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PREFACE 

During the first half decade after the patent on fluidized bed for fuel conversion 1922 only a few 
gasifiers were built with fluidized bed. However, fluidized bed also found several applications in the 
chemical and petroleum industry. A world-wide interest for fluidized bed as a fuel converter emerged 
in the 1970s when it was realised that fluidized bed conversion offered several environmental 
advantages. This started a vivid development in various countries. Among other activities, in 1980 a 
co-operation on the development of fluidized bed combustion (FBC) was initiated within the 
International Energy Agency (IEA) with participation from about ten OECD countries. Later, this 
activity was broadened to include also gasification and the name was changed to fluidized bed 
conversion (FBC). Also, several non-OECD countries were invited to participate. This activity still 
goes on, although its character has changed slightly, as the knowledge on FBC is increasing. During 
the recent years focus has been on selected problem areas, as can be seen from the publications found 
on the website www.processeng.biz/iea-fbc.org/ 

Initially, yearly reports were issued by the IEA-FBC co-operation, but after some years this was found 
to be of limited value, and the yearly reports were replaced by the website where most relevant 
information about the organization of the co-operation and reported results can easily be found. 
During the meeting in Göteborg (May 2010) several members felt that it was time to make a summary 
of the status on FBC in the member countries, and the representatives from the 16 member countries 
agreed to make a short survey on the situation in each country. The purpose is to show the conditions 
for FBC, which vary from country to country, and the recent development in each country, say during 
the last five years. These reports follow here.  

 

The reporting countries are: 
Austria 
Canada 
China 
Czech Republic 
Finland 
France 
Greece 
Korea 
Japan 
Poland 
Portugal 
Spain 
Sweden 
United Kingdom 
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AUSTRIA 

 
The table contains the most important characteristics of fluidized bed combustors and gasifiers in 
Austria.  
 

COMMERCIAL INSTALLATIONS 
 

owner/location year type capacity fuels 

Sappi Austria/ 
Gratkorn 

1981 FBC 25 MW Bark, sludge, 
biogas, natural gas 

Sappi Austria/ 
Gratkorn 

1986 CFBC 133 MW Coal, sludge, biogas, 
natural gas 

Norske-Skog/ 
Bruck a.d. Mur 

1984 BFBC 15 MW Bark, coal, sludge, 
biogas, natural gas 

Verbund/Zeltweg*) 1998 CFBG 10 MW Wood 
ENAGES/ 
Niklasdorf 

2004 BFBC 40 MW MSW, industrial 
waste, wooden 
residue, sewage 
sludge 

Lenzing AG/ 
Lenzing 

1987 CFBC 108 MW Bark, coal, sludge, 
wood residue, oil 

RVL/ 
Lenzing 

1998 CFBC 110 MW Plastics, waste, 
sludge, wood 
residue 

Solvay/ 
Ebensee 

1987 CFBC 43 MW Coal, wood waste 

UPM Kymmene Austria/ 
Steyrermuehl 

1994 CFBC 48 MW 
 

Bark, wood, wood 
residues, sludge 

Energie AG Oberösterreich/ 
Timelkam 

2006 FBC 49 MW Wood, wood 
residues, bark, 
sawdust 

M-real Hallein AG/ Hallein 2006 BFBC 30 MW Wood chips 
Mondi Packaging AG/ 
Frantschach – St. Gertraud im 
Lavantal 

1984 
 

CFBC 61 MW Bark, coal, sewage 
sludge, heavy oil 

Funder/ 
St.Veit a.d. Glan 

2007 
 

BFBC 45 MW 
 

Wood, wood 
residue, saw dust, 
process waste, 
sewage sludge 

ABRG/ 
Arnoldstein 

2000 FBC 8 MW oils, emulsions, 
wooden residue, 
sludges, plastics 

Hamburger/ 
Pitten 

1984 BFBC 65 MW Coal, biogas, 
sewage sludge 
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AWA Bad Vöslau/Bad Vöslau 2003 BFBC 1 MW Sewage sludge 
Fernwärme Wien/ 
Vienna 

1992 FBC 3 x 25 MW Sewage sludge 

Fernwärme Wien/ 
Vienna 

2003 RFBC 40 MW Municipal Solid 
waste, sewage 
sludge 

Wien Energie Bundesforste 
Biomasse Kraftwerk (WEBBK)/ 
Biomassekraftwerk Wien-
Simmering 

2006 CFBC 66 MW Forest Residue 

Biomassekraftwerk-Heiligenkreuz 
Errichtungs-GmbH/ 
Biomassekraftwerk Heiligenkreuz 

2006 BFBC 43 MW Forest Residue 

BKG GmbH, 
Guessing 

2001 DFBG 8 MW Wood chips, wood 
residues 

Energie Oberwart GmbH 
Oberwart 

2008 DFBG 10 MW Wood chips 

V.T.E Gruppe, Villach **) 2010 DFBG 15 MW Wood chips 
BFBC bubbling fluidized bed combustor    
CFBC circulating fluidized bed combustor 
DFBG    dual fluidized bed gasifier     
CFBG circulating fluidized bed gasifier 
RFBC rotating fluidized bed combustor *) not in operation,    **) operation starts 
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CANADA 
 

Prepared by Dr. Lufei Jia* and Dr. Ben Anthony, CanmetENERGY, Natural Resources Canada 
1 Haanel Drive, Ottawa, Ontario, Canada K1A 1M1 
* Email: ljia@nrcan.gc.ca 
 
Fluidized Bed Facilities in Canada 
 
1. Nova Scotia Power Inc.’s 165 MWe CFBC plant at Point Aconi remains the largest 
fluidized bed facility in Canada. The plant is operating normally and firing a mixture of 
petroleum coke and coal.  
 
2. South Shore Power operates one 25 MWe BFB boiler firing wood waste from a paper mill. 
The facility is located in Brooklyn, Nova Scotia.  
 
3. To extract oil from the oil sands, several companies operate fluidized bed cokers for 
bitumen upgrading in Alberta. The companies include Syncrude, Suncor, Canadian Natural 
Resources Ltd. and others. These are large-scale fluidized bed facilities. As oil prices 
continue to rise, more oil sands projects will be initiated. It is thus predicted that more 
fluidized bed cokers will be built and operated. A fluidized bed coker owned by Syncrude is 
shown below. 
 

 
 
4. Pacifica Papers operates a BFB boiler manufactured by Foster Wheeler. The boiler 
produces 272 metric tons of steam per hour burning wood waste from the paper production 
process. The boiler has been on line since 1998. 
 
Research and Development Related to FBC by CanmetENERGY and Its Partners 
 
Oxy-fuel CFB Combustion 
CanmetENERGY started its oxy-fuel CFBC program in 2006. The activity has included 
retrofitting a 50 kWth CFBC unit and a 0.8 MWth pilot-scale CFB for oxy-fuel combustion 
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research, study of sulphur capture under oxy-fuel CFBC conditions using TGA, and ash 
issues related to oxy-fuel CFBC. 
Successful oxy-fuel circulating fluidized bed combustion tests with flue gas recirculation on 
the 50 kWth mini-CFBC were conducted in 2006-2008. CO2 concentrations in the flue gas 
exceeded 90%, and experimental repeatability was excellent. These results indicate that oxy-
fuel-fired fluidized beds can operate with high CO2 flue gas concentrations to permit direct 
sequestration. These tests constituted the first oxy-fuel CFBC demonstration worldwide with 
flue gas recirculation. 
In 2009, CanmetENERGY had its first successful long-duration oxy-fuel tests on its 0.8 
MWth CFBC rig. To the best of our knowledge, these tests constitute the first pilot plant oxy-
fuel CFBC demonstration worldwide with flue gas recirculation. In 2010 CanmetENERGY 
concentrated on a major contract for Foster Wheeler on the 0.8 MWth oxy-fuel CFBC. More 
than 1500 hours of tests were conducted with more than half of the test hours under oxy-fuel 
conditions. 
 
Calcium Looping Cycle 
Development/testing of a circulating fluidized bed CO2 looping cycle pilot plant (for 
capture/sequestration of CO2 with a reusable calcium sorbent) has been ongoing. R&D is also 
being done on sorbent modification for CO2 looping cycles. 
Pilot-scale work in Ottawa has now successfully demonstrated CO2 looping using the dual-
FBC test facility with over 80% removal of CO2 from the carbonator and regeneration 
achieved with oxy-firing of biomass. Continuing pilot-scale work on CO2 looping 
demonstration using the dual fluidized bed combustion test facility is focused on improving 
performance of natural sorbents by: particle attrition investigations and modelling; outcome 
evaluation under gasification synthesis gas conditions; sorbent reactivation; heat treatment; 
partial sulphation; and pelletization.  
The studies are expected to lead to further scale-up using CanmetENERGY’s 0.8 MWth 

circulating fluidized bed combustion facility with a range of Canadian feedstocks. 
 
High-pressure Combustion using FBC Technology 
CanmetENERGY and its partner ThermoEnergy Corporation of the U.S.A. have developed a 
multi-fuel combustion process termed HiPrOx (High Pressure Oxy-fuel). This novel high-
efficiency power generating process captures CO2, along with other emissions, ready for 
sequestration.  
The process uses high-pressure fluidized bed technology for the combustion of fuel. Research 
is ongoing. 
 
Activities in Fluidized Bed Combustion and Gasification University of British Columbia 
 
The University of British Columbia (UBC) is active in several areas related to fluidized bed 
combustion and gasification. 
On the combustion side, work has been carried out for a number of years related to capture of 
CO2 by limestone and dolomite, the interactions between SO2 and CO2 capture, long term 
cycling and the influence on particle attrition. Recent work has focused on pressure swing, 
rather than temperature swing, as a means of cycling between calcinations and carbonation 
conditions. Tests have been carried out to capture CO2 related to steam reforming of methane 
and other hydrocarbons as well as for combustion and gasification. The uniformity of flow 
through parallel cyclones has been investigated, leading to evidence that there can be 
substantial non-uniformities in large-scale CFB units. Recent work has also been completed 
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on combustion of coal bed methane. Attrition work, sorbent studies and work on chemical 
looping combustion are continuing. 
The UBC group is currently very active in fluidized bed gasification. Studies have been 
completed on gasification of biochar and on screw feeding of biomass particles. Major 
current projects are addressing co-feeding of biomass with various other fuels, steam 
gasification of biomass in high-flux looping gasification with combustion of char in the 
return loop, and integration of gasification with CO2 capture by means of solid sorbents. Five 
faculty members and at least 10 graduate students and other scholars are involved in these 
ongoing efforts. The group is also collaborating with Nexterra, a local company, involved 
with fixed bed biomass gasifiers, with a 2 MWe gasifier being constructed on the UBC 
campus for power and steam generation. 
 
Some publications from UBC 
1. Watkinson AP, Li YH, Bi HT, Grace JR and Lim CJ, Formation of dioxins during 
combustion of salt-laden hog fuel, in Science in Thermal and Chemical Biomass 
Conversion, ed. Bridgwater AV and Boocock DGB, CPL Press, Newbury, UK, pp. 
82-97, 2006. 
2. Johnsen K, Ryu HJ, Grace JR and Lim CJ, Sorption-enhanced steam reforming of 
methane in a fluidized bed, Chem. Eng. Sci., 61, 1195-1202 (2006). 
3. Johnsen K, Grace JR, Elnashaie SSEH, Kolbeinsen L and Eriksen D, Modelling of 
sorption-enhanced steam reforming in a dual fluidized bubbling bed reactor, Ind. 
Eng. Chem. Res. 45, 4133-4144 (2006). 
4. Ryu HJ, Grace JR and Lim CJ, Simultaneous CO2/SO2 capture characteristics of 
three limestones in a fluidized bed reactor, Energy & Fuel, 20, 1621-1628 (2006). 
5. Wu Y, Anthony EJ, Jia L, Sun P and Grace JR, Reinvestigation of 
hydration/reactivation characteristics of two long-term sulphated limestones which 
previously showed uniformly sulphating behaviour, Fuel, 85, 2213-2219 (2006). 
6. Sjosten J, Golriz MR and Grace JR, Further study on the influence of particle 
coating on fluidized bed heat transfer, Int. J. Heat Mass Transfer, 49, 3800-3806 
(2006). 
7. Kim TW, Choi JH, Shun DW, Jung BJ, Kim SS, Son JE, Kim SD and Grace JR, 
Wastage rate of water walls in a commercial circulating fluidized bed combustor, 
Can. J. Chem. Eng., 84, 680-687 (2006). 
8. Cui H and Grace JR, Fluidization of biomass particles: a review of experimental 
multiphase flow aspects, Chem. Eng. Sci., 62, 45-55 (2007). 
9. Johnsen K and Grace JR, High-temperature attrition of sorbents and a catalyst for 
sorption-enhanced steam methane reforming in a fluidized environment, Powder 
Technol., 173, 200-202 (2007). 
10. Kim TW, Choi JH, Shun DW, Kim SS, Kim SD and Grace JR, Wear of water walls 
in a commercial circulating fluidized bed combustor with two exits, Powder 
Technol., 178, 143-150 (2007). 
11. Chen ZX, Lim CJ and Grace JR, Study of limestone particle impact attrition, Chem. 
Eng. Sci, 62, 867-877 (2007) 
12. Sun P. Grace JR, Lim CJ and Anthony EJ, Co-capture of H2S and CO2 in a 
pressurized gasifier-based process, Energy & Fuels, 21, 836-844 (2007). 
13. Sun P. Grace JR, Lim CJ and Anthony EJ, Sequential capture of CO2 and SO2 

under fluidized bed combustion conditions, Envir. Sci. & Technol., 41, 2943-2949 
(2007). 
14. Sun P, Grace JR, Lim CJ and Anthony EJ, On the effect of CaO sintering on cyclic 
CO2 capture in energy systems, AIChE Journal, 53, 2432-2442 (2007). 
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15. Sun P, Grace JR, Lim CJ and Anthony EJ, Determination of the intrinsic rate 
constants of the CaO-CO2 reaction, Chem. Eng. Sci., 63, 47-56 (2008). 
16. Sun P, Grace JR, Lim CJ and Anthony EJ, A discrete pore-size-distribution-based 
gas-solid model and its application to the CaO + CO2 reaction, Chem. Eng. Sci., 63, 
57-70 (2008). 
17. Zhao, J, Lim CJ, Grace JR and Legros R, Nitric oxide formation and destruction in 
a CFB: two-zone model, in Circulating Fluidized Bed Technology, ed. J. Werther, 
W. Nowak, K-E. Wirth and E-U. Hartge, TuTech Innovation, Hamburg, Germany, 
pp. 559-564, 2008. 
18. Grace JR, Maldistribution of flow through parallel cyclones in circulating fluidized 
beds, in Circulating Fluidized Bed Technology, ed. J. Werther, W. Nowak, K-E. 
Wirth and E-U. Hartge, TuTech Innovation, Hamburg, Germany, pp. 969-974, 
2008. 
19. Dai J and Grace JR, A model for biomass screw feeding. Powder Technology, 186, 
40-55 (2008). 
20. Dai J and Grace JR, Biomass screw feeding with tapered and extended sections, 
Powder Technology, 186, 56-64 (2008). 
21. Dai J, Sokhansanj S, Grace JR, Bi, HT, Lim CJ and Melin S, Overview and some 
issues related to co-firing biomass and coal, Can. J. Chem. Eng., 86, 367-386 
(2008). 
22. Sun P, Lim CJ and Grace JR, Cyclic CO2 capture by limestone-derived sorbent 
during prolonged calcination/carbonation cycling, AIChE Journal, 54, 1668-1677 
(2008). 
23. Sun P, Grace JR, Lim CJ and Anthony EJ, Investigation of attempts to improve 
cyclic CO2 capture by sorbent hydration and modification, Ind. Eng. Chem. Res. 47, 
2024-2032 (2008). 
24. Chen ZX, Grace JR and Lim CJ, Limestone particle attrition and size distribution in 
a small circulating fluidized bed, Fuel, 87, 1360-1371 (2008). 
25. Grace JR, Bi HT and Zhang Y, Pitfalls in gas sampling from fluidized beds, Chem. 
Eng. Sci., 64, 2522-2524 (2009). 
26. Xu M, Ellis N, Lim CJ, Ryu, HJ, Mapping of the operating conditions for an 
interconnected fluidized bed reactor for CO2 separation by chemical looping 
combustion, Chem. Eng. & Tech., 32, 404-409 (2009). 
27. Basinas P, Grammelis P, Grace JR, Lim CJ, Skodras G, Kakaras E and 
Sakellaropoulos GP, The CO2 and SO2 capture capability of two Greek limestones 
during repeated thermal cycles, Int. J. Global Warming, 1, 270-287 (2009). 
28. Chen ZX, Song H, Portillo M, Lim CJ, Grace JR and Anthony EJ, Long-term 
carbonation/calcination cycling and thermal pre-treatment for CO2 capture by 
limestone and dolomite, Energy & Fuels,23, 1437-1444 (2009). 
29. Dai J and Grace JR, Blockage of constrictions by particles in fluid-solid transport, 
Int. J. Multiphase Flow, 36, 78-87 (2010). 
30. Masnadi-Shirazi M, Grace JR, Elyasi S, and Bi, HT, Distribution of multi-phase 
gas-solid flow across Identical parallel cyclones: Modeling and experimental study, 
Separation & Purification Technol. 72, 48-55 (2010). 
31. Yan CF, Grace JR and Lim CJ, Effects of rapid calcination on properties of 
calcium-based sorbents, Fuel Proc. Technol., 91, 1678-1686 (2010). 
32. Sakaguchi M, Watkinson AP and Ellis N, Steam gasification reactivity of char from 
rapid pyrolysis of bio-oil/char slurry”, Fuel, 89, 3078-3084 (2010). 
33. Fouillard T, Grace JR and Ellis N, Review of recent advances in fluidized bed 
technology in biomass processes, Biofuels, 1, 409-433 (2010). 
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34. Sakaguchi M, Watkinson AP and Ellis N, Steam gasification of bio-oil and biooil/ 
char slurry in a fluidized bed reactor, Energy & Fuels 2010, 24, 5181-5189. 
35. Watkinson AP and Lisboa ACL, Gasification, pyrolysis and combustion " Chap. 15 
in Spouted and Spout-Fluid Beds-Fundamentals and Applications, Ed. N. Epstein 
and J.R. Grace, Cambridge University Press, Cambridge, UK, pp250-268, 2011. 
36. Dai J and Grace JR, Biomass granular screw feeding: an experimental investigation, 
Biomass and BIoenergy, 35, 942-955 (2011). 
37. Chen ZX, Grace JR and Lim CJ, Development of particle size distribution during 
limestone impact attrition, Powder Technol.,207, 55-64 2011). 
38. Xiao G, Grace JR and Lim CJ, Attrition characteristics and mechanisms for 
limestone particles in an air-jet apparatus, Powder Technol.,207, 183-191 (2011). 
39. Bi X and Liu X, High density and high solids flux CFB risers for steam gasification 
of solid fuels, Fuel Proc. Technol. 
40. Butler J, Grace JR and Lim CJ, CO2 capture capacity of CaO in long series of 
pressure swing absorption cycles, Chem. Eng. Res. Des., in press. 
41. Mahecha-Botero A, Boyd T, Grace JR, Lim CJ, Gulamhusein A, Wan B, Kurukawa 
H, Shirasaki Y, In situ CO2 capture in a pilot-scale fluidized bed membrane 
reformer for ultra-pure hydrogen production, Int. J. Hydrogen Energy, in press. 
42. Yang ZQ, Grace JR, Lim CJ and Zhang L, Combustion of coal bed methane in a 
fluidized bed, Energy & Fuels, in press. 
 
