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Report from WP2E workshops on Gas Treatment
Deliverable 2E-2

Eva K. Larsson, TPS Termiska Processer AB

Aspart of the ThermaNet meetings, WP2E (Gas trestment) has arranged two workshops. The
first in Lille4 April 2006 was devoted to low-temperature gas treatment and has aready been
reported by Harrie Knoef, BTG. This report isAttachment 1. Below is thereport for the
second workshop.

Contents
High-temperature gas trestment 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 Basil e and FerruccioTrifiro, University of Bologna: Gas upgrading. Reforming and
water ges shift

Attachment 1  Workshop on ges cleaningby Harrie Knoef, BTG. Report on firs workshop,
devoted to low-temperature gas treatment, in Lille 4 April 2006

Attachment 2 All presentations from bath workshaops

*  Presentation intended for theprevious WP2E workshop in Lille 2006. Included in this
workshaop, even though if concerns low-temperature gas cleaning.
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High-temperature gas treatment Workshop report

A workshagp denoted High-temperature ges treatment was arranged by WP2E, which is led by
TPSTermiska Processer AB, a theThermaNet meetingin Vicenza 10 October 2007. EvaK.
Larsson, TPS, headed the workshop.

Kurt Carlsson’ spresentation tha was intended for theprevious WP2E workshap in Lille 2006
was included in this workshop, even though it concerns low-temperature gas cleaning.

Dueto hedlth reasons, Christoph Unger, Fraunhofer UM SICHT, could not cometo gve his
intended presentation Catalytic tar conver sion downstream of a CFB gasifier - the
Fraunhofer Umsicht experience. Instead apaper fromthe 15" European Biomass Conference
in Berlin M ay 2007 UAL FLUIDIZED BED BIOMASS STEAM GAS FICATION COMBINED
WITH CATALYTIC GAS CLEANING was distributed.

Thethree presentationsthat remained are summarized below. Dueto delay s with 30 minutes
a the lunch break, there was not enough time for the planned genera concluding discussion.

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

Larry Fdix, GTI, Birmingham, AL, gaveavery interesting presentation; Biomass Gasifica-
tion Research a the Gas Technology Institute. Duetothe high prices of oil and natura ges,
theinterest in gasification has grown remarkably in the US over thelast few years. The fear
for atax on carbon emissions speeds up the development of biomass gesification. For GTI
this means extensive use of ther Flex-Fud Test Facility in Des Plaines near Chicago, IL,
where gasification tests can be carried out in various projects with industria partners. Among
other options a this facility, there is equipment for hydrogen, SNG and sy ngas-to-liquid
production and for CO, capture.

GTI areworking on several projects involving high-temperature gas treatment. Together with
Semens, they have developed the UltraClean gas treatment process for hat sy ngas contami-
nant remova (including particulates) to ultra-clean levels for high efficiency IGCC (fuel cdl)
and methanol plants. Another process, theM orphy sorb® Process is owned by GT1 and Uhde
and is used for removal of acid gas (CO, and/or H,S). It is an dternative to the Sdexoal
process over which it has some advantages like hi gher solvent loading and lower co-absorp-
tion of light hy drocarbons.

A new technology for producing homogeneous, tar-decomposing catay sts was presented. The
method is caled therma impregnation (T1) and is used to incorporate Ni, Co, and Feinto
specific formulations of olivine-structured silicates, throughout the depth of theparticles. The
metals become part of the crysa structure and arobust, atrition resistant, catayticaly-active
materid isthetheresult. A particular property of this catalyst isthat when it attrits, fresh,
catayticaly-active surfaces will be exposed. Thispresents apromisingway to achievea
longer lif etime than for normal cataly sts created by incipient wetness, wherethe cataly & is
concentrated in athin, surface layer. Actualy, theperformance of the T catay s can improve
with time as the materid breaks — quite the opposite to norma catayds.

