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Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Policy
gy gy


A t ll A t i d i d 21 23% f it f bl hilActually Austria derived 21-23% of its energy from renewable resources while 
biomass contributed roughly 12% (or 168 PJ or 0.16 Quads) of the primary 
energy demand.


Aims:
• increase the production of electric power from renewables (hydro power not 


included) to 4 % until 2008included) to 4 % until 2008
• to have a share of 5.75% of renewable fuels in the transport sector in the year 


2008







Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Research Projects
gy gy


G U i it f T h l I tit t f Th l E i iGraz 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• 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 fuelResearch 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 ResearchJoanneum Research Graz Department of Energy Research 
• Project VIEWLS evaluation of biofuels







Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Research Projects
gy gy


Vienna University of Technology, Institute of Chemical Engineering 
• Scientific Partner in RENET Austria (Network of Competence for Energy from 


Biomass)Biomass)
• Scientific Partner in Austrian Bioenergy Centre
• EZ-P4 (Polygeneration)
• EC-Project Renewable Fuels for Advanced Power Trains (RENEW)• EC-Project Renewable Fuels for Advanced Power Trains (RENEW)
• EC-Project BigPower 
• EC-Project AER-Gas II
• EC-Project BioSNGEC Project BioSNG


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







Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Implementations
gy gy


Location Type, Capacity Biomass feed Status


Guessing FICFB 8 MW wood chips in operationGuessing FICFB 8 MWth wood chips in operation


Civitas Nova Fixed bed 2 MWth wood chips in commissioning







Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Slip Streams at Güssing
gy gy


production of Fischer Tropsch Diesel• production of Fischer Tropsch Diesel
• production of Methane (synthetic natural gas)
• usage the gas in a SOFC
• catalytic cracking of the tarscatalytic cracking of the tars








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


Danish Follow-up Programme for
Solid Biomass CHP Plants


Biomass Gasification in 
Denmark  


 
Henrik Flyver Christiansen 
Danish Energy Authority 







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
Gasification plant 1,52 MWel
Wood chips


2006:
40.000 hours
operation on Engine


Harboøre 2005
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Energy Supply, Bioenergy, Civ. Ing. Henrik Flyver Christiansen


Danish Follow-up Programme for
Solid Biomass CHP Plants


Harboore - Wood & Tar/Oil use and Power Sales
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Ansager


• Demo plant
• Gasification/
Stirling engine
35 kWel


• Wood chips


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


Danish Follow-up Programme for  
Solid Biomass CHP Plants  


2006:
Reconstruction
Operation autumn







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


Danish Follow-up Programme for
Solid Biomass CHP Plants


Heater - Woodchip Boiler


The new Stirling Engine 35 kWel







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







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
Cold test summer 2006







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


Danish Follow-up Programme for
Solid Biomass CHP Plants


Skive Gasification plant. Wood pillets 6 MWel







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


Danish Follow-up Programme for
Solid Biomass CHP Plants


Skive – autumn 2005







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


Danish Follow-up Programme for
Solid Biomass CHP Plants


Skive – autumn 2005


Cold test autumn 2006







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


DTU. 
LT-CFB.


• Pilot plant
• Low Temp. - CFB.
• Wood, straw and Waste
• 500 kWin







Danish Follow-up Programme for  
Solid Biomass CHP Plants 


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


DTU Viking Gasification plant. Wood chips 30 kWel


http://bgg.mek.dtu.dk/webcam/
2006: >3000 hours engine







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


Danish Follow-up Programme for
Solid Biomass CHP Plants


DTU - Viking.


• Pilot plant
• Two step down
draft Gasifier.


• Wood chips 30 kWel


2006:
150 hours fuelcell
Metanol and DME
Topsoe Cat.








EC report on bioenergyEC report on bioenergy
IEA – Task 33


Dresden, June 12-14, 2006


Maria Fernandez Gutierrez


New and Renewable Energy SourcesNew and Renewable Energy Sources
Directorate General for Research







Biomass Action Plan, COM(2005) 628, 7.12.2005


Key measures include:


The BAP sets out measures to promote biomass in heating, electricity and transport, 
followed by cross-cutting measures affecting biomass supply, financing and research.


Key measures include:
 Steps towards EU legislation to encourage the use of renewable energy in 


heating (Heating Directive)
 Campaign to inform farmers and forest o ners abo t energ crops Campaign to inform farmers and forest owners about energy crops 
 Review how fuel standards could be improved to encourage the use of 


biomass for transport, heating and electricity 
 Possible revision of the Biofuels Directive, including the use of biofuels 


obligations and giving favourable treatment to “2nd generation” biofuels
 Investment in research, in particular in making liquid fuels out of wood and 


waste material, and in biorefineries







EU St t f Bi f lEU Strategy for Biofuels, COM(2006) 34, 8.2.2006


Key measures include:


This Communication carries forward the biofuels component of the Biomass Acton Plan 
and is accompanied by an Impact Assessment which presents different policy options. 


Key measures include:
 Stimulate demand for biofuels (review the Biofuels Directive and the Fuel 


Quality Directive)
 Ens re en ironmental s stainabilit of biof el feedstock prod ction Ensure environmental sustainability of biofuel feedstock production
 Expand feedstock supplies by:


 making sugar production eligible for non-food regime on set-aside 
land, and for energy crop premium


 promoting the energy use of forest material (Forestry Action Plan)
 Develop a Biofuels Assistance Package that can be used in developing e e op a o ue s ss s a ce ac age a ca be used de e op g


countries that have a potential for biofuels
 Pursue a balanced development of both EU domestic production and 


enhanced import opportunities for biofuels and their feedstocksenhanced import opportunities for biofuels and their feedstocks 
 Support research and development







Recommendations for research
in the BAP and the EU Strategy for Biofuels


The Commission shall:The Commission shall:
 Support research into the optimisation of agricultural and woody crops for 


energy purposes, and biomass to energy conversion processes
 Gi e a high priorit to research into the “bio refiner ” concept finding Give a high priority to research into the “bio-refinery” concept, finding 


valuable uses for all parts of the plant
 Give a high priority to research into second-generation biofuels, with an 


i f i i th i ffi i d t ff tiaim of improving their efficiency and cost-effectiveness
 Encourage the development of an industry-led “Biofuel Technology 


Platform” and other relevant platforms
 Support the implementation of the Strategic Research Agendas prepared 


by these technology platforms







EU Strategy for Sustainable, 
Competitive and Secure Energy, COM(2006) 105, p gy,


8.3.2006
The Green Paper outlines how a European Energy Policy could meet the three core 
objectives of energy policy: sustainable development, competitiveness, and security of 
supply. 6 Priorities. Consultation open till 24 September 2006


Priority area 4:
It puts forward possible contents for an Action Plan on energy


pp y p p


It puts forward possible contents for an Action Plan on energy 
efficiency to be adopted by the Commission later this year. 


It proposes that the EU prepares a new Road Map for renewable 
energy sources in the EU, with possible targets to 2020 and 
beyond in order to provide a stable investment climate tobeyond in order to provide a stable investment climate to 
generate more competitive renewable energy in Europe. 







EU Forest Action Plan
coming up


The Commission is in the process of formulating an EU ForestThe Commission is in the process of formulating an EU Forest 
Action Plan, which 


" should provide a coherent framework for the implementation of...should provide a coherent framework for the implementation of 
forest-related actions and serve as an instrument of co-ordination 
between Community actions and the forest policies of the Member 
States " Include actions to promote the use of forestStates...  Include actions to promote the use of forest 
biomass for energy generation







BIGPOWER Advanced Biomass GasificationBIGPOWER – Advanced Biomass Gasification 
for High Efficiency Power


Th bj i f h j i d l f l fl ibl ifi i h l i fThe objective of the project is to develop fuel-flexible gasification technologies for 
second-generation processes (electricity production <0.05 €/kWh by 2015) from a wide 
range of biomass resources. 
Thi j t f th i i E ifi ti t h l iThis project focuses on three promising European gasification technologies:


• air-blow fixed-bed gasifier for 0.5-5 MWe
• steam gasification in a dual fluidised bed gasifier for 5-50 MWe
• air blown pressurised fluidised bed gasification technology for 5• air-blown pressurised fluidised-bed gasification technology for 5-
100MWe.


The performance and the technical and economic feasibility of the advanced 
gasification-to-power concepts will be assessed for different European regionsgasification-to-power concepts will be assessed for different European regions.