Three-phase Fluidization 
University of New Brunswick has facilities for three phase fluidization research. 
 
Waste Combustion and Treatment 
1. Alcan is looking into the use of fluidized bed technology to process waste pot liners. 
 
2. Nova Scotia Power Inc. is studying the possibility of co-firing forest waste in its 165 MWe 

CFBC facility. 
 
3. Greenfield Research Incorporated is studying circulating fluidized combustion of 
processed municipal waste fuel. The goal is to design a circulating fluidized bed combustor to 
depose of the waste and generate heat and power at the same time. 
 
4. Shell Canada studied the combustion of asphaltenes in a CFBC for power and process 
steam generation. The project is on hold since the beginning of the recent financial crisis and 
global recession. 
 
5. FPinnovations Canada is currently developing fluidized bed gasification technology for 
biomass. The syngas will be used to produce bio-diesel. 
 
6. R&D was done on the sonochemical carbonation of FBC ashes by CanmetENERGY and 
Sonic Solutions.  
 
Joint Publications from CanmetENERGY and its Collaborators Related to FBC 
Journal papers from 2006 to 2010 
1. Góra, D., Anthony, E.J., Bulewicz, E.M. and Jia, L., “Steam reactivation of 16 bed and fly 
ashes from industrial-scale coal-fired fluidized bed combustors”, Fuel 85, 94-106, 2006. 
2. Anthony, E.J. and Wang, J., “Pilot Plant Investigations of Thermal Remediation of Tar-
contaminated Soil and Oil-contaminated Gravel”, Fuel 85, 443-450, 2006. 
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3. Jia, L., Anthony, E.J., Lau, I. and Wang, J., “Study of Coal and Coke Ignition in Fluidized 
Beds”, Fuel 85, 635-642, 2006. 
4. Montagnaro, F., Salatino, P., Scala, F., Wu, Y., Anthony, E.J. and Jia, L., “Assessment of 
Sorbent Reactivation by Water Hydration for Fluidized Bed Application”, Journal of Energy 
Resource Technology 128, 90-98, 2006. 
5. Anthony, E.J., Jia, L., Iribarne, A.P., Welford, G., Wang, J. and Trass, O., “CaS in FBC 
Boilers and its Fate using Liquid Water Reactivation”, Fuel 85, 1871-1879, 2006. 
6. Wu, Y., Sun, P., Anthony, E.J., Jia, L. and Grace, J.R., “Reinvestigation of 
Hydration/Reactivation Characteristics of Two Long-Term Sulphated Limestones which 
Previously Showed Uniformly Sulphating Behaviour”, Fuel 85, 2213-2219, 2006. 
7. Anthony, E.J., Bulewicz, E.M., Jia, L., Naiman, J. and Burwell, S.M., “Understanding the 
Behaviour of Calcium Compounds in Petroleum Coke Fluidized Bed Combustion (FBC) 
Ash”, Journal of Energy Resources Technology 128, 290-299, 2006. 
8. Wu, Y., Anthony, E.J. and Jia, L., “Reactivation Properties of Four Long-Term Sulfated 
Limestones”, Energy and Fuels 20, 2421-2425, 2006. 
9. Anthony, E.J., Bulewicz, E.M. and Jia, L., “Reactivation of Limestone Sorbents in FBC for 
SO2 Capture”, Progress in Energy and Combustion Science 33, 171-210, 2007. 
10. Sun, P., Grace, J.R., Lim, C.J. and Anthony, E.J., “Removal of CO2 by Ca-Based 
Sorbents in the Presence of SO2”, Energy and Fuels 21, 163-170, 2007. 
11. Manovic, V. and Anthony, E.J., “Steam Reactivation of Spent CaO-based Sorbent for 
Multiple CO2 Capture Cycles”, Environmental Science and Technology 41, 1420-1425, 2007. 
12. MacKenzie, A., Granatstein, D.L., Anthony, E.J. and Abanades, J.C., “Economics of CO2 

Capture using the Calcium Cycle with a Pressurized Fluidized Bed Combustor”, Energy and 
Fuels 21, 920-926, 2007. 
13. Sun, P., Grace, J.R., Lim C.J. and Anthony, E.J., “Co-capture of H2S and CO2 in a 
Pressurized-Gasifier-Based Process”, Energy and Fuels 21, 836-844, 2007. 
14. Anthony, E.J., Iribarne, J.V. and Iribarne, A.P., “Fouling in a Boiler Firing 100% 
Petroleum Coke”, Fuel Processing Technology 88, 535-547, 2007. 
15. Desai, D.L., Anthony, E.J. and Wang, J., “A Pilot-plant Study for Destruction of PCBs in 
Contaminated Soils using Fluidized Bed Combustion Technology”, Journal of Energy 
Management Technology 84, 299-304, 2007. 
16. Manovic, V. and Anthony, E.J., “SO2 Retention by Reactivated CaO-based Sorbent from 
Multiple CO2 Capture Cycles”, Environmental Science and Technology 41, 4435-4440, 2007. 
17. MacKenzie, A., Granatstein, D.L. and Anthony, E.J., “Economic Case Study of Ash 
Reactivation for a Generic 150 MWe Canadian Circulating Fluidized Bed Combustor”, 
International Journal of Environmental Studies (Special Canadian Issue on Energy, 
Conversion and the Environment) 64, 457-465, 2007. 
18. Jia, L., Hughes, R., Lu, D.Y., Anthony, E.J. and Lau, I., “Attrition of Calcining 
Limestones in Circulating Fluidized Bed Systems”, Industrial and Engineering Chemistry 
Research 46, 5199-5209, 2007. 
19. Wang, J., Anthony, E.J. and Wu, Y., “A Simple Description of High-Temperature 
Sulphation Behavior for CaO-Based Sorbents”, Chemical Engineering Communications 194, 
1169-1175, 2007. 
20. Sun, P., Grace, J.R., Lim, C.J. and Anthony, E.J., “The Effect of CaO Sintering on Cyclic 
CO2 Capture in Energy Systems”, AIChE J. 53, 2432-2442, 2007. 
21. Iribarne, J.V. and Anthony, E.J., “Solubility of FBC Ashes”, Journal of Chemical and 
Engineering Data 52, 1557-1562, 2007. 
22. Wang, J. and Anthony, E.J., “A Common Decay Behavior in Cyclic Processes”, 
Chemical Engineering Communications 194, 1409-1420, 2007. 
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23. Abanades, J.C., Grasa, G., Alonso, M., Rodrigues, N., Anthony, E.J. and Romeo, L.M., 
“Cost Structure of a Postcombustion CO2 Capture System using CaO”, Environmental 
Science and Technology 41, 5523-5527, 2007. 
24. Wang, J., Wu, Y. and Anthony, E.J., “Reactions of Solid CaSO4 and Na2CO3 and 
Formation of Sodium Carbonate Sulfate Double Salts”, Thermochimica Acta 459, 121-124, 
2007. 
25. Iribarne, J.V. and Anthony, E.J. “Solubility of FBC Ashes”, Journal of Chemical and 
Engineering Data 52, 1557-1562, 2007. 
26. Sun, P., Grace, J.R., Lim, C.J. and Anthony, E.J., “Sequential capture of CO2 and SO2 

under FBC conditions”, Environmental Science and Technology 41, 2943-2949, 2007. 
27. Rao, A., Anthony, E.J., Jia, L. and Macchi, A., “Carbonation of FBC Ash by 
Sonochemical Treatment”, Fuel 86, 2603-2615, 2007. 
28. Lu, D., Anthony, E.J., Tan, Y., Dureau, R., Ko, V. and Douglas, M.A., “Mercury 
Removal from Coal Combustion by Fenton Reactions – Part A: Bench-Scale Tests”, Fuel 86, 
2789-2797, 2007. 
29. Lu, D., Anthony, E.J., Tan, Y., Dureau, R., Ko, V. and Douglas, M.A., “Mercury 
Removal from Coal Combustion by Fenton Reactions – Part B: Pilot-Scale Tests”, Fuel 86, 
2798-2805, 2007. 
30. Jia, L., Tan, Y., Wang, C. and Anthony, E.J., “Experimental Study of Oxy-Fuel 
Combustion and Sulphur Capture in a Mini-CFBC”, Energy and Fuels 21, 3160-3164, 2007. 
31. Wu, Y., Anthony, E.J., Wang, J. and Jia, L. “Simultaneous hydration/carbonation of FBC 
ash by low-frequency sonication”, Journal of Chemical Engineering & Processing 47, 9-16, 
2008. 
32. Sun, P., Grace, J.R., Lim, C.J. and Anthony, E.J. “Determination of Intrinsic Rate 
Constants of the CaO-CO2 Reaction”, Chemical Engineering Science 63, 47-56, 2008. 
33. Sun, P., Grace, J.R., Lim, C.J. and Anthony, E.J. “A Discrete-Pore Size-Distribution-
based Gas-Solid Model and Its Application to the CaO + CO2 Reaction”, Chemical 
Engineering Science 63, 57-70, 2008. 
34. Wang J. and Anthony E.J., “Clean combustion of solid fuels”, Applied Energy 85, 73-79, 
2008. 
35. Wang, C., Jia, L., Tan, Y. and Anthony, E.J. “Carbonation of Fly Ash in Oxy Fuel CFB 
Combustion”, Fuel 87, 1108-1114, 2008. 
36. Manovic, V. and Anthony, E.J. “Sequential SO2/CO2 capture enhanced by steam 
reactivation of a CaO-based sorbent”, Fuel 87, 1564-1573, 2007. 
37. Anthony, E.J. “Solid Looping Cycles: A New Technology for Coal Conversion”, special 
100th anniversary edition of Industrial and Engineering Chemistry Research 47, 1747-1754, 
2008. 
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CHINA— 

LASTEST UPDATES OF FBC TECHNOLOGY 

Introduction 

Fluidized bed combustion (FBC) technology has been widely used in China for heat and 
power generation since the early 1960s due to its wide fuel flexibility, excellent emission 
control and wide range of load adjustability. In the late 1980s, this technology is developed 
into circulating fluidized bed combustion due to its advantage in scaling up and higher 
efficiency. Nowadays, the total number of FBC boilers put into operation in China is about 
4000, and about 3,000 of them are CFB ones.   

The development of the CFB boilers in China can be divided into four periods:  learning 
(1980-1990), improvement (1990-2000), scaling and maturating (2000-2005) and self-
development (2005-present).  

In the first period, it was popularly regarded that a CFB boiler was a building bed boiler with 
a larger and taller furnace plus a separator in China and international wide. Technology 
development of CFB boiler was largely based on the experience of bubbling bed. The 
capacity of the CFB boilers was below 75t/h, most in 35-75t/h, and their steam pressure is 
rather low.  

In the second period, supported by the government, Chinese researchers conducted vast 
amount fundamental studies on the gas-solid, two phase flow, heat transfer and combustion in 
CFB boiler and grasped the key knowledge and know-how of CFB boiler. Along with the 
economic blooming, more than one hundred CFB boiler with improved deign with capacity 
of 75-130t/h were also put into operation in China. The gas-solid separators with low 
collection efficiency were not used anymore.  

The third period is a scaling-up and maturating period. The major Chinese boiler works 
imported advanced foreign technologies to build CFB boilers larger than 100MWe including 
the subcritical 300MWe ones. These technologies are localized into domestic ones. At the 
same time, Chinese researchers independently developed their own reheat CFB boilers based 
on the experience accumulated in smaller capacity CFB boiler development in the first two 
periods, and improved some foreign technologies to burn Chinese local coals. In the third 
period, CFB boilers dominated heat power co-generation plants and emerging in utility boiler 
market in China.  

The latest period, the first 300MWe CFB boiler licensed from Alstom was successfully 
demonstrated. Based on the imported technologies and domestic experiences, new design 
with independent intellectual property of the 300MWe CFB size was also developed.  Both 
foreign and domestic technologies have been rapidly used in more than 100 units. The largest 
600MWe supercritical CFB boiler will be demonstrated in China in the next two years.   

More than half of CFB boilers in the world, in both number and in capacity are in China. 
CFB technology owns an irreplaceable position in the market of steam and co-generation, and 
enters the power generation market recently.  
Fluidized Bed Combustion 

Nowadays, the total number of FBC boilers put into operation in China is about 4000, and 
about 3,000 of them are CFB ones. The largest capacity of CFB boilers is 300MWe and was 
put in operation in 2008. By the end of May 2010, there are 32 300MWe CFB units in 
operation and about other 50 units are under construction or will be under construction soon.  
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In the same time, there are 150 units CFB with the capacity of 135MWe (400-490t/h steam 
output) in operation. The largest CFB boiler in the world, which is a 600MWe supercritical 
one, is under construction and is expected to be put in commissioning in the end of 2012.  
Fluidized bed Gasification 

Fluidized bed gasification or CFB gasification is also a hot topic and has been studied for 
more than two decades in China. Some bench mark and pilot scale experimental systems 
were built up. For example, in the Institute of Process Engineering of Chinese Academy of 
Science (IPE-CAS), a pilot scale 2000t/a CFB gasifier was established and some tests were 
conducted in 2009. Commercial utilization of CFB (FBC) gasification is still not reported. 
Other uses of FBC 

The fuels for the large capacity CFB boilers are lignite, anthracite and sub-bituminous coal. 
Some small units burn or co-fire various other fuels, including stone-like coal, biomass and 
city waste.  

 
Manufacturing 

Among the 300MWe CFB boilers in operation and construction, 22 units are licensed by 
Alstom technology and others are designed with domestic technologies. The main 
manufacturers of large CFB boilers in China are Dongfang Boiler Works, Harbin Boiler 
Works and Shanghai Boiler Works.  Some other boiler works, including Taiyuan Boiler 
Works, Jinan Boiler Works, Wuxin Boiler Works make CFB boilers with smaller capacity.  
 
Research and development 

The research and development on FBC/CFB technology is active in China. The main research 
institutes include Tsinghua University, the Institute of Engineering Thermophysics of ACS 
and IPE-ACS, Zhejiang University, Huazhong Science and Technology University, Xi’an 
Institute of Thermal Power etc. 

The recent major research topics include: The development of large scale CFB boiler; 
countermeasure of the problems occurring in CFB application, including erosion, fouling, 
low combustion efficiency; the energy save process of CFB boiler; optimization of CFB 
operation; desulphurization; co-firing of biomass and coal in CFB boiler, CFB gasification 
and its commercial utilization; utilization of fly ash and slag, etc. 

In the CFB boiler design, one of the most important contributions given by Chinese 
researchers is the State Specification Design (SSD) theory, which was first published in the 
18th FBC conference, 2005 in Toronto, Canada. According SSD theory, a CFB boiler can be 
generally described as an open system with the superposition of a fast bed in the upper part 
with a bubbling bed or turbulent bed in the bottom furnace.  Fast bed in the upper furnace can 
be operated at an arbitrary state specified by Ug and Gs, by adjusting M and bed quality. It is 
suggested that a CFB boiler should have a specific state in fast bed regime during process 
design and this state should be maintained during operation. This state should be validated by 
the cyclone performance and the material balance process including the stock feed and ash 
formation characteristic. The guidance of selection of the Ug and Gs is given based on the 
summarization of various types of CFB technologies applied in the world, as shown in Figure 
1. So far, this concept was adopted by several Chinese CFB boiler works. 
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Figure 1 Guidance for the pre-selection of the state in fast bed regime 

In the CFB boiler operation, the recent achievement on reduction of service power by Tsinghua 
University is deserved to be introduced. It is a practice application of SSD theory.  Since an arbitrary 
state can be selected in the suggestion regime, there should exist a state at which the fast bed regime 
can be optimized by the quality bed inventory.  

