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Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Overview


• Projects
– Graz University of Technology – Institute of Thermal Engineering
– Graz University of Technology - Institute for Apparatus Design, 


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


• Implementation
– Biomass CHP Güssing
– Pyrotherm CHP Güssing
– Biomass CHP Oberwart







Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Research Projects


Graz University of Technology – Institute of Thermal Engineering
• Evaluation and optimisation of a fixed bed gasifier, gas cleaning system and gas 


engine
• R&D of a two staged gasification system
• Scientific Partner in Austrian Bioenergy Centre 
• Health, Safety and environmental issues for gasification systems


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


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


Joanneum Research Graz - Department of Energy Research 
• Life Cycle Assessment







Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Research Projects


Vienna University of Technology, Institute of Chemical Engineering 
• R&D in dual fluidised bed steam gasification
• Production of Fischer Tropsch fuels
• Production of BioSNG
• Usage of the product gas in fuel cells
• Scientific Partner in RENET Austria (Network of Competence for Energy from 


Biomass)
• Scientific Partner in Austrian Bioenergy Centre
• Scientific Partner in Bioenergy 2020+ 


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


FJ-BLT Wieselburg (HBLFA)
• 1st and 2nd generation biofuels







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


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


Energie Oberwart FICFB, 2.7 MWel wood chips in commissioning
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Biomass CHP Güssing


SNGSNG--productionproduction FTFT–– liquid fuelsliquid fuels


SOFC


Biomass gasificationBiomass gasification


Catalytic crackingCatalytic cracking







Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Increase of Availability of the PlantIncrease of Availability of the Plant
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Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 
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Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Pyrotherm CHP Güssing


Owner: Pyrotherm Kraftwerk Güssing GmbH


Constructed by Pyroforce / CTU


Power production 350 kW


Heat production (1) 70°C/90°C 437 kW


Heat production(2) 115°C 140 kW


Biomass type used Clean waste wood from parquet floor 
industry


Hours of operation (gas engine) 
(6th March 2008) 540 h, IBS Jan./Feb. 2008







Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Pyrotherm CHP Güssing


2 fixed bed 
gasifiers


Gas cleaning by
• bag filter 
• RME scrubber


One gas engine 
GE Jenbacher 312







Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Biomass CHP Oberwart


Owner: Energie Oberwart GmbH


Constructed by Ortner Anlagenbau


Power production 2750 kW


Heat production 1500-6000 kW


Biomass type used Wood chips


Status: In commissioning
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Biomass CHP Oberwart
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Modifications compared to biomass CHP Güssing
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Canadian Biofuels Targets


5% renewable content by 2010 
based on the gasoline pool, i.e. 
2 billion litres of renewable 
alternatives to gasoline 


2% renewable content by 2012 in 
diesel and heating oil, i.e. 500 
million litres of renewable 
alternatives to diesel


Specific Targets for Transportation Fuels


Subsidy for Low-impact Renewable Power  1¢ /kWh
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Federal Government Policies
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Federal Initiatives Affecting Gasification


* SDTC NextGen Biofuels Fund


www.ecoaction.gc.ca/ecoenergy-ecoenergie/index-eng.cfm .
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ecoETI Program


www.ecoaction.gc.ca/ecoenergy-ecoenergie/index-eng.cfm .
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ecoENERGY Technology Initiative


The ecoENERGY Technology Initiative is a $230-
million investment in science and technology by the 
Government of Canada to accelerate the 
development and market readiness of technology 
solutions in clean energy. The Initiative is a 
component of ecoACTION, the government's 
actions towards clean air and greenhouse gas 
emission reductions. It will help in the search for 
long term solutions to reducing and eliminating air 
pollutants from energy production and use. 
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The Initiative is directed towards:
• increasing clean energy supplies 
• reducing energy waste 
• reducing pollution from conventional energy


In this context, its eight priority technology areas are:
• Cleaner fossil fuels – focusing on environmental oil sands development 
• Clean coal and carbon capture and storage 
• Distributed electricity generation from clean energy sources 
• Next-generation nuclear energy technologies 
• Bio-based energy systems 
• Low-emission industrial systems 
• Clean transportation systems 
• Built environment, focusing on the integration of renewable energy 
technologies into buildings and community systems.


ecoENERGY Technology Initiative
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The ecoENERGY Technology Initiative focuses heavily on private 
public collaborative arrangements. The Initiative will be delivered 
primarily through:


• responses to calls from NRCan for theme based project 
proposals, on a competitive basis, to the national energy S&T 
community 


• federal laboratories, to continue and establish clean 
energy research in the eight priority areas of the initiative ($40M 
for three years)


ecoENERGY Technology Initiative
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Call for Expressions of Interest: Theme-Based Proposals


Companies, individually or in private-sector consortia, conducting 
or capable of conducting energy-related R&D or technology 
demonstrations in Canada, and company-led public-private sector 
teams involving provincial, territorial and / or municipal 
governments and agencies, and/or Canadian universities and 
colleges, are invited to submit Expressions of Interest Proposals 
for R&D and demonstration projects in the following targeted 
areas:


• Clean Coal and Carbon Capture and Storage ($125M) 
• Cleaner Fossil Fuels ($15M) 


ecoENERGY Technology Initiative
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Governance


• SDTC began operations in November of 2001


• Registered as a not-for-profit, non-share capital corporation under the 
Canada Business Corporations Act


• Operates as an arm’s length independent organization


• Funding allocation of $1.05B from Government of Canada


• Accountable to Parliament through the Minister of Natural Resources


• 15 Directors on the Board, 7 appointed by Canada


• Member Council (15) – proxy for shareholders


• International recognition for this Canadian initiative
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SDTC Funds


SDTC operates two funds:


$550 million SD Tech 
Fund™ was launched 
on April 4, 2002. 


$500 million NextGen 
Biofuels Fund™ was 
launched on 
September 12, 2007.


The funds are complementary and address different gaps in the 
Innovation Chain


The funds are complementary and address different gaps in the 
Innovation Chain
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Funding Gap – Capital Intensive


Fundamental 
Research


Technology Development 
and Demonstration


(Pilot to Full Scale)


Product 
Commercialization 


& Market 
Development


Funding Intensity
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IPO IPO 


GapGapPrePre--
CommercialCommercial


GapGap


Governments
Banks


Industry Industry


Applied
Research


High CAPEXHigh CAPEX


GapGap


The absence of angel and venture capital funding leads to a 
second gap we call the High CAPEX Gap. 


The absence of angel and venture capital funding leads to a 
second gap we call the High CAPEX Gap. 


Market 
Entry & 
Market 
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NextGen Biofuels Fund


Fundamental 
Research


Technology Development 
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NextGen Biofuels


The NextGen Biofuels Fund is positioned to complement the SD 
Tech Fund and address the High CAPEX Gap


The NextGen Biofuels Fund is positioned to complement the SD 
Tech Fund and address the High CAPEX Gap
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NextGen Biofuels Fund


The purpose of the Fund is to:


• facilitate the establishment of first-of-kind large 
demonstration-scale facilities for the production of next-
generation renewable fuels and co-products;


• improve the sustainable development impacts arising from 
the production and use of renewable fuels in Canada; and,


• encourage retention and growth of technology expertise 
and innovation capacity for the production of next-
generation renewable fuels in Canada.


NextGen Biofuels Fund is open for applications at any 
time.
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NextGen Biofuels Fund 
– Funding Allocation Process 


Once a project qualifies for funding (Gate 1), there are three 
possible entry points into the SDTC funding process (Phases 1-3)


Once a project qualifies for funding (Gate 1), there are three 
possible entry points into the SDTC funding process (Phases 1-3)







• Key Policy Targets
• Summary of Policy Actions:


– Electricity & Energy Security
– Energy Conservation & Efficiency


Alternative Energy


The BC Energy Plan 2007 -
A Vision for Clean Energy Leadership







• All new electricity generation projects will
have zero net greenhouse gas emissions


• Clean or renewable electricity generation
continues to account for at least 90 per cent
of total generation.


• Zero greenhouse gas emissions from coal
fired electricity generation


• No nuclear


Key Policy Targets:







Innovation in Alternative Energy
• Establish the Innovative Clean Energy Fund
• Implement a Provincial Bioenergy Strategy
• 5% renewable fuel standard for diesel by 2010
• 5% ethanol content of gasoline by 2010
• Continue support for the BC Hydrogen & Fuel


Cell Strategy







The BC Energy Plan - Delivering
Mechanisms for Innovation...


From Government:
• The ICE Fund


From BC Hydro:
• Standing Offer Contract
• Clean Call for Power
• Biomass Generation Call







Innovative Clean Energy Fund – ICE
$25 million annually
Support of Energy Efficient Technologies


through pre-commercial phase:
• Address Government identified BC energy and


environmental problems
• Showcase and develop BC energy technologies that


have international market potential
• Support new pre-commercial or commercial


technologies not currently used in BC
• Demonstrate commercial success for new energy


technologies
http://www.gov.bc.ca/empr/popt/innovative_clean_energy_fund.html







Standing Offer Program for ‘Clean
Electricity Projects up to 10 MW:


The BC Energy Plan established the following
three general Program design principles:


• Simplify the process, contract terms and conditions
for small power projects in British Columbia


• Offer competitive pricing for these projects relative
to other supply sources; and


• Ensure cost-effectiveness, transparency, and
fairness of the Program.