Start date: 2005-09-07
Total budget: 2943402 EC contribution: 1700000Total budget: 2943402 EC contribution: 1700000


Coordinator: E. Kurkela, VTT, Espoo, Finland
More info: http://www.vtt.fip







AERGAS II – Biomass Fluidised Bed Gasification 
with In-situ Hot Gas Cleaning


The objective of the AERGAS II project is to develop a low-cost gasification 
process with integrated gas cleaning for subsequent
power production.p p
The proposed process uses in situ CO2 capture (AER – absorption 
enhanced reforming), and results in a product gas with low amounts of tar 
(<500 mg/m3), alkali and sulphur, a high concentration of hydrogen (>70%) ( g ) p g y g ( )
and a high calorific value (LHV > 15 MJ/m3).
The process should allow the use of problematic feedstock.
The process will be investigated in a continuously operated 100 kW pilot 
plant. The project aims to prove the feasibility of scaling-up the concept at 
an 8 MWth plant in Guessing, Austria.
Start date: 2006-01-01 Duration: 3 years
Total budget: 2652614 EC contribution: 1800000


Coordinator: M. Specht, Zentrum für Sonnenenergie- und Wasserstoff-
F h St tt t GForschung, Stuttgart, Germany







Legal frame


Financial perspectives


Framework Programme 
(Co-decision European Parliament and Council)


Rules of participation
(Co-decision European Parliament and Council)


Specific Programmes 
(Council decision)


Work ProgrammesWork Programmes 
(Commission decision)


C ll f lCalls for proposals







FP7 proposal’s 
structure and budgetstructure and budget


Euratom 4.061


Cooperation 32.292
JRC 1.751


Capacities 4.291


People 4.727


Ideas 7.460







Cooperation Specific Programme


Themes


1. Health


2. Food, agriculture and biotechnology


3. Information and communication technologies


4. Nanosciences, nanotechnologies, materials
and new production technologies


5. Energy (2 265 M€)


6. Environment (including climate change)


7. Transport (including aeronautics)


8. Socio-economic sciences and the humanities


9. Security and space







Theme implementation


Collaborative research


Joint Technology Initiatives


Coordination of non-Community research programmes


International Cooperation


 Emerging needs 


 Unforeseen policy needs


 Dissemination of knowledge and transfer of results







Funding schemes


 Collaborative projectsp j


 Networks of Excellence


 Coordination and support actions Coordination and support actions


 Work Programmes and calls will specify Work Programmes and calls will specify


 Types of activities (research, technology development, 
demonstration, training,…)demonstration, training,…)


 Categories of most relevant participants


 Type of funding scheme Type of funding scheme







Energy Theme
Objective


Transforming the current fossil-fuel based energy system 
into a more sustainable one based on a diverse portfolio ofinto a more sustainable one based on a diverse portfolio of 


energy sources and carriers combined with enhanced 
energy efficiency, to address the pressing challenges of gy y, p g g
security of supply and climate change, whilst increasing 


the competitiveness of Europe’s energy industries.







Energy


Hydrogen and fuel cells
CO2 capture and storage 


technologies for zeroHydrogen and fuel cells


Renewable


technologies for zero 
emission power generation


Renewable
electricity
generation


Clean coal 
technologies


Renewable 
fuel production


Smart energy 
networks


Renewables 
for heating and cooling


Energy savings 
and energy efficiency


Knowledge for energy policy making







Renewable
electricityelectricity
generation


Development and demonstration of integrated technologies for 
electricity production from renewables …. to raise substantially 
the share of  renewable electricity production in the EU. 
R h h ld i i ffi i hResearch should … increase conversion efficiency, enhance 
process reliability and further reduce the environmental impact.


Emphasis … on photovoltaics, wind and biomass







Renewable
F l d tiFuel production


Development and demonstration of improved technologies for 
the sustainable production and supply chains of solid liquid andthe sustainable production and supply chains of solid, liquid and 
gaseous fuels from biomass. 
Research should … improve energy efficiency, enhance p gy y,
technology integration and use of feedstock.


Emphasis … new types of biofuels, new porduction and 
distribution routes, and biorefinery concept.







EUROPEAN CONFERENCE on BIOREFINERY RESEARCH


19 and 20 October 200619 and 20 October 2006
Helsinki – Marina Congress Center


A j f bi fi hA major conference on biorefinery research 
organised by the European Commission 


with the support of the Finnish Presidency


http://ec.europa.eu/research/energy/gp/gp events/biorefinery/article 3764 en.htmhttp://ec.europa.eu/research/energy/gp/gp_events/biorefinery/article_3764_en.htm








VTT TECHNICAL RESEARCH CENTRE OF FINLAND
1


IEA Task 33 Meeting 
Dresden, June 2006


Matti Nieminen
VTT ProcessesVTT Processes


 Updates of Finnish activities related to gasification of biomass 
and waste materials


VTT 







VTT TECHNICAL RESEARCH CENTRE OF FINLAND
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Primary energy consumption in 2003 in Finland


Net import of electricity


O hOthers


Peat


Wood fuels


Hydro and wind powerHydro and wind power


Nuclear power


Natural gas


CoalCoal


Oil


VTT 
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Hydro and wind 
powerFinland 2005;


El net import
Other


Finland 2005; 
estimate


Oil/ /Peat


/Coal


/Natural gas


Wood fuels/


Nuclear energy/


VTT 
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Biomass/waste gasification - Finland 2006
 Small-scale gasifiers for heat and CHP


– most of the old Bioneers still in operation
7 MW N l d ft ifi t K k ki i i i i h– 7 MW Novel updraft gasifier at Kokemaki,in commissioning phase


– small downdrafts under testing and development (e.g. Puhdas Energia)
– Some commercial plants installed (USA, Finland)p ( )


 Fluidised-bed gasifiers for boilers and kilns
– 60 MW gasifier in Lahti in reliable operation since 1998


f th ti & f d t k d d itti– further operation & feedstock depends on permitting 
– New waste-to-energy plant with 160 MW under design phase in Lahti


– two CFB gasifiers, gas filtration, new boiler, WID flue gas cleaning
– EC TREN – LahtiStreams IP project started in June 2006


– 40 MW plastic waste gasifier (Corenso/Varkaus) in reliable operation since 
20012001


 FB gasification for CHP by gas engines
Ski i D k d t ti


VTT 


- Skive in Denmark under construction







VTT TECHNICAL RESEARCH CENTRE OF FINLAND
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Biomass/waste gasification - Finland 2004
Main R&D activities


- waste gasification:
- Fuel gas to lime kilns by CFB gasification of plastic/paper waste


catalyst development and design for Novel demonstration plant-- catalyst development and design for Novel demonstration plant


- development of advanced synthesis gas production (UCG project)
- integrated process concepts (pulp and paper industry)
- 500 kW PDU at VTT


t ti l t d d ld t ti- construction completed; now under cold testing 
- first test trials in September…October 2006


- improvement of the economics of FBG by advanced ash management
- GASASH project completed


VTT 


- work wil be continued in the LahtiStreams IP project
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Novel power plant: 1.8 MWe + 3.3 MW heatp p
- Kokemäki, Finland
- plant still under commisioning


electric efficiency 30 %


Optimal plant:
- biomass moisture 50 %


d i t 25 % b t h t- electric efficiency 30 %


Tar


- drying to 25 % by waste heat
- power efficiency 35-37 %
- suitable to 0.5 - 5 MWe


power production cost 3 5 c/kWh
reformer


S bb


- power production cost 3-5 c/kWh


Scrubber


Novel Gas cooler


VTT 


Novel 
gasifier


Gas cooler 
and Filter


1+2 Gas engines
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The Kokemäki Novel CHP demonstration projectThe Kokemäki Novel CHP demonstration project
 Integrated to the existing Kokemäki district heating plant


Grate fired biomass boiler Grate fired biomass boiler
 Oil fired boiler
 Novel CHP plant


 Fuel drying by low-temperature waste heat from the plant 
 Wood fuels with 10 – 50 % moisture Wood fuels with 10 – 50 % moisture


 Fuel capacity 7200 kW (6200 kW without boiler)
P t t 1800 kW Power output 1800 kWe


 District heat output 4300 kW (3100 kW without boiler)
 Heat output to the fuel dryer 430 kW