In a CFB boiler, the whole bed inventory also contains coarse particles which mostly remain 
in the bubbling/turbulent bed at the bottom of the furnace. On the one hand, a certain amount 
of bed inventory is needed to guarantee the burnout of large coal particles. On the other hand, 
the bed inventory for coarse particles should be optimized for energy saving of draft fan and 
avoid erosion at the splashing zone in the furnace. Consequently, Tsinghua University 
investigated the optimization of total bed inventory and provided a full set of design code and 
thermal calculation software for the design of the energy-saving CFB boiler.   

The first demonstration of the energy saving process was applied to a 75t/h CFB boiler in 
early 2006. The field test conducted in mid 2007 showed that such a process can greatly 
avoid the erosion and reduce the auxiliary power. After the demonstration, over 200 units of 
75-220t/h CFB boilers with same process have been put into operation or are in 
commissioning. The first two units of 300 MWe CFB boilers with energy saving process 
were put in operation in 2009. The boilers could be stably operated with pressure head of 10 
kPa in wind box. Together with other measures, the auxiliary power consumption is as low as 
4.5%. Fig. 2 shows the effect of this process on auxiliary power consumption after retrofit. 
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Figure 2 Comparison of the auxiliary power in different large scale CFB boilers 
Conclusions 

FBC/CFB technology has been widely used in coal-fired boilers in China and becomes a key 
technology for power and heat generation.  To compete with conventional pulverized coal fired boiler 
in power generation, CFB has to go large in capacity and supercritical in steam parameters.  

Based on the Specific State Design theory of CFB boilers, Tshinghua University developed a 
novel CFB technology by reconstructing the fluidization state in the furnace by adjusting the 
bed pressure drop and bed quality. The application showed that such a technology can greatly 
avoid the erosion and reduce the auxiliary power.  

More applications on FBC technology in gasification and combustion of other fuels are 
expected to be achieved in near future. 
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CZECH REPUBLIC 

Introduction 

Also in the Czech Republic the development of energy production on the basis of fossil fuel 
utilisation is possible only with respect to sustainable development and progress of a cleaner energy 
system. Cleaner energy systems include renewable energy resources, combined generation of 
electricity and heat from coal with limited CO2 emissions, biomass, and other alternative fuels, cost 
effective technologies for environment protection.  
Fig. 1 Total final consumption by source, 1973 to 2030 
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The EU Energy and Climate Package was agreed by all EU member states in December 2008. The 
package aims at reducing the EU’s greenhouse gas emissions to 20 % below 1990 levels by 2020. The 
package also implements the EU's target of more than doubling the share of energy generated from 
renewable sources to 20 % by 2020. In addition, the measures agreed will contribute towards meeting 
the EU's goal of increasing energy efficiency by 20 % by 2020. 
This new legislation requires the Czech Republic to: 

- adhere to the provisions of the EU Emissions Trading Scheme (EU ETS), i.e. to implement 
the EU27 target for power generation and other industries; 

- limit increases in its GHG emissions to 9 % in 2020 in the sectors not covered by the EU ETS 
(i.e. transport, buildings, waste management, agriculture and small industrial installations) 
compared to 2005; 

- increase the share of renewable energy in final energy consumption to 13 % by 2020, 
including a specific 10 % target in the transport sector; 

- be in line with a 20 % improvement of energy efficiency by 2020 agreed by the EU.  
 
The energy sector contributes 40 % to total greenhouse gas emissions in the Czech Republic, a share 
somewhat higher than the EU average because of the dominance of coal in the energy mix. The Czech 
Republic has an emissions reduction target of 8% below the1990 level for the first commitment period 
of the Kyoto Protocol (2008 to 2012). 

The National Programme to Abate Climate Change Impacts, set up under the State Environmental 
Policy 2004 – 2010 and approved by the Czech government in 2004, sets these additional targets: 

- following the end of the first commitment period of the Protocol, reduce CO2 emissions per 
capita by 30 % by 2020 compared to the 2000 level; 

- following the end of the first commitment period of the Protocol, reduce total aggregate CO2 
emissions by 25 % by 2020 compared to the 2000 level. 

Draft state energy concept 2009 

The updated draft State Energy Concept shares a common vision with the previous energy concept 
and sets out the following six strategic priorities: 

– Achieve a balanced energy mix, with preferential use of all domestic energy resources and 
maintain excess production of electricity; 

– improve energy efficiency, particularly in the buildings sector, and reduce energy intensity; 
– promote regional development of electricity networks, strengthen international co-operation 

and enhance integration of electricity and gas networks with neighbouring countries; 
– enhance the competitiveness of the Czech economy by supporting more research and 

development and higher education; 
– increase energy security and the ability of the Czech Republic to respond to energy supply 

disruptions; 
– minimise the impacts of energy use on the environment. 

There are indicators and targets associated with each of the strategic priorities. The draft State Energy 
Concept also provides a scenario of the Czech energy market to 2050 with shorter term objectives and 
policy recommendations. Future development of the energy sector is predicated on the desire to 
enhance security of energy supply and maintain the Czech Republic as a net electricity exporter. 
Objectives for the future energy mix would be achieved through further diversification of energy 
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supply and preferential use of indigenous resources, comprising coal, uranium and renewable energy, 
mainly biomass and waste. 

Future expansion of nuclear capacity has been presented as one of the major pillars of the updated 
draft SEC. According to the most recent version of the updated draft Concept, nuclear power is 
projected to account for over 47 % of the power generation mix in 2050. Coal is projected to account 
for less than 12 %, less than the projected share of renewable energy sources (some 30 %). Gas will 
continue to play a complementary role (about 11 %). The draft Concept outlines indicative targets for 
domestic resources, including nuclear fuel, with 90 % and 80 % shares in overall electricity and 
district heating, respectively. The draft Concept also envisages reductions in energy intensity and in 
CO2 emissions. It promotes more research and development and the training of future energy 
technicians to counter the shortage of such expertise in the Czech Republic. 

Introduction 

Fluidized Bed Combustion 

There are over 30 fluidized bed combustors, and a huge interest for co-combustion of various types of 
fuel.  

Table  1 Circulating fluidized bed boilers in the Czech Republic 

Location Year Type Number capacity 
tph Producer Fuels Operating 

system 

Třinec 1995 CFBC 1 160 Lurgi 
(SES Tlmače) HC ABB 

1997 CFBC 1 160 Siemens 

Poříčí 1996 CFBC 1 250 Foster Wheeler 
(CNIM)  

HC/BC Siemens 
 1998 CFBC 1 250 BC 

Tisová 
1996 CFBC 1 350 EVT (Vítkovice) BC Valmet 

1998 CFBC 1 350 LURGI 
(SES Tlmače) BC Valmet 

Zlín 
1996 CFBC 1 160 Babcok Wilcokx 

ABB Alstom HC Honeywell 

2000 CFBC 1 125 Lurgi 
(SES Tlmače) HC Honeywell 

Komořany 1995 to 
1999 

BFBC 
Retrofil 10 125 Power Internat HC 

ABB-1x, 
Honeywell 
Foxboro-5x 

Hodonín 1996 CFBC 2 170 AEE Austria Lignit, HC Valmet 
Ledvice 1998 CFBC 1 350 ABB Alstom BC ABB 

Olomouc 1998 Compact 1 190 Foster Wheeler 
(FORTUM) HC, BC Valmet 

Štětí 1998 CFBC 
Retrofil 1 220 Foster Wheeler BC, BIO Valmet 

Ml.Boleslav 1998 CFBC 2 140 EVT (Vítkovice) HC ABB 
Kladno 1999 CFBC 2 375 ABB Alstom HC ABB 
Plzeň 1999 CFBC 1 180 ABB Alstom BC  

HC – hard coal, BC – brown coal, BIO – biomass , tph – tons steam per hour ( tph ) 

BFBC  bubbling fluidized bed combustor 
CFBC  circulating fluidized bed combustor 
The table contains the most important features of fluidized bed combustors currently in operation. 
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Table 2 Coal-fired power plants (not only FB) in the Czech Republic, operational in 2010, with status 
under EC Large Combustion Plants Directive (LCPD), incl. planned plats 
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Table 3 Proposed lifetime of the coal-fired power plants of the Czech Energetics Company 
(CEZ) – the biggest energy supplier in the Czech Republic – new document.  

  

Present power installed capacity of the CEZ company is 6 589 MW (coal-fired power plants). The 
shutdown power capacity in the next 10 years can be to 3829 MW. 

- termination of free CO2 allowances from 1.1.2013 would cause shutdown of 1 910 MWe 
(economical reasons) 

- impossibility of temporary operation regime due to NOx and SO2 emissions would cause 
shutdown of additional 1919 MWe (strengthened emission limits, mainly NOx) 

- termination of biomass support would cause shutdown of additional 288 MWe (economical 
reasons) 

 
Fluidized bed Gasification 

There are no gasifiers in the Czech Republic.  
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Other uses of FBC 

The research of combustion products as regards the mix of coal and biomass is in the Czech Republic 
performed not only in a laboratory condition, but also in commercial conditions. Pilot plant models 
can provide basic parameters concerning the feasibility of mix fuels employment, and the chemical 
characteristics of solid as well as gaseous products from the point of view of major components.  

There is a great interest here on alternative fuels and fuel mixtures. 

Manufacturing 

See the Table for FBC Providers (above), there is no company, which build FBC. 

Research and development 

The Czech research and development (R&D) system is centralised, with a nearly equal balance 
between public and private funding. Foreign companies play a dominant role in private R&D 
investment. Their share in total private R&D investment is one of the highest in the European Union 
(EU). Public R&D is carried out by institutions of higher education and the Czech Academy of 
Sciences. 

Research, development and innovation (RDI) policy is implemented under the auspices of the Czech 
Parliament. The conceptual and strategic management of the policy is under the competency of the 
Prime Minister. The operational management is entrusted to the Research, Development and 
Innovation Council. Public funding is an integral part of the state budget, administered by the 
Ministry of Finance. The Council provides funds for research conducted at universities. The Ministry 
of Education, Youth and Sports (MEYS) is responsible for international R&D co-operation. MEYS 
and the Academy of Sciences represent the largest providers. The former provides funds for 
universities and is also responsible for international co-operation R&D. 

Fig. 3 Framework of research, development and innovation as of July 2009 
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A specific role is also assigned to the Ministry of Industry and Trade which is responsible for 
industrial R&D and is the main body responsible for public support for private R&D (competitive 
grants for the private sector and collaborative grants between the public and private sectors). In 
addition, several Czech sectoral ministries have significant R&D budgets and also act as important 
R&D funders (in the form of both project and institutional funding). Before the recent reform of R&D 
funding, there were 22 public bodies funding R&D in the Czech Republic. Energy is one of eight 
national R&D priorities. 

The main goals in the Czech Republic are: 

The work concentrates on operational measurements and intentions of study – partial objectives: 

- Suitability of fluidised bed combustion at increasing the ratio of non-fossil fuel component in 
the mixture, 

- Non-uniformity of combustion in the large space of fluidised bed combustor as influencing 
the composition of flue gases and specification in terms of minor constituents (NOx, chlorine 
compounds, alkalis, etc.), 

- Analogically the influence of the size or for that matter the influence of fuel granulometric 
distribution on the process, 

- Chemical composition, crystallographic structures, and mechanical properties of combustion 
solid products (ash, fly ash, deposits), 

- Long-term deposit formation on thermal exchanger’s walls, 
- Analytical establishment of sulphur forms in fuel and combustion solid products, as well as 

element analysis for fuel and biomass, 
- Detailed study for mineralogical and chemical composition of LP, UP, and the solid emission 

phase, 
- Balance for volatile elements, Cl, S, Hg, Se, semi-volatile elements, V, Ni, Co, As, and some 

non-volatile elements, Cr a Sn. Based on these balances to calculate the content of these 
elements in emissions and compare these with the results of balance measurements, 

- To use solid specimens sampled at various combustor levels for verifying condensation-
evaporation model,  

- Insufficient combustion as regards elements not found in the non-burnt share of fuel and 
biomass, 

- To perform leaching tests for combustion solid products, as regards combustion of individual 
fuel mix. 

 

Active collaborations were carried out between TU Ostrava and several institutions including: the 
University of Toronto, the Technical University of Vienna, Southern Illinois University at 
Carbondale, the Technical University of Dresden, RWTH Aachen and a lot of real unit provider.  

This work has led to a series of journal and conference publications.  
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Example of some interesting results of the research:  

 

 

 

 

 

 

Figure 4 Influence of the ratio coal/biofuel on the concentration of the so2 and  
environmental limit 

 

 

 

 

Figure 5 Saturation of sludge dosing as a sorbent in the large FBC boiler.  

 

 

Fig 6 Concentration of various metals in the fly ash from FB 
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Presently we can expect important result within the work of the Center ENET (OP VaVpI) – Center 
of Units for energy utilization of non conventional energy sources, special interest will be given to 
increasing of efficiency, utilization of various types of fuel, etc. 

Conclusion 

The complex of projects reflects the social need, as the gradual process of legislative 
unification before the admission of the Czech Republic into EU asks for the increase of the share of 
renewable energy resources in the overall energy balance of the country.  

Since recently, energy policy in the Czech Republic has been focused on the high 
disproportionate extraction and consumption of brown and hard coal in the quantity around 100 mil. 
tons annually, which per resident represents a peak value in comparison with the world. Prices for 
coal were intentionally kept at low levels and did not include all accompanying expenses. This all led 
to both exhaustion of reserves of fossil fuels and the disproportionately high consumption of energy. 
In the past, traditional sources of energy were used in the countryside regions among which rank, for 
example, timber and straw, their substitution (substitution for coal and gas) means changes in a 
microclimate in the countryside. On the other side, one cannot neglect the fact that an increased level 
of utilization of fossil fuels has negative impacts on the environment on the whole. Mechanization in 
the agricultural industry and scientific and technical development have led to over-production of 
foodstuffs, since a part of agricultural land intended formerly for the production of raw material for 
the generation of energy for the needs of man and horse power was used for the production of 
foodstuffs.  

The approach to the problem of utilization of biomass in the energy sector should be 
considered from the environmental point of view which some people prefer, but it is necessary to take 
into account economy of operation too, and/or the construction of such equipment. Under the present 
conditions in the Czech Republic the construction of specialized plants designed for the combustion 
of biomass, with a necessity to buy fuel for market prices, is rather unrealistic. In the republic, one 
may find out sporadic specialized plants, but in a close view, one may realize that the construction or 
project was financed from foreign fund programmes intended for the utilization of recoverable 
sources of energy. In the future, however, primarily after modifications of regulated prices for fossil 
fuels, one can expect a certain progress as far as the development of such constructions are concerned.  

At present, some projects are more viable, which permits to use the power potential of 
biomass in the existing facilities and near the sources of production. Also in such cases, it is necessary 
to take into consideration the seasonal character of biomass. In part, some problems may be solved by 
adding the biomass to traditional and so far used fuel.  

In the case of utilization of combined combustion of coal and biomass, one may evaluate 
positively the fact that the existing facilities may be utilized with minimum costs for the 
reconstruction of boiler plants (stores, fuel conveyance) and at the same time emissions released into 
the air can be reduced (primarily sulphur and nitrogen oxides). Moreover, especially in the case that 
the waste fuel is of concern, the operation of equipment will be cheaper.  

Financial savings with respect to the combustion of fossil fuels, mainly of coal, have made 
operators to use combined combustion processes for many years. In connection with the improvement 
of the environment this possibility is discussed primarily in recent years. By controlling the 
combustion process one may maintain the output of combustion equipment (up to portion of biomass 
max. 30 %), but at the same time we can significantly mitigate emissions of pollutants into the air.  
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Recently, the attention has been paid to cogeneration units not only from the side of experts, 
but also from the wide public. In its concept, a new technology of fluidized bed gasification in 
connection with cogeneration units with combustion engines for the utilization of biomass has been 
technically worked out for commercial utilization as well as. In the case of gasification of biomass 
there occur numerous problems concerning the disposal, and/or minimizing by-products, primarily tar 
vapours. The solution of technical details in connections with this issue will enable a faster 
application of cogeneration systems.  

These units may be utilized in the areas and at the plants which are capable of providing the 
permanent utilization of not only generated electric energy (which in the majority cases is no 
problem), but mainly the produced heat energy. Under the conditions of market economy, but chiefly 
under a monopoly position of electricity distribution organizations, the sale of electric energy into 
distribution network would not be advantageous from the economic point of view.  

Opponents against the utilization of biomass through combustion, point out the harmful effect 
of the emissions released from combustion processes. However, it is true only if processes run 
uncontrolled and the combustion units are not suitable for biomass burning. In the opposite case, the 
utilization of biomass for energy generation may be greatly recommended, because the raw material 
burnt cannot be used in other ways and it should be disposed on waste sites, and/or it would be burnt 
with no benefit.  

The agriculture and forestry can produce several million tons of bio-fuels annually in the form 
of burnable wastes with no harmful effects on the fertility of soil and in a form of specific plants for 
purposes of energy generation, for example, on the soil exempted from the agricultural land fund. 
Thus, savings in the consumption of fossil fuels may be achieved, primarily in the case of brown and 
hard coal. Waste timber, as it was shown in many cases, ends on the wild waste disposal sites in the 
forests where it is burnt with no benefit.  

Also at technological processes there is waste timber produced, whose energy potential is 
important to use from environmental and economic points of view. The paper industry is of a main 
concern. In these industries the timber waste is available free of charge - this is a waste raw material 
for disposal of which the plant should pay additional costs. With regard to this fact, the company can 
afford to built a combustion plant with higher capital expenditures because the return of finances is 
high primarily from the reason of cheap fuel, high efficiency of such equipment and also one cannot 
neglect low operating costs. At present, almost each plant producing cellulose is a cogenerating unit 
(it produces not only heat but also electric power for own needs).  

