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Report from WP2E workshops on Gas Treatment 
Deliverable 2E-2 
  
Eva K. Larsson, TPS Termiska Processer AB 
 
As part of the ThermalNet meetings, WP2E (Gas treatment) has arranged two workshops. The 
first in Lille 4 April 2006 was devoted to low-temperature gas treatment and has already been 
reported by Harrie Knoef, BTG. This report is Attachment 1. Below is the report for the 
second workshop. 

Contents 
High-temperature gas treatment Workshop report 

Larry Felix, GTI: Biomass Gasification Research at the Gas Technology Institute 

Kurt Carlsson, Firma EcoExpert: Removal of particles in flue gas from combustion of 
biomass – a practical approach  *  

Francesco Basile and FerruccioTrifirò, University of Bologna: Gas upgrading: Reforming and 
water gas shift 

Attachment 1 Workshop on gas cleaning by Harrie Knoef, BTG. Report on first workshop, 
devoted to low-temperature gas treatment, in Lil le 4 April 2006 

Attachment 2 All presentations from both workshops 

 

*    Presentation intended for the previous WP2E workshop in Lille 2006. Included in this 
workshop, even though if concerns low-temperature gas cleaning. 
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High-temperature gas treatment Workshop report 
A workshop denoted High-temperature gas treatment was arranged by WP2E, which is led by 
TPS Termiska Processer AB, at the ThermalNet meeting in Vicenza 10 October 2007. Eva K. 
Larsson, TPS, headed the workshop.  
 
Kurt Carlsson’s presentation that was intended for the previous WP2E workshop in Lille 2006 
was included in this workshop, even though it concerns low-temperature gas cleaning.  
 
Due to health reasons, Christoph Unger, Fraunhofer UM SICHT, could not come to give his 
intended presentation Catalytic tar conversion downstream of a CFB gasifier - the 
Fraunhofer Umsicht experience. Instead a paper from the 15th European Biomass Conference 
in Berlin M ay 2007 UAL FLUIDIZED BED BIOMASS STEAM GASIFICATION COMBINED 
WITH CATALYTIC GAS CLEANING was distributed. 
 
The three presentations that remained are summarized below. Due to delays with 30 minutes 
at the lunch break, there was not enough time for the planned general concluding discussion. 

Larry Felix, GTI: 
Biomass Gasification Research at the Gas Technology Institute  
Larry Felix, GTI, Birmingham, AL, gave a very interesting presentation; Biomass Gasifica-
tion Research at the Gas Technology Institute. Due to the high prices of oil and natural gas, 
the interest in gasification has grown remarkably in the US over the last few years. The fear 
for a tax on carbon emissions speeds up the development of biomass gasif ication. For GTI 
this means extensive use of their Flex-Fuel Test Facility in Des Plaines near Chicago, IL, 
where gasification tests can be carried out in various projects with industrial partners. Among 
other options at this facility, there is equipment for hydrogen, SNG and syngas-to-liquid 
production and for CO2 capture. 
 
GTI are working on several projects involving high-temperature gas treatment. Together with 
Siemens, they have developed the UltraClean gas treatment process for hot syngas contami-
nant removal (including particulates) to ultra-clean levels for high efficiency IGCC (fuel cell) 
and methanol plants. Another process, the M orphysorb® Process is owned by GTI and Uhde 
and is used for removal of acid gas (CO2 and/or H2S). It is an alternative to the Selexol 
process over which it has some advantages l ike higher solvent loading and lower co-absorp-
tion of light hydrocarbons. 
 
A new technology for producing homogeneous, tar-decomposing catalysts was presented. The 
method is called thermal impregnation (TI) and is used to incorporate Ni, Co, and Fe into 
specific formulations of olivine-structured silicates, throughout the depth of the particles. The 
metals become part of the crystal structure and a robust, attrition resistant, catalytically-active 
material is the the result. A particular property of this catalyst is that when it attrits, fresh, 
catalytically-active surfaces will be exposed. This presents a promising way to achieve a 
longer lif etime than for normal catalysts created by incipient wetness, where the catalyst is 
concentrated in a thin, surface layer. Actually, the performance of the TI catalyst can improve 
with time as the material breaks – quite the opposite to normal catalysts. 
 
The TI catalyst has so far shown promising results in tests with naphtalene and methane 
decomposition, also in tests at 900°C with sulphur (H2S) at normal levels for biomass 
gasif ication. The tests have been carried out in fixed beds. Fluid beds will be tested. This new 
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type of catalyst could be used for tar-decomposition in fluidized bed gasif ication and for 
packed beds and catalyst monoliths downstream of biomass gasif iers. Investigations of TI as a 
method for producing catalysts for Fischer-Tropsch and other applications are also ongoing. 
 