TheTI catdyst hasso far shown promising results in testswith ngphtalene and methane
decomposition, aso in tests & 900°C with sulphur (H,S) a norma levels for biomass
gesification. Thetests have been carried out in fixed beds. Fluid beds will betested. This new
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type of catdy s could be used for tar-decomposition in fluidized bed gesification and for
packed beds and catay st monoliths downstream of biomass gasifiers. Investigations of Tl asa
method for producing cataly sts for Fischer-Tropsch and other applications are dso ongoing.

Another catay s development at GTI is based on multi-phase gass-ceramics. Robust catay gs
with ahigh NiO content (20%) and good tar decomposition properties can be produced.
Glass-cerami ¢ formul ations form amorphous gasses when melted. After solidification as a
dass and upon ceramming (heat trestment up tothe gass transition temperature) they
concentrate Ni and Feinto adiscrete, secondary crydaline phasethat surrounds each primary
crygad. This method enables the use of standard gass-formingtechnology to cregate
specidized forms, structures, foams, and fibers of g ass-ceramicsin an amorphous staethat
becomes catdyticdly-active upon ceramming. By foaming, cataystswith high specific
surface can be produced with this method.

Beside gas treatment technology, Larry Felix presented other gesification activities a GTI,
expecidly anew project for pretreating li gnocellulosi c biomass to get fuels easy toprocessin
gesifiers and pyrolyzers. Nove forms of biomass pretrestment derived from Therma Depoly -
merization (TDP) technology, producing carbon and oils, and hy drotherma trestment,
producing auniform materia 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, Vaxj6, Sweden, presented technolog es for particle removal
in flue gas from combustion of biomass with an up to dae practica approach. The focus was
on the best technologies for removing the small est, and most dangerous, particles.

The presertation garted with going through the diff erent forces that are used in different
particle remova technologes and aquick review of the simpler technolog es, like cy clones
and sand beds.

Thefunction of the eectrostatic precipitator (ESP) was explained. Thetechnology is more
than 100 years old. Dry dectrostdic precipitaor (DESP), where the collectingplates are
cleaned mechanicaly, and wet eectrostaticprecipitator (WESP), wherealiquid is used to
wash theplates, were explained and examples of applications were shown. ESP canin
principle be designed for any remova efficiency adso for submicron dust. Dust with very high
resistivity does not work well in the DESP. High voltage counteracts theresistivity but can
gve sparkovers. Biomass with ahigh chlorine content produces ahigh resistivity dug and for
this kind of fues the DESP is not the bes solution. On aquestion about maxi mum
temperature, Kurt Carlsson explained that with carbon sted the limit is 300°C -may be 350°C.
For higher temperatures specid materid is needed. Theflow rate of flue gas between the
collecting platesis @out 1 nv/s. A fine gas distribution systemis gpplied to reduce the gas
velocity .

Fabric filters (FF) is the other type of high-grade dust remova. FFs can normaly be designed
for avery high dust removad, aso for submicron dust. Thefabricis sensistivefor ahighrate
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 methodswere compared. Almost each
biomass plant is unique and must be evauated separately.

Water trestment for WESP for biomass combustion plants is nat too complicated, but conta
minated fuels require more treatment.

For biomass combustion plantsthe cost for aparticle separation plant is about the same for
DESP, WESP and FF or aout 1M euro for a20 MW plant.

Kurt Carlsson had worked withthe ges cleaning at the Brescia Waste-to-Energy plant, which
is not far from Vicenza It is an example of cost efficient gas cleaningusingonly FF for dugt
remova and dry absorption by sorbents injected into the flue gas upsream of the FF. Thetwo
oldest units have been 10 years in operation and when athird line was built 5 years ago the
sametype of flue gas cleaningwas chosen dso for that line.