The contribution of utilization of the power potential of biomass is not only in the utilization 
of waste products from the agricultural industry is biomass, and/or specific plants for energy sector. 
Also the waste from the cities and industries into which energy was given and man has the 
responsibility to further use this energy.  

Each material (raw material), which finished its service life, must be removed in an 
„appropriate“ manner. Often, just burning or gasification of the waste is a very suitable way, however, 
it may be recommended only after all the other methods have been utilized, since the objective is the 
maximum avoidance of the origin of waste (the prolonged service life of materials), and/or recycling 
or minimizing the origin of this waste.  

At present, the utilization of bio-fuels is shown economical only in the areas in a near vicinity 
of their origin. In the course of time and approaching the laws of the Czech Republic the laws adopted 
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in the EU countries the price for fossil fuels will be encumbered, among others, with additional taxes, 
thus leading to a relative reduction of prices for bio-fuels.  

The goal of the report presented was to point out various aspects of utilization of biomass and 
to extend the so far used terminology, such as emissions, fuels, of new views and experience which 
were gained by the author during the research programme.  

In the Czech Republic research on fluidized bed combustion and gasification is carried out mainly at 
the Technical University Ostrava and Prague University of Technology: 

1. Energy Department, TU Ostrava, 17. listopadu 15, CZ - 708 33 Ostrava 
2. Energy Department, ČVUT Praha, Technická 4, CZ – 160 00 Praha 6 

Responsible persons (official delegates Czech Republic for IA IEA FBC):  

Dagmar Juchelkova, František Hrdlička 
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FINLAND 
 

Presented by Mikko Hupa and Maria Zevenhoven 
 
Overview 
Fluidized bed conversion continues to play an important role in the Finnish energy economy. Most of 
the boilers in Finland are bubbling beds, but some large ones are circulating fluidized bed boilers. The 
boilers burn a great variety of fuels and the role of biomass and waste derived fuels is remarkable. 
 
The largest boiler is the Ahlholmen Kraft CFBC with a thermal power of 550MW. The main fuels 
burned here are mixtures of coal, peat and bark.  
Research in the FB technology continues to be active in Finland, and a number of major research 
projects have been underway during the last years. 
 
Research programs 
Most of the research work is associated with the ongoing national and international research 
programs: CLIMBUS, MASI, Cleen and ERANET-Bioenergy initiated and coordinated by the 
National Technology Development Agency, Tekes. 
(The text is adapted from 1 http://www.tekes.fi/en/ ). 
 
ClimBus – Mitigation of Climate Change offers new possibilities 2004–2008 
The ClimBus program took place during the years 2004–2009, a significant political period in climate 
change. At the time when the program was launched, it was still difficult to foresee how fast climate 
technology markets would have developed and how central the role of single consumers would have 
become. Within the ClimBus program, new business opportunities have been identified and 
companies active in climate business developments have been supported. 
The most significant developments have been identified in developing renewable energy production 
technologies and improving industrial and home energy efficiency. 
The ClimBus program reacted very well to the challenges imposed by the time and the field itself. 
 
Projects like Corraway, Adcof and Biosafe dealt with challenges to be expected in FBC when firing 
new fuels. 
 
MASI – Modelling and Simulation 2005–2010 
In 2005, Tekes’ MASI program was launched to support the development of the Finnish modeling 
and simulation sector and to promote the utilisation of the sector’s tools and methods. The central 
aims of the program were identified as the aggregation of phenomena models into wider and more 
integrated models, more extensive implementation and utilisation of the sector’s tools and methods in 
the business of small and medium-sized companies especially, and the development and strengthening 
of the range of services offered by the sector. The aim of this was to enhance renewal across Finnish 
industry and business, and to lift the competitiveness of both. 
 
VISTA was a project carried out with the aim on problems related to high load flows of reacting 
particles. Inter focused on the interface between flowing molten layers with the surrounding. 
 
Strategic Centres. Cleen ltd 
The Strategic Centres for Science, Technology and Innovation established in Finland are new public-
private partnerships for speeding up innovation processes. Their main goal is to thoroughly renew 
industry clusters and to create radical innovations. 
The Centres (SHOK in Finnish) develop and apply new methods for cooperation, co-creation and 
interaction. International cooperation also plays a key role in the operation of the Strategic Centres. 
Testing and piloting environments and ecosystems constitute an essential part of the Strategic Centres' 
operations. In Strategic Centres, companies and research units work in close cooperation, carrying out 
research that has been jointly defined in the strategic research agenda of each Centre. The research 
aims to meet the needs of Finnish industry and society within a five-to-ten-year period. The CLEEN 
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Ltd's operation as the energy and environment strategic centre for science, technology and innovation 
is based on the common vision and strategic research agenda defined by the centre's owners, i.e., 
companies and research institutes. 
 
Currently, CLEEN Ltd manages three on-going research programs: 
 

• Smart Grids and Energy Markets (SGEM) 
• Future Combustion Engine Power Plants (FCEP) 
• Measurement, Monitoring and Environmental Efficiency Assessment (MMEA) 

 
The CLEEN activities are planned to include FBC related projects in a near term future. 
 
Eranet-bioenergy 2009-2012 
On 9th February 2009, the international Joint Call on Clean Biomass Combustion was launched within 
the framework of ERA-NET Bioenergy. The call aims to generate joint European research and 
development activities and focused on four topics: 
 

• Modelling of the combustion process 
• Advanced characterisation and relevant standardisation of biofuels 
• Technology development for fine particle and NOx reduction (< 20 MWth) 
• Health effects of small scale combustion (< 3 MWth) 

 
Countries participated in the call: Austria, Denmark, Finland, France, Germany, Ireland, Norway, 
Poland, Sweden and Switzerland of which 8 partners from the ERA-NET Bioenergy network. In total 
11 projects were sent to the international jury for evaluation. 4 Projects were funded in which Finland 
participates in all of them: 
 

• BIOHEALTH, Health effects of particulate emissions from small scale biomass combustion 
(AT, FI, FR, SE) 

• BIOMODELLING, Advanced Biomass Combustion Modelling for Clean Energy Production 
(FI, PL, SE) 

• FutureBioTec, Future low emission biomass combustion systems, and discussion (AT, DE, 
DK, FI, IR, NOR, PL, SE) 

• SciToBiCom, Scientific tools for fuel characterization for clean and efficient biomass 
combustion (AT, DK, NOR, FI). 

 
All these projects research topics have a clear connection to fluidized bed combustion. 
 
ChemCom -2011. 
Among others Chemcom was a TEKES financed project that involved many research institutes and 
industry. The project focused explicitly on FBC related issues 
 
Research centers 
 
Aalto University (before Helsinki University of Technology) 
Tampere University of Technology 
Oulu University 
Lappenranta University of Technology 
Åbo Akademi University 
University of Eastern Finland 
VTT 
 
Largest companies in Finland building FB boilers 
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Andritz Oy 
So far no BFB’s are commissioned in Finland. 
 
Also some smaller companies may be mentioned For example Renewa Oy delivered many small 
BFBC’s for different companies in Finland: 
 

• Orimattilan Lämpö Oy, 2010, 10 MWth 
firing peat and forest residue

• Nurmijärven Sähkö Oy, 2007, 11 MWth 
firing peat forest residue  

• Axis Technologies, Liettua, 2010, 20 
MWth, firing peat forest residue and 
straw 

• Suur-Savon Sähkö Oy, 2006 8 MWth 
firing peat and forest residue  

• Vapo Oy, Vuokatti, 2009, 7 MWth firing 
peat  

• Loimaan Kaukolämpö Oy, 2005, 8 
MWth, firing peat forest residue, sawdust 

• Vapo Oy / Atria Oy, Nurmo, 2009, 13 
MWth firing peat  

• Fortum Lämpö Oy, Nakkila, 2005, 12 
MWth Firing textile residues and forest 
residue

• Saarijärven Kaukolämpö Oy, 2009, 4 
MWth firing peat, forest residue 

• Koskisen Oy, 2005, 25MWth, firing 
plywood residue 

• Kokkolan Voima Oy, Kokkola, 2009, 15 
MWth firing peat and forest residue 

• Ähtärin Lämpökeskus Oy, 2005, 4MWth, 
firing peat and forest residue  

• Outokummun Energia Oy, 2008, 7 
MWth, firing peat and forest residue 

• Kurikan Kaukolämpö Oy, 2005, 6 MWth, 
firing peat and forest residue  

• Famifarm Oy, 2007 3 MWth, firing peat  
 
Publications 2005-2010 
Refereed journals (sciencedirect.com and acs.org- keyword: “Fluidised bed”, affiliation: 
“Finland”) 
1. Aho M., Ferrer E., Importance of coal ash composition in protecting the boiler against chlorine 
deposition during combustion of chlorine-rich biomass Fuel, 84(2-3), (2005), 201-212 
2. Aho M., Gil A., Taipale R., Vainikka P., Vesala H., A pilot-scale fireside deposit study of co-firing 
Cynara with two coals in a fluidised bed, Fuel, 87(1),(2008), 58-69 
3. Aho M., Vainikka P., Taipale R., Yrjas P., Effective new chemicals to prevent corrosion due to 
chlorine in power plant superheaters Fuel, 87(6), (2008), 647-654 
4. Aho M., Yrjas P., Taipale R., Hupa M., J. Silvennoinen, Reduction of superheater corrosion by 
cofiring risky biomass with sewage sludge Fuel, 89(9), (2010), 2376-2386 
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5. Barišić V., Klingstedt F., Kilpinen P., and Hupa M., Kinetics of the Catalytic Decomposition of 
N2O over Bed Materials from Industrial Circulating Fluidized-Bed Boilers Burning Biomass Fuels 
and Wastes Energy Fuels, 19 (6), (2005), 2340–2349 
6. Barišić V., Kilpinen P., and Hupa M.,Comparison of the Catalytic Activity of Bed Materials from 
the Combustion of Biomass and Waste Fuels in a Circulating Fluidized Bed Boiler toward NO 
Reduction by CO, Energy Fuels, 20 (5), (2006), 1925–1932 
7. Dahl O., Nurmesniemi H., Pöykiö R., Watkins G., Heavy metal concentrations in bottom ash and 
fly ash fractions from a large-sized (246 MW) fluidized bed boiler with respect to their Finnish forest 
fertilizer limit values Fuel Processing Technology, 91(11), (2010), 1634-1639 
8. Fagerlund J., Teir S., Nduagu E., Zevenhoven R., Carbonation of magnesium silicate mineral using 
a pressurised gas/solid process Energy Procedia, 1(1), (2009), 4907-4914 
9. Giuntoli J., Jong de W., Verkooijen A., Piotrowska P., Zevenhoven M., Hupa M., Combustion 
Characteristics of Biomass Residues and Biowastes: Fate of Fuel Nitrogen, Energy & Fuels 24(10) 
,(2010), 5309-5319. 
10. Hannula I., Kurkela E., A semi-empirical model for pressurised air-blown fluidised-bed 
gasification of biomass Bioresource Technology, 101(12), (2010), 4608-4615 
11. Hupa M., Interaction of fuels in co-firing in FBC Fuel, 84(10), (2005), 1312-1319 
12. Khan A., Aho M., Jong de W., Vainikka P, Jansens P, Spliethoff H., Scale-up study on 
combustibility and emission formation with two biomass fuels (B quality wood and pepper plant 
residue) under BFB conditions Biomass and Bioenergy, 32(12), (2008), 1311-1321 
13. Koukouzas N., Hämäläinen J., Papanikolaou D., Tourunen A., Jäntti T., Mineralogical and 
elemental composition of fly ash from pilot scale fluidised bed combustion of lignite, bituminous 
coal, wood chips and their blends, Fuel, 86(14), (2007), 2186-2193 
14. Lundmark D., Mueller C., Backman R., Zevenhoven M., Skrifvars B-J., Hupa M., CFD Based 
Ash Deposition Prediction in a BFBC Firing Mixtures of Peat and Forest Residue, Journal of Energy 
Resources Technology 132(3), (2010), 031003/1-031003/8. 
15. Nevalainen H., Jegoroff M., Saastamoinen J., Tourunen A., Jäntti T., Kettunen A., Johnsson F., 
Niklasson F., Firing of coal and biomass and their mixtures in 50 kW and 12 MW circulating 
fluidized beds – Phenomenon study and comparison of scales Fuel, 86(14), (2007), 2043-2051  
16. Pahkala K., Aalto M., Isolahti M., Poikola J., Jauhiainen L., Large-scale energy grass farming for 
power plants—A case study from Ostrobothnia, Finland Biomass and Bioenergy, 32(11), (2008), 
1009-1015 
17. Partanen J., Backman P., Backman R., Hupa M., Absorption of HCl by limestone in hot flue 
gases. Part I: the effects of temperature, gas atmosphere and absorbent quality Fuel, 84(12-13),(2005), 
1664-1673 
18. Partanen J., Backman P., Backman R., Hupa M., Absorption of HCl by limestone in hot flue 
gases. Part III: simultaneous absorption with SO2 Fuel, 84,(12-13), (2005), 1685-1694 
19. Partanen J., Backman R, Backman P., Hupa M., Absorption of HCl by limestone in hot flue gases. 
Part II: importance of calcium hydroxychloride Fuel, 84(12-13), (2005), 1674-1684 
20. Pettersson A., Zevenhoven M., Steenari B-M, Åmand L-E., Application of chemical fractionation 
methods for characterisation of biofuels, waste derived fuels and CFB co-combustion fly ashes Fuel, 
87(15-16), (2008), 3183-3193 
21. Piotrowska P., Zevenhoven M., Davidsson K., Hupa M., Amand L-E., Barisic V., Coda Zabetta E. 
,Fate of Alkali Metals and Phosphorus of Rapeseed Cake in Circulating Fluidized Bed Boiler Part 1: 
Cocombustion with Wood,, Energy & Fuels 24(1), (2010), 333-345 
22. Piotrowska P., Zevenhoven M., Davidsson K., Hupa M., Amand L-E., Barisic V., Coda Zabetta 
E., Fate of Alkali Metals and Phosphorus of Rapeseed Cake in Circulating Fluidized Bed Boiler Part 
2: Co-combustion with Coal Energy & Fuels 24(8), (2010), 4193-4205 
23. Saastamoinen J., Shimizu T., A model of limestone attrition and SO2 capture in a large-scale 
pressurised fluidised bed combustor Chemical Engineering Science, 62(1-2)( 2007), 574-583 
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Finnish contributions to FBC and CFBC conferences 
18th conference 2005, Toronto Canada 
1. Almark M. and Hiltunen M., Alternative Bed Materials for High Alkali Fuels 
2. Backman R., Hupa M., Hiltunen M., and Peltola K., Interaction of the Behavior of Lead and Zinc 
With Alkalis in Fluidized Bed Combustion or Gasification of Waste Derived Fuels 
3. Coda Zabetta E., Yrjas P., Hupa M., Roppo J., and Nylund M.,Optimizing Ammonia Injection in 
Bio-Fuelled CFBCs 
4. Enestam S., Prediction of Ash Behavior and Deposit Formation in Fluidized Bed Combustion of 
Biofuel Mixtures 
5. Engblom M., Kilpinen P., Klingstedt F., Eränen K., and Katam Kumar R., NO and NO Emission 
Formation Tendency From Multifuel CFB-Boilers: A Further Development of the Predictor 
6. Häsä H., Kirkinen A-P., Tourunen A., Hyppänen T., Saastamoinen J., and Kettunen A., 
Combustion Characteristics of Fuels: Experiment Scale-Up From Bench Scale Reactors to 
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7. Kokko A. and Nylund M., Biomass and Coal Co-Combustion in Utility Scale: Operating 
Experience of Alholmens Kraft 
8. Konttinen J., Hupa M., Kallio S., Winter F., and Samuelsson J., NO Formation Tendency 
Characterization for Biomass Fuels 
9. Mueller C., Brink A., and Hupa M., Numerical Simulation of the Combustion Behavior of 
Different Biomasses in a Bubbling Fluidized Bed Boiler 
10. Silvennoinen J., Roppo J, Nurminen R-V., Aho M., Vainikka P., and Ferrer E., Co-Combustion of 
Coal With RDF and Biomass: Prevention of Chlorine Deposition by Using Coal Ash Alkali 
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11. Skrifvars B-J., Yrjas P., Laurén T., Hupa M., and Dittrich M., The Åbo Akademi Database: Ash 
Behavior Measurements in Full-Scale Boilers 
12. Theis M., Skrifvars B-J., Hupa M., and Tran H.,Fouling Tendency of Ash Resulting From 
Burning Mixtures of Biofuels 
13. Werkelin J., Zevenhoven M., Skrifvars B-J., and Hupa M., Chemical Forms of Ash-Forming 
Matter in Woody Fuels for FBC 
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During Co-Firing of Biomass, Peat, and Coal in a Full-Scale CFBC Boiler 
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5. Theis M., Skrifvars B-J., Hupa M., Tran H.,Mitigating Deposit Buildup during Straw and Bark 
Combustion by Co-Firing with Peat or Sand 
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woodfuels for Fluidized Bed Combustion 
7. Zevenhoven M., Savolahti J., Saeed L., Backman R., Zevenhoven R., Hupa M., Trace elements 
from fluidized bed pyrolysis of a coal-sewage sludge mixture 
20th conference 2009, Xian, China 
1. Hotta A., Foster Wheeler’s solutions for large scale CFB boiler technology: features and 
operational performance of Lagisza 460 MWe CFB boiler 
2. Barisic V. , Coda Zabetta E., Sarkki J.,Prediction of agglomeration, fouling, and corrosion tendency 
of fuels in CFB co-combustion 
3. Vepsäläinen A., Myöhänen K., Hyppänen T., Leino T., Tourunen A.,Development and validation 
of a 3-dimensional CFB furnace model 
4. Brink A., Karlström O., Hupa M., A simplified model for the behavior of large biomass particles in 
the splashing zone ofa bubbling bed 
5. Kallio S., Guldén M., Hermanson A., Experimental study and CFD simulation of a 2-D circulating 
fluidized bed 
6. M. Seppälä, S. Kallio,CFD modelling of particle mixtures in a 2-D CFB 
7. Yrjas P., Aho M., Zevenhoven M., Taipale R., Silvennoinen J., and Hupa M., Co-firing of sewage 
sludge with bark in a bench-scale bubbling fluidized bed-a study of deposits and emissions 
8. Piotrowska P., Zevenhoven M., Hupa M., Davidsson K., Åmand L-E., Coda Zabetta E., Barisic 
V.,Fate of phosphorus during co-combustion of rapeseed cake with wood. 
9. Vainikka P., Silvennoinen J., Yrjas P., Frantsi A., Hietanen L., Hupa M., Taipale R., Bromine and 
chlorine in aerosols and fly ash when co-firing solid recovered fuel, spruce bark and paper mill sludge 
in a 80MWth BFB boiler 
10. Kallio S., Keinonen M., Modeling of nitrogen oxides emissions from CFB combustion 
11. Piispanen M., Mustonen A., Tiainen M., Laitinen R., Chemical characterization of bed material 
coatings by LA-ICP-MS and SEM-EDS 
12. Claesson F., Skrifvars B-J., Elled A-J, Johansson A., Chemical characterization of waste fuel for 
fluidized bed combustion 
13. Tyni S., Tiainen M., Laitinen R.,The suitability of the fuel mixture of horse manure and bedding 
materials for combustion 
9th CFBC conference 2007, Hamburg, Germany 
1. Derda P., Zevenhoven M., Hupa M., Davidsson K., Åmand L-E., Kassman H., Coda Zabetta E., 
Fate of alkali metals during co-combustion of biodiesel residues with coal in a semi-industrial CFB-
boiler 
2. Enestam S., Lehtonen P.J., Mäkelä K., Heikne B.,Operating experience of the novel fbhe 
superheater at Norrköping energy from waste facility 
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3. Eriksson T., Nuortimo K., Hotta A., Myöhänen K., Hyppänen T., Pikkarainen T.,Near zero CO2 
emissions in coal firing with oxyfuel CFB boiler 
4. Hotta A., Nuortimo K., Eriksson T., Palonen J., Kokki S., CFB Technology provides solutions to 
combat climate change 
5. Hupa M.,Ash behavior in fluidized bed combustion – recent research highlights 
6. Kallio S., Taivassalo V., Hyppänen T.,Towards time-averaged cfd modelling of circulating 
fluidized beds 
7. Nevalainen H., Leino T., Tourunen A., Hiltunen M., Coda Zabetta E.,Deposits and emissions 
during co-combustion of biodiesel residue with coal and biomass in a CFB pilot 
8. Paloranta M., Kettunen A., Kovács J.,Dynamic simulations of the world's first supercritical 
CFBOTU boiler 
Finnish contributions to IEA-FBC meetings 
50th meeting Toronto, Canada 
1. Hupa M.,Recent Survey on the Status of FBC 
2. Mueller C., Deposition prediction of high-alkali ashes at FBC conditions, 
3. Zevenhoven R., CO2 long-term storage as mineral carbonates research in Finland, 
51th meeting Sardinia , Italy 
-- 
52nd meeting, Vienna Austria 
1. Theis M., Interaction of biomass fly ashes with different fouling tendencies 
2. Werkelin J., Mineral transformations in biomass combustion 
3. Zevenhoven M. , Heavy metals in waste derived fuels 
53rd meeting, Enfield Ireland 
1. Zevenhoven M., The Åbo Akademi Databases: Two Practical Databases Consisting of 
Experimental Data 
54th meeting Madrid, Spain 
1. Barisic V., Zevenhoven M. and Hupa M., Chemistry of the bed material of a 550 MW CFB burning 
a mixture of bar, peat and coal 
2. Sipilä J., Zevenhoven M., Zevenhoven R. Combined thermal treatment of CCA-wood waste and 
municipal sewage sludge for arsenic emissions control 
55th meeting Paris, France 
1. Hupa M., Myths and facts of superheater corrosion in biofuel combustion 
2. Zevenhoven M., Characterisation of sludge for combustion-a focus on metals 
56th meeting Hamburg Germany 
1. Derda P., Zevenhoven M., Hupa M., Davidsson K., Åmand L-E., Kassman H., Coda Zabetta E., 
Fate of Alkali Metals During Co-Combustion of Biodiesel Residues with Coal in a Semi-Industrial 
CFB Boiler 
2. Hupa M., Ash Behavior in Fluidized Bed Combustion – Recent Research Highlights 
3. Nevalainen H., Leino T., Tourunen A., Hiltunen M., Coda Zabetta E., Deposits and Emissions 
During Co-Combustion of Biodiesel Residue with Coal and Biomass in a CFB Pilot 
57th meeting Lisbon, Portugal 
1. Hupa M., Combustion of Peat: The role of Iron 
58th meeting Xian City China 
-- 
59th meeting Czestochowa, Poland 
2. Bankiewicz D., High temperature corrosion of steam tube materials exposed to zinc salts 
3. Kettunen A., Lagisza 460 MWe Supercritical CFB: Design, Start-up and Initial Operation 
Experience 
4. Marko Palonen M. Increase of steam data with challenging fuels 
5. Zevenhoven M., Fuel characterisation at ÅA -- an update 
60th meeting Götenborg Sweden 
1. Hupa M., Fluidized Bed Pyrolysis and Gasification – Ongoing Activities in Finland 
61th meeting Salerno, Italy 

