cell


Biomass 
pre-treatment Stack


Species of interest in the product gas:
• Bulk: H2, CO, CH4, CxHy, N2, CO2 and H2O 
• Impurities & potential contaminants I: Tars, H2S, COS, S-containing tars, NH3, HCN, …
• Impurities & potential contaminants II: K, Na, As, Sb, P, Se, ….


„fuel spec“
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Country report 
Switzerland, PSI


Results of technical system analysis of B-IGFC, 1 MWel, NG ref
General conclusion: Product gas should be CH4–rich and low in sulphur


More information: http://e-collection.ethbib.ethz.ch/eserv/eth:41553/eth-41553-02.pdf
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ηth ca. 54 %
Temperature 150°C
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System 5
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Temperature 200°C


Tubular cell
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Country report 
Switzerland, PSI


Biomass co-firing in gas turbine
Issues investigated


combustion characteristic


gas quality


Biomass quality
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Country report 
Switzerland, PSI


Gasification of grass in a bubbling fluidized bed (BFB)
Ambient pressure, 1 kg/h


Ca K Mg Na Ba S Si


g/kg hay1 7.0 17.3 1.6 0.1 0.02 1.2 14.0


g/kg hay2 6.6 18.8 2.0 0.5 0.03 2.0 9.4


g/kg wood2 5.3 1.7 0.6 0.2 0.09 0.7 1.3


1:  measurements   2:  mean literature values
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Country report 
Switzerland, PSI


Diagnostics for gas composition and contaminants
Online measurement


• continuous gas sampling


• permanent gases (online μGC, 3 min/sample)


• tars in solvent (offline GC/MS or GC/SCD)


• 99% of particles in the solvent & online ICP (30 s/sample)


continuous 
wet sampling


μGC


ICP/OES


raw gas


clean gas
permanent gases


loaded solvent
tars, particles


ICP, online (mobile with bus)  








NREL is a national laboratory of the U.S. Department of Energy Office of Energy Efficiency and Renewable Energy operated by the Alliance for Sustainable Energy, LLC


Task Meeting, IEA 
Bioenergy, Task 33


Richard L. Bain


May 14, 2009


Status of U.S. Biomass Gasification
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Presentation Outline


• USA Energy
• USDOE Projects
• Non-Federal Projects
• Gasification Technologies


Photo Credit: Chariton Valley RC&D
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Year Coal Natural 
Gas


Petroleum Total 
Fossil


Nuclear Hydro- 
electric


Geo- 
thermal


Solar/PV Wind Biomass Total 
Renewabl
e Energy 


Total 
Primary 
Energy


1973 12.97 22.51 34.84 70.32 0.91 2.86 0.04 NA NA 1.53 4.43 75.71
1974 12.66 21.73 33.45 67.91 1.27 3.18 0.05 NA NA 1.54 4.77 73.99
1975 12.66 19.95 32.73 65.35 1.90 3.15 0.07 NA NA 1.50 4.72 72.00
1976 13.58 20.35 35.17 69.10 2.11 2.98 0.08 NA NA 1.71 4.77 76.01
1977 13.92 19.93 37.12 70.99 2.70 2.33 0.08 NA NA 1.84 4.25 78.00
1978 13.77 20.00 37.97 71.86 3.02 2.94 0.06 NA NA 2.04 5.04 79.99
1979 15.04 20.67 37.12 72.89 2.78 2.93 0.08 NA NA 2.15 5.17 80.90
1980 15.42 20.24 34.20 69.83 2.74 2.90 0.11 NA NA 2.48 5.49 78.12
1981 15.91 19.75 31.93 67.57 3.01 2.76 0.12 NA NA 2.60 5.48 76.17
1982 15.32 18.36 30.23 63.89 3.13 3.27 0.10 NA NA 2.66 6.03 73.15
1983 15.89 17.22 30.05 63.15 3.20 3.53 0.13 NA 0.00 2.90 6.56 73.04
1984 17.07 18.39 31.05 66.50 3.55 3.39 0.16 0.00 0.00 2.97 6.52 76.71
1985 17.48 17.70 30.92 66.09 4.08 2.97 0.20 0.00 0.00 3.02 6.18 76.49
1986 17.26 16.59 32.20 66.03 4.38 3.07 0.22 0.00 0.00 2.93 6.22 76.76
1987 18.01 17.64 32.87 68.52 4.75 2.63 0.23 0.00 0.00 2.87 5.74 79.17
1988 18.85 18.45 34.22 71.56 5.59 2.33 0.22 0.00 0.00 3.02 5.57 82.82
1989 19.07 19.60 34.21 72.91 5.60 2.84 0.32 0.06 0.02 3.16 6.39 84.94
1990 19.17 19.60 33.55 72.33 6.10 3.05 0.34 0.06 0.03 2.74 6.21 84.65
1991 18.99 20.03 32.85 71.88 6.42 3.02 0.35 0.06 0.03 2.78 6.24 84.61
1992 19.12 20.71 33.53 73.40 6.48 2.62 0.35 0.06 0.03 2.93 5.99 85.96
1993 19.84 21.23 33.74 74.84 6.41 2.89 0.36 0.07 0.03 2.91 6.26 87.60
1994 19.91 21.73 34.56 76.26 6.69 2.68 0.34 0.07 0.04 3.03 6.16 89.26
1995 20.09 22.67 34.44 77.26 7.08 3.21 0.29 0.07 0.03 3.10 6.71 91.17
1996 21.00 23.09 35.67 79.78 7.09 3.59 0.32 0.07 0.03 3.16 7.17 94.18
1997 21.45 23.22 36.16 80.87 6.60 3.64 0.32 0.07 0.03 3.11 7.18 94.77
1998 21.66 22.83 36.82 81.37 7.07 3.30 0.33 0.07 0.03 2.93 6.66 95.18
1999 21.62 22.91 37.84 82.43 7.61 3.27 0.33 0.07 0.05 2.97 6.68 96.82
2000 22.58 23.82 38.26 84.73 7.86 2.81 0.32 0.07 0.06 3.01 6.26 98.98
2001 21.91 22.77 38.19 82.90 8.03 2.24 0.31 0.07 0.07 2.63 5.32 96.33
2002 21.90 23.56 38.23 83.75 8.14 2.69 0.33 0.06 0.11 2.71 5.89 97.86
2003 22.32 22.90 38.81 84.08 7.96 2.82 0.33 0.06 0.11 2.82 6.15 98.21
2004 22.47 22.93 40.29 85.83 8.22 2.69 0.34 0.06 0.14 3.02 6.26 100.35
2005 22.80 22.58 40.39 85.82 8.16 2.70 0.34 0.07 0.18 3.15 6.44 100.51
2006 22.45 22.19 39.96 84.66 8.21 2.87 0.34 0.07 0.26 3.37 6.92 99.86
2007 22.78 23.64 39.77 86.21 8.41 2.46 0.35 0.08 0.32 3.62 6.84 101.57


Fossil Energy Renewable Energy


Quadrillion Btu


USA Primary Energy Consumption
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Hydroelectric 
Power, 2463


Geothermal 
Energy, 353


Solar/PV 
Energy, 80


Wind 
Energy, 319


Wood Energy, 
2165


Waste Energy, 
431


Biofuels, 1024


Total  = 6835 trillion Btu


USA Renewable Energy Consumption in 2007
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Biopower Summary


Biopower status
2006 Capacity – 10.4 GWe


– 5 GW Pulp and Paper
– 2 GW Dedicated Biomass
– 3 GW MSW and Landfill Gas
– 0.5 GW Cofiring


2006 Generation – 54.9 TWh
Cost – 0.08 – 0.10 USD/kWh


Sources:  Aden,et. al, NREL/TP-510-32438, DOE EIA Annual Energy Outlook, Table A16 (year-by-year) 


Potential
• Cost – 0.04-0.06 USD kWh (integrated gasification combined cycle)
• 2030 – 160 TWh (net electricity exported to grid from integrated 60 


billion gal/yr biorefinery industry)







U.S. National Commitment to Ambitious Biofuels Goals


“Cost-competitive cellulosic ethanol”
– Cost-competitive in the blend market by 2012


“20 in 10” (from the 2007 State of the Union address)
– Reduce U.S. gasoline* use by 20% by 2017 through…


o 5% reduction from enhanced efficiency standards (CAFÉ)


o 15% reduction from new Alternative Fuels Standard at 35 billion gallons/year (consistent with 
the current RFS)


EISA (Energy Independence & Security Act)
– 36 billion gallons renewable fuel by 2022


• 21 billion gallons advanced biofuels


30 x 30 (followed from the 2006 State of the Union addres)
– Longer-term biofuels goal
– Ramp up the production of biofuels to 60 billion gallons
– Displace 30% of U.S. gasoline consumption* (based on 2004 use) by 2030







Geographic, Feedstock, and Technology Diversity
Major DOE Biofuels Project Locations


BlueFire Ethanol
Biochemical
Municipal Solid Waste
(Mecca, CA)


Poet
Biochemical


Corn Cob/Corn Fiber
(Emmetsburg, IA)


Lignol 
Biochemical
Woody Biomass- Ag 
Residues
(Grand Junction, CO) ICM


Biochemical
Switchgrass, Forage 
Sorghum, Stover
(St. Joseph, MO)


Abengoa
Biochemica


Agricultural Residue
(Hugoton, KS)


DOE Joint Bioenergy Institute
(Berkeley, CA)


DOE Great Lakes 
Bioenergy Research Center
(Madison, WI)


DOE Bioenergy Science 
Center
(Oak Ridge, TN)


NewPage
Thermochemical


Woody Biomass – Mill Residues
(Wisconsin Rapids, WI)


Range Fuels
Thermochemical
Woody Waste
(Soperton, GA)