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

FerruccioTrifiro, University of Bologna, Italy, presented different upgrading aternativesin
the process from biomass gasification to a clean sy ngas, from which various biofuds like
methanol, DM E and Fischer-Tropsch diesel can be produced. University of Bolognais a
patner in the CHRISGA Sproject (within EC 6th Framework Programme), in which the
gesifier in Varnamo, Sweden, plays an importart role. Within the CHRISGA S project
research and development work is done to support theplanned rebuild of the plant, built as an
|GCC demonstration plant, to ademonstration plant for produdtion of synges *. University of
Bolognahas donel ab test on reforming within the CHRISGA S project.

Thereforming process serves to react the methane and other hy drocarbons produced in
gesifiers operating below appr. 1000°C tosynges, i.e. H, + CO. The options for reforming can
be divided into three different types. In Seam reforming, steam and heat is added and the
reaction takes place on aNi based catdyst. Drawbacks are the need for externa heating and
the catdy g sensibility to sulphur. For a CFB gasifier, asin Vanamo, that will be oxy gen-
blown after the rebuild, Auto-thermal reforming (ATR) of Partia 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. Oxy gen, which is available anyway to servethe gasification, is
added with steam as amoderator. At this high temperature no catdy < is needed. Thisis
therefore arobust sysem with the main drawback that part of the syngas and the energy
efficiency islost when synges energy is used to raisethe temperature. Thethird gption, ATR,
isacombination of Steam reforming and POX. Oxy gen and steam is added, no externa
heating, and aNi-based catayst is used. Thetempeatureis appr. 1000°C, and therefore the
synges yield and the energy efficiency is better than for POX.

(Thereare dternatives to reforming in sy ngas production. With high-temperature entrained
flow gasification the temperaturein the gasifier is the same as in POX or higher and thereby
the hy drocarbons are cracked already in the gasifier and thereis no need for reforming. If

! After the W orkshop 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 possble The
situation has gill not been resolved and the future of the plant rebuild isuncertain. This affects the ectivities
within the CHRISGAS project.
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methane does not need to be cracked and only tar cleaningis sufficient, this can be done by
scrubbing with an or ganic substance and thereby physicdly removethetars.)

Water gas shift (WGS) is gpplied tothe syngas process to increase the ratio H,/CO. The WGS
is an exothermic equilibrium reaction taking place on acataly st and is strongy affected by
temperature. For biomass gesification the WGS cataly sts of interes arethe FeCr and the
CoM o catdy gs. FeCr is ahigh-temperature shift cataly s workingat atemperature of 350-
550°C. It is sulphur tolerant. CoM o is both high- and low-temperature shift catdyst and is
activein sulphidized form, therefore requiring a certain concentration of sulphur in the feed
ges. To reach high H,/CO ratios the shift process needs totake place in more than one
adiabatic step with coolingin between. The WGS cataly sts aso catay se hy drogenation of
unsaturated hy drocarbons and hydroly sis of COStoH,S. For gas not being subjected to
WGS, aseparate hydrogenation and hydrolysis reactor is needed. Hy drogenation catay st can
be CoM o operating at atoo low temperature for WGSto beinitiated and hydroly sis catayst
can be activated dumina These two are often combined in one reactor.

Prof. Trifiro presented the Varnamo plant and the rebuild project. He taked about why the
technology of choicein Varnamo, pressurised CFB gasification is apromisingtechnology for
sy ngas produdion from biomass. For the Va&rnamo plant, ATR has been chosen in combina
tion with ahot gesfilter, and with POX as afdl-back dternative. WGSis also included but
no further gas treatment.

Themain process in the rebuilt Varnamo plant will be

- oXy gen-blown gasification in the existing pressurised CFB gesif ier

- hot ges filter

-ATR

- gas cooling

- aWGS section consisting of oneline with high-temperature shift (FeCr catdy <), cooling
and low-temperature shift (CoM o catay s) and one pardld line with cooling before combined
hy drogenation and hydrolysis

- burningthe gas in aheat recovery boiler

Later, further gas cleaning and aproduction unit for e.g. DM E can be added to the plant.