 Investment cost 4.5 … 5 M€


VTT PROCESSES


 Start up with one JMS 316 engine (600 kW) in winter 2005







VTT TECHNICAL RESEARCH CENTRE OF FINLAND
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Time table of the Kokemäki Novel CHP plantTime table of the Kokemäki Novel CHP plant


 Construction work:  completed in April 2005
 Commissioning and Testing periods


 Gasifier and the gas boiler:  April - May 2005
 Gas cleaning and heat recovery: May – September 2005Gas cleaning and heat recovery: May September 2005
 Start-up with one JMS 316 engine (600 kW):  November 2005
 Operation with one gas engine and gas boiler:  


 performance and emission measurements
 tests with different fuels


 2nd and 3rd gas engines: 2006g g
 Further R&D activities


 EC BiGPower:  slip stream testing of 2nd generation catalytic gas 
clean-up and scrubbing water recycling (Oct 2005 Sept 2008)clean-up and scrubbing water recycling (Oct. 2005 … Sept 2008)


 Testing with waste-derived fuels and agrobiofuels within other projects


VTT PROCESSES
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S i f K k äkiSome experiences from Kokemäki 


 Some critical measurements tripled p
 Final tuning of automation
 Fuel feeding improved (more reliable) 
 CHP plant & small district heating network & three boilers; co-


operation of the plants, especially during low load (warm 
weather))


 Gas mixer (engine) requires some modification


VTT PROCESSES
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F l Fl ibl Fl idi d B d ifi tiFuel-Flexible Fluidised-Bed gasification
Required feedstock basis
- different wood residues- in operation since 1998- different wood residues 
- straw, other agricultural residues
- energy crops and short rotation wood


MSW d th lid t t


p
- no commissioning problems
- gasifier availability > 95 %
- boiler emissions decreased


- MSW and other solid waste streams


Recent experinces
- wood & waste gasification in Lahti since 1998


Main boiler
360 MWthwood & waste gasification in Lahti since 1998


CFB gasifier of 60MWGasifier feed CFB gasifier of 60MW
preparation







VTT TECHNICAL RESEARCH CENTRE OF FINLAND


Gasification process for high-alkali 
biofuels  demolition wood and SRF/RDFbiofuels, demolition wood and SRF/RDF


Co firing in coalClFiltrationGas cooler


CFB


Co-firing in coal
boilers


Oil boilers


Clean
gas


300-500°C


FiltrationGas cooler


gasifier


20-150
MW


New gas boiler
with WID-flue
gas cleaning


Waste Fuel Ash
treatment


Bed
materials


gas cleaning


Air +
Steam


Bottom
ash Fly ash


Ca(OH)2


VTT PROCESSES
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Gasification + Gas cleaning + Gas fired boiler + Flue gas cleaning


Gas boiler
Flue gas 
cleaning


Gasifier Gas cooling


Gas


Bag house, 
Ca(OH)2+ 
activated 
carbonGas 


cleaning


Steam


RFD High


Steam 
turbine


RFD High 
pressure 
steam


Natural gas/ oil


Electricity, 
process steam


Natural gas/ oil
auxiliary fuel


VTT 


p







VTT TECHNICAL RESEARCH CENTRE OF FINLAND


P d ti ffi iPower production efficiency


CHP plant: Condensing power plant:CHP plant: 


Waste to power 30…35 %


Condensing power plant: 


Waste to power 35...40 %


Vaasa, Vaskiluodon voimaVantaa, Vantaan Energia


VTT PROCESSES
Gasifier
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S f Fi i h ifi ti t h l i d th i k tSummary of Finnish gasification technologies and their markets


Gasification
method


Potential
size, MWfuel


Application Required gas cleaning


Circulating
Fluidised Bed =


20 - 150 boilers, kilns cyclone: clean biomass
filtration: waste derivedFluidised-Bed =


CFB
filtration: waste-derived
fuels, agrobiofules


Bubbling Fluidised-
bed = BFB


10 - 50 boilers, kilns same as CFB


BFB 10 50 engines catalytic reformingBFB 10 - 50 engines catalytic reforming
+ filtration + wet scrubbing


Novel Fixed-bed 1 - 10 ... 20 boilers, kilns no cleaning: clean biofuels
filtration: agrobiofuels,
wasteswastes


Novel Fixed-bed 1 - 10 engines catalytic reforming
+ filtration + wet scrubbing


Pressurised
BFB or CFB


50 - 300 gas turbines filtration at 400-550 oC
BFB or CFB
O2-blown or steam
gasification


100 - 500 chemicals,
H2, fuel cells


catalytic reforming
+ filtration + wet scrubbing
+ gas conditioning


VTT 
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UCG-PROJECT AT VTT: 2004 - 2006UCG PROJECT AT VTT: 2004 2006
Production of Synthesis gas and UltraClean Fuel gas
from biomass peat and wastesfrom biomass, peat and wastes


– optimised gasification process
– previous knowledge on O2/steam gasification
– bench-scale work on novel steam gasification concept
– modelling and evaluation of process alternatives 
– new PDU-scale UCG test facility (to be built in 2005)


– optimised gas reforming, dirty shift and ultra cleanup
– bench-scale studies in 2004
– PDU development in 2005-06p


– system studies on liquid biofuels concepts
– optimised overall processes


integration to pulp and paper and refining industries– integration to pulp and paper and refining industries
– financiers: Tekes, VTT, Foster Wheeler, Fortum Oil, Andritz, Vapo, UPM, 


Metsä-Botnia, Stora Enso, M-Real, PVO
Budget: 4 M€


VTT 


– Budget: 4 M€
– International co-operation required and targeted
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SYNGAS FROM  PEAT AND WOOD
HTW-PLANT AT OULU KEMIRA AMMONIASteamPeat from MoDo


steam dryer HTW PLANT AT OULU KEMIRA AMMONIA 
PLANT, 120 MWfuel


HTW gasifier


Waste
heat


Gas to amisol scrubber
1500 k mol/h 29 bar


steam dryer


Benzene from
naphthalene


Peat crush
moisture 15 %


heat
boiler


Benzene
scrubber


extraction
10bar
750-


950°C


Steam
Oxygen Recycle gas


Water
scrubber


scrubber


To naphthalene
extraction


D t
Sludge separation


Improvements to the process:


O ti i d ifi d iDust


AshPressurised steam/O2-blown gasifier


T h l f ll d t t d


• Optimised gasifier design
- fuel flexibility, high availability


• Reforming of hydrocarbons
high syngas yield• Technology was successfully  demonstrated


in late 1980’s  (Oulu, Berrenrath)


• Single gasifier train 150-300 MW feasible


- high syngas yield
- optimal H2/CO ratio
- conventional final gas cleaning


unit operations can be applied
• 1st generation process can be realised


immediately if needed 
• Advanced gas filtration, waste


heat recovery and ash oxidation
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UCG-process development unit at VTT
FT-diesel


Fuel-Flexible
Fluidised-Bed


Gas Cleaning 
- tar & hydrocarbon


f


Ultra Cleanup
-sulphur, NH3, HCN, 


h lid t


FT diesel
CH3OH


HydrogenGasification
- steam/oxygen


(indirect heating)


reforming
- chlorine & metal
removal & filtration


- dirty shift


halides, etc.
- conventional


processes available,
optimisation needed


Hydrogen
SNG               


clean fuel
gas to fuel 
cells


Gasifier targets:
- no ash-related problems


Gas cleaning targets:
- complete tar and benzene decompositionp


- simple design and high reliability
- high C-conversion to gas + tars
- no need for tar decomposition


low oxygen consumption


p p
- over 95 % methane reforming
- H2/CO ratio suitable to FT-synthesis
- reliable operation


minimum overall gas cleanup train costs- low oxygen consumption - minimum overall gas cleanup train costs
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Modelling of Biosyngas Conversion


 Capacity of plant: 300 MW of feedstock (LHV basis)


Modelling of Biosyngas Conversion
- Important Bases of the Cost Estimates 


 Capacity of plant:  300 MW of feedstock (LHV basis)
 Annual operating time:  8000 h/a
 Interest on capital:  10 % for 20a 
 O&M costs: 4 % of investment O&M costs:  4 % of investment 
 Base values for purchased/sold energy (other values applied in sensitivity 


cases):
– feedstock:  10 EUR/MWh (LHV)
– electricity:  30 EUR/MWhe
– HP steam:  16 EUR/MWh of transferred heat
– MP and LP steam:  13 EUR/MWh of transferred heat
– fuel gas:  14 EUR/MWh (LHV)