DSM Innovation Center
Biochemical
Various
(Parsippany, NJ)


Novozymes
Biochemical
Various
(Davis, CA)


Genencor
Biochemical
Various
(Palo Alto, CA)


Verenium Corp
Biochemical
Various 
(San Diego, CA)


Dupont               
Biochemical
Various
(Wilmington, DE)


Mascoma
Biochemical


Various 
(Lebanon, NH)


Purdue University
Biochemical 
(West Lafayette, IN)


Cargill Inc
Biochemical 


Various
(Minneapolis, MN)


Regional Partnerships
South Dakota State Univ., Brookings, SD
Cornell University, Ithaca, NY
Univ. of Tennessee, Knoxville, TN
Oklahoma State Univ., Stillwater, OK
Oregon State Univ., Corvallis, OR


Nine Small-Scale Biorefinery Projects


Four Commercial-Scale Biorefinery Projects


Four Improved Enzyme Projects


Five Projects for Fermentation Organisms


Five Thermochemical Syngas Projects


Three Office of Science Bioenergy Centers


DOE Joint Solicitation Biomass Projects


Five Thermochemical Bio-Oil Projects


Six University Projects


Ceres, Inc
Various 


(Thousand Oaks, CA)


Regents of the University of 
Minnesota 
Various
(Minneapolis, MN)


Purdue University
(West Lafayette, IN)


Cornell University
(Ithaca, NY)


GE Global Research
(Niskayuna, NY)


RSE Pulp & 
Chemical, LLC
Biochemical
Woody Biomass-
Mill Residues
(Old Town, ME)


Alltech
Biochemical
Corn Cobs/Corn Fiber
(Washington County, KY)


Mascoma
Biochemical
Hardwoods
(Upper Peninsula, MI)


Emery Energy
Thermochemical
Corn Stover
(Salt Lake City, UT)


Iowa State (3)
University
(Ames, IA)


Southern Research 
Institute


Thermochemical
Various


(Birmingham, AL)


Research Triangle Institute (2)
Thermochemical
Woody Biomass
(Research Triangle Park, NC)


Gas Technology Institute     
(Des Plaines, IL)


Flambeau River
Thermochemical
Forest Residues/Wood Waste
(Park Falls, WI)


Pacific Ethanol
Biochemical 
Wheat Straw, Stover, 
Poplar Residues
(Boardman, OR)


Verenium Biofuels Corp.
Biochemical Process
Energy Cane and Bagasse
(Jennings, LA)


Montana State University
Bozeman, (MT)


UOP, LLC
Thermochemical
(Des Plaines, IL)


University of Georgia
(Athens, GA)


Georgia Tech
(Atlanta, GA)


Stevens Institute of 
Technology
(Hoboken NJ)


University of Maine
(Orono, ME)


Univeristy of 
Toledo
(Toldeo, OH)


Virginia Tech
(Blacksburg, VA)


University of 
Massachusetts – Amhers
(Amherst, MA)
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Solicitations: Leveraging Partnerships to Achieve Goals


Commercial-Scale Biorefineries (up to $272 million)
– Four cost-shared, integrated biorefinery demonstration projects to produce


130 million gallons of cellulosic ethanol in 5 years using variety of conversion technologies and 
cellulosic feedstocks


10%-Scale Biorefinery Validation (up to $210 million)
– Cost-shared, integrated biorefinery demonstrations using cellulosic feedstocks to produce 


renewable fuels; one-tenth of commercial scale
– Eight selectees announced for a total investment of $210 million


Ethanologen Solicitation (up to $23 million) 
– Five selected research teams working on microorganisms


Enzyme Solicitation (up to $33.8 million)
– Four selected research teams working on inexpensive enzyme systems for


commercial biomass hydrolysis
Thermochemical Solicitation (up to $16.7 million)


– Integration of gasification and catalyst development
– Pyrolysis oil stabilization


Joint DOE-USDA Solicitation ($5.2 million of $18 million funded by DOE)
– Biomass R&D Initiative: 20 awards announced March 2008


POTENTIAL FUTURE SOLICITATIONS
– Integrated Pilot Sale Biorefinery 
– Integrated Demonstration Scale Biorefinery
– Annual USDA/DOE Joint Solicitation
– Feedstock Logistics Solicitation







EPACT Section 932 “Commercial-Scale” Biorefineries


Performers Feedstock 
Type


Conversion 
Technology


Location Status


Bluefire Sorted MSW
Biochemical-
Concentrated Acid 
Hydrolysis


Mecca, CA
Lease and NEPA issues being 
resolved.  Anticipate an Award 
2 for construction in FY09.


Poet 
Corn Cob 
Corn Fiber


Biochemical Emmetsburg, 
IA


Award 2 TIA issued, 
engineering and construction 
in progress. 


Range Fuels Woody 
Waste 


Gasification + Mixed 
Alcohol synthesis Soperton, GA


Award 2 TIA issued, 
engineering and construction 
in progress. 


Abengoa Agricultural 
Residue Biochemical Hugoton, KS NEPA EIS process initiated.  


Award 2 anticipated in FY09.


DOE investments in cellulosic biofuels will accelerate commercialization and 
help create a biofuels market based on non-food feedstocks.  


TIA = technology investment agreement
NEPA = National Environmental Policy Act
EIS = environmental impact statement







Demonstration-Scale Biorefineries Selected in FY08


Performers Feedstock Type
Conversion 
Technology


Location


Ecofin Corn Cobs, Corn Fiber Biochemical-Solid State 
Fermentation


Washington County, 
KY


Lignol 
Innovations Woody Biomass Biochemical-Organisolve Grand Junction, CO 


Mascoma Woody Biomass Biochemical Upper Peninsula, MI


NewPage Woody Biomass - Mill 
Residue


Thermochemical-Fischer-
Tropsch Wisconsin Rapids, WI


Pacific Ethanol Wheat Straw, Stover, 
Poplar Residuals Biochemical-Biogasol Boardman, OR


RSE Woody Biomass - mill 
residues


Biochemical-Pentose 
Extraction Old Town, ME


Verenium 
Biofuels Corp.


Energy Cane and 
Bagasse Biochemical Process Jennings, LA 


Flambeau River 
Biofuels LLC


Forest residues and 
wood waste 


Thermochem to Fischer-
Tropsch Park Falls, WI 







Abengoa Bioenergy


Production:
• 11. 4 million gallons/year and sufficient energy to 


power the operation and sell excess energy to the 
co-located dry-grind ethanol production plant


• Both ethanol and syngas production, with long 
term strategy of using the syngas for ethanol and 
chemicals production


Technology & Feedstocks:
• Thermochemical (gasification) and biochemical 


processing of 700 tons/day of corn stover, wheat 
straw, milo (sorghum) stubble, switchgrass, and 
other opportunity feedstocks


Will demonstrate dual biochemical and thermochemical
capabilities







Range Fuels, Inc.


Use of a novel two stage gasifier followed by
catalytic conversion of the syngas to mixed alcohols


Production:
20 million gal/yr ethanol, 8 million gal/yr methanol in first 


module
100 million gal/yr ethanol, 40 million gal/yr methanol at 


commercial scale


Technology & Feedstock:
Pyrolysis followed by reforming of pyrolysis vapors to 


synthesis gas
Syngas catalytically converted to mixed alcohols
Unmerchantable timber as feedstock, 500 ton/day first 


module, 2500 ton/day commercial scale 







New Page


Production: 
• 5,500,000 gallons per year of Fischer-Tropsch liquids


Technology and Feedstocks: 
• 497 bone dry tons per day of woody biomass 


comprised of mill residues and unmerchantable forest 
biomass 


• To deploy technologies at existing Wisconsin Rapids 
Mill


• At feasibility study stage
• Evaluating TRI gasification technology


Using gasification followed by catalytic synthesis to liquid 
hydrocarbons
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Gasification Technologies







SKIVE PROCESS DIAGRAM


DISTRICT 
HEATING
11.5 MWth


POWER
3x2 MWe


GAS FILTER


3 GAS ENGINES


BIOMASS, 28 MWth


FLY ASH


2 BOILERS


TO STACK


WATER 


GAS 
SCRUBBER


GAS BUFFER
TANK


2x10 MWth


BOTTOM ASH 


AIR/STEAM


TAR REFORMER
GASIFIER


GAS COOLERS


WOOD
PELLETS


GASIFIER BODY


Carbona: SKIVE GASIFICATION CHP-PLANT, DENMARK
6 MWe and 12 Mwth


February 2009
2 GAS BOILERS


3 JENBACHER GAS ENGINES


FLARE


Source: CarbonaStatus: >1000 hours with engines
April 2009







STATUS OF UPM BTL PROJECT


Biomass to 
liquids 
development


Route:
FB-gasification


Fischer Tropsch synthesis
Product upgrade


UPM strengths:
Access to raw material
Mill integration
Close to core business


Current status Exclusive alliance with Andritz/Carbona 


Piloting in Gas Technology Institute facility in


Des Plaines, IL


Commercial scale plant engineering ongoing &


EIA initiated      


Site selection process ongoing


Wood supply chain & logistics survey ongoing







National Renewable Energy Laboratory                            Innovation for Our Energy Future


Community Power Corporation, Littleton, Colorado







National Renewable Energy Laboratory                            Innovation for Our Energy Future


Community Power Corporation, Littleton, Colorado







National Renewable Energy Laboratory                            Innovation for Our Energy Future
http://www.emeryenergy.com/ (4-10-2009)