Go to: http://www.bchydro.com/info/ipp/ipp51323.html
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Canadian Gasification Proponents
• Enerkem


• Nexterra


• Norampac


• FP Innovations


• Plasco


• Woodland Biofuels Inc


• CANMET Energy Technology Centre


• Universities (UBC, U of Toronto, U of Sask. etc…)


• Plus numerous entrepreneurs of “gasification”


and two-stage combustion systems
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Enerkem
A sustainable alcohols facility is being erected in 
Westbury using a fluidized bed gasification process to 
convert biomass such as municipal solid waste, 
sludge, treated wood waste, and construction and 
demolition wood into alcohols (methanol and ethanol). 
The facility will also process residual forest and 
agricultural biomass. The demonstration plant will treat 
12,000 tonnes of biomass-rich residues per year and 
produce 4 million litres of alcohols per year. It is 
expected that a successful demonstration will be 
followed by a commercial plant at the same site 
producing 50 million litres of alcohols per year. 


Enerkem focus on alcohol production – partnership 
with Greenfield Ethanol
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Enerkem – Westbury Plant
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Nexterra
Nexterra Energy Corp. is demonstrating a full-scale 
biomass (wood waste) gasification system that will be 
used to heat existing lime kilns in a conventional pulp 
mill.  The direct firing of the synthetic gas will enable 
lime kilns to convert their energy source from fossil 
fuels to the gas produced from their own wood residue, 
thereby reducing energy costs as well as greenhouse 
gas emissions. 


•Tolko – 12 MWth Lumber Kiln Heat Operating
•Dockside Green Heating Plant – 2 MWth
•University of South Carolina – 2 MWe cogen (steam)
•Pristine Power alliance to develop 10 MWe plant
•Syngas cleaning under development
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Nexterra – Dockside Green
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Norampac
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Norampac
•MTCI Steam Reformer (liquor - 115 tpd solids)


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


•The reformer is operating with only two of four pulse 
heaters principally due to problems/failures of tubes in 
the lower portion of the bed


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


•CANMET has installed syngas and tar sampling system
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Tar Sampling at Norampac
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• Working on the design of an advanced biomass 
gasification system: bench scale and pilot testing


• Development of CFD model for biomass gasification
• Evaluating costs and economics of the process for 


chemical synthesis
• Reviewing current technologies for syngas cleanup and 


conditioning
• Funding and construction of large-scale demonstration
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Plasco


Plasma Gasification for Municipal Solid Waste (MSW) 


Plasco Energy Group Inc. is demonstrating a Plasma 
Gasification process that will economically convert 75 
tonnes a day of MSW into synthetic gas, inert solid 
material and heat. The heat and gas will be utilized in a 
power plant to produce electricity for sale into the 
electricity grid. 
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Plasco Energy - Ottawa
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Woodland Biofuels


“Woodland Biofuels and its partners will build a unique industrial 
demonstration facility to efficiently produce cellulosic ethanol 
from wood waste using Woodland’s patented Catalyzed Pressure 
ReductionTM technology, which also can be used to convert a 
broad range of renewable biomass materials into sustainable 
fuels. The project will field test the new integrated system 
equipment, determine energy consumption/operating costs, and 
prove the technology’s efficiency. A steam blown gasifier will 
produce syngas for cleaning and catalytic conversion to ethanol.
Waste heat from the plant will also eliminate the need to use 
19,000,000 litres per year of Bunker C oil at a neighbouring paper 
recycling plant”*


* Project being supported by SDTC
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Provide Technical Support for Industry
-Air and steam-blown pilot fluidized bed 
gasifiers
-Syngas and tars sampling and analyses
-Flame studies


CANMET Energy Technology Centre







Thank you


Fernando Preto


preto@nrcan.gc.ca
+1-613-996-5589


Questions?
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New Policies & New Projects







Overview


1. New Projects (FP7)


2. New Calls (2008)


3. New Policies


a. New RES Directive


b. SET-Plan Initiatives







FP6 projects, DG Research
(2002-2006)


Funding (EC Contribution)
(18 projects, not including 
demonstration actions)


~81 M€


Bio-fuels for transport 34 %


Bio-refineries 18 %


Gasification and H2 production 23 %


Bio-residues and energy crops 5 %


Combustion 10 %


Others 10 %


3-5 year; 10-30 partners; last project due to end in 2011







FP7 projects, DG Research
(2007-2013) 


1st call of 2007 results (still in negotiation)


Funding (EC Contribution) 
(12 projects - not including 
demonstration actions)


~ 27.1 M€


Bio-fuels [3 CP & 2 SA] 10.0M€


Gas cleaning [3 CP] 9.0 M€


Resource Assessment 
Methodology [2 CA] 3.2 M€
EU-Brazil [1 SA] 0.9 M€


RES Fuel [1 CP] 3.9 M€


3-4 years; 5-15 partners







Acronym Type Title Total Cost (M€) EC (M€)


BIOREF-INTEG SA Development of advanced biorefinery schemes to be integrated into existing fuel 
producing complexes


1.00 1.00 


BEE CA Biomass energy Europe 1.82 1.82 


UNIQUE CP Integration of particulate abatement, removal of trace elements and tar reforming in 
one biomass steam gasification reactor


3.76 2.69 


CEUBIOM CA Classification of European Biomass potential for bioenergy using terrestrial and earth 
observations


1.34 1.34 


BIOTOP SA Biofuel assessment on technical opportunities and research needs for Latin America 1.29 0.99 


PROPANERGY CP Integrated bioconversion of glycerin into value added products and biogas at pilot 
scale plants


2.85 1.91 


SOLARH2 CP European Solar-Fuel initiative – Renewable hydrogen from sun and water. Science 
linking molecular biomimetics and biology


5.52 3.93 


GLYFINERY CP Sustainable and integrated production of liquid biofuels, bioenergy and green 
chemicals from glycerol in biorefineries


5.23 3.94 


SUSTOIL SA Developing advanced biorefinery schemes for integration into existing oil 
production/transesterification plants


0.99 0.99 


SUPERMETHANOL CP Reforming of crude glycerin in supercritical water to produce methanol for re-use in 
biodiesel plants


3.07 2.19 


HYPE CP High efficiency consolidated bioprocess technology for lignocellulose ethanol 5.43 3.66 


GREENSYNGAS CP Advanced cleaning devices for production of green syngas 3.90 2.72 


36.20 27.18 







2008 Calls
Two Stages


1. FP7-ENERGY-2008-1 (26.3M€)


a. Stage 1: Completed / Stage 2 in June


2. FP7-ENERGY-2008-FET (15M€)


a. Stage 1: Completed / Stage 2 in June


3. FP7-ENERGY-NMP-2008-1 (25M€)


a. Stage 1: Completed / Stage 2 in June


4. FP7-ENERGY-2008-RUSSIA (4M€)


a. EC selection: Completed / Waiting for Russian evaluation







Biofuels Technology Platform:
Implementation


• Launched on 8 June 2006 in Brussels
• Strategic Research Agenda presented on 31 January 


2008
• Vision: “By 2030, the European Union covers as much 


as one quarter of its road transport fuel needs by clean 
and CO2-efficient biofuels”


• Mission: “Contribute to the development of  cost-
competitive world-class biofuels technologies, to the 
creation of a healthy biofuels industry and to accelerate 
the deployment of biofuels in the European Union 
through a process of guidance, prioritisation and 
promotion of research, development and demonstration.”


• www.biofuelstp.eu







New Policy Development


SET-Plan
EC Proposal on October 2007
European Council approval in March 2008


New RES Directive
EC Proposal in January 2008
European Council to vote in Mai 2008
European Parliament to vote in October 2008







January 2007 energy package 
• 20-30% GHG reduction
• 20% energy efficiency improvement
• 20% renewable energy including 10% 
biofuels 


Policy proposals


Broadly endorsed by Member States (March 
2007 European Council) and Parliament 
(Thomsen Report of September 2007) 







European Commission 
proposals 23/01/08:


o A new EU emissions trading scheme with a European (not 
national) cap, auctioning of allowances: to generate 
reductions in GHG of 21%


o New national targets to achieve a 10% GHG reduction in 
non ETS sectors 


o A framework to promote the development of CO2 capture 
and storage 


o New guidelines on state aid for environmental protection
o An update on the implementation of the Energy 


Efficiency Action Plan
o New directive to reach the 20% renewable energy target 


and 10% biofuels target







The renewables 
Directive


1. Sets mandatory national targets for renewable energy shares, including 
10% biofuels share, in 2020 (Articles 3 and 5)


2. Requires national action plans (Article 4)


3. Standardises “guarantees of origin” (certifying the renewable origin of 
electricity or heat) (Articles 6, 7, 8  and 10)


4. Enables the transfer of guarantees of origin to give Member States 
flexibility to meet their targets by developing cheaper non domestic 
renewable energy (Article 9)


5. Reforms, or requires reforms of administrative and regulatory barriers 
to the growth of renewable energy (Article 12)


6. Requires improvements in provision of information and training 
regarding renewable energy (Article 13)


7. Improves renewables’ access to the electricity grid (Article 14)


8. Creates a sustainability regime for biofuels (Articles 15-18)







Need to share the 11.5% increase between 
Member States


1. 2005 is the base year for the whole energy package
– 2005 share is modulated to reflect national starting points: a 


third of national growth between 2001 and 2005 is deducted 
from the 2005 actual share for those Member States whose 
growth over the period exceeded 2%


2. 5.5% is added to the modulated 2005 share of renewable energy 
for every Member State


3. The remaining effort is weighted by a GDP/capita index, to reflect 
different levels of wealth across Member States, and multiplied by 
each Member State's population


4. These two elements are added together to derive the full 
renewable energy share of total final energy consumption in 2020.