 The following estimates of the total investment costs of 300 MWfeed plants 
were derived:


Fischer-Tropsch primary liquids; once-through synthesis: 210 MEUR– Fischer-Tropsch primary liquids; once-through synthesis:  210 MEUR
– Fischer-Tropsch primary liquids; with reforming loop:  230 MEUR
– Methanol:  220 MEUR
– Synthetic Natural Gas:  200 MEUR
– Hydrogen, either via traditional method or via PSA separation:  195 MEUR
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Synthesis gas from biomass to liquid biofuels,
h d  th ti  th  d h i lhydrogen, synthetic methane and chemicals


- liquid biofuels or H2 in medium-to-large scale plants


Large FT fuel plantsEntrained-flow


Other pilot/demo plants


Large FT-fuel plants
based on entrained-flow gasificatrion 


> 500 MW


Entrained-flow
coal gasification technology


with biomass pyrolysis/low temp. gasification


Co production of biofuel andOther pilot/demo plants
Berrenrath, Hawai,


Studsvik, Vermonth, Gussing


Co-production of biofuel and 
energyi at pulp and paper mills 


or at oil refineries
fluid-bed gasifiers 200-400 MW


HTW
plant


in Oulu
Demonstration


at 200 MW-scale
Hydrogen 


technologies


CatalyticCatalytic
Industrial
demontsr.


1995 2000 2005 2010 2015 20201985 2025 2030


Synthesis gas 
R&Din 1980’s


Sweden, Germany;
USA, Finland


reforming
know-how
reforming
know-how VTT-UCG


Optimised
syngas R&D


Waste-to
synfuel
R&DUSA, Finland PDU-scale


Development R&D on Hydrogen technologies
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N t t f li id t t ti bi f lNew target for liquid transportation biofuels


 Originally the government of Finland decided to have lower Originally the government of Finland decided to have lower 
target than official EU target


 Minister of trade and industry informed last week that the new 
target will be 5.75 % in 2010
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SHORT SUMMARY REPORT GERMANYSHORT SUMMARY REPORT GERMANY
- Large-scale BMG sytems -


Eckhard DinjusEckhard Dinjus
Karlsruhe Research Center, Institute for Technical Chemistry 


Germany


IEA Bioenergy Agreement, Task 33
Spring 2006 Meeting, June 12 - 14, Dresden Hilton Hotel


ITC-CPV, HEFW
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Large-scale BMG-systems
for


Synthesis of organic chemicals and synfuels,
by product energy (electricity high p steam)by-product energy (electricity, high p steam)
BIGCC – power stations
by-product option chemicals ?by product option chemicals ?


first priority has biomass use as
th l bl bthe only renewable carbon resource


future organic chemical industryfuture organic chemical industry
type: thermochemical biorefinery
desirable plant input capacity > 1 GW(th)


ITC-CPV, HEFW


suitable gasifier type: pressurised entrained flow
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ADVANTAGES OF ENTRAINED FLOW GASIFIERSADVANTAGES OF ENTRAINED FLOW GASIFIERS


Precondition
Fuel conversion to a gas or a pumpable liquid or slurry for high pressure


a powder is also suited at lower pressure


In general GSP-type with cooling screen
Tar-free, low CH4 raw syngas
High > 99 % carbon conversion
High gasification pressure


Fuels with much ash and salts
Long service life for many years
Fast start up and shut downHigh gasification pressure


High capacity   1 GW possible
"Guzzler" (fluids and powders also from fossils and wastes)


Fast start-up and shut-down


ITC-CPV, HEFW


( p )
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ENTRAINED FLOW GASIFIER DESIGNS


E GKrupp-Uhde/ShellFUTURE ENERGY Texaco Conoco Phillips/
E-Gas


Raw gas


pp


Raw gas


HRSGCooling
Burner


BurnerRefractory
lining


HRSGscreen


Coke


Slurry


Slag


Quench
waterBurner


SlagSlag
Raw gas Raw gas


Slag


ITC-CPV, HEFW


Fig. 18
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S E F GSLAGGING ENTRAINED FLOW GASIFIERS
FOR BIOMASS


company gasifier feed gasification conditions feedstock pretreatment


advantages:  complete conversion, tar-free low CH4 syngas, high capacity at high p, T
draw backs:  biomass pretreatment efforts


company gasifier feed          gasification conditions feedstock pretreatment


Choren, DE hot pyrolysis vapour,
chemical quench


30 bar, 1300+°C
quench to ~ 900°C


integrated into on-site
autothermal pyrolysis


with char powder


Chemrec, SW concentrated
black liquor


(- plant)


~ 30 bar, 950°C


at gasifier pressure


integrated into 
on-site pulp mill


FZK, DE
Future Energy


q


any bioslurry
(from pyrolysis 


ca. 80 bar, 1200°C
(pilot 26 bar)


fast pyrolysis on-
or off- site


p p


Future Energy


ECN, NL


biooil and char)


pulverised char ca. 80 bar, 1200°C torrefaction
(low T pyrolysis on-


ITC-CPV, HEFW


(low T pyrolysis on
or off-site)


syngascleaning, synthesis and product upgrading are similar to GTL or CTL plants
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BTL2 PROCESS CONCEPT
Different biomass and carbon feedstockDifferent biomass and carbon feedstock


biomass preparation


lignocellulosic biomass:
wood, straw, hay ....


fossil
fuel:


other 
biomass:


coal ... starch, oil ...


organic waste:
paper, plastics, dung ...


biomass preparation


lignocellulosic biomass:
wood, straw, hay ....


fossil
fuel:


other 
biomass:


coal ... starch, oil ...


organic waste:
paper, plastics, dung ...


fast pyrolysis


rail transport from many pyrolysis plants


bio-oil/char -slurryspecial
chemicals


fast pyrolysis


rail transport from many pyrolysis plants


bio-oil/char -slurryspecial
chemicals


to large, central plant for syngas generation and use 


entrained flow gasification
~ 1200 °C, 60 bar,  2 - 3 s 


pulverised coal
coal/water slurry O2


to large, central plant for syngas generation and use 


entrained flow gasification
~ 1200 °C, 60 bar,  2 - 3 s 


pulverised coal
coal/water slurry O2


liquid fuel synthesis
single pass operation


gas cleaning
with heat recovery


CO2


liquid fuel synthesis
single pass operation


gas cleaning
with heat recovery


CO2


electricity generation
CC turbine, engine, FC 


synthesis products:
synfuel, chemicals, H2


electricity low T
heat


electricity generation
CC turbine, engine, FC 


synthesis products:
synfuel, chemicals, H2


electricity low T
heat


ITC-CPV, HEFW


biomass for chemicals, synfuel and electricity co-generation of a marketable product mixco-generation of a marketable product mix
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R t ith li ll R t ith li


PEF GASIFICATION REACTORS


insert
Burner


insert
Burner


Reactor with cooling wall Reactor with cooling 
screen


lining
Ramming


Refractory


Cooling wall


Gasification
chamber


Cooling water


mass
Ramming


Gasification
chamber


slag outlet
Gas and 


Partial quench


Gas outlet
unit Gas outlet


Quench
section


ITC-CPV, HEFW


Fig. 10
Granulated slag
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KARLSRUHE "BIOLIQ" PILOT FACILITIES


total view


pyrolysis plant
t t h 2006


ITC-CPV, HEFW


status march 2006
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slag removal at the bottomtop of the pressurised entrained flow gasifier


3 - 5 MW pilot gasifier at FUTURE ENERGY, Freiberg


ITC-CPV, HEFW
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130 MW(th) GSP – GASIFIER
in operation at `Schwarze Pumpe´ Saxony since 1987in operation at Schwarze Pumpe , Saxony since 1987


main characteristic:
cooling screen withcooling screen with
pressurised cooling


water  ~ 250 °C


ITC-CPV, HEFW
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SIZE RELATION OF GSP ENTRAINED-FLOW GASIFIERS
130 MW 50 000 Nm3/h 400 MW 160 000 Nm3/h 800 MW 320 000 Nm3/h 25 bar130 MW,   50.000 Nm /h
225 MW,   86.000 Nm3/h