Biomass
Silo


Char/Ash 
Load-Out


Gasifier
Building


Gas Product 
Pipe Line


Commercial Installation in Benson, MN


Phase-1 (shown): 75 TPD input (12.5 MWth)
Phase-2 (future): 300 TPD input (50 MWth)


www.frontlinebioenergy.com,  515-292-1200,  Ames, IA  USA


Flare
Test


Boiler


Gasifier


• Bubbling Fluid Bed: air or oxy/steam
• Pressure Operation: up to 5 bar
• Gas Conditioning: high efficiency filtration; 


tar reforming development
• Capacity:  up to 70 MWth per train


Frontline Bioenergy, LLC, Ames, Iowa







Frontline System


Bubbling Fluid Bed
– Fuel flexibility: corn stover, straw, grasses, tramp material
– Robust performance, isothermal: minimal clinkers, bed recycle


Moderate pressure operation
– Greater throughput: single unit, allows shop-built components
– Benefits for Biomass-to-liquids: avoid first stage compression


Gas Conditioning
– Novel filtration: removes alkalis and PM, protects downstream 


boilers and catalytic/biological processes
– Proprietary Tar cleanup: allows multi-burner applications


Upgradeable for Syngas production
– Add oxy/steam system for syngas production


CAPTURE THE ENERGY            release the potential
21







GTI Biomass Gasification Activities


Syngas 
Applications 


Bay 3


BTL 
Project 


Gas 
Cleanup 
Systems:


Bay 1


Flex-Fuel 
Gasification 


Bldg


PWR 
Advanced 
Compact 
Gasifier 


System: Bay 
2


Acid Gas 
Treatment 
Pilot Plant


2nd generation biofuels
• Laboratory & pilot‐scale 


tests for Andritz/Carbona 
and UPM F‐T project


• maximum feed rate of 
biomass (O2‐blown, 25 bar) 
is 40 tons/day


Syngas cleanup
• Warm‐gas cleanup train
• Engineered catalysts


H2 production
• Membrane reactor system


Biomass pretreatment
• Hydrothermal process


Source: GTI







GTI Synthesis Gas Process


Power
CHP


Methanol
Alcohols
FT Diesel
DME


H2
SNG


GTI R&D
Biomass 
pretreatment, 
pyrolysis


GTI U-GAS®,
RENUGAS®,
GPE bluegas,
PWR Compact 


Gasifier


Ultra-Clean


GTI  Catalysts,
Tar Reforming


Morphysorb®,
UCSRP,
CrystaSulf® (+DO)
Ultra-Clean
Membranes


UCSRP,
CrystaSulf-DO®


Ultra-Clean Catalyst


Coal
Biomass
Coal and Biomass


Source: GTI







Pilot Testing Program at GTI


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


Source: GTI







Source


Range Fuels’ Thermo-chemical Conversion Technology


Source: Range Fuels







Range Fuels - Status of Projects


Commercial Cellulosic Biofuels Plant, Soperton, 
Georgia, U.S.
– Q1 2010 complete mechanical construction on Phase 1
– Q2 2010 begin cellulosic biofuels production from Phase 1
– 125 tpd scale


Pilot Cellulosic Biofuels Plant, Denver, Colorado, U.S.
– Q1 2008 began operations on 4th generation, fully integrated 


and automated pilot plant
– Over 10,000 hours of operation on four generations of pilot 


plants
– 2.5 tpd scale


Source: Range Fuels







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 


Highly-scalable TRI reformer design: 
number of PulseEnhancedTM heaters is 
adjusted within same reformer vessel to 


meet required throughput level


TRI BL gasifier (top left) at Norampac’s 
Trenton, Ontario plant


Newest TRI PDU in Durham, NC
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Black Liquor Steam Gasification


TRI Technology and Projects







University of California & West Biofuels: Thermochemical Conversion 
of Biomass to Mixed Alcohols


• 5 ton/day dual-fluidized bed gasifier       
based on “Pyrox Process”


• Producer Gas – 500 BTUs/ft3


• Atmospheric Pressure
• Air blown combustor
• Auto-stabilizing:  Bed Level


Temperature
• Auto-regeneration of catalyst
• Minimizes replenishment of bed   


material and catalyst
• Extensive Testing on MSW in Japan 


(MITI) for power production
3 units each 150 tons/day
7 year demonstration
1983 -1989


• Status: In Start-up 


Research Team:  University of California (San Diego, Davis, and Berkeley), West Biofuels LLC.
Location:   Woodland Biomass Research Center, Woodland, CA 95776
Contact:     Professor Robert Cattolica, PI, UCSD, email: rjcat@ucsd.edu


Source: University of California, San Diego
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Credit:http://www.nexterra.ca/


Nexterra Energy Corporation
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http://www.primenergy.com/Projects_detail_LittleFalls.htm 8/28/06


Primenergy


•Central Minnesota Ethanol Cooperative (CMEC)
•15million gpy ethanol plant in Little Falls, MN
•Funding – USDA, XCEL Energy, Private
•E&C – Sebesta Blomberg
•Gasifier – Primenergy
•280 tpd wood
•50 k-lb/hr high pressure steam for electricity
•35 MMBtu/hr thermal energy







National Renewable Energy Laboratory                            Innovation for Our Energy Future


Gulf Coast Energy, Inc


Process: Ethanol production via biomass
steam reforming, gas cleanup, mixed alcohol
synthesis, alcohol distillation


Gasifier: Indirect entrained flow using
natural gas as fuel


Status: 4.5 tpd pilot unit


Location: Livingston, AL
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Questions








Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


IEA Bioenergy
Task 33 Meeting
on 13th May 2009


Country Report of Austria


Dr. Reinhard Rauch
Vienna, University of Technology







Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Overview


• Research groups:
– Graz University of Technology – Institute of Thermal Engineering
– Graz University of Technology - Institute for Apparatus Design, 


Particle Technology and Combustion Technology
– Joanneum Research Graz - Department of Energy Research
– Vienna, University of Technology, Institute of Chemical Engineering
– FJ-BLT Wieselburg (HBLFA)
– Bioenergy 2020+ (merge of Austrian Bioenergy Centre and 


Renet Austria)


• Implementation:
– Biomass CHP Güssing


• BioSNG Demonstration
• Lab scale FT synthesis


– Pyrotherm CHP Güssing
– Biomass CHP Oberwart







Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Implementations


Owner Type, Capacity Biomass feed Status


Biomassekraftwerk
Güssing GmbH &CO 


KG
FICFB, 2 MWel wood chips in operation


BioSNG
Demonstration


Methanation, 
1MWSNG


Product gas from 
biomass CHP 


Güssing


in 
commissioning


Pyrotherm Kraftwerk
Güssing GmbH Pyroforce, 350kWel waste wood in operation


Energie Oberwart FICFB, 2.7 MWel wood chips in operation







Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Biomass CHP Güssing


SNGSNG--lab scalelab scale FTFT–– liquid fuelsliquid fuels


SOFC


Biomass gasificationBiomass gasification


Catalytic crackingCatalytic cracking


SNGSNG--demonstrationdemonstration







Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Technikum GTechnikum Güüssingssing







Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Technikum GTechnikum Güüssingssing


Product gas pipeProduct gas pipe


LaboratoryLaboratorySNGSNG--demonstrationdemonstration








IEA Task 33: Canada BMG Update


Fernando Preto
CanmetENERGY


Natural Resources Canada


Karlsruhe, Germany     May, 2009







Current  BMG Projects in Canada


In Operation
Nexterra, Tolko (Heat for Dry Kiln)


Commissioning
Enerkem, Westbury Demonstration
Plasco, Ottawa 


Planning
Nexterra
Province of Alberta


Many small-scale developments
Everything from pathogen destruction to residential systems







Tolko Industries Heffley Creek
$7 MM  13 MWth Plywood 
Heating Plant
Annual Savings: $1.5 MM


Tolko Industries Heffley Creek
$7 MM  13 MWth Plywood 
Heating Plant
Annual Savings: $1.5 MM











Plasco - Ottawa
-Syngas from MSW for power generation
-Fixed bed gasifier (600 C)
-30,000 t/y demo being commissioned (Ottawa)
-SDTC Support


-Plans for plant in Red Deer, Alberta







Nexterra: Technology Overview


Partial oxidation at 
1500 – 1800 °F and 
fuel is converted into 


“syngas”


Ash removed by 
automatic ash grate


Syngas exits at 500 
to 700°F


Wood fuel 
3-inch minus


6 – 60% moisture 







Small-scale, distributed power <10 MWe
Highly efficient – up to 60% for cogeneration
Nexterra proprietary syngas conditioning technology
2 MWe Demonstration Plant Being Planned – Fall 2009


Next Generation of Biomass Power







University of South Carolina
$25M Cogeneration System
1.4 MWe
Annual Savings: $2 - 3 MM/yr


University of South Carolina
$25M Cogeneration System
1.4 MWe
Annual Savings: $2 - 3 MM/yr











Dockside Green (Victoria BC)
LEED Platinum Development
2 MWth District Heating Plant
Savings Potential: $700k/yr


Dockside Green (Victoria BC)
LEED Platinum Development
2 MWth District Heating Plant
Savings Potential: $700k/yr







Oak Ridge National Labs (TN)
60,000 lbs/hr steam system
Annual Savings: $4.0 MM


Oak Ridge National Labs (TN)
60,000 lbs/hr steam system
Annual Savings: $4.0 MM


U.S. Dept. of Energy: Oak Ridge







Kruger Tissue Mill (BC)
40,000 lb/hr steam
Direct-firing boiler
Savings: $2.8 MM/yr


Kruger Tissue Mill (BC)
40,000 lb/hr steam
Direct-firing boiler
Savings: $2.8 MM/yr











Province of Alberta: BMG Projects


Three large BMG (>$100M) announced:
Otoka Energy (Energy Products of Idaho)
Millar Western (Taylor Biomass Energy)
Edmonton EWMC (Enerkem + GreenField Ethanol)







Research Activities
FP Innovations/Paprican + CanmetENERGY


Dual fluidized bed gasification of pulp mills residues (6 tpd pilot)
University of Saskatchewan/Sask. Research Centre


Fundamental and F-T research
Interest in large-scale demo


University of British Columbia
Re-activation of pressurized CFB gasifier (76 mm ID)


Lakehead University + CanmetENERGY
Air-blown bubbling fluid bed (100 KWth) – co-firing potential – bed 
material effects on tar formation


University of Northern British Columbia
Nexterra Heating Plant / Research Facility


Nexterra Kamloops PDU
Lime Kiln applications








Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


Contry Report 
Denmark  


 
Karlsruhe may 2009 


 
Henrik Flyver Christiansen 


Danish Energy Agency 







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


Change in Polic:


Medio 2009:
Feed in tarif 10 Euro cents/kWh


Geen growth.
DK have to be 100 % RE


End of 2009 – COP15 in Copenhagen







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


Skive Gasification plant. 
Wood pellets ~ 5 MWel







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


2007 Noise from Flare
2008 Noise from Boiler


2009
Long run at ½ load
Engine 1 – 1130 hours
Engine 2 – 737 hours
Engine 3 – 126 hours







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


Græsted Gasification plant. Wood chips 85 kWel







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


Græsted. Demo plant
• Two step down
draft Gasifier.