5. A cap is imposed to ensure that no Member State faces a target of 
50% or more.


Target setting 
methodology







National renewables 
targets


1. Sets mandatory national targets for renewable energy shares, including 
10% biofuels share, in 2020: from 8.5% to 20% for the EU overall.


Shares of renewable energy, 2005 and 2020
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National action plans


• Sector targets now set by Member States
• Measures adequate to achieve the targets including planned 


development of biomass resources
• Provides policy stability for investment







Guarantees of origin


Standardises “guarantees of origin” (certifying the 
renewable origin of electricity or heat) 


• Builds on the framework created by 2001/77/EC
• Standardises information requirements, issuing, transfer 


and cancellation procedures
• Requires the nomination of an independent competent body 


to manage GOs.







Administrative reforms


Reforms, or requires reforms of administrative and regulatory 
barriers to the growth of renewable energy:


• simplification and streamlined procedures


• planning authorities to consider renewable energy and district 
heating and cooling systems


• minimum levels of renewable energy in building codes for new 
or refurbished buildings


• promotion of energy efficient renewable energy


• Certification regimes for installers; mutual recognition







Grid access


Improves renewables’ access to the electricity grid
• Repeats existing access conditions given in 


2001/77/EC


Requires Member States 
• to provide priority access to the grid system for 


electricity from RES
• to develop grid infrastructure
• To review cost sharing rules







Biofuels (1)


Sustainability criteria for biofuels :


• GHG savings – minimum of 35%


• No raw material from undisturbed forests, biodiverse
grassland, nature protection areas (unless taken harmlessly)


• No conversion of wetlands and continuously forested areas 
for biofuel production (to protect carbon stocks)


• All EU biofuels must meet “cross compliance”
environmental rules







• Consequences of not meeting the criteria:
- Biofuels do not count towards targets
- Not eligible for national biofuel obligations
- Not eligible for tax exemptions and similar financial support


• Verification of compliance:
- Responsibility of Member States
- To reduce the administrative burden, Commission can 


decide that “certification schemes” give reliable proof of 
compliance


- If so, all Member States have to accept these certificates as 
proof


Biofuels (2)







• Other measures (Article 18):


- Introduction of diesel blends with 7% biodiesel (2010) and 
10% biodiesel (2014) - limit today is 5%


- Member States to give a bonus in their biofuel obligations 
to biofuels from wastes, residues, cellulosic and ligno-
cellulosic material


Biofuels (3)







The scheme should increase annual GHG 
benefits by at least 7MtCO2eq
• Total biofuels use would thus reduce emissions by at 


least 83Mt


Annual administrative costs should be 
approximately €15M.   
The scheme ensures that the EU only 


supports biofuels with a clearly positive 
lifecycle GHG benefit and whose growth has 
not jeopardised biodiversity.
Progress and developments will be closely 
monitored 


Impact the biofuels 
sustainability regime







SET-Plan / Why


Europe should lead the world:


• Growing international competition
• MSs working alone will struggle
• Mastery of technology vital to competitiveness


Time is of the essence:


• Decisions taken now will have lasting consequences
• Cost of inaction will be much higher in the long run


We need to use the ambition and the targets of the Energy
Policy for Europe to create a new European policy for


energy technology







• Take Measures
• Do Joint strategic planning
• Do Effective implementation
• Increase in resources both financial


and human
• Promote International cooperation


SET-Plan / Will Do







European Industrial Initiatives


European Energy Research 
Capacities


Trans-European energy networks 
and systems of the future


SET-Plan / Initiatives







European Industrial Initiatives
Aim to strengthen industrial energy research and 
innovation by assembling and putting in motion the 
necessary critical mass of activities and actors


• European Wind Initiative
• Solar Europe Initiative
• Bio-energy Europe Initiative
• European CO2 capture, transport and 


storage initiative
• European electricity grid initiative
• Sustainable nuclear fission initiative


SET-Plan / Initiatives







Thank you for your 
attention
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		SET-Plan / Why

		SET-Plan / Will Do

		SET-Plan / Initiatives

		SET-Plan / Initiatives

		Thank you for your attention
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BMG - Germany, Policy


"Roadmap Biofuel", Nov. 14th, 2007 / BMELV, BMU


● increase in biofuel blending 
EtOH 5% 10% (Vol.) ► reject in Apr. 4th, 2008
bio-Diesel 5% 7% (Vol.)


● increase in biofuel share
10% in 2020
CO2 reduction by 1%/a (2011 to 2020)


● sustainable biofuel production / increase in CO2-efficiency
► certification system


● support of 2nd generation biofuel
tax reduction to 2015
► todo: biofuel evaluation by CO2-efficiency
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BMG - Artfuel, CUTEC
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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 - CHOREN, β-Plant


Lit.: CHOREN
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β - Plant
Specification


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


- FTS: 18,000 m³/a
- pressure: 6 bar / ca. 50 compressors required
- invest: ca. 100 Mio. €


Mechanical Completion in April 2008


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


BMG - CHOREN
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BMG - FZK  bioliq, Process Chain


Stroh


Synfuel


Fast pyrolysis


Gas conditioning


High pressure entrained
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Fuel synthesis


Slurry preparation
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BMG - FZK bioliq


regionale Pyrolyse- Anlagen


Zentraler
Centralized Syngas- and 


Synfuel Production


25 km


Regional intermediate Fuel Production, 
Fast Pyrolysis 


250 km


Transportation
radius


Energy density  
[GJ/m3]


Straw 2


Slurry 25


Diesel 36


Biomass harvesting
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bioliq - Fast Pyrolysis / Twin Screw Mixer Reactor
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C
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H
ot sand 550°C


• Mechanical mixing
by sand at 500°C


• Rapid transport, 
good radial mixing


• Fast heat transfer
gas retention time ca. 2 


sec
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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 05/20


● End of construction 06/0


● Functionality tests 07/07


● Start of operation: 02/20
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bioliq - BioSynCrude Preparation


Kolloidal-Mixer


Free flowing suspension


High particle content up to 40wt.%


Stable for storage and transport 


Easy to produce by mixing
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igh Pressure Entrained Flow Gasifier by LURGI


Raw syngas
Quench water


Quench 
water


Slag


Oxygen


Cooling
screen


Technical features:
• Cooling screen
• slagging mode
• fuel: slurry
• Gasification with Oxygen
• Temperatures above 1200 °C
• Pressure max 80 bar


Design based on Lurgi MPG Technology
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. Atomization of Slurries – atmospheric                                      Spray Test Unit


2. Gasification of Slurries – atmospheric                    Pilot-scale Gasifier REGA


3. Atomization of Slurries – pressure                              Spray Test Unit (20 bar)


4. Gasification of Slurries – pressure             Entrained Flow Gasifier (80 bar)


5. Modelling of Atomization / Burnout / Flow


D
evelopm


ent of A
nalytical Tools


R&D for Entrained Flow Gasification
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Development of  Burner Nozzles


External mixing spray nozzle Internal mixing spray nozzle


Atmospheric test unit, EBI


Ø
D


L
D


Cooperation
EBI, University of K
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Research Entrained Flow Gasifier REGA


Flare


Synthesis Gas


Natural gas


Burner
(movable)


ScrubberCooler


Gas analysis
Gas cleaning


Synthesis


Electric heating


Quench Fuel


asification zone


Quench zone


Slurry / Liquid 
uel


Optical 
measurements


Primary air / 
Oxygen


Slag


Technical Features:
● Pth = 60 kW
● mBS = 10 kg/h
● Tmax = 1400°C
● Gasification with O2


● adiabatic, atmospheri
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● Cooling Screen
● O2-Atomization
● Pth = 5 MW 
● pmax = 80 bar


bioliq Gasification 
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flare


ZK Pyrolysis Saatstrom® Pilot Facility 


Biomass


Rotary kiln
HALOCLEAN


N2


Condenser


Coolant


Pyrolysis oil


Coolant
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CHP


Gas Oil


Charcoal


Ball mill
Electrostatic
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HT Filter
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NATIONAL POLICIES and DEVELOPMENTS
renewable energy in NL


bioenergy
1.7%


source: Statusdocument 
bioenergie 2007, 
SenterNovem, Utrecht
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NATIONAL POLICIES and DEVELOPMENTS 
reality and targets


 


effect 2006 2007 2010 2020 


RE (from 20% EU target)  14% 


RE (national government) 
2.8% 2.6% 


 20% 


RE in power 6.5%  5.8%  9%  


RE in transport (biofuels) 0.4% 2%?  5.75%  


CO2 (national government) 3%   30% 
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NATIONAL POLICIES and DEVELOPMENTS
new subsidy scheme since 1 April 2008


 total price incl. 
subsidy 


max. subsidy in 
contract period contract period


wind on-shore 11 €ct/kWh 796 M€ 15 years 


biomass (<50 MW)  12 €ct/kWh 289 M€ 12 years 


waste  11.5-13.7 €ct/kWh a 187 M€ 15 years 


PV 56 €ct/kWh 46 M€ 15 years 


green gas b 27.7 €ct/mn
3 16 M€ 12 years 


a: efficiency 22% to 31% 
b: from digestion of sewage sludge/water treatment or landfill gas
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NATIONAL POLICIES and DEVELOPMENTS
natural gas vehicles


• CNG filling stations 
network upcoming


• considered as step to 
biogas (and bioSNG…)