400 MW, 160.000 Nm /h
700 MW, 280.000 Nm3/h


800 MW, 320.000 Nm /h    25 bar
1400 MW, 560.000 Nm3/h    80 bar


00


"Schwarze Pumpe"


Ø 3650


67
0


52
50


Ø 2900


00


Ø 2000


35


ITC-CPV, HEFW
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We appreciate
fi i l t f B d Wü tt bfinancial support from our Baden-Württemberg 


ministry of agriculture


financial support from the EU-IP „RENEW“


d B d i i t idem Bundesministerium 
BMVEL mit der Fachagentur 
fü h h dfür nachwachsende 
Rohstoffe, FNR


ITC-CPV, HEFW


thank you for your attention
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DP SOLUSI
 Provide services in:


 CDM Projects:
 project screening
 Carbon due dilligence
 CDM Feasibility Study CDM Feasibility Study
 Development of PIN and PDD
 Assistance for obtaining host country approvalg y pp
 Contact buyers


R bl   P f ibilit  d  F ibilit   Renewable energy Pre-feasibility and  Feasibility 
Study







Indonesian Energy Outlook
 General information:


 Population: about 240 Millions
 3 1 million square kilometers (km2) of territorial  3.1 million square kilometers (km2) of territorial 


waters (62% of its total area), almost 2 million km2 
of land (38%), and 81,000 km of coastline


 Electricity Generation (2002):
 Oil (47%)
 Coal (30%)
 Natural Gas (20%)
 Others (including renewable) (3%) Others (including renewable) (3%)


 Recently: Net importer of oil







Energy policy 


 Remove Subsidy for oil
Increase utilization of coal as the  Increase utilization of coal as the 
cheapest source of energy


 Increase diversification of energy 
sources, including utilisation of 
renewable energy


 Alternative energy roadmap 2006- Alternative energy roadmap 2006
2025: Focus on Geothermal, biofuel 
including biomass, solar and coalincluding biomass, solar and coal







Biomass programmesBiomass programmes


 Short term (5 years) Short term (5 years)
 Investment 


 Promoting renewable energy programmes to 
f lfinancial institutions


 Simplifies credit procedures
 Microfinance
 Developing public-private partnership


 Fiscal and tax incentives
 Fiscal incentives (energy royalty, interest free  Fiscal incentives (energy royalty, interest free 


loan)
 Tax incentives (VAT, luxury tax, etc)


 Energy pricing Energy pricing
 Continue to remove energy subsidies
 Premium pricing for renewable energies


Information Information
 Research and development







Biomass programmes


 Long term (up to 20 year)
 Non fossil fuel obligation Non-fossil fuel obligation
 Mandatory in utilizing environmentally-


friendly technologiesfriendly technologies
 Financial institution for renewable 


energy projectsenergy projects







National technical know-how on biomass


 Ministry of Energy and Mineral Resources
 Directorate of New Renewable Energy and Directorate of New Renewable Energy and 


Energy Conservation
 Research and Development Center for Energy 


T h l i  d El t i itTechnologies and Electricity
 Agency for Assessment and Application of 


TechnologyTechnology
 Energy Technology Laboratory
 Engineering Center Engineering Center







Level of national awareness and acceptance


 Government has decided to put at 
least 5% of national electricity east 5% o at o a e ect c ty
demand produced from renewable 
energy including biomass (either 
2020 or 2025?)


 Kyoto Protocol has been ratified; CDM 
project as well as developers begin to 
growth







Renewable energy status
Sources Potential Installed Capacity


Renewable energy status


Hydro 75,000 MW 4,200 MW (6 %)


Geothermal 27,000 MW 802 MW (4 %)


Mini/Micro Hydro 459 MW 64 MW (14 %)


Biomass 49,810 MW 302 MW (6 %)


Solar Energy 4.8 kWh/m2/day 5 MW


Wind Energy 3-6 m/sec 0.5  MW


Total 5375 MW


Note:
1 Operating time is 24 h/d for biomass  biogas  geothermal and micro hydro  8 h/d for solar PV and wind1. Operating time is 24 h/d for biomass, biogas, geothermal and micro hydro, 8 h/d for solar PV and wind
2. Total land area for wind power generation per unit is 250 x 250 m2
3. Total potential area for solar generation is equivalent to total area of Indonesia
4. Total geothermal potential was based on the sum of proven reserves, expected and speculative possibleg p p p p p


and hypothetical reserves
5. Wind energy potential as well as installed capacity was based on generating capacity of 20 kVA (15 kW)







Potential for biomass technologies in selected g
industries


Type of industry Mill size
Capacity of 
CHP Biomass potential for power Type of industry Mill size CHP 
technology


p p
generation


1  Saw mills 1000-3000 m3/y 40-100 kWe
0.6 m3 wood waste/m3 sawn 
timber1. Saw mills 1000 3000 m /y 40 100 kWe timber
~ 130 kWh/m3 sawn timber


2. Ply wood mills 40 000-120 000 m3/y 1.5 – 3 MWe
0.8 m3 wood waste/m3


plywood
 200kWh/ 3 l d~ 200kWh/m3 plywood


3. Sugar mills 1000- 4000 TCD 3-10 MWe 0.3 t bagasse/t sugarcane
~ 100 kWh/t sugar cane 


4. Rice mills < 0.7 t/h
>0.7 t/h


30-70 kWe
100-300 kWe


280 kg husk/t paddy
~ 120 kWh/t paddy 


5. Palm oil mills 20- 60 t FFB/h 
0.2 t EFB/t FFB
0.2 t fibre/t FFB
70 kg shells/t FFB
~160 kWh/t FFB 


Note: TCD= tones of Cane per day; FFB= Full Fruit Bunches; EFB= Empty Fruit Bunches.
Source: ZREU (2000)







Level of potentially available biomass residues for power generationLevel of potentially available biomass residues for power generation
Biomass Main region


Production 
(million 


ton/year)


Technical energy 
potential (million 


GJ/year)
Remarks


Rubber wood Sumatera, Kalimantan, 
Java


41 
(replanting)


120 Small logs d <10 cm
Big and medium logs are used as fire wood in brick 
and roof tile industries: price 20 000 30 000( p g) and roof tile industries: price 20,000-30,000 
IDR/m3


Logging residues Sumatera, Kalimantan 4.5 19


Sawn timber residues Sumater, Kalimantan 1.3 13 Residues of factories are often used as fire wood 
by local communities, residues available for freey ,


Plywood and veneer 
production residues


Kalimantan, Sumatera, 
Java, Papua, Maluku


1.5 16


Sugar residues Java, Sumatera, South 
Kalimantan


Bagasse: 10
Cane tops: 4


i


78 Bagasse is generally used in sugar factories (90%)
The use of cane tops and tissues needs to be 
investigatedCane tissues: 


9.6
investigated


Rice residues Java, Sumatera, 
Sulawesi, Kalimantan, 
Bali, Nusa Tenggara


Husk: 12
Bran: 2.5
Stalk: 2


150 Stalk and straw are generated at the field and 
generally burnt, in some areas used for feeding or 
raw material for paper industries
Husks often burnt uncontrolled, gg


Straw: 49
Husks often burnt uncontrolled


Coconut residues Sumatera, Java, 
Sulawesi


Shell: 0.4
Husk: 0.7


7 Residues are generated decentralized and usually 
left on the plantation field. Largely used as fire 
wood and for the production of charcoal


Palm oil residues Sumatera, new areas: Empty fruit 67 Palm shells and fibers are common fuel sources, 
EFB ll i i d


,
Kalimantan, Sulawesi, 
Maluku, Nusa 
Tenggara, Papua 


p y
bunches: 3.4
Fibers: 3.6


Palm shells: 
1.2


EFB are generally incinerated







Biomass gasification in Indonesia


 Grants and funds from International 
agencies/developed countries


 Up to 1990, about 50 gasifiers were installed, 
about 10 were intended as commercial units


 Power gasifiers: 10-120 KWe, thermal gasifiers: 
400-900 KWth


 Problems: tar
 Currently abandonedy







Indonesian gasifier


 Designed by Agency for Assessment 
and Application of Technology and and Application of Technology and 
PT Boma Bosma Indra, pilot scale
Bi 1 d d ft ifi Bioner-1 downdraft gasifier


 Research using rice husk
 18 KWe
 Diesel engine: rice husk replaces  Diesel engine: rice husk replaces 


diesel of about 67-87%











Rice husk gasification project facility
Haurgeulis West JavaHaurgeulis, West Java