• Wood chips 85 kWel
• Included dryer


2006 – 375 engine hour
2007 - Rebuild


1200 Engine hours
2008 - 2200 Engine hours
2009 – 2600 Engine hours


Rebuild for pellets


Scale up – 300 kW.







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


6 * Viking =150 kWel or – 400 kW


Power = 35 % Heat = 65 %


Weiss Project







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


2007
Construction
Modification


2008
Cold test


Hot test – flare
50 kW test


Power > 32 %
on 150 kWel


2009
250 hours


Modification
New project:


200 kW
500 kW







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


Gjøl.


• Demo plant
• Two step down
draft Gasifier.


• Wood chips 2 MWel


Construction
EU Project end 31/8 2007


Future?????







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


TK-Energy







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


Amongas
Twin bed
Research plant.







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


Enviroburner


Moving Grade based
on Straw burners.


SynGas is burned
in steam boiler


Steam Engine on
Deutz diesel engine







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


LT-CFB ad on Gasification pilot plant. 500 kWinput
Straw, Wood and waste







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


 


Dried pig manure


LT-CFB at DTU
• Pilot plant – 500 kW
• Low Temp. - CFB.
• Wood, straw and Waste


Scale up 5 MW
Slurry fibre







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


Harboøre
Gasification plant 1,3 MWel
Wood chips


Today – 0,85 MWel
3,3 MWtot


1 kW/m3







Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants
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Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


Harboøre 2006
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Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


Harboøre 2007
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Danish Follow-up Programme for
Solid Biomass CHP Plants


Harboøre 2008


0
10
20
30
40
50
60
70
80
90


100


jan feb
marts ap


ril maj
jun


i


jul
i


au
g


se
p ok
t


nov


dec


%
 η


to
t, 


m
on


th
ly


 h
ou


rs


0
5
10
15
20
25
30
35
40
45
50


%
 η


el
, P


ow
er


 c
on


/p
ro


, s
ta


rt
/ 


st
op


, W
oo


d 
Ta


r


% Operation hours Total efficiency Power efficiency
% Power con/pro "No. start/stop Wood Tar


Hours og operation:  6103 and gasifier 8329 







From Centralized to Decentralized CHP
Centralized production in the mid 80’s       Decentralized production of today


• Decentralized CHP


• Wind mill park
• Centralized CHP
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Ansager


• Demo plant
• Gasification/
Stirling engine
35 kWel


• Wood chips
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Danish Follow-up Programme for  
Solid Biomass CHP Plants  


2007:
Reconstruction
Operation autumn
2008 – 2009:
3-4 days a week
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Danish Follow-up Programme for
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Castel d’Aiano, Italy Stirling.dk - 35 kW
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Danish Follow-up Programme for
Solid Biomass CHP Plants


2 engines, 1 boiler – 600 kW gasifier


Input 200-600 kW


Electricity output 35-70 kW


Heat output 140-550 kW


Svanholm Gods
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Danish Follow-up Programme for
Solid Biomass CHP Plants


• Designed for energy
efficient char production


• Approx. half the energy
remains in char


Barritskov - Aarstiderner


Power, heat and 
char (fertilizer) production
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Danish Follow-up Programme for
Solid Biomass CHP Plants


COP15 – 2009


Stirling.dk


Container plant
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Danish Follow-up Programme for
Solid Biomass CHP Plants
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Gasification overview


Finland 2009
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BiGPower EU project has concluded


•Project ended Dec 31st 2008
•Results


•1 PhD Thesis, 6  Master's Theses
•Results published at various conferences, Journals and others


• European Catalysis Conference Europacat VIII
• 15th European Biomass Conference
• 12th International Conference on Fluidization
• 4th Dubrovnik Conference on Sustainable Development of Energy
• 9th International Conference on Circulating Fluidized Beds
• Catalysis for Society, XL
• Gas Cleaning at High Temperatures 7


•Public final report pending
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Publications related to UCGFunda


• Articles
• Rönkkönen, H., Simell, P., Reinikainen, M., Krause, O., The effect of sulfur on zirconia


catalysts, Submitted to Applied Catalysis.
• Rönkkönen Hanne, Simell Pekka, Reinikainen Matti and Krause Outi, The effect of sulfur


on zirconia based gas cleanup catalysts, submitted for publication in Topics in Catalysis.
• Upcoming Conferences and seminars


• Nasrullah, M., Moilanen, A., Variation in fuel and ash characteristics of biomass feedstock
for largescale gasification. The 17th European Biomass Conference & Exhibition (EBCE),
29 June  3rd of July 2009, Hamburg, Germany. Abstract submitted.


• Reinikainen, M., Simell, P., Tarprotocol –does it work in practice? The 17th European
Biomass Conference & Exhibition (EBCE), 29 June  3rd of July 2009, Hamburg,
Germany. Abstract submitted.


• Suokko, A., Simell, P., Nieminen, M., Työppönen, T., Luoma, P. and Hannén, J.,
Simulation of blinding of the hot gasification gas filtration unit. The 17th European
Biomass Conference & Exhibition (EBCE), 29 June  3rd of July 2009, Hamburg,
Germany. Abstract submitted.
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Atmosphericpressure CFB/BFB
gasification for kilns and boilers
•Commercial limekiln gasifiers
were constructed in 1980’s by
Ahlström Oy


•New development by Foster
Wheeler in 1990’s for boiler
applications


•Gasifiers are now offered by
•Foster Wheeler
•Carbona/Andritz
•Metso Power


•Feasible in size range 15150 MW
•Fuel drying is often needed
to achieve required flame properties


From: Foster Wheeler
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Finnish biodiesel ventures
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UPM's decision on biodiesel plant to be made in 2010


•"Finnish forest industry company UPM has limited the location alternatives
for its planned biodiesel plant to three possibilities: Rauma and
Kuusankoski in Finland, or a location outside Finland."


•"UPM has estimated that the cost of the biodiesel plant is EUR 200mn
300mn."


•"The manufacturing technology of biodiesel has been tested in Chicago, in
the US, but tests have taken longer than anticipated. The tests were to
have been completed by now, but it seems the whole of 2009 will be
required to complete them."


•"Acquiring an environmental license and building permit in Finland will take
until mid2010".


Source: Kauppalehti, 23 Apr 2009, page 9
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Tar sampling according to the tarprotocol


• In tarprotocol isopropanol is used as
solvent whereas in the comparative
measurements samples were taken in
dichloromethane.


• Dichloromethane is a very good
solvent but for reasons of safety,
health and environment its use is
undesirable.


• The results with purified gas (catalytic
reforming) were in very good
agreement with the results from
comparative measurements.


• The measured concentrations
were well within a 5% window


• No systematic difference in the
results according to the boiling
point or chemical nature of the tar
compound.
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'Rapid' online tar analysis


• Analysis time 1520 min
• Calibrated compounds:


• Benzene
• Toluene
• Naphthalene
• Phenanthrene
• Anthracene
• Fluoranthene
• Pyrene


• Gas phase samples online
• The results have been in good


agreement with the results from
offline analysis off the
corresponding samples.


• Especially useful in transient
conditions where the gas
composition changes quickly.
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Raw gas: IPA and DCMbottles in series


•Conditions:
•Filtered “raw”biomass


gasification gas
•Tars were first trapped in


isopropanol and the effluent
gas was further sampled in
dichloromethane.


•Observations:
•Heavier tars did not dissolve


completely in isopropanol and
in some cases more than 10
w% of the tars had slipped to
the dichloromethane phase. 12,987,1Pyrene


12,787,3Fluoranthene


9,390,7Anthracene


9,590,5Phenanthrene


14,485,62Methyl1Naphthol


0,199,9Naphthalene


0,0100,0Indene


0,0100,0Styrene


0,0100,0Toluene


0,0100,0Benzene


DMCIPA


Distribution in solvents, w%
Compound
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Conclusions about Tar Protocol


•Under carefully controlled conditions, the Tar Protocol seems a reliable
method for the analysis of tars.


•However, as a typical offline method the analysis is fairly labourintensive
and timeconsuming.


•A fast tar analysis method based on online gas chromatography was
developed to overcome this problem.


•Concentration of benzene, toluene, naphthalene, phenanthrene,
anthracene, fluoranthene and pyrene can be analyzed in one run of
about 15 minutes.


•The results have been in good agreement with the results from offline
analysis off the corresponding samples.