• www.CNGnet.nl


AutoWeek nr. 6, 
13 Feb. 2008



http://www.cngnet.nl/
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ESSENT
• 85 MWth CFB gasifier operated on demolition wood, cooler, 


cyclone, 600 MWe coal-fired boiler (Amer-9 power station, 
Geertruidenberg, NL), 5 energy%


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


• status gasifier: 3000 h in 2007, 
1000 h in 2008 (boiler 
maintenance late March-June) 


• main problem: cooler fouling, 
after certain time, pressure 
drop gets too high (cooling 
capacity is still OK)
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NUON POWER
250 MWe plant in Buggenum


• 2002: start biomass co-gasification trials
• March 2006: official opening of biomass 


facilities for 30wt% co-gasification, 1500 m3


wood silo, 400 m pneumatic transport to 
gasifier


• now: ~10energy% demolition wood, might 
be more, but…


• supply of pulverized demolition wood is 
limiting factor


• 1% slip stream CO2-capture test planned, 
operational 2010/Q1
− improved concept, low energy use
− knowledge for Magnum project
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NUON POWER
Magnum plant


• Magnum will start as 1200 MWe NG-fired plant with dual-fuel 
turbines, gasifiers will be added in next phase


• CC purchased
• CO2-capture work ongoing in Buggenum
• gasifiers business case optimization:


− lowering CAPEX
− co-production (syngas)
− partnering
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HOST
chicken manure gasification in Tzum


• 3 MWth CFB gasifier, cooler, cyclone, 
boiler, steam turbine


• flue gas cleaning: bag house filter 
(carbon injection), non-catalytic deNOx


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


• main problem: supply of dry manure
• test runs on RDF and MBM


• 10 MW chicken manure plant in 2009?


HoSt, Tzum (NL)
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BIO-MCN (formerly: METHANOR)


• past: 900 kton/y methanol from natural gas (two parallel lines)
• new owner: bio-MCN (Methanol Chemistry Netherlands) for 


bio-methanol
• first feedstock option: glycerin from biodiesel production
• since 30 March 2008: 20 kton/y plant started successfully
• planning: 200 kton/y in 2009/Q1 and 800 kton/y in 2010
• fossil methanol: 250 €/ton, green methanol: 600 €/ton


www.bioMCN.eu



http://www.biomcn.eu/
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ECN
OLGA


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


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


• adapted successfully to high 
concentrations from MILENA 
indirect gasifier


• work started to adapt OLGA for 
low-temperature gasifiers


OLGA plus water scrubbers 
for 100 MW gasifier


www.OLGAtechnology.com



http://www.olgatechnology.com/

http://www.dahlman.nl/index.php?l=0
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ECN
MILENA indirect gasifier (1)


• pilot (160 kg/h) installed 
late 2007


• will be started May 2008
• connected to existing 


OLGA


www.MILENAtechnology.com



http://www.milenatechnology.com/
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ECN
MILENA indirect gasifier (2)
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ECN
MILENA indirect gasifier (3)


1


2


3


4


1. gasifier reactor


2. flue gas filter


3. fuel bunker


4. fuel bunker
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ECN
SNG (1)


• focus on efficiency
• MILENA-OLGA is the basis
• other gas: cleaning significant 


progress recently, system now 
can deal with:
− heavy tars
− light tars
− benzene, toluene
− acetylene, ethylene
− thiophenes
− H2S, COS
− chlorine, …
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ECN
SNG (2)


www.bioSNG.com
www.bioCNG.com


indirect gasification OLGA tar removal many options…


   


gasifier 
 


tar 
removal 


CH4 
synthesis 


gas 
upgrading


3 H2 + CO    CH4 + H2O 


further gas 
cleaning 


fuel 
 


SNG 
 



http://www.biosng.com/

http://www.biocng.com/
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feeding
• January 2008: 30 cell SOFC stack (230 W) operated on wood 


for 200 h without any problem. 
• European project Green Fuel Cell


pre-drying


ECN
SOFC fuel cell (1)


BFB gasifier
TREC tar reduction


filter
dry gas cleaning


dry gas cleaning
SOFC
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ECN
SOFC fuel cell (2)
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pre-drying


feeding


ECN
torrefaction (1)


• focus on high efficiency (>90%)
• torrefaction gas combustion for 


heat generation
• integration with pellet production
• 50-100 kg/h pilot plant in 


operation: PATRIG
− validation of reactor and process 


concept
− optimisation of process conditions for 


different biomass
− industrial pelletisation tests
− extensive pellet quality evaluation
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pre-drying


feeding


ECN
torrefaction (2)
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Industrial partnership formed with Econcern and Chemfo aimed 
at technology demonstration and market introduction


Chemfo


BO2Rights


BO2GO


BO2Unlimited


IP and R&D services


Preparing market introduction of BO2pellets     
1st commercial plant (the Netherlands, 
approx. 70 kton/a, start-up late 2009)


Engineering and supply of commercial 
BO2-plants


ECN
torrefaction (3)
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MORE INFORMATION


Bram van der Drift


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


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



http://www.ecn.nl/publications

http://www.phyllis.nl/

http://www.thersites.nl/

http://www.gastechnology.org/iea

http://www.milenatechnology.com/

http://www.biosng.com/
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Biomass Gasification Biomass Gasification 
---- Country Report: New Zealand 2008Country Report: New Zealand 2008


Shusheng PangShusheng Pang
Wood Technology Research CentreWood Technology Research Centre


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







New Zealand Energy Policies and New Zealand Energy Policies and 
Strategies: An UpdateStrategies: An Update


In late 2007, NZ Government issued three new In late 2007, NZ Government issued three new 
policies and strategies:policies and strategies:
–– BiofuelBiofuel sale obligation bill: 0.53% in2008, 3.4% by 2012;sale obligation bill: 0.53% in2008, 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. 


In the meantime, Emission Trading Scheme is In the meantime, Emission Trading Scheme is 
introduced.introduced.
The government puts more funding on the The government puts more funding on the 
bioenergybioenergy R&D:R&D:
–– $4.1 million pa on renewable energy from 1$4.1 million pa on renewable energy from 1stst Oct., 2008.Oct., 2008.
–– $4 million pa for three years on low carbon energy technologies $4 million pa for three years on low carbon energy technologies with with 


emphases on emphases on bioliquidbioliquid fuels and fuels and bioenergybioenergy.  .  







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


ETS applies a cost of Carbon to liquid fossil fuels, ETS applies a cost of Carbon to liquid fossil fuels, 
natural gas and coal.  natural gas and coal.  
–– Obligation points: refinery, port or mining;Obligation points: refinery, port or mining;
–– Effectively, a Carbon Tax, but international C markets fix Effectively, a Carbon Tax, but international C markets fix 


the C price.the C price.
Increases the price of diesel and electricity. Increases the price of diesel and electricity. 
Creates a payment mechanism to reward land Creates a payment mechanism to reward land 
owners who provide a range of environmental owners who provide a range of environmental 
services by planting forest on grassland (typically services by planting forest on grassland (typically 
hill country pasture in NZ context).  hill country pasture in NZ context).  
–– Carbon Credits (a subsidy) come with a clear liability to Carbon Credits (a subsidy) come with a clear liability to 


maintain Carbon on the land base; maintain Carbon on the land base; 
–– Participants face insurance, compliance (measurements  Participants face insurance, compliance (measurements  


& reporting) and land use opportunity costs.  & reporting) and land use opportunity costs.  







NZ ETS NZ ETS –– Forest Owners first in 2008, Forest Owners first in 2008, 
followed by Oil Companies in 2009,     followed by Oil Companies in 2009,     


then Coal, Gas & Geothermal in 2010then Coal, Gas & Geothermal in 2010


Major Industry and Ag 
grand parented 90% 
free allocation based 
on 2005 emissions


Oil and Coal face full cost 
of Carbon







Direct Costs to NZ HouseholdsDirect Costs to NZ Households
Castalia, 2007 (from NZ Govt. Reg. Impact Statement)Castalia, 2007 (from NZ Govt. Reg. Impact Statement)


11 22 33 44
Carbon Price (t COCarbon Price (t CO22e)e) NZ$10NZ$10 NZ$25NZ$25 NZ$50NZ$50 NZ$100NZ$100


Average household Average household 
expenditure expenditure 


$100 $100 --
$200 pa$200 pa


$170 $170 --
$330 pa$330 pa


$330 $330 --
$660 pa$660 pa


$660 $660 --
$1320 pa$1320 pa


Increase Petrol price per litre Increase Petrol price per litre 
(incl GST)(incl GST)


3.7c3.7c 6.1c6.1c 12.2c12.2c 24.4c24.4c


Increase wholesale Electricity Increase wholesale Electricity 
price per kWhprice per kWh


0.7c0.7c 1.4c1.4c 2.9c2.9c 5.8c5.8c


Increase retail Electricity price Increase retail Electricity price 
per kWhper kWh


1c1c 2c2c 4c4c 8c8c







Energy Price Scenarios 2025Energy Price Scenarios 2025
@ @ carbon price of NZ$300/tonne CO2ecarbon price of NZ$300/tonne CO2e


InfometricsInfometrics, 2008 (using NZ Govt. Emissions Trading Group model), 2008 (using NZ Govt. Emissions Trading Group model)


20072007 IncreaseIncrease PricePrice
Coal Coal ($/GJ)($/GJ) $5.00$5.00 $30.00$30.00 $35.00$35.00


Gas Gas -- Business Business ($/GJ)($/GJ)


-- HouseholdHousehold
$6.40$6.40
$22.70$22.70


$16.30$16.30 $22.70$22.70
$39.00$39.00


Petrol Petrol ($/litre)($/litre) $1.56$1.56 $0.89$0.89 $2.55$2.55


Electricity Electricity –– BusinessBusiness
(kWh)       (kWh)       –– HouseholdHousehold


8.7c8.7c
18.7c18.7c


18c18c 26.2c26.2c
36.7c36.7c







Commercial Activities: Commercial Activities: FluidyneFluidyne


Provides gasification technologies to a number of Provides gasification technologies to a number of 
overseas biomass gasification projects.overseas biomass gasification projects.