Another catalyst development at GTI is based on multi-phase glass-ceramics. Robust catalysts 
with a high NiO content (20%) and good tar decomposition properties can be produced. 
Glass-ceramic formulations form amorphous glasses when melted. After solidification as a 
glass and upon ceramming (heat treatment up to the glass transition temperature) they  
concentrate Ni and Fe into a discrete, secondary crystalline phase that surrounds each primary 
crystal. This method enables the use of standard glass-forming technology to create 
specialized forms, structures, foams, and fibers of glass-ceramics in an amorphous state that 
becomes catalytically-active upon ceramming. By foaming, catalysts with high specific 
surface can be produced with this method. 
 
Beside gas treatment technology, Larry Felix presented other gasification activities at GTI, 
expecially a new project for pretreating lignocellulosic biomass to get fuels easy to process in 
gasif iers and pyrolyzers. Novel forms of biomass pretreatment derived from Thermal Depoly-
merization (TDP) technology, producing carbon and oi ls, and hydrothermal treatment, 
producing a uniform material from biomass, residue or waste, are investigated. 
 

Kurt Carlsson, Firma EcoExpert: 
Removal of particles in flue gas from combustion of biomass – a 
practical approach 
Kurt Carlsson, Firma EcoExpert, Växjö, Sweden, presented technologies for particle removal 
in flue gas from combustion of biomass with an up to date practical approach. The focus was 
on the best technologies for removing the smallest, and most dangerous, particles. 
 
The presentation started with going through the diff erent forces that are used in different 
particle removal technologies and a quick review of the simpler technologies, like cyclones 
and sand beds. 
 
The function of the electrostatic precipitator (ESP) was explained. The technology is more 
than 100 years old. Dry electrostatic precipitator (DESP), where the collecting plates are 
cleaned mechanical ly, and wet electrostatic precipitator (WESP), where a liquid is used to 
wash the plates, were explained and examples of applications were shown. ESP can in 
principle be designed for any removal efficiency also for submicron dust. Dust with very high 
resistivity does not work well in the DESP. High voltage counteracts the resistivity but can 
give sparkovers. Biomass with a high chlorine content produces a high resistivity dust and for 
this kind of fuels the DESP is not the best solution. On a question about maximum 
temperature, Kurt Carlsson explained that with carbon steel the limit is 300°C -maybe 350°C. 
For higher temperatures special material is needed. The flow rate of flue gas between the 
collecting plates is about 1 m/s. A fine gas distribution system is applied to reduce the gas 
velocity. 
 
Fabric filters (FF) is the other type of high-grade dust removal. FFs can normally be designed 
for a very high dust removal, also for submicron dust. The fabric is sensistive for a high rate 
of sticky dust. Flue gas temperatures above 200°C require more expensive fabrics than at the 
the lower temperatures. 
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DESP and FF where compared. Also wet and dry methods were compared. Almost each 
biomass plant is unique and must be evaluated separately. 
 
Water treatment for WESP for biomass combustion plants is not too complicated, but conta-
minated fuels require more treatment. 
 
For biomass combustion plants the cost for a particle separation plant is about the same for 
DESP, WESP  and FF or about 1 M euro for a 20 M W plant. 
 
Kurt Carlsson had worked with the gas cleaning at the Brescia Waste-to-Energy plant, which 
is not far from Vicenza. It is an example of cost efficient gas cleaning using only FF for dust 
removal and dry absorption by sorbents injected into the flue gas upstream of the FF. The two 
oldest units have been 10 years in operation and when a third line was built 5 years ago the 
same type of flue gas cleaning was chosen also for that line. 

Francesco Basile and FerruccioTrifirò, University of Bologna: 
Gas upgrading: Reforming and water gas shift 
FerruccioTrifirò, University of Bologna, Italy, presented different upgrading alternatives in 
the process from biomass gasification to a clean syngas, from which various biofuels like 
methanol, DM E and Fischer-Tropsch diesel can be produced. University of Bologna is a 
partner in the CHRISGAS project (within EC 6th Framework Programme), in which the 
gasif ier in Värnamo, Sweden, plays an important role. Within the CHRISGAS project 
research and development work is done to support the planned rebuild of the plant, built as an 
IGCC demonstration plant, to a demonstration plant for production of syngas 1. University of 
Bologna has done lab test on reforming within the CHRISGAS project. 
 