1. Yrjas P., An exhaustive measurement campaign in a BFB 
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FRANCE 
 

Introduction 
Today, the main electricity producers involved in Fluidized Bed Conversion in France are EDF 
(mainly for biomass applications), GdF Suez (biomass) and EON (operation of Gardanne and Carling 
CFBs). On the constructor side, Alstom is carrying out research for the development of FBC 
technology with integrated back end treatment for SO2 removal as well as Selective Non Catalytic 
Reducer for NOx reduction. Alstom is also involved in the development of chemical looping while 
taking advantage of its experience of the CFB technology. Several French universities and R&D 
centers are also involved in research and development mainly for biomass and chemical looping 
applications. 

Commercial installations 
 

owner/ 
location 

year type capacity 
 

fuels 
 

COMBUSTORS 

Soprolif/ 
Gardanne 

1995 CFBC (Alstom) 250 MWe Imported coal & 
Petroleum coke 

City of Grenoble/ 
Grenoble 

1993 CFBC (FW) 20 MWe 
cogeneration 

Coal 

Norske Skog/ Golbey 
paper Mill 

1991 
1998 

BFBC  (FW) 
BFBC (Kvaerner) 

44.5 MWth 
90 MWth 

Wood residues, 
deinking sludge, 

Sodelif/ Carling 1990 CFBC (Alstom) 125 MWe Coal slurry 
UPM-Kymmene/ 
Stracel pulp & paper 

1990 
1990 

BFBC (FW-CNIM) 
BFBC (Kvaerner) 

31 MWth 
31 MWth 

Bark, sludge, oil 

Cofreth/ 
Massy 

1990 CFBC (FW-CNIM) 2 x 10 MWe 
cogeneration 

Coal, oil 

Somedith/ 
Marseilles 

1988 CFBC (FW-CNIM) 50 MWth 
cogeneration 

Coal 

SIVOM/ 
Sausheim 

1999 FICFBC (Ebara-Lurgi) 2 x 11 t/h Municipal wastes 

CIDEME/ 
Gien 

1997 FICFBC (Ebara - 
Lurgi) 

2 x 5 t/h 
 

Municipal wastes 

VALENE/ 
Mantes 

1997 BFBC (TMC) 3 x 4 t/h 
 

Municipal wastes 

VALNOR/ 
Doullens 

1997 BFBC (TMC) 1 x 3 t/h Municipal wastes 

SMITOM/ 
Monthyon 

1998 BFBC (TMC) 1 x 4 t/h Municipal wastes 

 
BFBC   bubbling fluidized bed combustor 
CFBC circulating fluidized bed combustor 
FICFBC fast internal circulating fluidized bed combustor 
CFBG circulating fluidized bed gasifier 
 

The table contains the most important features of fluidized bed combustors installed in France.  
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Research centers 

EDF 
EDF R&D is currently looking into fluidized bed gasification for BioSNG production and CHP 
applications. These last years, EDF R&D partnership with LRGP-CNRS (Laboratoire Réactions et 
Génie des Procédés, UPR 3349) has allowed to improve the knowledge on steam-blown gasification 
fundamental phenomena through two PhD students (one of them also in collaboration with the 
Technical University of Vienna, TUW).  

Besides, during these last years a collaboration with TUW, Repotec and BKG allowed to work on the 
understanding of steam-blown fluidized bed gasification and more precisely, on the Dual Fluidised 
Bed technology (DFB). 

Furthermore, EDF R&D participated to the Bio-SNG European Project, in the frame of which, a 100 
m3/h unit was built at Güssing (Austria), fed by the syngas produced in Repotec’s DFB gasifier. 

Concerning power generation, an R&D program on air-blown fluidized bed gasification is currently 
being built, with the aim of improving this technology. For this purpose, EDF R&D will be associated 
with several public research and private partners. 

ALSTOM POWER 
Alstom Power France is developing new processes and equipment using Fluidized Bed technology 
throughout the Alstom’s R&D centres located mainly in the USA and in Europe. Alstom is 
developing and promoting large atmospheric CFB boilers with its integrated proprietary flash dryer 
absorber NIDTM as well as its proprietary SNCR. Alstom is also analyzing several CFB options for 
CO2 capture like: 

- High temperature carbonate process,  

- Chemical looping (CLC). 
 

The most significant current Alstom's involment in R&D activities related to Fluidized Bed 
Technology are: 

- ECLAIR programme (EU - RFCS): Validation of the MeOx chemical looping technique for coal 
power plant - using circulating fluidized beds - with the construction and operation of a 1 MWth 
prototype at the University of Darmstadt in Germany and the assessment of technical, environmental 
and economical potential of a 450 MWe CLC unit (project partners are Chalmers and Darmstadt 
Universities, CSIC, SINTEF, Air Liquide and Vattenfall), 

- 3 MWth Calcium CLC prototype facility programme (US DOE/NETL):  Construction and operation 
of the first prototype, built in the US Power Plant Laboratory in Windsor ( CT) for capturing the 
operating experience needed to develop the first demonstration plant. 

IMFT Toulouse (Institut de Mécanique des Fluides de Toulouse) 
IMFT (Institut de Mécanique des fluides de Toulouse) is developing a 3D fluid-particles model for 
dense and circulating Fluidized Beds. The modelling approach is based on the multi-fluid model 
formalism that involves mean separate transport equations of mass, momentum and energy for each 
phases. This Eulerian n-fluid modelling approach for fluid-particle turbulent polydispersed flows is 
developed and implemented in the NEPTUNE_CFD software and financially supported by CEA 
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(Commissariat à l’Energie Atomique), EDF (Electricité De France), IRSN (Institut de Radioprotection 
et de Sûreté Nucléaire) and AREVA-NP.  

IFP Energies nouvelles 
IFP Energies nouvelles is working on Chemical Looping Combustion (CLC) technology where the 
oxygen for combustion or gasification is supplied via a metal oxide, alternately oxidized by air and 
reduced by the fuel in fluidized beds reactors. In this field, IFP Energies nouvelles is working on an 
ambitious project to develop a CLC process and technologies in partnership with Total Gaz & 
Énergies Nouvelles. Small fluidized bed units and a 10 kW pilot plant unit are currently in operation.  
The program also involves Cold flow modelling, process modelling and CFD simulations. 

UTC (Technical University of Compiègne) 
UTC is operating a large size cold CFB model (designed originally by Alstom) used as a platform for 
large CFB components scale up.  
 
Publications : 
 (1) Sémédard J-C, Gauville P., Morin J-X, Development of ultra large CFB boilers, Proceedings of 

the 16th International Fluidized Bed Combustion Conference, 2001, Reno USA 
(2) Yang H., Lu J., Yue G., Wirsum M., Joos E., Jaud P., Model research on solids segregation in 

CFB boiler, 4th China-Korea workshop on clean energy, October 2002, Seogwipo, Jejudo, South 
Korea 

(3) Sémédard J-C, Devroe S, Lemasle J-M et al., Alstom’s Large CFBs and Results, Proceedings of 
the 17th International Fluidized Bed combustion Conference, May 18-21, 2003, Jacksonville, 
Florida USA 

(4) Yang H., Lu J., Yue G., Wirsum M., Joos E., Jaud P., The investigation on the residence time of 
bed material in CFB boiler, Proceedings of the 17th International Fluidized Bed combustion 
Conference, May 18-21, 2003, Jacksonville, Florida USA 

(5) Kronberger K., Beal C., Morin J-X., Hofbauer H., Design, hydrodynamic testing and scale up 
recommendations of a conceptual large-scale chemical looping combustion power plant, DOE 
NETL conference, May 2004, Washington USA 

(6)  Morin J-X et al., Oxygen fired circulating fluidized bed boilers for greenhouse gas emissions 
control and other applications, third Annual Conference on Carbon Capture and Sequestration – 
May 2004 – Alexandria USA 

(7)  Morin J-X et al., Technology options for controlling CO2 emissions from fossil-fuelled power 
plants, Third Annual Conference on Carbon Capture and Sequestration – May 2004 – Alexandria 
USA 

(8)  Morin J-X., Béal C., 2004. Chemical-looping combustion of refinery fuel gas with CO2 capture. 
Chapter 37 in The CO2 Capture and Storage Project (CCP) for Carbon Dioxide Storage in Deep 
Geologic Formations For Climate Change Mitigation, Volume 1 – Capture and Separation of 
Carbon Dioxide From Combustion Sources. Ed.: Thomas, D. Elsevier Science, London. (In 
press) 

(9)  Batrak O. , Simonin O. , Flour I. , Le Guevel T. , Perez E. , 3D unsteady simulation of poly 
dispersed gas-solid flow in a circulating fluidized bed – ICMF 04 – Yokohama, Japan – June 
2004 

(10) Batrak O. , Simonin O. , Flour I. , Le Guevel T. , Perez E., Collision model between unlike 
particles size classes in 3D unsteady tridispersed simulation of circulating fluidized bed – 3rd 
International Symposium on Two-Phase flow modelling and experimentation  – Pisa, Italy – 
September 2004 

(11)  Le Guevel T., Villemonteix P., Provence 250 MWe CFB: Two years of operation feedback with 
firing imported coal and petroleum coke. VGB workshop – operating experience with fluidized 
bed firing systems – Berlin – September 22-24 2004 
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(12) Batrak O., Patino G., Simonin O., Flour I., Le Guevel T., Perez E. – Unlike particles size 
collision model in 3D unsteady polydispersed simulation of circulating fluidized bed – CFB 8th – 
Hangzhou –  May 2005 

(13)  A. Özel1, P. Fede1, O. Simonin – 3D numerical prediction of gas-solid flow behaviour in CFB 
risers for  Geldart A and B particles – FBC 20th - Xi'an - May 18-21, 2009.  

(14)  N.A Konan, H. Neau, O. Simonin, M. Dupoizat, T. Le Goaziou – 3D unsteady multiphase 
simulation of Uranium tetrafluoride particle fluorination in fludized bed pilot - FBC 20th - Xi'an - 
May 18-21, 2009. 
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GREECE 

 

The main activities on the FB technology in Greece are described below: 

Installation of RDF/SRF and biomass FB gasifiers 

Helector S.A., a Greek Energy and Environmental applications company will build a 500kWel FB 
gasifier in Osnabrück, Germany. The unit will gasify 750 kg/h Refused Derived Fuel (RDF) / Solid 
Recovered Fuel (SRF).  

The main goals of the company are to: 

 Achieve at least 500 hours of operation in the Gasification plant (once being commercial, the 
Gasification plant will process/treat ≈ 3,500 tons/y of SRF-Stabilat or Stabilat/biomass 
mixtures). 

 Achieve an overall energy efficiency (with regard to incoming Stabilat energy content 
integration into the MSW recycling plant to generate electricity and heat) of at least 50% 

 Produce 3.5 GWhth/y of renewable electricity (assuming approx. 7,000 hours of operation 
annually). 

 Produce 0,9 GWhth/y of process heat to partially cover the thermal needs of the existing 
Municipal Solid Waste (MSW) recycling plant in Osnabrück. 

 Produce approx. 3,500 tons/year of High quality fuel, to be utilized in the industry. 
Moreover a bigger (2MWel) installation will be built by the same company in Imathia, Greece. The 
unit will gasify approximately 2.5 t/h of RDF/SRF and biomass under Fluidized Bed conditions. The 
company will undertake the detailed engineering of the units as well as construction, erection and 
commissioning.  

Research Activities 

CERTH/ISFTA and National Technical University of Athens are involved in the following projects 
related to the Fluidized Bed technology: 

Project Acronym: CFB800 (RFCS) 
Full title: Utility Scale CFB for Competitive Coal Power 
CFB800 project aimed at the development of a Circulating Fluidised Bed boiler concept to provide 
efficient and environmentally friendly power from fossil fuels in the range of 600 - 800 MWel. A 
once-through supercritical (OTSC) CFB boiler design was developed by Foster Wheeler in 
collaboration with Siemens.  