Rice husk gasification project facilityRice husk gasification project facility
Haurgeulis, West Java


 100 KWe, installed in 2003
Commercial scale  by Indonesia  Commercial scale, by Indonesia 
Power (subsidiary of PLN, the state-


d  )owned power company)
 Connected to diesel engine
 Currently : Shut-down
 Funds from DGEEU Funds from DGEEU







Potential of Rice Husks


 Government is encouraging integrated 
rice mills


 Example: Jatisari integrated rice mills
 Integrated rice mills with capacity of 500 


tonnes paddies/daytonnes paddies/day
 Providing benefits to farmers while increasing 


the farmer’s rice quality
 Approximate production of rice husks: 36,000 


tonnes/year
 Average power requirement of 2 MW Average power requirement of 2 MW
 Currently obtain all power from the grid







Issues


 Potential of energy from rice husks
 Gasification: require success stories Gasification: require success stories
 Commercial feasible?
 Any commercial bank ready to finance? Any commercial bank ready to finance?
 Operating cost considering the gas 


cleaning process?cleaning process?
 Current electricity tariff in Indonesia: Rp 


445-560 (US$ 0 05-0 06)445-560 (US$ 0.05-0.06)








COUNTRY REPORT
the NETHERLANDSthe NETHERLANDS


Bram van der Drift
Dresden, 12 June 2006







NATIONAL POLICY


• 2006: fiscal measures to promote up to 2% biofuels
• 2007: 2% biofuels obligation for retailers
• 2010: 5.75% biofuels
• innovation (second generation biofuels): 60 million € fund for 


period until 2010period until 2010


2 IEA/Task 33, Dresden, 12 June 2006







ESSENT


85 MW CFB ifi d d li i d l• 85 MWth CFB gasifier operated on demolition wood, cooler, 
cyclone, 600 MWe coal-fired boiler (Amer-9 power station, 
Geertruidenberg, NL)


• EU legislation has been adopted by NL in Dec. 2005: Amer-9 
power station now is considered as waste incineration plant 
with corresponding emission limitswith corresponding emission limits


• This would not have been the case if 
gasifier and boiler were two companies 
since intermediate gas is “clean”since intermediate gas is clean


• Situation is considered as undesired 
side-effect of new law


• Tests are done with various clean 
biomass fuels


3 IEA/Task 33, Dresden, 12 June 2006







NUON POWER
250 MWe plant in Buggenum


2002 bi ifi i i l• 2002: start biomass co-gasification trials
• March 2006: official opening of biomass facilities for 30wt% 


co-gasificationg
• technically OK
• clean wood dust now, demolition wood dust will be added 


soon
• fuel specifications: <1-1.4 mm 


in 3 dimensions, <15% ,
moisture, <0.5wt% Cl, P and 
Ca limited (ash quality)


4 IEA/Task 33, Dresden, 12 June 2006







NUON POWER
1200 MWe plant called MAGNUM


• 1200 MWe fuel flexible plant
• based on gasification
• based on Buggenum successes
• up to 50% biomass possible


CO t d• CO2 capture ready
• ready in 2011 


5 IEA/Task 33, Dresden, 12 June 2006







HOST
chicken manure gasification in Tzum


3 MW CFB ifi l l• 3 MWth CFB gasifier, cooler, cyclone, 
boiler, steam turbine


• construction ready, first gasification y, g
test Jan. 2006


• successful with dry manure, 
intermediate problems with too highintermediate problems with too high 
moisture content manure


• 100-150 ppm NOx (3% O2)
• dryer will be added
• plan: 7000 h/y from end-2007


• ~50 offers for similar plants
HoSt Tzum (NL)


6 IEA/Task 33, Dresden, 12 June 2006


HoSt, Tzum (NL)







POLOW PROJECTS
• gasifier based on Torbed technology (see www torftech com)gasifier based on Torbed technology (see www.torftech.com)
• plant in operation/start-up for production of fuel gas for after 


burning dryer gas (“air”) plus supply of heat for dryer
• 3.5 MWth, demolition wood (~ 1 cm)
• commissioning now 
• will be expanded to operatewill be expanded to operate 


with engine next year
• www.polow.nl (Jacques 


P ld t)Poldervaart)


7 IEA/Task 33, Dresden, 12 June 2006







METHANOR
• 900 kton/y methanol from natural gas (two parallel lines)900 kton/y methanol from natural gas (two parallel lines)
• plant now for sale due to high gas price
• recent study finished to assess option to turn it into bio-methanol 


plant: short-term option is entrained flow gasifier, technically and 
economically feasible (assuming methanol-price of 450 €/ton, 
related to bio-ethanol price)p )


• owners (AKZO-Nobel, DSM, Dynea) will decide soon


8 IEA/Task 33, Dresden, 12 June 2006







ECN
pilot-scale duration test (1)
17000 mg/nm3 tar 140 mg/nm3 tar 30 mg/nm3 tar


<10°C tar dew point


850°C 400°C


17000 mg/nm3 tar 140 mg/nm3 tar 30 mg/nm3 tar


~70°C
CO 16-18
vol% dry    
CO
H2
CH4
CO


16 18
7-8
4-5
15 16 <2 5 mg/m3 phenol


9 IEA/Task 33, Dresden, 12 June 2006


CO2 15-16 <2.5 mg/m3 phenol







ECN
pilot-scale duration test (2)


10 IEA/Task 33, Dresden, 12 June 2006







ECN
pilot-scale duration test (3)


severe fouling between cyclone and OLGA 


11 IEA/Task 33, Dresden, 12 June 2006







Molecular MolecularECN
tar dew point


Compound
Molecular
Weight
[g/mol]


Concentration
[mg/mn


3] Compound
Molecular
Weight
[g/mol]


Concentration
[mg/mn


3]


Benzene 78.11 3350.582 Acenaphtylene 152.19 87.791


Pyridine 79.1 0 Acenaphtene 154.21 0


Toluene 92.14 591.376 Fluorene 166.23 14.2


2-mePyridine 93.13 0 Phenanthrene 178.24 64.61


3+4-mePyridine 93.13 0 Anthracene 178.24 14.897


Ethylbenzene 106.17
2.502


Fluoranthene 202.26
13.661


www.thersites.nl
calculates tar dew 
point from given tar


y


m/p-Xylene 106.16
30.461


Pyrene 202.26
15.19


o-Xylene + Styrene 106.17
173.976


Benzo(a)anthracene 228.3
5.199


Phenol 94.11
6.819


Chrysene 228.3
7.85


C l 108 14
0


B (b)fl th 252 31
0


point from given tar 
concentrations


o-Cresol 108.14 Benzo(b)fluoranthene 252.31


Indene 116.16
62.437


Benzo(k)fluoranthene 252.31
3.83


m/p-Cresol 108.14
0


Benzo(e)pyrene 252.31
0


Naphthalene 128.18
183.338


Benzo(a)pyrene 252.31
0


8.393 0


Quinoline 129.16 Perylene 252.31


Isoquinoline 129.16
8.586


Indeno(123-cd)perylene 276.33
0


2-methylnaphthalene 142.2
39.26


Dibenzo(a,h)anthracene 278.35
0


1-methylnaphthalene 142.2
26.583


Benzo(ghi)perylene 276.33
0


24.975 0y p (g )p y


Biphenyl 154.21
24.975


Coronene 300.35
0


Ethenylnaphthalene 154.21


0


D i t 360 K (87 1°C )
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Dewpoint = 360 K. (87.1°C.)