The reforming process serves to react the methane and other hydrocarbons produced in 
gasif iers operating below appr. 1000°C to syngas, i.e. H2 + CO. The options for reforming can 
be divided into three different types. In Steam reforming, steam and heat is added and the 
reaction takes place on a Ni based catalyst. Drawbacks are the need for external heating and 
the catalyst sensibility to sulphur. For a CFB gasifier, as in Värnamo, that will be oxygen-
blown after the rebuild, Auto-thermal reforming (ATR) of Partial oxidation (POX) are better 
suited. In POX the hydrocarbons and part of the hydrogen is oxidised and this raises the 
temperature to 1200-1400°C. Oxygen, which is available anyway to serve the gasification, is 
added with steam as a moderator. At this high temperature no catalyst is needed. This is 
therefore a robust system with the main drawback that part of the syngas and the energy 
efficiency is lost when syngas energy is used to raise the temperature. The third option, ATR, 
is a combination of Steam reforming and POX. Oxygen and steam is added, no external 
heating, and a Ni-based catalyst is used. The temperature is appr. 1000°C, and therefore the 
syngas yield and the energy efficiency is better than for POX. 
 
(There are alternatives to reforming in syngas production. With high-temperature entrained 
flow gasif ication the temperature in the gasif ier is the same as in POX or higher and thereby 
the hydrocarbons are cracked already in the gasifier and there is no need for reforming. If 

                                                 
1 After the Workshop the Swedish Energy Agency froze its funding for the rebuild (December 2007). The 
Agency had demanded that a consortium of Swedish companies must be formed and put up part of the financing 
for the rebuild. Due to uncertainties concerning the ownership of the technology this was not possible. The 
situation has sti l l not been resolved and the future of the plant rebuild is uncertain. This affects the activities 
within the CHRISGAS project. 
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methane does not need to be cracked and only tar cleaning is sufficient, this can be done by 
scrubbing with an organic substance and thereby physically remove the tars.) 
 
Water gas shift (WGS) is applied to the syngas process to increase the ratio H2/CO. The WGS 
is an exothermic equil ibrium reaction taking place on a catalyst and is strongly affected by 
temperature. For biomass gasification the WGS catalysts of interest are the FeCr and the 
CoM o catalysts. FeCr is a high-temperature shift catalyst working at a temperature of 350-
550°C. It is sulphur tolerant. CoM o is both high- and low-temperature shift catalyst and is 
active in sulphidized form, therefore requiring a certain concentration of sulphur in the feed 
gas. To reach high H2/CO ratios the shift process needs to take place in more than one 
adiabatic step with cooling in between. The WGS catalysts also catalyse hydrogenation of 
unsaturated hydrocarbons and hydrolysis of COS to H2S. For gas not being subjected to 
WGS, a separate hydrogenation and hydrolysis reactor is needed. Hydrogenation catalyst can 
be CoM o operating at a too low temperature for WGS to be initiated and hydrolysis catalyst 
can be activated alumina. These two are often combined in one reactor.   
 
Prof. Trifirò presented the Värnamo plant and the rebuild project. He talked about why the 
technology of choice in Värnamo, pressurised CFB gasification is a promising technology for 
syngas production from biomass. For the Värnamo plant, ATR has been chosen in combina-
tion with a hot gas filter, and with POX as a fall-back alternative. WGS is also included but 
no further gas treatment. 
 
The main process in the rebuilt Värnamo plant will be  
- oxygen-blown gasification in the existing pressurised CFB gasif ier 
- hot gas filter 
- ATR 
- gas cooling 
- a WGS section consisting of one l ine with high-temperature shift (FeCr catalyst), cooling 
and low-temperature shift (CoM o catalyst) and one parallel l ine with cooling before combined 
hydrogenation and hydrolysis 
- burning the gas in a heat recovery boiler 
Later, further gas cleaning and a production unit for e.g. DM E can be added to the plant. 
 
The status of the plant is that successful tests were run in the plant during 2006-2007 after 
status review, some repair work and change of control system, but the rebuild into a syngas 
plant has not started. 
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Attachment 1  

Workshop on gas cleaning by Harr ie Knoef, BTG. Report on first 
workshop, dev oted to low-temperature gas treatment, in Lille 4 April 
2006 
 

Workshop on gas cleaning 
 

Harrie Knoef, BTG 
 
At the ThermalNet meeting in Lille, France a w orkshop was organised on gas cleaning 
with three presentations. Tomas Kåberger form TPS headed the session w hich was held 
on 4 April 2006. 
 