GASIFICATION DESIGN







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.







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 gasifier.gasifier.







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.
Two master students has Two master students has 
graduated. Six new graduated. Six new 
postgraduate students are postgraduate students are 
working in this area. working in this area. 







Recent tests with the 100kW FICFB GasifierRecent tests with the 100kW FICFB Gasifier
Producer Gas Composition Changes with different Gasification Temperatures
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Effect of gasification temperature on producer gas composition.


20kg/h of wood feed rate with a steam/biomass ratio of 0.5.
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Producer Gas Composition Changes with different Quantities of Steam Supplied to the 
Gasification Reactor
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Effect of total steam input on producer gas composition (steam/biomass 
ratio varying between 0.35 to 0.77). 


Constant wood feed rate of 20kg/h, with a gasification temperature of 730°C.
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Effect of fuel feed rate: 12.2kg/h to 27kg/h of wood pellets (steam feed rate 
constant at 20 kg/h). 


Gasification temperature of ~720°C.


N2


Producer Gas Composition Changes with different Fuel Feed Rates
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Summary of Best Results AchievedSummary of Best Results Achieved
The aim has been to maximise the calorific value of the producer gas for CHP 
applications while minimising the formation of tars.


20062006 Feb 2008 Feb 2008 
Gasification Temperature Gasification Temperature °°CC 750750 730730


HH2 2 [%][%] 21.721.7 23.523.5
CO [%]CO [%] 28.428.4 34.334.3
COCO2 2 [%][%] 17.417.4 18.918.9
CHCH4 4 [%][%] 11.611.6 14.014.0


Ethene [%]Ethene [%] 3.53.5 4.44.4
Ethane [%]Ethane [%] 0.50.5 0.80.8


NN2 2 [%][%] 16.916.9 3.83.8


He (tracer gas) He (tracer gas) [%][%] 00 0.40.4


Lower Heating Value (LHV) [kJ/NmLower Heating Value (LHV) [kJ/Nm³³]] 10,30010,300 13,50013,500


Producer Gas Generation Rate Producer Gas Generation Rate [Nm[Nm³³/h]/h] ?? 16.816.8


Cold Gas Efficiency [%]Cold Gas Efficiency [%] ?? 4444


Marked 
decrease!







Any opportunities to get involved in another 
gasification project??


Please ask for my contact details and CV from Shusheng Pang.


Doug Bull
BE Mechanical (4 years)


ME Chemical (2 years)


doug.bull@hotmail.com







Canterbury UniversityCanterbury University’’s Gasifier s Gasifier 
HAZOP Review: Adapt Safety Lifecycle HAZOP Review: Adapt Safety Lifecycle 


Methods Methods 
(Coordinated by Dr Eric (Coordinated by Dr Eric ScharpfScharpf, , exidaexida))


•• IEC 61511 International IEC 61511 International Functional Functional 
Safety Safety StandardStandard for the process for the process 
industryindustry


•• Use a performanceUse a performance--based (not based (not 
prescription) process to manage prescription) process to manage 
riskrisk


idae







idae


Analyse the system to understand Analyse the system to understand 
the risksthe risks
Specify any additional safety Specify any additional safety 
measures needed to manage riskmeasures needed to manage risk
Design the safety measures to meet Design the safety measures to meet 
specificationsspecifications
Test the safety systemTest the safety system
Monitor operations and manage Monitor operations and manage 
changes to keep risks lowchanges to keep risks low







Safety Lifecycle ObjectivesSafety Lifecycle Objectives
idae


Build safer systems that do not Build safer systems that do not 
experience as many of the experience as many of the 
problems of the past.problems of the past.
Build more cost effective systems Build more cost effective systems 
that match design with risk.that match design with risk.
Eliminate Eliminate ““weak linkweak link”” designs that designs that 
cost much but provide little.cost much but provide little.
Provide a global framework for Provide a global framework for 
consistent designs.consistent designs.







Layers of Protection to Layers of Protection to 
Reduce RiskReduce Risk


idae


Trip level alarm


Process alarm


Process
value Normal behaviour


Safety
Instrumented
System


Basic
Process
Control
System


Operator
Intervention


Relief valve,
Rupture disk


Blast Shields


Active protection layer


Passive protection layer


Emergency response layer
Plant and
Emergency 
Response
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Emergency Shut Down


Process shutdown
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A Example of Safety Review Form







Other Progresses in the Biomass 
Gasification Studies


New gas cleaning technology to recycle the tart removed New gas cleaning technology to recycle the tart removed 
back to the combustion column and reuse the scrubbing back to the combustion column and reuse the scrubbing 
solvent.solvent.
Feasibility studies on construction of a pilot scale biomass Feasibility studies on construction of a pilot scale biomass 
gasification plant in a wood processing plantgasification plant in a wood processing plant..





		Biomass Gasification �-- Country Report: New Zealand 2008

		New Zealand Energy Policies and Strategies: An Update

		NZ Emission Trading Scheme (ETS) promotes renewable energy?

		NZ ETS – Forest Owners first in 2008, followed by Oil Companies in 2009,     then Coal, Gas & Geothermal in 2010

		Direct Costs to NZ Households�Castalia, 2007 (from NZ Govt. Reg. Impact Statement)

		Energy Price Scenarios 2025�@ carbon price of NZ$300/tonne CO2e�Infometrics, 2008 (using NZ Govt. Emissions Trading Group mode

		Commercial Activities: Fluidyne

		Commercial Activities: Alternative Energy Solution (AES)

		Commercial Activities: Page MaCrea Engineering Ltd

		Progress of Biomass Gasification in University of Canterbury

		Recent tests with the 100kW FICFB Gasifier

		Summary of Best Results Achieved

		Canterbury University’s Gasifier HAZOP Review: Adapt Safety Lifecycle Methods �(Coordinated by Dr Eric Scharpf, exida)

		Safety Lifecycle Objectives

		Layers of Protection to Reduce Risk

		A Example of Safety Review Form

		Other Progresses in the Biomass Gasification Studies
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Country Report Sweden


Lars Waldheim
TPS Termiska Processer AB


Nyköping, Sweden
lars.waldheim@tps.se


IEA Task 33
Task Meeting, Spring 2008


Vienna, Austria
April 21-23, 2007
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BIOMASS GASIFICATION  SWEDEN 2007


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
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Policy
• Secure energy supply in an economic way


• Reduce GHG emissions 4% by 2012


• Use of environmental taxation


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


• no emission rights for free even for existing plants
• the utility sector gets zero emission rights, the industry gets a high percentage


of their emissions rights


• Energy Savings Plan
Statistics and information www. energimyndigheten.se
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Policy
• Biofuels directive


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


• R&D and D
– New black liqour R&D program initiated (85 MSEK)
– New biomass gasification R&D program initiated (40 MSEK)
– 2nd. generation BTL pilot activities 150 MSEK extra in period 2008-2010
– Establishment of financing for demonstration/industrial deployment of 


2nd. generation BTL stated as policy task in the financial plan for the 
2008-2010 period 


Statistics and information www. energimyndigheten.se
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Fuel costs
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Taxes


FY 2008:
• CO2 tax, SEK/kg


0.95 →1.01
110 € per tonne


• Diesel tax, SEK/litre
1.00 → 1.20


VAT 25%
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Indicators
GHG and CO2 emissions


Indexed 1990


Relative use of fossil fuels


Transports


Industry
District heat


Residential


Services
Power


Biomass


Wind


New hydro


Miljon RE certificates i.e. TWH Average RE certificates price
100 SEK= 11€
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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


• Norrsundet mill will be closed 
in 2008, (Foster-Wheeler unit)


CFB  Gasifier at Värö pulp mill
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Pressurised combined cycle
• Supplier:      Bioflow


(Foster-Wheeler, 
Sydkraft )


• Fuel 18 MW


• Power 6 MW


• Heat 9 MW 


• 18 bar pressure


• Typhoon GT


• Mothballed in 2000.                
> 8000 gasifier and                 
3 600 hours of GT op.