ECN
tar dew point: measurement


P = 1 - >20 bara
Tdew= -20°C to 175°CTdew  20 C to 175 C


 hydrocarbons
 waterProduct gas  water


sensor originates from 
natural gas


Product gas
Light


natural gas 
measurements 
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ECN
tar dew point measured vs. calculated
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UNIVERSITIES


• Eindhoven: plasma/corona, in-bed tar reduction, partial 
oxidation, cooler fouling
T t lf ifi ti t /i ith bi il• Twente: self gasification, steam/iron process with bio-oil, 
super critical water gasification (with BTG)


• Delft: CFB-gasification (oxygen/steam), high-temperature filter g ( yg ) g p
(ceramic)


15 IEA/Task 33, Dresden, 12 June 2006







BTG
• Supercritical water gasification is now “gasification in hotSupercritical water gasification is now gasification in hot 


compressed water”
• Gasification of pyrolysis products: no ash in oil as advantage 


f t l tfor catalyst
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MORE INFORMATION


Bram van der Drift
e: vanderdrift@ecn.nl 


31 224 56 4515t: +31 224 56 4515
w: www.ecn.nl


PO Box 1
NL  1755 ZG Petten
th N th l dthe Netherlands


publications: www.ecn.nl/library/main.htmlp y
composition database: www.phyllis.nl
tar dew point calculator: www.thersites.nl
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Biomass Gasification inBiomass Gasification in 
Switzerland


Ruedi BühlerRuedi Bühler


• Policy
• Programs
• BMG Industry + BMG projectsy p j


IEA Biomass Gasificatin,  Meeting Dresden, 13.6.2006







Policy


• Biomass contribution: 5% to energy consumption
• Wood contribution: 2 5%• Wood contribution: 2.5%
• Swiss Energy policy: Increase Biomass / wood 


contribution by 100%y
• Priorities of the Federal Government


Maximum utilisation


1. Heat application1. Heat application
2. Heat + Power 
3. Transportation fuel (SNG, Bio-Diesel etc.)
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Policy (2)


• Support
– Research: 


Federal Government: According to the priorities
PSI –> SNG, Hydrothermal gasification S. Biollaz


– P+D: Cantons, Private Funds (e.g. Electricity Companies)
– Commercial: Financial support: some cantons, «Klimarappen»
– Private funds (e.g. electricity companies): Research and P+D


• New law for electric power supply (negotiations in parliament) —p pp y ( g p )
> similar to German «Stromeinspeisegesetz»
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Programs


• Energie Schweiz
– Action program of the Federal Government to cut energy p g gy


consumption
– Support of voluntary actions of industries, communities etc. 


• Klimarappena appe
– Program of the Wirtschaft to avoid CO2 tax
– 1 €-ct/liter Diesel Benzin, 2008-2012 to reduce CO2 emissions


0 €/ f f f– 70 Mio €/a for financial support for
 Energy conservation (buildings)
 Renewables (e.g. wood)
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BMG i d t + i d t i lBMG industry + industrial 
projects


• Xylowatt has stopped activitiesXylowatt has stopped activities


Gas cleaning not sufficient for 
turbocharged engineturbocharged engine


 turbocharge cleaning too frequently


(dust particles)
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BMG i d t + i d t i lBMG industry + industrial 
projects


FuelFuel


Drying
AirAir


• Type: Kloeckner-Humbolt-Deutz
• Bag house filter with sorbalit injection (CTU)


J b h iPyrolysePyrolysis


Oxidation
AirAir


• Jenbacher engine
• Inertisation with Nitrogen 
• Spiez: 10‘000 hours with engine at part load


Reduction
SynSyn GasGas


Spiez: 10 000 hours with engine at part load


IEA Biomass Gasificatin,  Meeting Dresden, 13.6.2006AshAsh







Pyroforce Gasifier Spiez
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Pyroforce Gasifier Güssing, AT


• 300 kWel


• 2 gasifiers with gas cooler 
• 1 Bag house filter with sorbalit injection
• 1 Jenbacher engine
• Inertisation with Nitrogeng
• In construction
• Commissioning: January 2007g y
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Pyroforce Gasifier Ferlach, AT


• 900 kWel


• 2 gasifier gas cleaning isle for different wood 
quality,  each isle with 
– 3 gasifiers / gas coolers 
– 1 Bag house filter with sorbalit injection


2 J b h i 450 kW 1’000 kW• 2 Jenbacher engine 450 kWel or 1’000 kWel


• Inertisation with Nitrogen
I t ti• In construction


• Commissioning: January 2007


IEA Biomass Gasificatin,  Meeting Dresden, 13.6.2006







Additional Information of 
Pyroforcey


• 6 plants in DE and CH in phase of
– Engineering or
– Contract negotiations


Obj i A i i i hi 6• Objective: Amortisation within 6 years 
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BMG i d t + i d t i lBMG industry + industrial 
projects


Dasag Renewable Energy AG
Engineers and Suppliers of Biomass


T f ifi I di I tit t f S i


Gasification Power Plants


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


• Produced by Netpro Indiay p
• Produced by Netpro, Bangalore, India.
• Several plants in operation in India
• 2 plants sold in Switzerland


– Wila 350 kWel


– Zollhaus 600 kW
IEA Biomass Gasificatin,  Meeting Dresden, 13.6.2006


– Zollhaus 600 kWel







dasagren plant Wila
Main features:
• A CHP plant.
• Rating: 350 kW + waste heat utilisation• Rating: 350 kWel + waste heat utilisation.
• IISc-Netpro gasifier:  450 kg/h biomass 


throughput.
• Biomass:  15% moisture content.
• Producer gas cleaning system with cyclone 


separation quenching scrubbing andseparation, quenching, scrubbing and 
filtering.


• 1 Jenbacher engine
• Plant under construction
• Commissioning planned for November 2006


IEA Biomass Gasificatin,  Meeting Dresden, 13.6.2006







Schematic of a IISc-Netpro Gasification 
Plant


Main components:


1 G ifi 9 Chilli hi1 Gasifier 9   Chilling machine
3 Cyclon 11 Blower
4 Cooling column (room temp) 13 Bag house filter
5 Wash column


IEA Biomass Gasificatin,  Meeting Dresden, 13.6.2006
7 Cooling column (chilled water)







Additional Information of 
dasagreng


• Range of power plants being offered by dasagren:
– Units ratings of 200 - 600 kWel


– Multiple gasifier units with common gas cleaning system 
for power plants in the MW rangefor power plants in the MW range.


– Gasifier plants for the supply of producer gas for thermal 
applications.


• Erection, commissioning, training of operators and 
supervision during the stabilising period of the power plant.


• Technical support for maintenance managementTechnical support for maintenance management. 
• Time frame for commissioning approx. 10 to 12 months 


including clearances from local authorities.


IEA Biomass Gasificatin,  Meeting Dresden, 13.6.2006







Biomass Activities of PSI


Presentation S. Biollaz
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Country report 
Switzerland, PSI


Country report SwitzerlandCountry report Switzerland
PSI PSI -- PSI PSI --


Serge Biollaz, Frederic VogelSerge Biollaz, Frederic Vogel


PSI PSI CHCH 5232 Villi5232 VilliPSI PSI –– CHCH--5232 Villigen5232 Villigen


IEA IEA –– Gasification Task Meeting Gasification Task Meeting –– Dresden Dresden –– June 2005June 2005
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Country report 
Switzerland, PSI


Power & Chemicals from Biomass via Gasification
Focus and Approach at PSI Focus and Approach at PSI 


PSI‘s Focus:
• Systems analysis


Power 
Production


• Gas engine


• Systems analysis
• Fundamental and applied research
• Technology cooperation


Thermal
Conversion


Gas cleaning 
& Gas conditioning


• Gas engine
• Gas turbine
• Fuel Cell


Chemical 
Conversion


• Conventional Gasification, Pyrolyses
• Hydrothermal Gasification


PSI‘s Approach:
• Hydrogen / Methane / SNG
• Methanol / DME
• Fischer-Tropsch Fuel


PSI s Approach:
• Erect suitable setups, pilot plants @ PSI
• Use suitable setups, pilot plants outside PSI


BS51 & VF51, 12.6.20062IEA Task 33 Meeting, Dresden 


p
• Chemicals• Develop appropriate sampling techniques & diagnostics







Country report 
Switzerland, PSI


Project clusterj


„SNG from biomass“


BS51 & VF51, 12.6.20063IEA Task 33 Meeting, Dresden 







Country report 
Switzerland, PSI


Thermal conversion of biomass to SNG


SNG: Synthetic Natural Gas


Swiss transportation grid (25 …. 70 bar)