•This method has proved to be especially useful in transient conditions
where the gas composition changes quickly.
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Primary Energy Consumption in Germany 2008
Total 14.003 PJ1)
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Rate of renewable Energy in overall Energy Supply in Germany 
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Contribution of renewable Energy for Power Generation in 
Germany 1990 - 2008
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Renewable Energy for Heat Supply in Germany 1997-2008
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Renewable Energies for Fuel Consumption in Germany
1991-2008







KIT – die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universität Karlsruhe (TH)


7 | Thomas Kolb | ITC-TAB | 21.04.2008


Total Turnover from renewable Energy in Germany 2008
(Investment and operationals costs)







KIT – die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universität Karlsruhe (TH)


8 | Thomas Kolb | ITC-TAB | 21.04.2008


Specification
- CFB / steam - oxygen blown
- fuel: dry biomass / 60 - 100 kg/h
- thermal load: 400 kWth


- temperature 900°C
- pressure: atmospheric
- FT-synthesis


R&D
- syngas quality for different feedstock 
- additives for slagging
-


BMG - Artfuel, CUTEC
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BMG - Artfuel, CUTEC
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Objective: first commercially operated biomass gasification plant in
Germany


- 10 MWth-gasifier (FB)
- first step: power generation
- second step: methanation
- integration of other biomass conversion technologies


Schedule: 01/2008: start of planning
07/2008: end of preliminary planning
05/2009: start of construction
08/2010: initial operation


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


„Technology platform bio energy and methane“


platform for R&D activities
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biogas plant gasification


Biomass pyrolysis


LNG-plant


Location: Geislingen-Türkheim (near Stuttgart)


„Technology platform bio energy and methane“
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BMG - CHOREN, β-Plant


Lit.: CHOREN
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β - Plant
Specification


- fuel: wood / 65.000 t ds/a
- thermal load: 45 MWth


- FT-fuel: 18,000 m³/a
- pressure: 6 bar
- invest: ca. 100 Mio. €


Mechanical Completion in April 2008 not in operation 05/2009


σ - Plant
- basic engineering
- site selection (Schwedt refinery)
- decision expected 2009??
- invest > 500 Mio€


BMG - CHOREN







KIT – die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universität Karlsruhe (TH)


14 | Thomas Kolb | ITC-TAB | 21.04.2008


BMG - FZK  bioliq, Process Chain
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bioliq - Pyrolysis Plant


Biomass pre-treatment BioSynCrude mixing


Pyrolysis plant


500 kg/h, 2 MWth


● Start-up 11/2005


● Plant construction 05/2006


● End of construction 06/07


● Functionality tests 07/07


● Start of operation: 11/2008
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bioliq® - Entrained Flow Gasifier 
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bioliq®- Gasifier, Flow Sheet


Technical Features:


• Fuel: Bioslurry


• 1000 kg/h


• 5 MW therm. Load
• Gasification with O2


• Temperature above 1200°C
• Pressure 40 to 80 bar
• Membrane Wall
• Slagging
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Welcome at ITC-TAB


Prof. Dr.-Ing. Helmut Seifert


Institute for Technical Chemistry – Divistion of Thermal Waste Treatment (ITC-TAB)


ITC-TAB


bioliq®


ITC-TAB 
Energietechnikum
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R&D at ITC-TAB


Energy Conversion Processes
- Combustion
- Gasification
- Pyrolysis


for Low Rank Fuels
Biomass / Waste / Fossil Fuels


Gas treatment / Gas cleaning
Ash / Slag
Analytics
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monitoring


analysis


Test Facilities of ITC-TAB


gas treatment
KASO


Katalysis/Sorpt.


SAMUM
Hot gas filter


AEOLA
aerosol


setup


Haloclean
Pyrolysis reactor


pyrolysis


KPB


KLEAA
Batch Reactor


incineration


TAMARA


bioliq®-
Pilot gasifier


REGA
gasifier


KLEAA
Batch Reactor


gasification
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Fixed Bed Reactor
KLEAA


TG / HR-FTIR coupling


TGA-Cell


Sample 
Carrier


Sample
Micro Furnace


Exhaust


Control Thermocouple


Grate Incinerator TAMARA


Experimental Equipment for Solid Fuel Combustion


Chemical
Analysis


mg


200 kg/h


10 kg


Fluegas Treatment
and Analysis


electr. Heating
Furnace


Fuelf
Thermocouples


Primary Air


H = 2,5 m
di = 25 cm


800
°C
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Gas cleaning


> 1200°C


1000°C


800°C


400°C


< 200°C


600°C


Combustion


Fines Filtration   
E-Precipitation
Hg    PCDD/F


Flue gas


HT Filtration
HT Sorption


Tar conversion
Combined


Sorption + Filtration


Pyrolysis gas Syngas


Gasification


Pyrolysis


HT Filtration 
Catalysis


E-Precipitation HP-E-Precipitation
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Current Status and Targets


Italian Government Position Paper
(September 2007)


Situation in 2007 (biomass only):


• Number of Plants: 45 


• Installed Capacity ~ 400 MW 


• Energy Production ~ 2500 GWh


(Source: GSE - Electrical Services Provider)







Current support system based upon Green Certificates (CV) was introduced by
D.L. No.79/99 dated 16 March 1999 “Liberalisation of the electricity market”.


A qualification as plant powered by renewable sources (IAFR qualification)
granted by GSE is required according to D.L. No.387 dated 29 December 2003,
implementing EU Directive 2001/77/EC. This law provides “clarifications for the
regulation of energy production from renewable sources and the related promotion
and funding system based upon CV” (hybrid systems and co-firing are included).


Funds were allocated via several subsequent laws:


 No. 296 dated 27 December 2006 (Budget Law 2007);


 No. 222 dated 29 November 2007 (Related Law to the Budget Law 2008);


 No. 244 dated 24 December 2007 (Budget Law 2008).


Final update was made through the D.M. dated 18 December 2008.
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Support Policies







 D.L. No.79/99, as amended by subsequent laws, imposes to operators
delivering to the grid more than 100 GWh per year the obligation that
2% at least of this energy is produced via renewable sources (systems
must be started or improved after April 1999).


 This obligation was increased of 0.35% per year from 2004 to 2006
and is being increased of 0.75% per year from 2007 to 2012.


 The current proportion is therefore 4.55%.


 According to this mechanism, the demand of energy from renewable
sources will necessarily grow during next years.
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Promotion of RES







A Green Certificate (CV) for each MWh per year is associated to the electricity
produced by plants in possession of IAFR qualification, for:


 8 years for plants powered by non-biodegradable wastes, qualified and started
before 2007 and CHP plants combined to district heating and powered by RES;


 12 years for all plants powered by RES, started from April 1999 to December
2007;


 15 years for all plants powered by RES, started from 2008.


4 more years are added, even if at 60%, to plants powered by biomass coming
from short supply chain, started before 2008, and plants powered by non-
biodegradable wastes, started from 2004 to 2006.


A multiplicative coefficient of 1.8 is applied to the energy produced by using either
agricultural and forest waste or biomass from short supply chain (70 km).
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Green Certificates
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Green Certificates Mechanism


Company with the obligation to produce a fraction 
of the energy delivered to the grid from renewable 
sources, which is not covered by its power plants 


Bilateral negotiation 
between operators


GME
(Electricity Market)


€/MWh


€/MWh


Producers GridInput to the grid or self-consumption


Sale to suitable customer, self-consumption or “dedicated drawing” by GSE


prevailing 
option
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Current Incentives


Green Certificates (CV)


2007 2008


weighted average price (€/MWh) 96.83 103.47


no. of Green Certificates traded 586203 690412


value of Green Certificates traded (MWh) 1 1


value (million €) 56.76 71.44


Source GME - updated as of 6 May 2009


For capacities up to 1 MW, plant owner can choose, as an alternative to CV, an all-
inclusive price of 22 c€ per kWh (30 c€ if either agricultural and forest waste or
biomass from short supply chain is used) for 15 years.


These incentives may be cumulated with other forms of support in capital account
(funds for innovative applications) from EC, national or regional Government.
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Market Trend


Capacity No.
Total Capacity 


(MW)
Technology


≤1 MW 36 ~ 20 Thermal Oil/ORC


1-5 MW 16 ~ 40 Thermal Oil/Steam Turbine


5-10 MW 7 ~ 40 Steam Turbine


10-20 MW 7 ~ 100 “


>20 MW 5 ~ 200 “


71 ~ 400


a. Automation and
ease of management


b. Warranted reliability


c. Flexibility to
different feedstocks


d. Reduction and
simplification of
effluents


Market  
requirements







a) Ansaldo Energia (www.ansaldoenergia.com)


b) Marcegaglia Group (www.marcegaglia.com/energy/index_e.html)
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Big Companies


• Large scale applications


• Biomass combustion (b)


• RDF gasification


• Coal gasification (a)


• Residual interest in biomass gasification


• Updraft fixed bed gasifier (a)


• Updraft moving bed gasifier (b)



http://www.ansaldoenergia.com/

http://www.ansaldoenergia.com/

http://www.ansaldoenergia.com/

http://www.ansaldoenergia.com/

http://www.ansaldoenergia.com/

http://www.marcegaglia.com/energy/index_e.html

http://www.marcegaglia.com/energy/index_e.html

http://www.marcegaglia.com/energy/index_e.html

http://www.marcegaglia.com/energy/index_e.html

http://www.marcegaglia.com/energy/index_e.html

http://www.marcegaglia.com/energy/index_e.html

http://www.marcegaglia.com/energy/index_e.html
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Small Companies


Bio&Watt
(www.bio-e-watt.com) 


• Downdraft Gasifier


• Electrostatic Filter


EcoEngineering
(www.ecoeng.eu) 