CERTH / ISFTA carried out research work in the project, as concerns CFB-ash management issues, in 
the sectors of synthetic zeolites- and ceramic materials-production, as well as industrial wastewater 
decontamination procedures. Moreover 3-D CFD models were developed by CERTH/ISFTA for 
combustion and pollutant formation mechanisms (NOx, N2O) within the framework of this project. 

Project Acronym: Euro-Bioref (FP7) 
Full title: European Multilevel Integrated Biorefinery Design for Sustainable Biomass 
Processing 
The development and implementation of bio-refinery processes is of crucial importance to build a bio-
based economy. The EuroBioRef project will develop a new highly integrated and diversified concept 
including multiple feedstocks (non-edible), multiple processes (chemical, biochemical, 
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thermochemical), and multiple products (aviation fuels and chemicals). The project has a specific aim 
to overcome the fragmentation in the biomass industry. As efficiency is the key to the bio-refinery 
processes, this implies to take decisive actions to facilitate better networking, coordination and 
cooperation among a wide variety of actors.  

CERTH participates in EuroBioRef with two of its institutes, ISFTA and CPERI (Chemical Process 
Engineering Research Institute). The research that will be conducted in CERTH/ISFTA will 
contribute to the development of thermochemical processes for the production of valuable products 
from biomass. For these scopes experimental campaigns will be carried out in the new-built 150 kWth 
CFB gasifier of CERTH/ISFTA 

Project Acronym: Polystabilat (FP7) 
Full title: POLYgeneration through gasification utilising STABILAT (Secondary fuels derived from 
Municipal Solid Waste). 
 
The project has been designed to follow the classical lines, such as design of the overall integrated 
system (energy-coupled, “synchronised” operation of the Gasification Plant and the existing MSW 
recycling plant) as well as of all system components (including manufacturing and procurement), 
installation, testing and commissioning on-site, system integration and optimization and finally 
monitoring of the performance of the integrated scheme under real and industrial conditions.  

Laboratory of steam boilers and thermal plants (NTUA) is responsible for process modeling and 
determination of basic design characteristics. 

Project Acronym: Energy - Waste (Life+) 
Full title: Energy exploitation of non-recyclable urban waste in a  sustainable waste – to – 
energy market 
The aim of this project is to study, develop and implement a gasification unit, operating under 
circulating fluidized bed conditions, for the energy exploitation of non-recyclable waste of modern 
recycling factory. The mechanically treated, gasified waste will produce a combustible gas with 
potential usage in the existing biogas collection network for electricity generation. 

CERTH/ISFTA will perform the characterization and standardization of the produced Solid 
Recovered Fuel according to the Technical Committee 343. Moreover a lab-scale Bubbling Fluidized 
Bed will be utilized for the gasification of SRF. Thus technical, economic and environmental aspects 
will be studied for a possible future large-scale gasifier. 

Project Acronym: Cal- Mod (RFCS) 
Full title: Modeling and experimental validation of Calcium Looping  CO2-capture process for 
near-zero CO2 emission power plants 
The CaL project aims at the development of advanced modeling and simulation tools required for 
implementing the Calcium Looping (CaL) process at commercial scale. Experimentation at particle 
level and at bench-scale systems will aid the development of sorbent models and CFD reactor models. 
Established reactor performance knowledge will lead to realistic process and steam cycle models for 
the CaL process. The integration of a cement plant to the CaL process will be also investigated. This 
integration is possible since CaO purge can be efficiently utilized for cement production. 

CERTH/ISFTA will undertake the 3-D CFD modeling of the two coupled reactors (carbonator and 
calciner) with novel sub-grid EMMS schemes. Moreover, CERTH/ISFTA will investigate, with steam 
cycle models, the proper integration of CaL process in power generation units and in cement industry. 
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Project: Bilateral collaboration between CERTH/ISFTA and FRC(Canada) 
Full title: Investigation of the mechanical and chemical stability of CO2 absorbents during the 
thermal conversion of brown coals 
Extensive experimental measurements with different sorbents were carried out in the 
thermogravimetric analyser (TGA) of CERTH/ISFTA (located in Greece) and in a PTG of UBC/FRC 
(located in Canada). The scope of this investigation was to provide insight on the simultaneous 
carbonation and sulphation process, while determining the effects on the sorbent performance of FB 
operating conditions such as temperature, CO2 and SO2 concentrations, particle size and reaction time. 
The results of the proposed research project are exploited from Public Corporation of Greece (PPC) 
S.A. 
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4. Nikolopoulos, A., Rampidis, I., Nikolopoulos, N., Grammelis, P., Kakaras, E. CFD modeling of 
NOx formation in a pilot CFBC power plant. GCGW09, Istanbul, Turkey 2009. 

5. Moutsatsou, A., Karakasi, O.K., Koukouzas, N., Itskos, G.S. and Vasilatos, Ch. (2008). Synthesis 
of zeolitic materials utilizing CFB-derived coal fly ash as a raw material. 2nd International Conference 
on Engineering for Waste Valorisation (WasteEng ’08), June 2008, Patras, Greece. 

6. Koukouzas, N., Vasilatos, Ch., Itskos, G.S., Moutsatsou, A. (2009). “Characterization of CFB-coal 
fly ash zeolitic materials and their potential use in wastewater treatment” World of Coal Ash 
Conference (WOCA), 4-7 May 2009, Lexington, KY, USA. 

 

Contributed by  

CENTRE FOR RESEARCH & TECHNOLOGY HELLAS 
INSTITUTE FOR SOLID FUELS TECHNOLOGY & APPLICATIONS 

 

Branch : 4th km N.R. Ptolemais – Mpodosakio Hospital • GR 502 00 Ptolemais • Tel.: +324630-55300 • Fax: +324630-55301 

Web : http://www.lignite.gr • E-mail: isfta@lignite.gr 

Headquarters: 6th km. Harilaou – Thermi Road• P.O. Box 361 • GR-570 01 Thermi, Thessaloniki • Tel.: +32310-498100 • Fax: +32310-498180 

Web: http://www.certh.gr • E-mail: certh@certh.gr 



47 
 

JAPAN 

 

Introduction 

In the past 5 years (2005 - 2009), approximately 50 fluidized bed conversion plants were completed in 
Japan as shown in Table 1. Besides those, relatively small fluidized bed waste incinerators (including 
gasifier with ash melter) without external energy supply were also completed. Recent trend in Japan’s 
FB conversion process is increased use of wood and other renewable energy sources as fuel. This is 
due to the recent social interest in CO2 emission control. Most of the wood-fired fluidized bed boilers 
are small, but there are two large units (approx. 50 MWe). Paper mills are quite active in installing 
fluidized bed combustors to burn side products of paper production (paper sludge, bark, and wood) 
with other fuels such as waste tires, RPF, and coal. 

 

Pressurized Fluidized Bed Combustion 

There are two bubbling PFBCs currently in operation in Japan. One is Karita 360 MWe PFBC owned 
by Kyushu Electric Power Co., Inc. and this is the world-first supercritical steam FBC unit. In 
September 2008, Karita PFBC renewed its world record of continuous operation (3566 hours)1). The 
other PFBC in Japan is Osaki 250 MWe PFBC owned by The Chugoku Electric Power Co., Inc. 
which is characterized by two vessels with one steam cycle configuration. However, it is reported that 
Osaki PFBC is scheduled to stop operation in December 20112). According to the report, the plant 
availability was low (43.6 % in FY2009) due to erosion/damage of boiler tubes 2).  

 

Trend in fluidized bed municipal waste incineration in Japan 

Previously, fluidized bed waste incinerator was widely used for municipal waste incineration, but 
recently, simple incineration is avoided to suppress the formation of dioxins and to minimize the 
landfill of fly ash. Instead, fluidized bed waste gasifiers equipped with ash melter (Figure 1) in the 
downstream are often employed. As shown in Figure 2-a, the newly build fluidized bed incinerators 
are mostly fluidized bed waste gasifiers equipped with ash melter.  The most important advantage of a 
gasifier equipped with ash melter is that dioxin formation can be reduced by burning combustible gas 
at high temperatures. In addition, the ash volume can be reduced by melting bulky ash into dense slag. 
It is also possible to use slag as construction material. Also metal such as aluminum and iron can be 
recovered from the gasifier without being oxidized.  

In many waste thermal treatment (incineration) plants, steam turbines are also installed and power 
is generated, except for very small plants. Figure 2-b shows the trend of electricity generation 
efficiency of fluidized bed waste incinerators. Recent fluidized bed gasifiers equipped with steam 
turbine has efficiencies about 15 %. As shown in Figure 3, larger facilities are advantageous to 
achieve higher efficiency due to lower heat loss.  The difference in efficiency between incinerators 
and gasifiers is attributable to difference in construction year; gasifiers are new thus they have higher 
efficiency as shown in the trend of efficiency in Figure 2-b. 
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Figure 1 Waste gasifiers with an ash melter (courtesy of Kobelco Eco-Solutions Co.Ltd.) 

   

Figure 2 Type (a) and electricity generation efficiency (b) of fluidized bed waste incinerators newly 
built in Japan (data source: Ministry of Environment, Japan 3)) 

 

Figure 4 shows the share of fluidized bed incinerators in total waste management (incineration) 
facilities by number (a) and by capacity (b). The majority is stoker type incinerators, about 72% by 
number and 78% by capacity (in year 2008). Fluidized bed technology has second-largest share about 
17% by number and 15% by capacity. One of the reasons that the share of fluidized bed technology is 
relatively low is considered to be the relatively shorter experience of fluidized bed gasifiers equipped 
with ash melter. However, the recent experience of fluidized bed gasifiers equipped with ash melter 
has proved that this is reliable technology, for example, stable operation of gasification and melting 
furnace has been demonstrated through the fact that continuous operation for 90 days was achieved 
for all of facilities that one company had built, including 308days continuous operation for the longest 
which was achieved with an 84t/day facility 5).  
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Figure 3 Relationship between plant capacity and electricity generation efficiency of fluidized bed 
waste incinerators (simple incineration and gasifier with ash melter) built since 1980 in Japan (Data 
source: Ministry of Environment, Japan 3)) 

 

 

Figure 4 Share of fluidized bed incineration in waste incineration systems in Japan (Data source: 
Ministry of Environment, Japan 4)) 

 

Research and development 

Development of advanced high-efficiency coal gasification technology in Japan 

The objectives of Japan’s “Energy Innovation Program” are establishment of stable supply of fuels 
and their clean and efficient use. Clean Coal Technology (CCT) is expected to play an important role 
in the “National Energy Strategy”. NEDO’s STEP CCT (Strategic TEchnical Platform for Clean Coal 
Technology) is a program to develop CCTs.  
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Figure 5 Proposed new coal gasification system6) 

One of the CCTs under development/research is advanced high-efficiency coal gasification 
technology (Figure 5). In this gasification process, a solid circulation system that consists of riser, 
downer and bubbling fluidized bed is employed. Coal char is used as circulating bed material. Also 
inorganic bed material (catalyst and/or tar absorber) is added. The raw fuel is fed into the downer 
reactor where pyrolysis occurs. The produced volatile matter is immediately separated from residual 
char because carbon deposit that is formed through coking of volatile matter is known to reduce 
reactivity of char particles towards gasification. The produced char is then gasified in a bubbling 
fluidized bed reactor by steam. The char particles are then transported to the riser reactor and oxidized 
to increase the temperature. The heat of combustion stored in the solids is then used as heat of 
reaction in pyrolyzer (downer) and gasifier (bubbling bed). To achieve heat balance, considerably 
high solid circulation rate is required. Cold model experiments are now being conducted to achieve 
high solid circulation rate7). A large cold model experimental apparatus is now under construction. 
CFD modeling is also carried out for fluidization and heat transfer. A fundamental study of pyrolysis, 
gasification, and combustion is conducted. Since gasification at low temperature is favourable to 
improve overall thermal efficiency, catalytic gasification of char is also investigated. Also attempts to 
utilize waste heat from high-temperature gas turbine or high-temperature fuel cell as heat source are 
being done. The research group members are IHI, J-Coal, AIST, Tokyo University, Osaka University, 
Hokkaido University, Gunma University, Tokhoku University, and Kyusyu University. 

 

Conclusion 

This report summarizes the recent situation of Japan’s fluidized bed energy conversion technology. 
Interest in utilizing renewable energy sources has been increasing. Fluidized bed municipal waste 
gasifier with ash melter is now a proven technology. A new type of coal gasification process is now 
investigated as a national project.  
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Table 1 Recent fluidized bed conversion plants completed in 2005 - 2009 

Year of 
completion 

Conversion 
type 

Fluidized 
bed type Fuel  Fuel feed 

rate 

Power output 
/steam 
condition / 
steam flow 
rate 

Manufacturer Owner or 
location 

Data 
source 

2005 Boiler BFB wood 45kt/y 4.9MWe Takuma Co., 
Ltd. 

Biomass 
power 
generation 

C 

2005 Boiler CFB 

wood 
wastes 
70% 
(calorific 
value), 
semi-
anthracite

wood 
130kt/y 

50MWe 
Efficiency 35 
%, steam 
196t/h  

Sumitomo 
Heavy 
Industries, 
Ltd. 

Biomass 
power 
generation 

C, Pm 

2005 Boiler CFB 
RPF, 
wood/bark, 
tire 

RPF 
160kt/y, 
tire 4kt/y, 
w/b 60kt/y 

99MWe   Paper mill C 
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2005 Waste 
incinerator ICFB municipal 

waste 4.2t/h 2.5MWe(g) Ebara 
Corporation 

Waste 
incineration 
(incl. local 
government) 

Qm 

2005 Boiler CFB wood 12t/h 10MWe(g) 

JFE 
Environmental 
Solutions 
Corporation 

  Qm 

2005 Boiler CFB coal   

150MWe(n), 
167MWe(g) 
170kg/cm2-G, 
569oC, 525t/h 

Sumitomo 
Heavy 
Industries, 
Ltd. 

Cement 
industry Pm 

2005   CFB coal   62MWe(g) 

Sumitomo 
Heavy 
Industries, 
Ltd. 

Cement 
industry Pm 

2005 Boiler BFB wood chip   5MWe 3.63 
MPa, 39t/h  

Takuma Co., 
Ltd.   Qm 

 

Year of 
completion 

Conversion 
type 

Fluidized 
bed type Fuel  Fuel feed 

rate 

Power output 
/steam 
condition / 
steam flow 
rate 

Manufacturer Owner or 
location 

Data 
source 

2005 Boiler BFB 
car 
shredder 
dust 

  

Steam supply 
to existing 
turbine 31.7t/h, 
2.94MPa 

Takuma Co., 
Ltd.   Qm 

2005 Boiler BFB waste 
wood chip   

4.9MWe 
7.2MPa, 
25.5t/h 

Takuma Co., 
Ltd.   Qm 

2005 Boiler FB(n.s) Wood, 
bark 

6520kg/h, 
48kt/y 

2.3MWe(g) 
1.65MWe(n) 
7.2MPa, 27t/h 

Takuma Co., 
Ltd. 

Biomass 
power 
generation 

C, 
Qm, 
Pm 

2005 Boiler BFB wood chip   2.3MWe 
7.2MPa, 27t/h Takuma   Qm 

2005 Boiler BFB wood chip   
460kWe 
2.3MPa, 
30.7t/h 

Takuma Co., 
Ltd.   Qm 

2005 
Gasifier 
with gas 
engine 

BFB sewage 
sludge   260kWe Takuma Co., 

Ltd.   Qm 

2006 Boiler CFB woodchip 100kt/y 11.5MWe   
Biomass 
power 
generation 

C 

2006 Boiler CFB wood, tire 
wood 
50kt/y, tire 
12kt/y 

    Chemical 
company C 

2006 Boiler FB(n.s) wood 150kt/y 38.5MWe   Paper mill C 
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2006 Boiler CFB 
wood, 
Sludge, 
RPF 

  41MWe 195t/h 

Sumitomo 
Heavy 
Industries, 
Ltd. 

Paper mill C 

2006 Boiler CFB 
wood, 
Sludge, 
tire 

  23.7MWe 
130t/h  

Sumitomo 
Heavy 
Industries, 
Ltd. 

Paper mill C, Pm 

2006 Boiler CFB 
wood, 
sludge, 
tire 

wood 60t/d, 
tire260t/d 18MWe 130t/h 

Sumitomo 
Heavy 
Industries, 
Ltd. 

Paper mill C, Pm 

2006 Boiler ICFB woodchip 14.5t/h 12MWe(g) Ebara 
Corporation 

Biomass 
power 
generation 

Qm 

 

Year of 
completion 

Conversion 
type 

Fluidized 
bed type Fuel  Fuel feed 

rate 

Power output 
/steam 
condition / 
steam flow 
rate 

Manufacturer Owner or 
location 

Data 
source 

2006 Boiler ICFB woodchip 14.262t/h 
11.5MWe(g) 
5.9MPa, 
460oC, 58.5t/h 

Ebara 
Corporation 

Biomass 
power 
generation 

Qm 

2006 Boiler ICFB woodchip, 
PRF 

wood 
7000t/m, 
RPF1500t/m 

20.6MWe 
9.81MPa, 
501oC 

Kawasaki 
Heavy 
Industries, 
Ltd. 

Paper mill C, Pm 

2006 Boiler BFB foul 
droppings   1950kWe Takuma Co., 

Ltd. 

Biomass 
power 
generation 

Qm 

2006 Boiler CFB wood, 
RPF 

wood 
200kt/y, 
RPF55kt/y 

49.9MWe(g), 
44MWe(n) 

Mitsui 
Engineering 
and 
Shipbuilding 
Co.Ltd. 