VÄRNAMO, SWEDEN
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Cracker


Air 
Air 


Gas turbine


Gas compresso


Gas purification
Gasifier 


DryerPreparation


Fuel


Fuel gas


Flue gas


Steam
turbine


Heat Recovery and
Steam Generation


Stack


G


Dolomite


Effluent


Fly ash
Gas cooling


G


Electricity to local grid


TPS atmospheric gasification
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CHRISGAS
Clean Hydrogen-rich Synthesis Gas


Synthesis Gas


Natural Gas


Gasification


Reforming


Fischer-Tropsch


Methanol
Biomass and waste


H2


DME
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CHRISGAS partners
Sweden: Växjö University (co-ordinator), Växjö Värnamo
Biomass Gasification Centre (VVBGC), AGA-Linde, Catator, 
KS Ducente, Perstorp AB, Royal Institute of Technology (KTH), 
S.E.P. Scandinavian Energy Project, Södra skogsägarna, TPS 
Termiska Processer, (Valutec),Växjö Energi
Denmark: TK Energi, Finland: Valutec, Germany: FZ Jülich, 
Linde, Pall Schumacher, Italy: University of Bologna, ENI 
Netherlands: Technical University Delft, CCS Spain: CIEMAT


•Budget 15.6 MEURO + costs outside project
• 9.5 M€ EU grant
• 1.5 M€ STEM grant + 7 M€ grant outside project
• Balancing financing 28 M€ applied for from STEM in 2006
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Växjö Värnamo Biomass 
Gasification Center


• Non-profit making project-based public company
• Large-scale test platform
• Biomass gasification centre on an European scale
• At present 8 employees, an additional 5-7 people on contract
• Several have past work experience in the plant
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The Värnamo plant after rebuilding
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Further hot tests
Sep. 2007
• Gas turbine operation (oil), 82 hrs
• Combustion of biomass in  gasifier at 950 ºC, 24 hrs


• Gasification at 950 ºC and 17.5 bar, 13 hrs
• Gasification at full load, 7.5 hrs
• Wood chip/pellet feed rate: 4.5 ton/hr
• Produced power, 304 MWh


Nov.-Dec. 2007
• Gas turbine operation (oil), 84 hrs
• Combustion of biomass in  gasifier overnight


• Gasification at 950 ºC and 17.5 bar, 46 hrs daytime
• Gasification at full load, 26 hrs
• Wood chip/pellet feed rate: 4.5 ton/hr
• Produced power, 432 MWh
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CHRISGAS/Värnamo financing status
Grants for CHRISGAS RTD & Demo (2004)
• EC 6th Framework: 9.5 M€ (88 MSEK)
• STEM: 75 MSEK
• Budget for CHRISGAS R&D 16 M€+ rebuild and test program 36 M€.


• Grant for Plant Rebuild & Operation (Dec 2006- Dec. 2007)
• VXU / VVBGC application for rebuild & operation: 250 MSEK
• STEM: 182 MSEK with advance payment 26 MSEK
• Industrial consortium to be established for remaining 68 MSEK
• Discussion  on-going but many complicating factors.
• Moratorium on additional STEM funding until industrial consortium is formed


Current situation
• New MD appointed 
• Updated budget estimate, ~40 M€ for rebuild and test program (c.f. ~27.5M€ 2006)
• Increased and broadened activity to establish industrial consortium within this year
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Proposed VVBGC PPP Structure


Universities
VXU


KTH ?


Research
partnership


Swedish Energy Agency 
EC FP & EU sources


MS national programs?   90%?


10%


Future
projects


Objectives: Rebuild of the demonstration plant


Generate and exploit IPR


Establish long term research platform


IND
VVBGC


Shareholder
and exit


agreement


Supporting


companies


Leading


companies


Industry
Company  B 


Industry


Sponsors  & stakeholdersVVBGC Owners


Company A
Exploitation of 
IPR, know-how
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Test Run
Prior to 
rebuild


Detailed  
Engineering/    
Procurement


Status    
Review (SR)


Rebuild


Conceptual 
Design


Basic
Engineering


Measures 
after SR


Start
-up


Operation


Completed 
Oct 2005


Completed
Oct 2006


Completed
Dec 2007


Completed 
Nov 2005


Completed 
May 2006


CHRISGAS and new project outline of work
New Project
Duration 4 years


Budget 40 Million Euro


Tentative
2012


Tentative
2010


Tentative
2008


R&D Tasks 2004-2009
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Tomorrow
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CHEMREC black liqour gasification
New Owners in Chemrec
-VTT (Volvo Technology Transfer)
-VantagePoint Venture Funds
in addition to Nykomb Synergetics AB
by directed emission of shares.


Applications
- Boosters
Atmospheric plants to 
debottleneck Kraft
recovery boiler 


(Weyerhaeuser, New Bern, NC)
- Power Generation
Pressurised IGCC plants


- Automotive Fuels
Biomass to Liquids
via synthesis gas
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BLG activities
• BLG R&D Centre at ETC, 


Piteå
• BLG Program I -2006


130 MSEK ( 14 M€)
from STEM, paper and pulp 
industry, Vattenfall
Chalmers and Luleå
Technical Universities
– Reaction kin., CFD modell.
– Inorganic chemistry
– Designs and Construction matrls.
– Non-process elements
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Development Plant 1 Op. Data


Copyright ® Chemrec AB, 
2003
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BLG Development Plant 1- other activities
• Location: Smurfit Kappa Kraftliner, Piteå


• Capacity: 20 tDS/day, 3 MWth, 30 bar.


• Operating Data: Start-up may 2005
4200 hours accumulated (april 2008), 


• FP6 IP RENEW: 
DME study at Mörrum mill 50000 tpa


Reactor under manufacturing, Nov. 2003


Copyright ® Chemrec AB, 2003


Recent announcement of feasibility
study for New Page Escanaba mill,
Michigan, USA for a 500 tDS/day plant


Scale-up study for 25 000 tpa DME
Prototype at Kappa Kraftliner


• Other activities: 
Recent decision on project to extend 
DP-1 with 4 tpd DME syntheis pilot 
(HTAS one-stage synthesis) to fuel 14 
Volvo trucks+ mix with LPG
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DP-1 Plant at ETC, Piteå
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Co-gasification in Utility CFB Boilers


More than 600 CFB boilers installed, 
more than 100 GW capacity
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Integration of biomass gasification 
on existing boiler infrastructure


August 2007 November 2007Before June 2007
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Co-gasification in Utility CFB Boilers
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Specification of gasifier


Fuel input 2-4 MW
- So far operated at max. 2.2 MW


Gasifier Flexibility
Optional fluidization media
- Steam
- Flue gases
- Air
•Temperature 550-950 °C


•Controlled residence time
- Adjustable solid flux
- Adjustable bed height


•Fuel flexibility
- Dry pellets
- Wet biomass


•Optional bed material


Classification of product gas:
Fixed installation for measurements
and research downstream gasifier
• Online solid flux measurement


• Online measurement of fuel feed


• Temp. measurement at 10 positions


• Detailed monitoring of gasifier pressure


• 16 Measurement holes for gas analysis 
and bed sampling


• Extraction of gas slip flow up to 300 
kW (at present)
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Achievements


• Successful demonstration on how to integrate a biomass 
gasifier on an existing boiler


• Approx 80 h operation with fuel and 250 h without fuel


• Tested fuels: wood chips and wood pellets


• Gas composition (dry gas) wood pellets 
(Analysis from measurements repeated three times)


Hydrogen                   23 %          Calculated lower heating value 
Methane                    17 %           
Carbon Monoxide      41 %          14.3 MJ/nm3 or 15,6 MJ/kg 
Carbon dioxide          15 %          
C2H4                         ~2.5 %
C2H6                         0.5 % 
Nitrogen                    1 %              Tar content not analyzed
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BTL Research Laboratory


• Integration of  
FT synthesis 
reactor


• Prove BTL 
integration


• System 
modelling


• Work on Fuel 
flexibility
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BTL System at Miun


Upgrading


Fuel A
Fuel B


Fuel C


Flue gas cooler


Cyclone


Gas scrubber
Product gas cooler


Catalysis reactor


Parafines


Electric steam boiler


Product Gas filter


Compressor for combustion air


Fuel blend


FT-Diesel


CombustorGasifier


Sedimentation pool
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HTAG 


High Temperature Air 
Gasification (Air Preheat )


KTH (RIT), Stockholm


HTAG Gasification Project
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New FP7 Project


Advanced Cleaning Devices for Production of Green Syngas


Coordinator Lund University
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Plan: 100 MW output Plant
Status: On-going Studies
Contractors: M+W Zander FE GmbH 


CTU - Conzepte Technik Umwelt
Repotec


Target: Decision summer 2008
in operation 2012


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


Pipeline


Industry


Vehicles


Heat
Rya CC CHP


Fuel
handling


Gasi-
fication


Gas 
cleaning


Metan-
isation


CO2-
wash


Pressure
boosting


Dryer


Biomass to SNG: GOBIGAS
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Biomass to SNG: E.oN Sverige
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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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Country report 
Switzerland, PSI


Country report SwitzerlandCountry report Switzerland
-- PSI PSI --


Serge Serge BiollazBiollaz


PSI PSI –– CHCH--5232 5232 VilligenVilligen


IEA IEA –– Gasification Task Meeting Gasification Task Meeting –– Vienna Vienna –– April 2008April 2008
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Country report 
Switzerland, PSI


Outline


• BMG for SNG (BtG) (Introduction for plant visit on 22nd April in Güssing)


• Non conventional BMG: Hydrothermal Gasification 


• BMG for Fuel Cells (B-IGFC).
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Country report 
Switzerland, PSI


Introduction
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Country report 
Switzerland, PSI


PSI’s portfolio strategy for Bioenergy and BMG


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


BMG for SNG (BtG) 
(FP6 TREN “Bio-SNG”, several national funding)
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Country report 
Switzerland, PSI


Major natural gas trade movements 2006
Natural gas & LNG are global commodities


© BP 2007


Biomass & NG distribution 
infrastructure available
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Country report 
Switzerland, PSI


Conversion of biomass to Synthetic Natural Gas (SNG)
How to convert biomass into SNG cost-effectively and integrated it into the NG grid?