• RDF Gasification


• Design and Erection


SOCOGES
(www.socoges.it)


• Downdraft Gasifier


• Gas Engines


Caema Engineering 
(www.caemaenergia.com)


• Ankur Scientific Gasifiers


• Capacity Range 250-1500 kW



http://www.bio-e-watt.com/

http://www.bio-e-watt.com/

http://www.bio-e-watt.com/

http://www.bio-e-watt.com/

http://www.bio-e-watt.com/

http://www.ecoeng.eu/

http://www.socoges.it/

http://www.caemaenergia.com/
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Implementations: Commercial Systems


Taranto


• Capacity: 3 MW
• Company: Marcegaglia Group
• Technology: Updraft Gasifier
• Feedstock: Biomass
• Current Status: testing was concluded;


system is being shut down


Rossano (CS)


• Capacity: 20 MW
• Company: Rossano Energia


/Prime Energy
• Technology: Updraft Gasifier
• Feedstock: Olive Waste
• Current Status: no evidence


about its continuous running


Malagrotta (RM)


• Capacity: 100 MW
• Company: 7-Hills/JFE
• Technology: High Temperature Gasification
• Feedstock: RDF
• Current Status: not in operation; dispute is on the way


Genova


• Capacity: 3 MW
• Company: Ansaldo Energia
• Technology: Updraft Gasifier
• Feedstock: Coal, Biomass, RDF
• Current Status: testing is in


progress
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Implementations: Prototype Systems


Castel d’Aiano (BO)


• CISA/CoSeA


• Capacity: 35 kWe


• Focus: Stirling engine


Piacenza


• Syngen


• Capacity: 125 kWe


• Focus: Moveable Bed
Downdraft Gasification


Quingentole (MN)


• Caema Engineering/RIVOIRA


• Capacity: 70 kWe


• Focus: Oxygen Gasification
(up to 30% vol.)


Monopoli (LE)


• SOCOGES


• Capacity: 120 kWe


• Focus: Engine Tuning-Up


Torre Santa Susanna (BR)


• ICQ/SOLENIA


• Capacity: 500 kWth


• Focus: Pyrogasification
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The Gasification Platform at Trisaia R. C.


Downdraft Gasifiers


30-80 KWe


Updraft Gasifier
150 kWth


Fluidised Bed
1.3 MWth


Dual Fluidised Bed
500 kWthMCFC


125 kWe
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Downdraft Gasifiers


CURRENT RESEARCH ACTIVITY


a) Demonstration


b) Use of different feedstocks


b) Gas engines testing


c) Oxygen-enriched air gasification



http://www.marcegaglia.com/energy/index_e.html





a) Fluidised bed gasifier with
internal circulation of bed
material


b) Technology patented by
ENEA/University of L’Aquila


c) First prototype: 1 MWth air-
blown gasifier to be fuelled
with rice husks


d) It was designed, erected and
tested in Trisaia and then
transported and installed in
China
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Former Fluidised Bed Gasifier



http://www.marcegaglia.com/energy/index_e.html
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Novel Fluidised Bed Gasifier


CURRENT ACTIVITY


a) 1.3 MWth gasifier is under construction


b) Oxygen/steam as gasification agents


b) Catalytic ceramic candles inside the gasifier (UNIQUE Project)


c) 100 W Solid Oxide Fuel Cell



http://www.marcegaglia.com/energy/index_e.html
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Updraft Gasifier


 Technology is the same as Genova
gasifier by Ansaldo Energia


 150 kWth gasifier is currently
under construction


SCHEDULED RESEARCH ACTIVITY


• Cleaning systems (coalescent filters, bio-diesel scrubber)


• Gasification agent (air, air/steam)


• Feedstocks (biomass, RDF)


• Gas application (methanol synthesis)


• Cleaning applications (CO2 sequestration, desulphurisation)



http://www.marcegaglia.com/energy/index_e.html
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Dual Fluidised Bed Gasifier


a) 500 kWth pilot plant was
developed in cooperation with
TUV (FICFB technology)


b) Hot gas cleaning (adsorbing
reactor and filtration unit) was
subsequently added


c) Clean producer gas is rich in
hydrogen and with a very low
concentrations of pollutants (fine
particles, H2S, HCl)


d) Suitable to be used as fuel for a
MCFC (current project)



http://www.marcegaglia.com/energy/index_e.html
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Molten Carbonate Fuel Cell


a) MCFC pilot plant is under construction


b) 125 kW stack by AFCo (Ansaldo Fuel Cells)


c) Stack will be fuelled either directly by DFBG gas
or by an assisting gases mixture


RESEARCH ISSUES


• Achievement of the required
gas quality


• Stack durability under severe
feeding conditions


• System performances under
different feeding conditions


• Techno-economic feasibility
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NATIONAL POLICIES and DEVELOPMENTS
subsidy scheme since 1 April 2009


 
total price incl. 


subsidy 
(“basisbedrag”) 


max. total subsidy in 
contract period contract period 


minimum basic 
energy price (1) 
(“basisprijs”) 


biomass (10-50 MW)  11.5-15.6 €ct/kWh (2) 


biomass digestion (GFT (3)) 12.9-14.9 €ct/kWh (2) 


biomass co-digestion and combustion 
(<10 MW) 15.2-17.7 €ct/kWh (4) 


biomass digestion (other fuels) 15.8 €ct/kWh 


550 M€ 12 years 4.4 €ct/kWh 


waste  11.7-14.0 €ct/kWh (5) 158 M€ 15 years 9.2 €ct/kWh (6) 


biogas (waste/sewage water, landfill) 5.9 €ct/kWh 7 M€ 15 years 4.4 €ct/kWh 


biogas (GFT (3)) 46.5 €ct/mn
3 


biogas (manure, other) 58.3 €ct/mn
3 


180 M€ 12 years 14.7 €ct/mn
3 


biogas (waste/sewage water, landfill) (7) 21.8 €ct/mn
3 15 M€ 12 years 14.7 €ct/mn


3 


 
(1): the SDE subsidy will compensate the difference between the total costs (second column) and the actual relevant price having a minimum 


value as given in the last column; the minimum energy price is 2/3 of the expected long-term price; this creates low risk for the plant owner 
and at the same time creates financial control for the government. Plant owners may insure the risk of lower market price than mentioned 
in last column. 


(2): depending on heat production, range 0-2 MJ heat / kWh electricity 
(3): GFT is the Dutch abbreviation for green waste from households, including garden waste 
(4) depending on heat production, range 0-4 MJ heat / kWh electricity 
(5):  depending on energy efficiency (range 22% to 31%) being power plus 2/3 of heat, weighted monthly efficiency  
(6): relative high energy price (or low subsidy) due to fact that approx. half of the power is produced from non-biogenic fuels (in the 


Netherlands, 48% of incinerated municipal solid waste is biogenic)  
(7): gas price is lower then market price, SDE is like an insurance in this category 
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BIOMASS GASIFICATION IN THE NETHERLANDS


• Essent: 85 MWth CFB-gasifier (~30 MWe), demolition wood, 5% 
indirect co-firing in coal boiler


• NUON: ~85 MWth (~35 MWe), demolition wood, 15% direct co-
gasification in coal-IGCC, Shell technology 


• HoSt: 3 MWth CFB-gasifier, chicken manure, heat and 0.25 MWe
(boiler/steam)


• BioMCN: 200 kton/y bio-methanol (180 MWMeOH or 5 PJ/y) from 
glycerin, 50% “co-gasification” in natural gas reformer, glycerin
distillation pre-treatment, start-up end May 2009


• Dahlman: OLGA sold to Portuguese customer, HoSt supplies CFB 
gasifier, chicken manure, ~1 MWe start-up end-2009


• HVC: co-operation with ECN on CHP- and SNG-technology based 
on MILENA and OLGA
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feeding


HVC
ECN technology, biomass-to-SNG with 70%


TIME 2009 2010 2011 2012 2013 2014 2015 2016 2017


DEMOCHP
10 MWth PILOT PHASE DEMO


PHASE COMMERCIAL OPERATION DEMO


LAB PHASE PILOT PHASE DEMO DEMO
PHASE


SNG
50 MWth 


COMMERCIAL
OPERATION DEMO


2018


design data


1


2
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MILENA
gasification technology


25 kW 800 kW 
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OLGA
tar removal


2 m3/h 200 m3/h 
2 000 m3/h 


25 000 m3/h 
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MORE INFORMATION


Bram van der Drift


e: vanderdrift@ecn.nl PO Box 1
t: +31 224 56 4515 NL  1755 ZG Petten
w: www.ecn.nl the Netherlands


publications: www.ecn.nl/publications
composition database: www.phyllis.nl
tar dew point calculator: www.thersites.nl
IEA bioenergy/gasification: www.ieatask33.org 
Milena indirect gasifier: www.milenatechnology.com
OLGA: www.olgatechnology.com / www.renewableenergy.nl
SNG: www.bioSNG.com and www.bioCNG.com








Biomass Gasification Biomass Gasification 
Country Report: New Zealand 2009Country Report: New Zealand 2009


Shusheng PangShusheng Pang
Wood Technology Research CentreWood Technology Research Centre


University of CanterburyUniversity of Canterbury
Christchurch, New ZealandChristchurch, New Zealand







In 2004, NZ primary energy supply was 766 PJ In 2004, NZ primary energy supply was 766 PJ 
(MED 2005):(MED 2005):


Other 
Renewables, 


(55PJ) 7%
Geothermal, 
(85PJ) 11%


Imported oil, 
(258PJ) 34%


Domestic oil, 
(18PJ) 2%


Gas, (161PJ) 
21%


Coal, (92PJ) 
12%


Hydro, (97PJ) 
13%







Past trend of consume energy demand (1995Past trend of consume energy demand (1995--2004)2004)
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In New Zealand, 
around 4 million 
m3/y forest 
residues available 
for  energy.