??Wood


BS51 & VF51, 12.6.20064IEA Task 33 Meeting, Dresden 







Country report 
Switzerland, PSI


SNG from biomass (Bio-SNG)
Indirect and direct thermal route


G ifi ti M th tiCO + 1.08 H2


Gasification
800-900°C


Methanation
400°C


Indirect and direct thermal route


CO + 1.08 H2
Gasification
800-900°C


1 atm


Methanation
400°C


10-20 atm


2800 900 C
1 … 30 atm
no catalyst


400 C
1 … 30 atm
Ni catalyst


no catalyst Ni catalyst


Tars, Char


Tars, Char


0.52 CH4 + 0.48 CO2 + 0.04 H2O(g)∆rH° = –26 kJ/mol
CH1.49O0.67(s) + 0.33 H2O(g) 0.52 CH4 + 0.48 CO2 + 0.04 H2O(g)


∆rH° = –26 kJ/mol


“Si l ” G ifi i  d M h i ?0 33 H O(l)∆ H100 = +41 kJ/mol
Hydrothermal Gasification:
“Simultaneous” Gasification and Methanation?0 33 H O(l)


∆vH100 = +41 kJ/mol
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“Simultaneous” Gasification and Methanation?0.33 H2O(l)∆vH  +41 kJ/mol Simultaneous  Gasification and Methanation?0.33 H2O(l)







Country report 
Switzerland, PSI


SNG from biomass
One of the challengesOne of the challenges


0.0 1.0
C


G ifi ti Gas SNGM th ti+ H O


0.2 0.8


C b


Gasificatio upgrading SNGMethanation+ H2O


Improvement of the atomic gas 
0.4 0.6


CO


Carbon
deposition 


region


Improvement of the atomic gas 
composition by addition of water


0.6


0.8 0 2


0.4
CO2


0.8


1.0 0.0


0.2


H2 O2


O


H2/CO=3


CH4


H
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Country report 
Switzerland, PSI


ProjectProject


„Wood-to-SNG via FICFB „ ood to S G a C


gasification“gasification


- Indirect SNG production -
BS51 & VF51, 12.6.20067IEA Task 33 Meeting, Dresden 







Country report 
Switzerland, PSI


SNG plant at the CHP plant Güssing
Process flow diagram and slip stream to mini pilot plant and PDU (1 MW )Process flow diagram and slip stream to mini-pilot plant and PDU (1 MWSNG)


SNG plant 


BS51 & VF51, 12.6.20068IEA Task 33 Meeting, Dresden 







Country report 
Switzerland, PSI


PSI’s mini SNG pilot plant in Güssing since 2004


• Unmanned operation (remote control)
• 10 kW• 10 kW
• 1 … 10 bar 
• 200 … 500 °C


M bil


BS51 & VF51, 12.6.20069IEA Task 33 Meeting, Dresden 


• Mobile







Country report 
Switzerland, PSI


Conversion of biomass to SNG in the d-HHV diagram
Case “FICFB gasification”: Fulfilling requirements on HHV and relative densityCase FICFB gasification : Fulfilling requirements on HHV and relative density


14
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C2H6 BiomassBiomass SNG Biomass SNG Biomass
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Gasification MethanationGas cleaning &
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Country report 
Switzerland, PSI


Projectj


„Hydrothermal Gasification“


- Direct SNG production -p
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Country report 
Switzerland, PSI


SNG from biomass (Bio-SNG)
Indirect and direct thermal route


G ifi ti M th tiCO + 1.08 H2


Gasification
800-900°C


Methanation
400°C


Indirect and direct thermal route


CO + 1.08 H2
Gasification
800-900°C


1 atm


Methanation
400°C


10-20 atm


2800 900 C
1 … 30 atm
no catalyst


400 C
1 … 30 atm
Ni catalyst


no catalyst Ni catalyst


Tars, Char


Tars, Char


0.52 CH4 + 0.48 CO2 + 0.04 H2O(g)∆rH° = –26 kJ/mol
CH1.49O0.67(s) + 0.33 H2O(g) 0.52 CH4 + 0.48 CO2 + 0.04 H2O(g)


∆rH° = –26 kJ/mol


“Si l ” G ifi i  d M h i ?0 33 H O(l)∆ H100 = +41 kJ/mol
Hydrothermal Gasification:
“Simultaneous” Gasification and Methanation?0 33 H O(l)


∆vH100 = +41 kJ/mol
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“Simultaneous” Gasification and Methanation?0.33 H2O(l)∆vH  +41 kJ/mol Simultaneous  Gasification and Methanation?0.33 H2O(l)







Country report 
Switzerland, PSI


High Pressure Reactor Systems @ PSI


Batch reactor (24 ml, 600°C, 400 bar)


Continuous catalyst test rig (600°C 400 bar)
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Continuous catalyst test rig (600 C, 400 bar)







Country report 
Switzerland, PSI


Projectj


„Optimisation of gas engine“


Pyroforce, GE Jenbacher, ETH Zürich, PSI
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Country report 
Switzerland, PSI


GTpower model of wood gas fired ICE


Measured wood 
gas composition


Conditions at the 
outlet of turbineout et o tu b e
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Vibe combustion







Country report 
Switzerland, PSI


Instrumentation of wood gas fired ICE in Spiez


cooler
T  p


Composition of gas
T  p Composition of gas


Mixer
Wood gas


Air
V


T, ptot


p l


T, ptot


T, ptot Composition of gas


8 7 6 5 4 3 2 1 G


pzyl Pgenerator


Composition of gas


T


T T T T T T T T
Composition of gas


Flue gas T


catalyst


Legende: - green → exisiting measuring points
ptotT, pstat


Flue gas
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- red → additional measuring pointsDistrict heating







Country report 
Switzerland, PSI


GTpower model calibration via comparison of 
d d l l t d lmeasured and calculated values


Das Bild kann nicht angezeigt werden. Dieser Computer verfügt möglicherweise über zu wenig Arbeitsspeicher, um das Bild zu öffnen, oder das Bild ist beschädigt. Starten Sie den Computer neu, und öffnen Sie dann erneut die Datei. Wenn weiterhin das rote x angezeigt wird, müssen Sie das Bild möglicherweise löschen und dann erneut einfügen. Das Bild kann nicht angezeigt werden. Dieser Computer verfügt möglicherweise über zu wenig Arbeitsspeicher, um das Bild zu öffnen, oder das Bild ist beschädigt. Starten Sie den Computer neu, und öffnen Sie dann erneut die Datei. Wenn weiterhin das rote x angezeigt wird, müssen Sie das Bild möglicherweise löschen und dann erneut einfügen.


Case 1: 110 kWCase 1: 110 kWe


Case 2: 120 kWe


Case 3: 135 kWe
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Country report 
Switzerland, PSI


Projectj


„B-IGFC“


- Biomass Integrated Gasification Fuel Cell -g
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Country report 
Switzerland, PSI


Biomass Integrated Gasification Fuel Cell


Wood
B IGFC


Gas cleaning 


B-IGFC


Gasification Fuel CellGas cleaning 
& gas conditioning


Technical Challenges:
PowerHeat


Technical Challenges:
• Gas cleaning for the fuel cell: How good is good enough?
• Thermal integration of gasification  gas cleaning and fuel cell
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• Thermal integration of gasification, gas cleaning and fuel cell







Country report 
Switzerland, PSI


Link-up of updraft gasifier/ hot gas cleaning / SOFC
Results from 2004Results from 2004


SPS der SOFCSPS des Vergasers SS
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Silo (Pellets)
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SPS der SOFCSPS des Vergasers


TorchTorch
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PSI test rigPSI test rig
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100 h of stable operation for SOFC running with a particle poor but tar rich gas
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100 h of stable operation for SOFC running with a particle poor but tar rich gas







Country report 
Switzerland, PSI


New updraft gasifier @ PSI for IGFC tests
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~7 bar Ascheash







Country report 
Switzerland, PSI


Analysis of produced woodgas
Woodgas Composition


60 2.0


6.0


40


50


N
2 


[m
ol


.-%
]


1.4


1.6


1.8


da
f]


9.1 1.4


2.7


17.8


53.1


Molar fraction
20


30


C
O


2,
 C


H
4 


an
d 


N


0.8


1.0


1.2


2 
an


d 
C


3 
 [m


ol
.-%


 


averaging interval


startup process


cleaning of samplingpoint


exchange of solvent


9.9


9.1


10


20


H
2,


 C
O


, C


0.2


0.4


0.6 C
2 10.5


25.7


H2
CO
CH4
C2- & C3-Species
T


0
11:00 12:00 13:00 14:00 15:00 16:00


Time [hh:mm]


0.0


H2 N2 CH4 CO CO2 C2-C3Spezies


15.0


13.7


35.1


BS51 & VF51, 12.6.200622IEA Task 33 Meeting, Dresden 


LHV fraction
Tars
Water
N2 & CO2