?
European NG grid (25 … 70 bar)


Gas Infrastructure Europe: www.gie.eu.com


CH1.4O0.7 CO + H2 + …⇒


CO + 3 H2 ⇒ CH4+ H2O


• Wood
• Straw
• Energy crops
• Black liquor
• …


BMG:


Methanation:
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Country report 
Switzerland, PSI


Natural gas grid as carrier for energy from biomass 
Idea is picked up from utilities and is further evaluated


Study „Energy-Hub-Baden“: 
Baden, CH


Study „GOBIGAS“: 
Göteborg, S


Biomass input: 7.5 MWth


Availability target: 7‘500 h/a
SNG Output: 3.2 MWth


Biomass input: 160 MWth


Availability target: 8‘000 h/a
SNG Output: 100 MWth
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Country report 
Switzerland, PSI


Gasification MethanationGas cleaning &
- conditioning


Gas conditioning for 
the natural gas grid


S, Cl, dust, etc. CO2, (H2)


SNG Wood


What is a “good” syngas gas for SNG production?
Which are the requirements SNG has to fulfil? 


Process units for conversion of woody biomass to SNG
Conventional thermo-chemical pathway 
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Country report 
Switzerland, PSI


EU Project Bio-SNG
Partners


Institute of Chemical 
Process 
Fundamentals
Academy of Sciences 
of the Czech Republic


http://www.ie-leipzig.de/Bio-SNG/Index.htm
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Country report 
Switzerland, PSI


SNG production from FICFB gasification in Güssing
Process flow diagram of CHP plant and slip stream to SNG PDU


SNG PDU 
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Country report 
Switzerland, PSI


PSI’s Mini-PDU in Güssing for long duration tests since 2004
Production of raw SNG from tar containing syngas


• 10 kW
• 1 … 10 bar 
• 200 … 500 °C
• Unmanned operation (remote control via Internet)
• Mobile
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Country report 
Switzerland, PSI


Result of long duration test in Güssing on mini-PDU
End of optimisation activities, i.e. on sulphur removal


Hypothesis 
confirmed 
for previous 
catalyst 
deactivation:
Sulphur
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Country report 
Switzerland, PSI


P&D Plant Layout
Design, installation and operation in the framework of EU TREN Project “Bio-SNG”







15IEA Task 33 Meeting, Vienna, A Dr. S. Biollaz, 21.4.08


Country report 
Switzerland, PSI


Hydrothermal Gasification 
(Several national funding)
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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, 21.4.08
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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, 21.4.08
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Country report 
Switzerland, PSI


BMG for Fuel Cells (B-IGFC)
(FP6 “BioCellus”, Several national funding)
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Country report 
Switzerland, PSI


The challenge for gasification and gas processing people 
Multiple SOFC designs


ca. 2200 μm 


Cathode
Electrolyte
Anode
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Support design and
electrode material
influence:


Activation losses
Catalyst activity


Ohmic losses
Current path length


Concentration losses
Diffusion path length


Cell & gas flow design have a strong impact on 
the profiles of species concentration, current 


density and temperature in the SOFC
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SOFCs can be considered as high 
temperature fixed bed catalytic reactors


with individual requirements
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Country report 
Switzerland, PSI


PSI‘s IGFC activities are integrated in several networks
Bringing national and international expertise together
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Country report 
Switzerland, PSI


PSI setup for wood gas production and long duration tests
Testing of gas processing units and SOFC’s


Technical features
Autonomous operation for 24 h
Updraft gasification


Up to 14 kW LHV output


Cyclone


Partial tar reforming via CPO


Integrated multi-point hot gas
sampling system


Modular setup


Flare


Sampling 
system for 
hot gases


Wood 
Pellet 
Hopper


1 kW 
SOFC 
System 
HEXIS


CPO


Updraft 
Gasifier


Steam 
Injection


Cyclone
Optional steam injection


Inertial 
filter & jet 
pump
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Country report 
Switzerland, PSI


Results of a long duration test on stack scale
Updraft gasifier, Cyclone, CPO and 1 kWel HEXIS system
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• Tar is not a problem, gas distribution in the stack however is an issue
• Further improvements planed, i.e. hot gas filter for low dust CPO operation.


Results
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Country report 
Switzerland, PSI


PSI/Siemens setup for BioCellus long duration test
Dilution of raw gas of updraft gasifier with tar/sulphur free gas (Objective: BTX < 5 g/m3


n, S < 2 ppm)


Technical features
Autonomous biomass-pellet 
operation for 24 h
Updraft gasifier (1.5 kg/h)
Cyclone & Flare
Inertial filter at 650°C
Jet pump at 400°C


Monitoring of gas composition
with μGC, MS (24/24), SCD


Gas delivery to SOFC test rig 
at 400°C, 20 mbar


Cell phone alarm in case of 
leaving wanted corridor, 
remote control.


�
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�
�
��
�
�


Tubular single cell (30 to 40 W)
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Country report 
Switzerland, PSI


Result of long duration test with Siemens-SOFC on wood gas


0


100


200


300


400


500
600


700


800


900


1000


0 200 400 600 800 1000 1200
elapsed time [h]


ce
ll 


vo
lta


ge
 [m


V]


0


20


40


60


80


100
120


140


160


180


200


cu
rr


en
t d


en
si


ty
 [m


A
/c


m
2 ]


voltage current


Degradation: 1% / 1000 h
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Biomass Gasification in 
Switzerland


Ruedi Bühler, Umwelt+Energie


• Policy
• Programs
• BMG Industry + BMG projects
• PSI activities: Serge Biollaz







IEA Biomass Gasification,  Meeting Vienna, 21st April 2008


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 AG
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
• Changes, improvement in plant design during 


2007 and 2008
– Changes / improvements carried out by 


Woodpower (owner) itself 
with support of IISc (Dasappa)
former subcontractors of dasagren


• 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.







IEA Biomass Gasification,  Meeting Vienna, 21st April 2008


BMG industrial project (2)


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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Gasifier Spiez


• 200 kWel


• more than 17‘000 hours with engine at part load
• oil change less than 1/5’000 hours
• high operating availability, more than 6’500 h/a
• wood: humidity ≤ 15%


—> waste water free


Commercial plants: Standard size gasifiers of 
150 kWel


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 
Güssing, AT


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


– tomorrow.


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
• at least 1 gasifier in full operation.


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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USA Thermochemical Conversion Overview


Richard Bain, NREL







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 SOU)
– 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







• EISA RFS goals:
Year        Total         Conventional    Cellulosic     Biodiesel


2010          13.0               12.0                   0.1     0.65      


2012          15.2               13.2                   0.5     1.0  


2022          36.0                15.0                 16.0               ‐


• Proposed Senate version of Farm Bill includes VEETC extension and 
incentives for cellulosic feedstocks and biorefinery deployment


• DOE overall biomass investment has increased approximately 3‐fold 
between 2006‐2008 (not including loan guarantee program) 


• Office of Science and EERE are currently negotiating over $900 million in 
multiyear contracts/agreements (half are concluded).


– An additional $200 million will fund 10% biorefinery demonstrations


Where We Are Today







Competitive Solicitations Engage 
Diverse RD&D Partners


Commercial-Scale Biorefineries (up to $385 million)
• Six 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 $200 million)
• Cost-shared, integrated biorefinery demonstrations using cellulosic feedstocks 


to produce fuels, chemicals, and substitutes for petroleum-based feedstocks 
and products; one-tenth projected scale for first-of-a-kind commercial facilities


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


Enzyme Solicitation (up to $33.8 million)
• Creating commercially available, highly effective, inexpensive


enzyme systems for biomass hydrolysis; second phase: 
cellulase development with cost-sharing industry partners


Thermochemical Conversion (up to $7.75 million)
• Integration of gasification and catalyst development


Joint DOE-USDA Solicitation ($18 million)
• Biomass R&D Initiative







Section 932 Selection Recipients


Performers Feedstock 
Type


Conversion 


Technology


Status of Project


Alico 
Vegetative 
Waste


Woody Waste
Gasification + Fermentation  Award pending negotiation.


Bluefire  Sorted MSW
Concentrated Acid Hydrolysis 
and Fermentation


Phase 1‐Cooperative Agreement  
signed Sept. 2007. 


Poet 
Corn Cob 


Corn Fiber


Enzymatic hydrolysis and 


Fermentation
Phase 1‐Cooperative Agreement 
signed Sept. 2007. 


Iogen 
Baled Barley 


Wheat Straw
Enzymatic hydrolysis and 
Fermentation


Award pending negotiation.