Around 1.5 million 
m3/y wood 
processing residues 
available for  
energy.







Quantity of Biomass Resource Quantity of Biomass Resource 
in the Futurein the Future


Harvest Scenarios
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New Zealand Energy Policies and New Zealand Energy Policies and 
Strategies: An Update Strategies: An Update 


In 2008, National Party won the national election and In 2008, National Party won the national election and 
replaced Labour party in power.  replaced Labour party in power.  
In late 2007, LabourIn late 2007, Labour--led Government issued new led Government issued new 
policies and strategies:policies and strategies:
–– BiofuelBiofuel sale obligation bill: 0.53% in 2008, 3.4% by 2012. sale obligation bill: 0.53% in 2008, 3.4% by 2012. 
–– By 2040, GHG emissions are reduced by 50% of 2007 level.By 2040, GHG emissions are reduced by 50% of 2007 level.
–– By 2025, 90% electricity is generated from renewable sources. By 2025, 90% electricity is generated from renewable sources. 
–– Emission Trading Scheme was introduced.Emission Trading Scheme was introduced.


The bioThe bio--oil obligation was removed by Nationaloil obligation was removed by National--led led 
government which plans to promote biogovernment which plans to promote bio--oil application oil application 
through tax incentives.   through tax incentives.   
The government increased funding on The government increased funding on bioenergybioenergy R&D.  R&D.  







NZ Emission Trading Scheme (ETS) NZ Emission Trading Scheme (ETS) 
promotes renewable energy?promotes renewable energy?


Carbon Neutral Objectives:Carbon Neutral Objectives:
–– Carbon neutral in the electricity sector by 2025 Carbon neutral in the electricity sector by 2025 
–– Carbon neutral in the stationary energy sector by 2030 Carbon neutral in the stationary energy sector by 2030 
–– Carbon neutral in the transport sector by 2040 Carbon neutral in the transport sector by 2040 
–– Carbon neutral in the total energy sector by 2040.Carbon neutral in the total energy sector by 2040.


Emissions Trading SchemeEmissions Trading Scheme (ETS) (ETS) is the is the 
governmentgovernment’’s core prices core price--based measure for based measure for 
reducing greenhouse gas emissions and achieving reducing greenhouse gas emissions and achieving 
broader sustainability objectives in New Zealand. broader sustainability objectives in New Zealand. 
Over time it will include all major sectors (forestry, Over time it will include all major sectors (forestry, 
transport, stationary energy, industrial processes, transport, stationary energy, industrial processes, 
agriculture and waste) and all greenhouse gases. agriculture and waste) and all greenhouse gases. 







National Programs in Biomass National Programs in Biomass 
Gasification: Gasification: R & D ActivitiesR & D Activities


From October 2008, the University of Canterbury has From October 2008, the University of Canterbury has 
started a new 6started a new 6--year research program of Biomass to year research program of Biomass to 
SyngasSyngas and liquid fuels based on the previous research and liquid fuels based on the previous research 
program of Biomass Gasification for generation of program of Biomass Gasification for generation of 
electricity and heat. electricity and heat. 
Both programs have been funded by the NZ Foundation Both programs have been funded by the NZ Foundation 
for Research, Science and Technology (FRST).  for Research, Science and Technology (FRST).  
Objectives of the new funded programme: Objectives of the new funded programme: 
–– Gasification of biomass, blending of biomass and coal, Gasification of biomass, blending of biomass and coal, 


blending of biomass with blending of biomass with biosolidbiosolid wastes.wastes.
–– Pyrolysis of biomass.Pyrolysis of biomass.
–– Synthesis of gasification producer gas to liquid fuel.   Synthesis of gasification producer gas to liquid fuel.   
–– Life cycle analysis (LCA) for various pathways from Life cycle analysis (LCA) for various pathways from 


biomass to energy and liquid fuels.                             biomass to energy and liquid fuels.                             







Members of New ProgrammeMembers of New Programme


University of Canterbury (Leader). University of Canterbury (Leader). 
CRL Energy Ltd. (Research collaborator)   CRL Energy Ltd. (Research collaborator)   
Crop and Food Research Institute Ltd. (Research Crop and Food Research Institute Ltd. (Research 
collaborator) collaborator) 
MethannexMethannex Ltd. (Industry partner)Ltd. (Industry partner)
Solid Energy Ltd. (Industry partner).Solid Energy Ltd. (Industry partner).
Three forestry companies (Industry partners).Three forestry companies (Industry partners).







Progress of Biomass Gasification in Progress of Biomass Gasification in 
University of CanterburyUniversity of Canterbury


Fast Internal Circulating Fast Internal Circulating 
Fluidised Bed (FICFB) Fluidised Bed (FICFB) 
gasification system has been gasification system has been 
constructed and tested in constructed and tested in 
cold and hot conditions.cold and hot conditions.
OnOn--line gas analysis, gas line gas analysis, gas 
sampling and scrubbing sampling and scrubbing 
system is developed and system is developed and 
installed.installed.
A comprehensive safety A comprehensive safety 
review has been conducted review has been conducted 
and safeguards are and safeguards are 
implemented.implemented.
Four masters students has Four masters students has 
graduated. Six new graduated. Six new 
postgraduate students (4 postgraduate students (4 
PhDs, 2 PhDs, 2 MEsMEs) are working in ) are working in 
this area. this area. 







1) Olivine Sand trials1) Olivine Sand trials
Olivine sand when used as a bed material is known Olivine sand when used as a bed material is known 
to have strong catalytic activity in cracking the wood to have strong catalytic activity in cracking the wood 
tars and lowering the tar content in the producer gas. tars and lowering the tar content in the producer gas. 
Our plan was to test the olivine sand and compare Our plan was to test the olivine sand and compare 
results with runs based on Greywacke sand.  results with runs based on Greywacke sand.  
Hot runs were carried out using Olivine, hydrogen Hot runs were carried out using Olivine, hydrogen 
content was slightly higher than that achieved using content was slightly higher than that achieved using 
Greywacke sand. Tar content was similar but distinct Greywacke sand. Tar content was similar but distinct 
colour change of the tar in colour change of the tar in methylenemethylene chloride shows chloride shows 
the tars produced have probably different the tars produced have probably different 
composition, with maybe lighter (more volatile) composition, with maybe lighter (more volatile) 
individual components.individual components.







2)  Calcite/Olivine trials2)  Calcite/Olivine trials
A hot trial with 25% Calcite/75% Olivine sand: higher A hot trial with 25% Calcite/75% Olivine sand: higher 
H2 content was achieved at 33% compared with 25% H2 content was achieved at 33% compared with 25% 
usual. The thermal efficiency for the run peaked at usual. The thermal efficiency for the run peaked at 
58% which was much higher than 40% usual. 58% which was much higher than 40% usual. 
A hot trial with 50%Calcite/50% Olivine sand: a high A hot trial with 50%Calcite/50% Olivine sand: a high 
gas rate was measured for a peak thermal efficiency gas rate was measured for a peak thermal efficiency 
of about 60%. Hydrogen content of 42% was achieved of about 60%. Hydrogen content of 42% was achieved 
and CO2 content was about 20%. The only downside and CO2 content was about 20%. The only downside 
was unexplained large cycling of the gasification was unexplained large cycling of the gasification 
temperature between 850 and 700C. This behaviour temperature between 850 and 700C. This behaviour 
was outside our control and caused the was outside our control and caused the gasifiergasifier run to run to 
be shut down early.be shut down early.







3) Co3) Co--gasification of gasification of BiosolidsBiosolids with wood sawdust with wood sawdust 
((BiosolidsBiosolids = Dried Sewage Sludge)= Dried Sewage Sludge)
There is an interest by the local City Council to test dried There is an interest by the local City Council to test dried 
biosolidsbiosolids in our in our gasifiergasifier.  The plan was to try varying .  The plan was to try varying 
loadings of loadings of biosolidsbiosolids from 10% to 100% in mixture with from 10% to 100% in mixture with 
wood to study behaviour and gas quality (palletised).wood to study behaviour and gas quality (palletised).
Trials have been completed with successful outcomes on  Trials have been completed with successful outcomes on  
gas quality. The fuel ratios of gas quality. The fuel ratios of biosolidsbiosolids/wood were varied /wood were varied 
from 10% to 100%.  Good quality producer gas was from 10% to 100%.  Good quality producer gas was 
produced similar to wood, but at higher ratios 60, 80 and produced similar to wood, but at higher ratios 60, 80 and 
100% 100% biosolidsbiosolids, the ash accumulated over the run and , the ash accumulated over the run and 
eventually overeventually over--filled the cyclone receiver, bypassed the filled the cyclone receiver, bypassed the 
cyclone and carried over into the afterburner.cyclone and carried over into the afterburner.







Biomass Drying TechnologiesBiomass Drying Technologies
Requirements for the biomass drying:Requirements for the biomass drying:


–– Achieving required MC, which varies with conversion Achieving required MC, which varies with conversion 
technology to be used.technology to be used.


–– Achieving high energy efficiency. Biomass is used as Achieving high energy efficiency. Biomass is used as 
an energy source, therefore overall energy efficiency is an energy source, therefore overall energy efficiency is 
critical to maintain the whole process sustainable.   critical to maintain the whole process sustainable.   


–– Low impact on environment (emissions). VOC Low impact on environment (emissions). VOC 
emissions increase with drying temperature and drying emissions increase with drying temperature and drying 
time.      time.      


–– Low costs.Low costs.
Hard to achieve all at the same time, but dryer design Hard to achieve all at the same time, but dryer design 
and drying operation can be optimised.and drying operation can be optimised.