The f irst presentation w as made by Sander van Paasen, form ECN Biomass regarding a 
700 hour duration test of a complete gasif ication CHP plant including the novel tar 
removal system “Olga”. The test w as a cooperative effort of ECN w ith Host (gasif ier 
manufacturer), Dahlman (supplier of the Olga system) and Essent, w ho supplied the 
gasengine for this test. The w ood consumption w as in average about 100 kg/hour and 
the test show ed good performance of the w hole system. More information on this test 
can be found in a separate article. 
 
Prof. Gerard Brem of University Tw ente presented the integrated f ilter system of the 
Pyros system, a f lash pyrolysis technology utilizing a rotatung particle separator (RPS), 
which was alo developed at the same university. The RPS is a cyclone incorporating a 
rotating f ilter element w ith very f ine openings. It’s a proven technology for f lue gas 
cleaning and also applied in the food processing industry. The research work started 
because many liquid and hot gas f iltration technologies suffer from different kind of 
problems. The quench for condensing the pyrolysis oil is also based on the RPS 
technology, w hich makes the w hole plant rather simple. 
 
In the third and last presentation Prof. Hermann Hofbauer presented an update of the 
Guessing gasif ier installat ion w ith the focus on improvements of the gas cleaning 
system. The operational performance increased steadily over the last years and the 
availability in 2005 w as very good w ith about 90%. Some main features of the plant is 
the production of a medium calorif ic gas w ithout using oxygen and no w aste streams 
except for the f ly-ash. One major problem w ith fouling of the product gas cooler w as 
solved by recycling part of the f ly-ash to the fuel intake at the gasif ier. The ash cleaned 
the surfaces of the cooler and also served as a catalyst for tar cracking. The 
performance of the baghouse f ilter has been increased by using precoat material. This 
increased the tar removal considerable; the tar content decreases from about 2 g/Nm3 to 
0.75 g/Nm3. The remaining tar is almost complete removed by the scrubber using RME 
as medium. After phase separation of condensate and the RME saturated w ith tar is 
recycled to the combustor, w hich means that no liquid w aste stream is produced. A 
catalytic oxidizer removes about 92% of the CO emission; even after 4,000 hours no de-
activation is encountered w hich is a promising result for minimizing gaseous emissions. 
 
The presentations are available at the w ebsite www.thermalnet.co.uk soon for those w ho 
attended the meeting. 
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Attachment 2  

All presentations from both workshops 

Contents 
The presentations are also available separately at the ThermalNet website 
www.thermalnet.co.uk. 
 
First Workshop 
Held in Lil le 4 April 2006. Low-temperature gas treatment 
 
1:1  Sander van Paasen, Harold Boerrigter, Patrick Bergman, ECN: Duration test of gas 
cleaning at ECN (700 h), The OLGA development 
 
1:2  Gerrit Brem, TNO Science and Industry: PyRos technology for flash pyrolysis - 
integrated reactor and filter concept 
 
1:3  Hermann Hofbauer, Vienna Univ: Gas-cleaning at the Güssing plant, Update 
 
Second Workshop 
Held in Vicenza 10 October 2007. High-temperature gas treatment 
 
2:1  Larry Felix, GTI: Biomass Gasification Research at the Gas Technology Institute 
 
2:2  Kurt Carlsson, Firma EcoExpert: Removal of particles in f lue gas from combustion of 
biomass – a practical approach *  
 
2:3  Francesco Basi le and FerruccioTrifirò, University of Bologna: Gas upgrading: Reforming 
and water gas shift 
 
 

*  Presentation intended for the previous WP2E workshop in Lille 2006. Included in this 
workshop, even though if concerns low-temperature gas cleaning. 
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2:2  Kur t Carl sson, Fi rma EcoExper t: Removal  of par ti cl es i n fl ue gas from combusti on 
of bi omass – a practi cal  approach 
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2:3  Francesco Basil e and Fer ruccioTri firò, Uni versi ty of Bologna: Gas upgrading: 
Reforming and water  gas shi ft 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 97/128 

 
 

 
 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 98/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 99/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 100/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 101/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 102/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 103/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 104/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 105/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 106/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 107/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 108/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 109/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 110/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 111/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 112/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 113/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 114/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 115/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 116/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 117/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 118/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 119/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 120/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 121/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 122/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 123/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 124/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 125/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 126/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 127/128 

 
 

 



TPS Termiska Processer AB 2008-04-04 THERMALNET 
Eva K. Larsson  Appendix 2 Presentation 2:3 

WP2E workshops on Gas Treatment Page 128/128 

 
 

 