Range Fuels  Woody Waste 
Gasification + Mixed Alcohol 
Synthesis


Phase 1 & 2‐Technology Investment 
Agreement – Signed Nov. 2007


Ground Breaking  Nov. 2007


Abengoa  Agricultural 
Residue


Biochemical + Gasification
Phase 1‐Cooperative Agreement 
signed Sept. 2007


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







10% Scale Biorefinery Demonstrations


• Up to $200 million over five years for 
development of small-scale cellulosic 
biorefineries in the United States


• Biorefineries to be designed, built, and 
operated at a tenth of commercial scale


• Small-scale biorefineries to convert cellulosic 
biomass into biofuels and biobased chemicals  
and products.
Projects Feedstock Conversion


ICM Inc. Ag residues


Energy Crops


Biochemical 


Lignol Innovations Hard and Soft Woods Biochemical


Pacific Ethanol Inc. Ag residues


Wood residues


Thermochemical


New Page Wood Residues Thermochemical


Fischer Tropsch







Major DOE Project Locations







Budget


Budget Area FY06  FY07
FY08


Request


Thermochemical Conversion 
Platform (WBS 3.0)


$4,723,357  $14,145,153 


$0 


$11,216,114 


$1,880,000 


$0 


$1,049,039


$17,536,787


Feedstock Interface Total $0  $500,000


TC Processing Core R&D $4,028,586  $6,665,339


TC Process Integration Core R&D $422,271  $2,192,193


Solicitation
Funding Opportunities


$0 
$4,064,255*
$3,035,000


†


$7,099,255
†


Platform Support (analysis) $272,500  $1,080,000


* FY07 solicitation for syngas clean-up (without mortgages) 
† FY08 solicitations (without mortgages)
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and Handling
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Indirect


Gas Cleanup


High T 
Separation


Gas Conditioning
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Fuel Synthesis


Upgrading


Heat
&


Power


Thermochem Conceptual Design Report Drives R&D Targets


Products


• Conceptual design of a 2000 tonnes/day commercial plant


• NREL pilot plant based on this process


• Basis for connecting R&D targets to cost targets


• Has undergone rigorous peer review


Indirect Gasification and Mixed Alcohol Synthesis







All FY07 targets were met


Thermochemical Conversion 
FY07 State of Technology







Yields & Carbon Utilization


Cellulosic 
Ethanol (BC)


Cellulosic 
Ethanol (TC) 


Steam


Cellulosic 
Ethanol (TC) 


POX


Ethanol Corn
Dry Mill


Ethanol
Sugar
Cane


Pyrolysis
Fuel Oil


Intermediate


Methanol 
Intermediate


Yield
   gal/ton biomass 90 80 77 102 12.3 137 149
   gal Ethanol eq/ton biomass 90 80 77 102 12.3 135 115
By-Product
   type -- Higher Alcohols Higher Alcohols DDGS Sugar -- --
   gal Ethanol eq/ton biomass -- 14 15 33wt% 5.7wt% -- --
   Electricity, kWh/ton 196 -- -- -- -- 26 --
External Fuel
   Nat Gas, MMBtu/dry ton 1.13
Process Efficency, HHV
   Overall % 48 47 46 68 55
   Product % 44 40 37 67 55
Carbon Utilization
   Product % 31 27 26 59 35
   By-Product % -- 6 5 -- 0
   Acid Gas/Fermentation CO2 % 16 15 24 -- 0.3
   Flue Gas CO2 % 53 52 36 41 47
   Other % 8 - char 18







Sample Cost Table
Thermochemical Ethanol


Phillips, S.; Aden, A.; Jechura, J.; Dayton, D.; Eggeman, 
T. (2007). Thermochemical Ethanol via Indirect 
Gasification and Mixed Alcohol Synthesis of 
Lignocellulosic Biomass. 132 pp.; NREL Report No. TP-
510-41168. 


Cost component Units
Cellulosic 
Ethanol 


(TC)


Cellulosic 
Ethanol 


(TC)


Cellulosic 
Ethanol 


(TC)


Cellulosic 
Ethanol 


(TC)
Year $ $ 2007 2007 2007 2007
Plant Size dry tonne/day 1,632         816            3,264         9,793         
Feed Cost USD/dt 45.90$       45.90$       45.90$       45.90$       
Ethanol gal/short ton 80.1 80.1 80.1 80.1
Mixed alcohols gal/short ton 94.1 94.1 94.1 94.1
Ethanol Mil Gal/YR 50 25 100 300
Capital Cost (million USD)
   Feed Handling & Drying 26.41 18.51 48.84 105.38
   Gasification 14.68 8.43 25.57 61.57
   Tar Reforming & Quench 43.71 26.91 71.01 153.22
   Acid Gas & Sulfur Removal 16.51 9.16 29.75 75.70
   Alcohol synthesis - Compression 18.21 11.61 28.58 58.37
   Alcohol Synthesis - Other 5.24 3.34 8.22 16.78
   Alcohol Separation 8.20 5.22 12.86 26.27
   Steam System & Power Generation 19.12 11.77 31.07 67.03
   Cooling Water & Other Utilities 4.10 2.52 6.66 14.36
Direct Fixed Capital (DFC), also called TIC 156.18 97.48 262.56 578.69
   Engineering 18.74 11.70 31.51 69.44
   Construction 20.30 12.67 34.13 75.23
   Contractor & Legal 12.49 7.80 21.01 46.30
   Process/Project Contingency 6.43 4.02 10.82 23.84
Total Plant Cost (TPC) 214.15 133.66 360.03 793.50
   AFUDC
Total Plant Investment (TPI) 214.15 133.66 360.03 793.50
   Land 2.21 2.21 5.08 15.23
   Startup 0.00 0.00 0.00 0.00
Total Capital Cost (TCC) 216.36 135.87 365.11 808.73
   Working Capital 10.71 6.68 18.00 39.68
Variable Operating Costs (million USD/yr)
   Feed 28.65 14.33 57.31 171.91
   Utilities 0.30 0.12 0.49 1.47
   Other 1.00 0.50 2.00 6.00
   Catalysts and Chemicals 0.70 0.35 1.40 4.20
Total 30.65 15.30 61.20 183.58
Fixed Operating Costs (million USD/yr)
   Labor 2.58 2.17 3.06 4.03
   Maintenance (3% of A) 4.69 2.92 7.88 17.36
   General Overhead (65% of labor + maint) 4.72 3.31 7.11 13.91
   Direct Overhead (45% of Labor) 1.16 0.98 1.38 1.81
   Insurance (0.5% of TIC) 1.08 0.68 1.83 4.04
Total 14.22 10.06 21.26 41.16
Capital Cost (TIC) USD/annual gal 3.12 3.90 2.63 1.93


DFCB = DFCA (GPYB/GPYA)x


where x = 0.5 to 1, ave 0.7


Based on:
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Bain, R. L. (2007). World Biofuels Assessment; Worldwide 
Biomass Potential: Technology Characterizations (Milestone 
Report). 164 pp.; NREL Report No. MP-510-42467.
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Feed Intensive Process
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CAPEX/OPEX 
Intensive Process
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The gasification testing is being performed in 
the NREL 150 kWt Thermochemical 
Process Development Unit (TCPDU)
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Gasification of Oak, NREL TCPDU
Steam/Biomass = 2
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For catalyst evaluation experiments complete deactivation is 
permitted to gain insights about chemical mechanisms and to  
estimate reforming and deactivation kinetic rate constants and 


activation energies.


(Steam)


CO2
SO2


Steam Steam


Step 1 Step 2 Step 3


Tar Reforming Experiments


t
ss


deaaa
*


1)1( 11
ψ−−+=


1st order reaction


1st order deactivation w residual activity


))1((


))1((


11


11


1
t


ss


t
ss


eaak


eaak


A e
eX ψ


ψ


τ


τ


−


−


−+


−+


+
=


⎥
⎦


⎤
⎢
⎣


⎡
−


=
A


A


X
Xak


1
lnτ


Bain, R. L., D. C. Dayton, D. L. Carpenter, S. R. Czernik, C. J. Feik, R. J. 
French, K. A. Magrini-Bair and S. D. Phillips (2005). “An Evaluation of 
Catalyst Deactivation During Catalytic Steam Reforming of Biomass-
Derived Syngas,” I&ECR, 44, p 7945-7956.
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Tar /light hydrocarbon reforming is performed in a
semi-batch fluid-bed reactor with multiple 


regenerations of a nickel/alkali catalyst 
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Run Order: 4 5 13 14
Run Code: 97095 InDe1 97095b InDe2


OK_HY_97095 OK_NREL32b_InDe1 OK_HY_97095b OK_NREL32b_InDe2
H2 33.74 50.46 39.15 49.91
CO 24.45 12.18 18.37 13.95
CO2 19.93 23.64 23.45 24.25
CH4 12.59 4.62 11.06 5.84
N2 0.00 0.00 0.00 0.00
He (tracer) 1.86 1.07 1.69 1.15
C2H6 0.00 0.00 0.00 0.00
C2H4 2.12 0.17 1.66 0.14
C2H2 0.01 0.00 0.03 0.00
C3H8 1.25 0.07 0.99 0.00
C3H6 0.00 0.00 0.00 0.00
1-C4H8 0.00 0.00 0.00 0.00
2-cis-C4H8 0.00 0.00 0.00 0.00
2-trans-C4H8 0.02 0.00 0.00 0.00
COS 0.0000 0.0000 0.0291 0.0204
H2S 0.0058 0.0006 0.0040 0.0016
Closure 95.99 92.21 96.42 95.26


tar (mg/Nm3-wet) reformer in reformer out (initial) reformer in reformer out (initial)
benzene 7785 280 6874 245
toluene 393 0 326 0
phenol 46 29 39 0
cresols 0 0 0 0
naphthalene 2383 42 1834 39
phenanthrene 792 0 535 13
"other tar" (as 128) 2157 0 1691 0
"heavy tar" (as 178) 1417 0 824 0
"total tar" (minus 78) 7188 72 5250 52


sample time (min)
InDe# methane benzene naphthalene methane


OK_NREL32b 1 50.3% 95.4% 97.8% 9
11/07-12/07 2 56.0% 95.6% 97.3% 8


S:B=2
R500=700
TC=950
R600=900


initial conv.*


Oak Gasification: NREL TCPDU, Nov-Dec  2007
Gasifier / Reformer Performance


Detailed gas and 
tar analyses are 
used to estimate 
both initial and 


reformed product 
gas composition, 


and percent 
conversions of 


components 
during reforming
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