Biomass 
power 
generation  

C 

2007 Boiler FB(n.s) woodchip   

4.3MWe 
Efficiency 
12% 7.2MPa, 
42t/h, 425oC 

Takuma 
Paper mill / 
Biomass 
power 

C, 
Qm 

2007 Boiler FB(n.s) wood 221t/d 
6.5MWe 
6.9MPa, 
38.2t/h 

Takuma Wood board 
company 

C, 
Pm, 
Qm 

2007 Boiler CFB wood 200kt/y 230t/h 

Sumitomo 
Heavy 
Industries, 
Ltd. 

Paper mill C, Pm 

2007 Boiler CFB wood, 
RPF, tire   23.7MWe 

Mitsubishi 
Heavy 
Industries, 
Ltd. 

Paper mill C 
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2007 

Waste 
gasifier 
with ash 
melter 

ICFB municipal 
waste 7.5t/h 2.8MWe(g) Ebara 

Corporation 

Waste 
incineration 
(incl. local 
government) 

Qm 

2006 

Waste 
gasifier 
with ash 
melter 

BFB municipal 
waste 

240t/d 
(120t/d x 2) 

4.4MWe(g) 
4.0MPa, 
400oC 

Ebara 
Corporation 

Waste 
incineration 
(incl. local 
government) 

Pm 

2006 

Waste 
gasifier 
with ash 
melter 

BFB Industrial  
waste 

550t/d 
(275t/d x 2) 23MWe(g) Ebara 

Corporation   Pm 

2007 Boiler CFB coal, tire   
50MWe 
12.75MPa-G, 
541oC, 300t/h 

Sumitomo 
Heavy 
Industries, 
Ltd. 

Chemical 
company Pm 

 

Year of 
completion 

Conversion 
type 

Fluidized 
bed type Fuel  Fuel feed 

rate 

Power output 
/steam 
condition / 
steam flow 
rate 

Manufacturer Owner or 
location 

Data 
source 

2007 

Waste 
gasifier 
with ash 
melter 

FB(n.s) municipal 
waste 

405t/d 
(135t/d x 3) 

6MWe(g)(Est), 
3MWe(n)(Est) 

Hitachi 
Zosen 
Corporation 

Waste 
incineration 
(incl. local 
government) 

Pm 

2007 

Waste 
gasifier 
with ash 
melter 

FB(n.s) municipal 
waste 128t/d 1.99MWe(g) 

Hitachi 
Zosen 
Corporation 

Waste 
incineration 
(incl. local 
government) 

Pm 

2007 Boiler BFB woodchip   3.33MPa, 
30t/h  

Takuma Co., 
Ltd.   Qm 

2007 Boiler BFB woodchip   3.33MPa, 
30t/h  

Takuma Co., 
Ltd.   Qm 

2008 Boiler BFB Industrial  
waste 6.0t/h 900kWe(g) 

Tsukishima 
Kankyo 
Engineering 
Ltd. 

Kitahiroshima, 
Hiroshima 
Pref. 

Qm 

2008 Boiler   

Wood 
chip, 
Waste 
tire, waste 
plastics  

  5MPa 470oC 
70t/h  JFE 

Ojipaperboard 
Co., Ltd., 
Nikko  Mill 

Pm 

2008 Boiler CFBC 

Wood, 
Waste tire 
tip, RPF, 
sludge 

    
Mitsubishi 
Heavy 
Industries 

Iwaki Daio 
Paper Corp.., 
Iwaki  Mill 

Pm 

2008 Boiler CFBC 

Coal, 
Wood, 
RFP from 
old paper 

    
Sumitomo 
Heavy 
Industries 

Nippon Paper 
Industries Co., 
Ltd., Shiraoi 
Mill 

Pm 
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2008   ICFB Woody 
biomass   

21MW 
5.8MPa460oC, 
106t/h 

Ebara 
Corporation 

Gonoike 
Biomass 
Power Plant 

Pm 

2008 Boiler CFBC 

Plastic, 
Wood 
chip, 
Coal, 
Bark, Mat 
pellet 

  10.3MPa, 
533oC, 130t/h  JFE 

KISHU 
PAPER 
Co.,Ltd 

Pm 

2008 

Waste 
gasifier 
with ash 
melter 

BFB municipal 
waste 70t/d(35x2) Hot water 

supply 

Sanki 
Engineering 
Co., Ltd., 

Naruto, 
Tokushima 
Pref. 

Pm 

2008 

Waste 
gasifier 
with ash 
melter 

BFB municipal 
waste 

60t/d (30t/d 
x 2) None 

Kobelco 
Eco-
Solutions 
Co., Ltd. 

Iwade, 
Wakayama 
Pref. 

Qm 

 

Year of 
completion 

Conversion 
type 

Fluidized 
bed type Fuel  Fuel feed 

rate 

Power output 
/steam 
condition / 
steam flow 
rate 

Manufacturer Owner or 
location 

Data 
source 

2008 

Waste 
gasifier 
with ash 
melter 

BFB municipal 
waste 

206t/d 
(103t/d x 2) 

Electricity 
3.0MW(g), 
1.2MWe(n), 
Heat supply to 
outside 
1200Mcal/h 

Kobelco 
Eco-
Solutions 
Co., Ltd. 

Sashima, 
Ibaraki Pref. Qm 

2008 

Waste 
gasifier 
with ash 
melter 

BFB municipal 
waste 47.5t/Dx2 Heat supply 

Sanki 
Engineering 
Co., Ltd., 

Nabari, Mie 
Pref.  Pm 

2008 

Waste 
gasifier 
with ash 
melter 

BFB municipal 
waste 

128t/D(64t/d 
x 2) 2500kWe(g) 

Hitachi 
Zosen 
Corporation 

Kimotsuki, 
Kagoshima 
Pref. 

Pm 

2009 Boiler ICFB 

Wood 
chip, coal, 
Rubber 
tire tips 

  

25MWe(g), 
21.6MWe(n) 
105t/h, 6.4 
MPa500oC 

Ebara 
Corporation 

Tochigi 
Factory of 
Sumitomo 
Osaka Cement 
Co., Ltd 

Pm 

 

Fluidized bed type: FB(na) refers to “detail not available”. 

Fuel feed rate unit: t/h, t/d, t/d x n = t/d, t/m, and kt/y refer to tonnes per hour, tonnes per day, (tonnes 
per day) x (n reactors) = (total tonnes per day), kilo tonnes per month, and kilo tonnes per year, 
respectively. 

Power output : (g), (n), and (Est) refer to gross output, net output, Estimated from monthly power 
output reports, respectively. 

Data Source: C :CRIEPI Report 8); Qm: Quastionair to manufacturers;  Pm: Press releases / Annual 
reports of manufacturer / owner 
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KOREA 

 

Introduction 

Recently, there has been increased interest in effective fuel utilization in Korea as its energy 
consumption is largely dependent on imported resources. Moreover, due to the increase of oil price, 
the energy utilization technology has become a critical issue. One of the successful technologies of 
the energy utilization is a circulating fluidized bed combustion technology because of its capability of 
firing various fuels, such as refuse derived fuel (RDF), biomass, sludge and wastes as well as low 
quality coal. Besides, according to the environmental policy of Korean government, which includes 
reduction of CO2 emission, biomass and wastes resources have been expected as co-combustion fuels. 

For this reason, large CFB boilers firing low quality coals for electric power generation are being 
constructed by KOSEP and KOSPO, which are subsidiaries of KEPCO. KOSEP began to convert oil 
firing boiler into CFB boiler (300MWe) at Yeosu city in 2009 and KOSPO decided to construct 2 
units of 500MWe CFB boilers (Super Critical) at Samchuk city in Korea. Also, additional 
construction of 2 units of 500MWe CFB boiler is under investigation by KOSPO.  

On the other hand, a small CFB boiler (10MWe) firing RDF is under construction at Wonju city by 
KOMPO, which is also one of subsidiaries of KEPCO, and co-combustion test of biomass and RDF in 
Tonghae CFB boiler (200MWe x 2 units) was completed for eco-friendly fuel diversification.  
 
Fluidized Bed Combustion 

In Korea, 21 units of CFB boilers are operating and 6 units of CFB boilers are under construction 
for cogeneration and electric power generation. Almost all of them use coal as a fuel, and co-firing of 
RDF with anthracite has been completed in the Tonghae CFB boliers. 

 
Table 1. Status of CFB boilers in Korea (2010) [1]. 

Company / 
Location Year 

Capacity 
(Steam, 

t/h) 

Steam P. 
(kg/cm3) Fuel Category Supplier 

/Design 

Oriental Chemical / 
Incheon 1984 120 110 Coal Co-Gen 

Hyundai 
HI1)/ 

Ahlstrom 

SK / Suwon & 
Ulsan 1988/89 25/200 10/114 Coal Co-Gen Hyundai HI/ 

Ahlstrom 

LG / Yeocheon 1989 210 102 Coal Co-Gen Hyundai HI/ 
Ahlstrom 

Hyundai Oil / 
Daesan 1989 120 110 Coke Co-Gen Hyundai HI/ 

Ahlstrom 

Petrochemical 
Service Co./Ulsan 1990 250 93 Coal Co-Gen Hyundai HI/ 

Ahlstrom 

Dyeing Complex / 
Busan 1991 160 

(80×2) 102 Coal Co-Gen Daewoo HI 

Korea Energy / 
Onsan 1991 175 115 Coal Co-Gen Doosan/Lur

gi 
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Sam Yang GENEX / 
Incheon 1990 60 63 Coal Co-Gen Hyundai HI/ 

Ahlstrom 

EWP/ Tonghae 1998/99 693×2 176 
Anthra

cite 
/RDF 

Electric Doosan/ 
Alstom 

Kumho Petrochem. / 
Yeosu 2003 305 100 Coal Co-Gen Hyundai HI 

Dyeing Complex / 
Daegu 2004 160 92 Coal Co-Gen Hyundai HI 

Gunjang Energy / 
Gunsan 

2007/ 
2010 

200 × 2/ 
250 

93/ 
95 Coal Co-Gen Hyundai HI 

Hanhwa Petrochem. 
/ Yeosu 2009 400 × 3 93 Coal Co-Gen F/W 

BASF/ Gunsan 2009 180 45 Coal Process Hyundai HI 

Gunjang Ind. 
Complex Cogen. / 

Gunsan 
2011 250× 2 120 Coal Co-Gen Hyundai HI 

SEETEC / Daesan 2011 500 95 Coal Co-Gen - 

KOSEP / Yeosu 2011 1040 176 Coal Electric Doosan 

KOSPO / Samchuk 2015 1300 x 2 260 Coal Electric FW 
1)HI: Heavy Industries 

Fluidized Bed Gasification 

There is not any commercial fluidized bed gasifier in Korea. However, many researches are going 
on to develop the fluidized bed gasifier for production of chemical feed stock from coal, biomass and 
wastes. This will be treated under the heading of research and development. 

Manufacturing 

There are two major manufactures of FBC equipment in Korea. One is Doosan Heavy Industries & 
Construction and the other is Hyundai Heavy Industries. Doosan Heavy Industries & Construction 
usually fabricates relatively large CFB boilers, more than 200MWe, and Hyundai Heavy Industries 
usually manufactures relatively small CFB boilers around 50~100MWe [2].  

Each manufacture’s web site is www.doosanheavy.com and www.hhi.co.kr, respectively. 

Research and Development 

KEPCO research institute (KEPRI) made plans for new research project, “Development of 
combustion process for fuel diversification in a commercial CFB boiler” supported from several 
power generation companies, which will be carried out for 4 years from next year. In this project, 
various fuels such as biomass, sludge, RDF and wastes as well as low quality coals will become an 
object of fuel diversification in a commercial CFB boiler with the purpose of cutting costs of fuels and 
eco-friendly power generation [3].  
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On the other hand, a national research roadmap in the field of thermal power generation is newly 
being established for realizable technology in 2020. In this roadmap, the development of super critical 
and ultra super critical CFB boiler with oxy combustion technology is involved as well as fuel 
diversification.  

Also, CLC, CLG and CO2 post capture process using fluidized bed technology are being developed 
in many research institutes (KEPRI, KIER, KIMM and KITECH) and universities in Korea. For 
example, CO2 post capture process using FB technology with a capacity of 0.5MWe was 
accomplished by KERPI and KIER and was verified as connecting the commercial thermal power 
plant. This process will be developed continuously on a large scale (0.5 → 10 → 300MWe) [4].  

Fluidized bed gasifiers have been developed by KITECH and SK energy in Korea. KITECH has 
studied the development of dual fluidized bed gasifier to produce medium calorific value gases from 
low quality fuels. So, KITECH has developed 1t/d-pilot gasifier system and has operated with various 
fuels. KITECH also has a plan to develop the optimization of the process with various fuels and to 
develop the design technology of a large scale gasifier [5]. On the other hand, SK energy has 
developed the gasifier producing SynGas from low grade coals through technical cooperation with 
KBR.  The company is constructing 3t/d-pilot scale CFB gasifier, and will construct a commercial 
gasifier with developing a scale up technology of the FB gasifier [6]. 

Conclusion 

In Korea, there are a lot of activities as regards FB technology. Particularly as Korea’s energy 
consumption is largely dependent on imported resources, the fluidized bed combustion technology 
becomes an object of attention. So, many constructions of new CFB boilers and many researches of 
FB technology are expected to be carried out continuously. 

Also, the future technologies of FB for USC, Oxy, CLC, CLG and CO2 capture and so on will 
come into the spotlight.  
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POLAND 

 

The FBC technology is developing continuously in Poland in recent years. The main achievements 
were the commissioning and start up of the world’s first supercritical 460MWe once-through 
circulating fluidized bed (CFB) boiler constructed at the Łagisza Power Station, Poland. A schematic 
of that technically most advanced CFB boiler is shown in Fig. 1. 

 

Figure 1: Concept of boiler design at Łagisza. 

The boiler at the Łagisza Power Station has been manufactured by Foster Wheeler Corp. The 
commercial operation of the unit started successfully in the late 2009. Since then the boiler operation 
and parameters have been carefully monitored in order to provide crucial information for design 
improvement and further development of the circulating fluidized bed combustion (CFBC) 
technology. 

Comparison of some chosen parameters of the Łagisza CFB boiler with those of the older CFB units 
at Turów Power Station (that was, before Łagisza, the world largest CFB technology-based power 
station) is shown in Table 1. The largest differences between Turów and Łagisza are associated with 
significant increase of the unit size (from 262 to 460 MWe) and steam pressure (from 16.65 to over 27 
MPa). 

Table 1: Comparison of the main operational parameters of the CFB boilers at Turów Power Station 
with those of the Łagisza CFB combustor. 

 
Turów, 

units 4-6 

460MWe 
CFB at 
Łagisza 

Electric capacity, gross, MWe 262 460 
Live steam flow, kg/s 200 359.8 
Live steam pressure at turbine inlet, MPa 16.65 27.5 
Live steam temperature at turbine inlet, oC 565 560 (+5/0) 
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Feed water temperature, oC 250 290 
Flue gases outlet temperature, oC 138 122 

 
The other large-scale (>100MW) CFB units, either constructed or planned to be constructed in Poland 
in recent years include the boilers at: 

• Jaworzno Power Station (a new CFB boiler to be 
fired with biomass and agromass only), 

• Czestochowa Heat & Power Station, 
• Konin Power Station, and 
• Lublin Heat & Power Station. 
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PORTUGAL 

 

Introduction 

In Portugal, at this moment, fluidised bed technology is used for combustion only in paper and pulp 
companies using mostly bark for their energy needs. The Portuguese Government initiated a project 
with the aim of installing 10-12 small-scale power plants using forestry and agricultural wastes. The 
companies involved in setting up of these power stations are identified. However, only two have been 
started with engineering design. The others are on stand-by due to financial difficulties. Some of these 
power stations will use FBC system. 

Fluidized Bed Combustion 

There are currently about 5 or 6 FBC working. With the exception of one, all the rest are located in 
paper and pulp companies. The most recent 2 of these FBCs are circulating beds. The one exception is 
the FBC installed in a company by INETI. It is of a bubbling bed type. 

Fluidized bed Gasification 

None 

Other uses of FB 

INETI has installed and tested a fluidised bed system for pyrolysis in a company recycling plastics. 
This is a bubbling bed pyrolysis unit and has a capacity for a maximum mass flow of 125 kg/h of 
plastics. 

Manufacturing 

No 

Research and development 

Most work of research and development on fluidised bed systems is located in both INETI and 
University of Aveiro. The pilot installations that exist in these two organisations are given below: 

FBC: INETI and University of Aveiro 

Fluidised bed gasification: INETI 

Conclusion 

There have not been any new industrial scale developments in the area of fluidised bed in Portugal. 
The research and development work is currently the most active involvement in this area. There are 
some projects that are funded both nationally and by EU. 

Published papers 

[1]  Pinto, F., André, R., Franco, C., Lopes, H., Carolino, C., Costa, R., Gulyurtlu, I., Cabrita, I., “Co-
gasification of coal and wastes in a pilot-scale installation. 2. Effect of catalysts in syngas 
treatment to achieve sulphur and nitrogen compounds abatement”, Fuel, 89, 3340–3351, (2010) 
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[2]  Lopes, H., I. Gulyurtlu, I., Abelha, P., Crujeira, T., Salema, D., Freire, M., Pereira, R., Cabrita, I., 
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SPAIN 
 

The table contains the most important characteristics of fluidized bed combustors, gasifiers 
and converters in Spain.  
 