The staus of the plant isthat successful tests were run in the plant during 2006-2007 after
status review, some repair work and change of control sy sem, but the rebuild into a sy nges
plant has nat garted.

WP2E workshops on Gas Treatment Page 7/128



TPS Termiska Processer AB 2008-04-04 THERMALNET
Eva K. Larsson

Attachment 1

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

Workshop on gas cleaning
Harrie Knoef, BTG

At the ThermalNet meeting in Lille, France aw orkshop was organised on gas cleaning
with three presentations. Tomas Kaberger form TPS headed the session w hich was held
on 4 April 2006.

The first presentation w as made by Sander van Paasen, form ECN Biomass regarding a
700 hour duration test of a complete gasification CHP plant including the novel tar
removal system“Olga”. The testw as a cooperative effort of ECN w ith Host (gasifier
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 filter system of the
Pyros system, a flash pyrolysis technology utilizing a rotatung particle separator (RPS),
which was alo developed at the same university. The RPS is a cyclone incorporating a
rotating filter element w ith very fine openings. It's a proven technology for flue gas
cleaning and also applied in the food processing industry. The research work started
because many liquid and hot gas filtration 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 gasifier installation 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 calorific gas without using oxygen and no w aste streams
except for the fly-ash. One major problem w ith fouling of the product gas cooler w as
solved by recycling part of the fly-ash to the fuel intake at the gasifier. The ash cleaned
the surfaces of the cooler and also served as a catalyst for tar cracking. The
performance of the baghouse filter has been increased by using precoat material. This
increased the tar removal considerable; the tar content decreases from about 2 g/Nns to
0.75 g/Nms. 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 streamis 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 dso avall able separately at the ThermaNet website
www thermalnet.co.uk.

First Workshop
Held in Lille 4 April 2006. Low-temperature gas treatment

1:1 Sander van Paasen, Harold Boerrigter, Patrick Bergman, ECN: Duration test of gas
cleaningat ECN (700 h), The OLGA deveopment

1:2 Gerit Brem, TNO Science and Industry : PyRostechnology for flash pyrolysis -
integrated reactor and filter concept

1:3 Hermann Hofbauer, ViennaUniv: Gas-cleaningat the Glssing plant, Update

Second Workshop
Held in Vicenza 10 October 2007. High-temperature gas treatment

2:1 Lary Fdix, GTI: Biomass Gasification Research a the Gas Technology Institute

2:2 Kurt Carlsson, Firma EcoExpert: Remova of particles in flue gas from combustion of
biomass — a practical approach *

2:3 Francesco Basile and FerruccioTrifiro, University of Bologna Gas upgrading: Reforming
and water gas shift

*  Presentation intended for theprevious WP2E workshaop in Lille 2006. Included in this
workshaop, even though if concerns low-temperature gas cleaning.
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1:1 Sander van Paasen, Harold Boerrigter, Patrick Bergman, ECN: Duration test of gas
cleaning at ECN (700 h), The OLGA development

Energy research Zentre of the Netherlands

Duration test of gas cleaning at ECN (700 h)
The OLGA development

Sander van Paasen, Harold Boerrigter, Fatrick Bergman
vanpaasengecn.nl

www.ecn.ml

g
Content
1. Development of the OLGA concept and ECN gas cleaning
2. OLGA for tar removal
3. OLGA for combined dust and tar removal
4. Duration test results with ECN gas cleaning

Energy research Centre of the Netherlands www.ecn.nl
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1:2 Gerrit Brem, TNO Science and Industry: PyRostechnology for flash pyrolysis -
integrated reactor and filter concept
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1:3 Hermann Hofbauer, Vienna Univ: Gas-cleaning atthe Gissing plant, Update
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2:1 Larry Felix, GTI: Biomass Gasification Research at the Gas Technology Institute
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2:3 Francesco Basile and FerruccioTrifiro, University of Bologha: Gas upgrading:
Reforming and water gas shift
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