Sources: 
1. Brammer, J.G. and Bridgwater, A.V. 1999. Renewable and Sustainable Energy 


Reviews 3: 243-289.
2. Xu, Q. and Pang, S. 2008. Drying Technology 26 (11): 1344-1350.
3. Pang, S. 2008. Drying Technology 26(6): 623-624.
4. Wimmerstedt, R. 2007. In Mujumdar, A.S. Handbook of industrial drying.  







Considerations in Dryer OptionConsiderations in Dryer Option


Particle size of the materials for drying.Particle size of the materials for drying.
Drying capacity.Drying capacity.
Costs in capital and operation.Costs in capital and operation.
Available source of heat and alternative uses of Available source of heat and alternative uses of 
that heat source (competing use).that heat source (competing use).
Technical and economic evaluation of the Technical and economic evaluation of the 
integrated system (proportion of costs and integrated system (proportion of costs and 
benefits of the drying operation).benefits of the drying operation).







Based on the above criterion, four types of Based on the above criterion, four types of 
dryers will be discussed:dryers will be discussed:


Packed moving bed dryer.Packed moving bed dryer.
Rotary dryer.Rotary dryer.
Pneumatic dryer.Pneumatic dryer.
Fluidised dryer.Fluidised dryer.


Technologies for increasing energy efficiency Technologies for increasing energy efficiency 
and reducing environmental impacts:  and reducing environmental impacts:  


Superheated steam drying.Superheated steam drying.
Incorporation of heat and emission recovery Incorporation of heat and emission recovery 
system.system.







Packed Moving Bed Dryer Packed Moving Bed Dryer 
(or continuous through(or continuous through--circulation dryer)circulation dryer)


► Single-layer, 
biomass single-
pass, air double-
pass.


► Multi-layer,
biomass multi-
pass, air single-
pass.


Sources: Pang et al. Drying 2008, p.1122-1129. 
Brammer, J.G. and Bridgwater, A.V. 1999.







Results and Discussion (cont.)Results and Discussion (cont.)
Biomass singleBiomass single--pass, air doublepass, air double--passpass


At the same air velocity, air doubleAt the same air velocity, air double--pass uses only half of pass uses only half of 
drying air as compared to air singledrying air as compared to air single--pass.pass.
Drying air inlet from second part of the dryer can achieve Drying air inlet from second part of the dryer can achieve 
lower final moisture content.lower final moisture content.


a. Hot drying air enters from 1st half 
of dryer and is reversed in 2nd part.


b. Hot drying air enters from 2nd half 
of dryer and is reversed in 1st part.
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Rotary DryerRotary Dryer


▲ A commercial dryer


▲ Sketch: inside dryer


◄ Sketch: structural 
configuration  







Results and Discussion (cont.)Results and Discussion (cont.)
CoCo--current configuration:current configuration:


Final MC is below 10%, for use in biomass pyrolysis.Final MC is below 10%, for use in biomass pyrolysis.
Hot drying air is in contact with wet biomass and cooler air in Hot drying air is in contact with wet biomass and cooler air in 
contact with dry biomass, less risk of fire.contact with dry biomass, less risk of fire.
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Sources: 
Xu, Q. and Pang, S. 2008. Drying Technology – An International J. 26: 1344-50
Wimmerstedt, R. 1999. Chemical Engineering and Processing. 38: 441-7.  







Pneumatic Conveying Dryer (also Pneumatic Conveying Dryer (also 
called flash dryer or tube dryer)called flash dryer or tube dryer)


Sources: 
Brammer, J.G. and Bridgewater, A.V. 1999.
Pang, S. 2001. Drying Technology 19(8): 1789-1805.







Superheated Steam Drying: Vapour Internal Reheating Superheated Steam Drying: Vapour Internal Reheating 


Similar advantages to MVR system.Similar advantages to MVR system.
Uses less power but needs heat source for internal heating. Uses less power but needs heat source for internal heating. 


Pressure 
monitor


Temp. 
sensor


Condenser


Condensate Pump


Heating coils


Temp.
sensor


Source: Pang, S. 1997. Drying Technology 15(2): 651-670.
Vijayaraj, B. et al. Drying 2008, p.449-455. Pakowski, Z. et al. Drying 2008, p.1093-1097. 







Drying technologies suitable for the drying of Drying technologies suitable for the drying of 
biomass include:biomass include:


–– Packed moving bed dryer;Packed moving bed dryer;
–– Rotary dryer;Rotary dryer;
–– Pneumatic dryer;Pneumatic dryer;
–– Fluidized bed dryer.Fluidized bed dryer.


Technologies for increasing energy efficiency and Technologies for increasing energy efficiency and 
reducing emissions:reducing emissions:


–– MultiMulti--stage drying;stage drying;
–– Drying with heat/emission recovery system;Drying with heat/emission recovery system;
–– Superheated steam drying.Superheated steam drying.


Mathematical modelling provides a powerful tool Mathematical modelling provides a powerful tool 
for improvement of dryer design and optimisation for improvement of dryer design and optimisation 
of drying operation. of drying operation. 







R&D Activities in Biomass R&D Activities in Biomass GasifiationGasifiation: : 
CRL Energy Research Ltd.CRL Energy Research Ltd.


CRL Energy has recently successfully completed a CRL Energy has recently successfully completed a 
government funded government funded programmeprogramme into into fluidisedfluidised bed bed 
gasification of low rank coal and gasification of low rank coal and syngassyngas cleanclean--up for up for 
production of fuel cell grade hydrogen.production of fuel cell grade hydrogen.
It has now begun research into the impacts of adding It has now begun research into the impacts of adding 
woody biomass to the low rank coal.woody biomass to the low rank coal. The focus is on The focus is on 
measuring and understanding any changes inmeasuring and understanding any changes in
reactivity and reactivity and syngassyngas composition that may result from composition that may result from 
biomass addition and assessing the suitability of the biomass addition and assessing the suitability of the syngassyngas
for Fischerfor Fischer--TropschTropsch conversion to synthetic fuels.conversion to synthetic fuels.
This This programmeprogramme is in collaboration with University of is in collaboration with University of 
Canterbury and coal industry in New Zealand.Canterbury and coal industry in New Zealand.







The CRL The CRL 
Energy Energy 
GasifierGasifier







Commercial Activities: Page Commercial Activities: Page MaCreaMaCrea
Engineering LtdEngineering Ltd


1.7 1.7 MWthMWth updraft updraft gasifiiergasifiier in a plywood mill using fuels:in a plywood mill using fuels:
–– Plywood chip at 11% moisture content wet basis.Plywood chip at 11% moisture content wet basis.
–– Veneer trim (green wood waste) at 45% MC.Veneer trim (green wood waste) at 45% MC.
–– Debarked waste (mixture of bark and green wood waste) Debarked waste (mixture of bark and green wood waste) 


at 42%MC.at 42%MC.
Planning to build a ~ 8 Planning to build a ~ 8 MWthMWth gasifiergasifier..







Commercial Activities: Alternative Commercial Activities: Alternative 
Energy Solution (AES)Energy Solution (AES)


AES is representative of AES is representative of AnkurAnkur in in 
Australasia.Australasia.
It concentrates on scales of It concentrates on scales of 
30kw30kw--5.5MW with electricity 5.5MW with electricity 
generation modules.generation modules.
Working with Working with AnkurAnkur, AES has , AES has 
developed a high temperature developed a high temperature 
gas conditioning filter (HTF) gas conditioning filter (HTF) 
which has passed prototype tests which has passed prototype tests 
and was commercially released in and was commercially released in 
2007.2007.







FluidyneFluidyne Gasification Technology continues to provide Gasification Technology continues to provide 
supervision on gasification activities undertaken by licensees isupervision on gasification activities undertaken by licensees in n 
Australia, Canada, Chile, and California. Australia, Canada, Chile, and California. 
Support is being given to gasification studies at the UniversitySupport is being given to gasification studies at the University
of Ulster, Northern Ireland, in the supply of a of Ulster, Northern Ireland, in the supply of a MicrolabMicrolab and and 
Tasman Class Tasman Class gasifiergasifier in mid 2008.in mid 2008.
From late 2007, an approach was initiated to enable diverse, From late 2007, an approach was initiated to enable diverse, 
but experienced expertise, to associate informally to review andbut experienced expertise, to associate informally to review and
design biomass processing systems that include gasification as design biomass processing systems that include gasification as 
part of commercial processes being investigated, or developed. part of commercial processes being investigated, or developed. 
Experience has shown a serious gap exists within Experience has shown a serious gap exists within 
consultancies to be able to advise clients accurately from in consultancies to be able to advise clients accurately from in 
house expertise.house expertise.


Commercial Activities: Commercial Activities: 
FluidyneFluidyne Gasification TechnologyGasification Technology







►Tasman Class gasifier similar to 
Ulster University Micro-Lab gasifier


◄ Canada. Large 
charcoal gasifier
designed for 
Alterna Energy.


▲Chile Andes 
Class gasifier set 
up.







Windsor Engineering Ltd. is negotiating with an Windsor Engineering Ltd. is negotiating with an 
European European gasifiergasifier manufacturing company to manufacturing company to 
represent them in New Zealand and Australia for represent them in New Zealand and Australia for 
construction of 1construction of 1--5 5 MWthMWth gasifiersgasifiers in Wood in Wood 
Processing Industry.Processing Industry.
This is financially supported by New Zealand Energy This is financially supported by New Zealand Energy 
Efficiency and Conservation Authority (EECA) grant.Efficiency and Conservation Authority (EECA) grant.


Commercial Activities: Commercial Activities: 
Windsor Engineering Ltd.Windsor Engineering Ltd.