COMMERCIAL/DEMONSTRATION INSTALLATIONS 

owner/location year type capacity Boiler fuels 

La Pereda / 
Mieres (Asturias) 

1994 CFBC 50 MW Foster Wheeler Hard coal, 65% 
ash 

Tirmadrid/ 
Madrid 

1996 BFBC 30 MW  MSW 

SOGAMA/ Cerceda (La 
Coruña) 

2002 2 CFBC 50 MW  MSW 

Betejar / 
Palenciana(Córdoba) 

1995 BFBC 12.5 MW Foster Wheeler Orujo (olive 
waste (65% 
moisture) 

MOVIALSA/ Campo de 
Criptana (Ciudad Real) 

2011 4 BFBG 18 MWth/6 
MWe 

EQTEC Iberia 
SL 

Orujillo (olive 
waste), olive 
stone, grape 
waste 

CENER/ Aoiz (Navarra) 2011 BFBG 2 MW INERCO Biomass 
CIUDEN Ponferrada 
(León) 

2011 1 CFBC 
oxycombustion

30 MWt Foster Wheeler Coal (+ 
Biomass*) 

CIUDEN Ponferrada 
(León) 

2011 BFBG 3 MWth INERCO Biomass, wood 
chips, pellets, 
MSW 

INERCO Sevilla 2007 BFBG 3 MWth INERCO Wood pellets, 
Olive stones, 
rapeseed pellets

CSIC-HUNOSA-
ENDESA/Oviedo 

2011 CFBCL 
connected to 
CFBC 

1 MW  CSIC  

GUASCOR/ Vitoria 2008 BFBG 1-1,2 MW 
and 2 MW 

ENAMORA Agro-industry 
residues  

GUASCOR/Vitoria 2008 Multistep 
Gasifier . 
(Reactor of 
volatilisation + 
Thermal Cracking 
Reactors + 
Reactor of 
Reduction) 
 

670 kW GUASCOR Lignocellulosic 
biomass 

Pere Escribá SA/ Mora 
d´Ebre  (Tarragona) 

 

1997 BFBG 0,5 MW Energía Natural 
de Mora 

Almond Shell 
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ISM Energías/ Xátiva-
VALENCIA 

2009 BFBG 1,55 MWe NECER / 
CareCo 

Biomass waste 
forest clearing 
and pruning 
(pine, poplar, 
vine shoot & 
stumps, , 
orange tree, 
eucalyptus, 
demolition 
wood 

BFBC --bubbling fluidized bed combustor; CFBC--circulating fluidized bed combustor; BFBG--bubbling fluidized bed 
gasifier; CFBG--circulating fluidized bed gasifier; CFBCL--circulating fluidized bed Ca looping; * directly and indirectly 
co-combustion with gas from oxy-gasification 
 

CENTRES OF RESEARCH AND TECHNOLOGICAL DEVELOPMENT 
 

A description of the main R&D groups working on FBC in Spain is given. 

Centro de Investigaciones Energéticas, Medioambientales y Tecnológicas (CIEMAT) 
Location:  Madrid & Soria 
Overview 
Ciemat is a Public Research Center under the Ministry of Science and Innovation in Spain. As part of 
the Energy Department, the aim of the Combustion and Gasification Division is to generate 
knowledge to support the development and implementation of advanced combustion and gasification 
systems, focusing especially on Fluidised bed technologies and gas treatment systems, gas cleaning 
and upgrading in response both to technological and environmental demands. 

R&D Activities:  
- Coal, Biomass and Waste Co-Combustion Processes 
- Biomass Gasification Processes Gas Treatment Processes, Clean-up & Component Separation 
- Kinetic studies and Theoretical Development 
- DNS for Combustion processes. 

FBC facilities: 
- 3.5 MW BFBC Demonstration Plant, operated on leather waste, coal, biomass 
- 1 MW BFBC Pilot Plant operated on coal, biomass & waste 
- 100 kW BFBC Pilot Plant (possibly to be revamped to BFBG in 2012) 
- 500 kW (air-mode) CFBG Pilot Plant, operated on biomass & waste; O2 and CO2 can be fed; 

Operation as oxy-combustor is under discussion 
- 300 kW BFBG, owned by CADAGUA, installed at CIEMAT, operated on sewage sludge 

 
Fundación Ciudad de la Energía (CIUDEN) 
Location: Cubillos del Sil, near Ponferrada (León) 
Overview 
The "Fundación Ciudad de la Energía" ("Energy City Foundation") is a public state foundation, the 
purpose of which is to "strengthen economic and social development in the Bierzo region" by means 
of activities related to energy and environment. R&D&D activities focus on Clean Use of Coal 
Technologies to Zero Emissions Plants. 
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The Fundación Ciudad de la Energía (CIUDEN) has started a CO2 Capture Program  whose aim is to 
create a world-wide reference centre for the development of CO2 capture technologies. In its first 
phase, this plant incorporates oxycombustion processes (combustion of coal with oxygen).  
CIUDEN's experimental facilities for the development of CO2 capture technologies (esCO2) is unique 
in that it allows research using a wide range of coals and incorporates two different oxyfiring 
technologies, pulverized coal (CP) and circulating fluidized bed (CFB), the latter being unique 
worldwide. The integrated facility is equipped with flue gas cleaning units, flexible flue gas recycle 
system, a CO2 purification, compression system, a CO2 transport rig test and experimental CO2 
storage test. 
R&D Activities 

- Oxy-firing of coal in CFB (and also PC), and direct/indirect oxy-co-combustion of coal and 
biomass. 

- CO2 Capture Technology Development based on oxy-combustion processes 
- Biomass Gasification for indirect co-combustion or gas cleaning and gas engine applications. 
- Transport and Geological storage of CO2 

FBC facilities: 
- 30 MWth CFBC, oxycombustion of a wide range of coals (from hard coal to subbituminous) 

and direct/indirect co-combustion of coal and biomass 
- 3 MWth BFBG, designed for biomass processing. 

 
NOTE: Week starting Nov 21, 2011, CIUDEN has successfully completed the first set of tests 
burning low volatile coal in oxy mode. This is the first time ever of a 3O MWth CFB boiler operating 
in oxycombustion with anthracites 
 

 
 

 



66 
 

 
 

esCO2  process flow diagram and general view 
 
 
Bioenergy Group. Chemical and Environmental Engineering Department. Escuela Superior de 
Ingenieros (University of Seville) 
Location:  Sevilla 
Overview 
Over the last decade the Chemical and Environmental Engineering Department of University of 
Seville has carried out research on thermal conversion of fuels, including coal, biomass and wastes. 
The institution has tackled various fields, acquiring large experience, both at industrial and lab scale, 
related to coal, fuel management, combustion, flue-gas cleaning, ash management, and air pollution 
(emissions, dispersion and control). 
From 1999 the effort has concentrated on the investigation of biomass gasification in fluidised bed 
(FB). The great interest in the development of this technology and the production of biofuels from 
biomass gasification were the reasons why the above mentioned department founded the Bioenergy 
Group of the University of Seville (BEGUS) in 2006. 
 
R&D Activities  

- Biomass/waste gasification in fluidised bed: Demonstration of gasification of biomass and 
wastes, such as olive residue, meat and bone meal (MBM), sewage sludge, municipal solid 
waste (MSW), design of new gasification systems based on innovative concepts and gas 
cleaning strategies for tar removal and conversion systems by primary and secondary 
measures 

- Biofuels production (BTL) by the thermochemical path (gasification and catalytic synthesis): 
Activities are focused on the production of ethanol and higher alcohols (HAS) mainly in two 
important points: catalysts assessment and the generation and evaluation of different concepts 
(process configurations) for the global process 
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- Development of tools for modelling and scaling up: Modelling, design and simulation of 
thermochemical conversion of biomass processes for producing either heat&electricity, 
chemicals or biofuels. Economic and feasibility studies using process simulators (Aspen Plus) 
allow comparison of different alternatives. CFD software (Fluent) is used for optimisation of 
hardware details and operation performance. 

- Development of new and innovative reactor design for biomass gasification 
 
FBC facilities: Installations on biomass gasification include 

- A BFB lab plant (5 kWth, 0.5 kg/h) situated in the university campus. It is a flexible BFB 
system allowing gasification of very different fuels with a number of gasification agents (air, 
steam and oxygen, and mixtures thereof). 

- a BFB pilot plant (75 kWth, 15 kg/h), also situated in the university campus 
- a demonstration plant of (3 MWth, 600 kg/h), located in Seville (30 kms far from our 

university campus) 
- several laboratory rigs for investigation of biomass gasification, devolatilisation and fuel 

reactivity, including an accredited laboratory for fuel analysis. 
The lab- and pilot-scale gasification facilities are based on a flexible BFB system allowing 
gasification of very different fuels with a number of gasification agents (air, steam and oxygen, and 
mixtures thereof). 
 
INERCO 
Location:  Sevilla 

INERCO  Ingeniería, Tecnología y Consultoría, S.A. is a private company with more than 25 years 
experience and offers the following services:  

- Development and execution of Engineering Projects 
- Engineering and development of equipment, systems and solutions for the optimisation of 

industrial processes  
- Consultancy specialised in the environment, risk prevention and industrial safety  

INERCO has a preferential commitment to Technological Innovation and Development (R+D), within 
its framework of activity in:  

- Energy optimisation for large combustion plants  
- Use of renewable energies, particularly biomass applications.  
- Pollution prevention and control  
- Safety and risk prevention  

This strategy has allowed INERCO to place its own technologies and development systems on the 
market such as:  

- ABACO (Advanced Boiler Automation for Combustion Optimization) 
- EMIR (Automated systems for characterisation of powdered carbon flows and other 

pneumatically transported other solids) 
- Bubbling fluid bed biomass gasifiers on an industrial scale, to make use of energy from 

industrial boilers and furnaces 
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INERCO began to work in gasification in 2005, developing its own gasification technology for 
thermal application and electricity production, working in some projects with different spanish 
research centres like CIEMAT, CIUDEN, CENER and Bioenergy Group of University of Seville. 
FBG facilities 

- 3 MWth BFBG, biomass gasification for the development of thermal and gas engine 
applications. 

 
ICB, Instituto de Carboquímica de Zaragoza, Department of Energy and Environment, 
Combustion and Gasification Group 
Location:  Zaragoza 
Overview 
The “Instituto de Carboquímica” (ICB) is a public research centre belonging to the Chemical Sciences 
and Technologies of the Spanish National Research Council (Consejo Superior de Investigaciones 
Científicas, CSIC). The group “Combustion and Gasification” was recognized as an excellence 
research group by the Regional Government of Aragón.  
R& Activities 

- Development of environmentally friendly processes for power generation using different 
feedstock as natural gas, coal and other solid fuels (biomass or wastes). 

- Combustion and gasification in bubbling and circulating fluidised beds,  as well as in the hot 
gas-cleaning processes related with sulphur compounds (SO2, H2S, etc.). 

- Development of new combustion processes allowing a low-cost CO2 capture, and 
environmentally sustainable hydrogen technologies 

- Assessment and control of the pollution produced  in transport and energy generation 
processes 

 FBC facilities 
- Cold Bidimensional Fluidized Bed Reactor  
- Bacht Fluidized Bed Reactors  
- 10KW Combustion/Gasification Pilot Plant  
- 5kW Chemical Looping Combustion Plant  
- 10KW Chemical Looping Combustion Pilot Plant  
- Pressurized Chemical Looping Reforming Plant 

 
CIRCE – Centre of Research for Energy Resources and Consumption 
Location: Zaragoza 
Overview 
CIRCE was established in 1993 by the University of Zaragoza, the Regional Government of Aragón 
and Endesa Group. Its main objectives are: R&D&I – Research, Development and Innovation for 
energy efficiency; Promotion and technology transfer; Demonstration, training and dissemination.  In 
the year 2001, CIRCE was recognised as a National Innovation and Technology Centre. Since then it 
has also been a member of EUREC (European Association of Renewable Energy Research Centres). 
R& Activities 

- Oxy-fuel combustion and co-firing of different fuel combinations: Analysis of combustion 
efficiency, bed temperature distributions, heat transfer and emissions performance 

- Air combustion and co-firing of different fuel combinations 
- Fluid-dynamic Studies: Pressure drop along CFB´s and loop-seals, solid circulation 

measurement and system performance with design modifications 
- Gasification of biomass and waste, e.g. plastics.  

FBC facilities 
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- Oxyfuel 100 kWt O2/CO2 bubbling fluidized bed combustor (Air, 30 kWth BFBC). Reactor 
has 2.7m height, 23cm internal diameter and could operate with recycling ratio from 0% to 
80%, and oxygen content at input from 20% to 40%. 

- Cold-flow Dual Circulating Fluidized Bed Reactors for solid looping systems. Two Plexiglas 
risers, 4m height and 160-170mm internal diameter and loop-seals. 

- 10 kWth (input) Bubbling Fluidized Bed Gasifier. Gas production of 5 kWth. Fluidized bed 
of 15cm internal diameter and 1.9m height.  

 
INCAR, Instituto del Carbón, Energy Processes& EmissionsReduction 
Location:  Oviedo 
Overview 
The “Instituto del Carbón” (ICB) is a public research centre belonging to the Chemical Sciences and 
Technologies of the Spanish National Research Council (Consejo Superior de Investigaciones 
Científicas, CSIC). It is divided into three Areas, Chemical Processes for Energy and the 
Environment, Chemistry of Materials and Coal, Energy and the Environment 
R& Activities 

- Utilization of coal and renewable fuels for CO2emissions reduction and H2generation 
- CO2capture in combustion and gasification processes 
- development of new materials for H2storage 
- Fluidised bed combustion 
- NOx emissions reduction 
- CO2 Capture from combustion flue gases using CaOCarbonation/calcinationloop 

FBC facilities 
- 30 kW carbonator reactor test facility Ca-looping experimental facility 

Based on the facility and concept above, Endesa, Hunosa and CSIC are building a 1 MW pilot 
dedicated to carbonate looping, close to a CFB power plant 
 
University of Zaragoza, Numerical Fluid Dynamics Group 
Location:  Zaragoza 
Overview 
The Numerical Fluid Dynamics Group is a research group of the University of Zaragoza. It is part of 
the Fluid Mechanics Group, Department of Materials and Fluids Science and Technology, University 
of Zaragoza, Spain, as well as the Laboratory for Research in Combustion Technology (LITEC-CSIC) 

R& Activities 
- Development of Eulerian-Eulerian multiphase models for fluidized beds 
- Simulation of bubbling and circulating FBC  
- Modelling and simulation of heat transfer in convective sections 
- Modelling of fouling 

Facilities  
- In-house, academic (OpenFOAM, MFIX) and commercial CFD codes and expertise 
- High-performance-computing equipment 

Active projects 
- Oxycfd: modelling and simulation of FBC in oxy-firing conditions; funding: CIUDEN, 

Fundacion Estatal Ciudad de la Energía 
- FLEXI BURN: Development of High-Efficiency CFB Technology to Provide Flexible 

Air/Oxy Operation for a Power Plant with CCS; funding: EU 
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SWEDEN 

 

Introduction 

The present electric power generation system of Sweden is dominated by nuclear and hydro power, as 
seen in Fig 1 and 2. 

 

 

 

Fig 1. Installed power in the Swedish 
electricity generating system 2008. 

    Fig 2. Produced electric power in Sweden 2008.

Sweden has no energy resources except hydro power (which is fully exploited from an economical 
and environmental point of view) and uranium (which is not exploited). Hence, fossil fuels have to be 
imported or biomass has to be used. In the 1970s and 80s the oil price rose at the same time as a 
referendum decided to phase out nuclear power by 2010. (Now, 2010 we know that nuclear power 
remains and is being renewed). However, in the 1970s and 80s a vivid activity was initiated to find 
solutions for the future energy supply. Among other actions coal was (re)introduced as a substitute for 
oil and new energy conversion and conservation methods were investigated. In this context it was 
understandable that new conversion methods like fluidized bed were sponsored by the government 
and several pilot plants were built in the form of demonstration units. In the 1990s the concern for 
environment became more evident: coal was considered environmentally unfavourable and biomass 
(domestic) was favoured by placing heavy taxes on coal. Figure 3 shows how imported coal originally 
was cheaper than local biomass, but through the taxes this relationship was reversed.  

 

Fig 3. Production costs for various fuels with and without taxes [1]. 
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This cost reversal greatly favoured the use of biomass, especially in the district heating systems. This 
is clearly reflected in Fig 1 where some fossil fired plants are available, while Fig 2 indicates that they 
are not used normally, but they generally serve as reserve capacity. There is clearly no space for 
electric utility FBC in this system, except for CHP (combined heat and power) production in 
industrial and district heating systems. In the latter systems boilers are either CHP or purely heat 
producing units of a size in the range of 10 to 100 MW thermal power. This is a size range where 
FBC is competing with grate-fired boilers. 

The non-nuclear fuels employed, as seen in Figs 4 and 5, further illustrate the situation. There are two 
important facts to note: 1) biomass is clearly dominant and 2) the amount of non-nuclear fuels used 
for electricity generation (mostly in CHP plants) (Fig 4) is much smaller than that used for district 
heating (Fig 5). 

  

Fig 4. Non-nuclear fuels for power 
generation 2008. 

Fig 5. Fuel and energy sources 
for district heating 2008. 

Fluidized Bed Combustion 

Figure 6 gives an overview of the number and capacity of the FBC plants in Sweden, in total 48 BFB 
and 35 CFB totally amounting to about 3 GW, all of them quite small, fitted to the respective 
industrial or district heating system where they operate. The majority of these plants are operating 
with biofuels, Fig 7. 

 
 

 
Fig 6. Total thermal power and number of FBC 
plants (lower figure) installed in Sweden 2008. 

    Fig 7. Fuels used in FBC plants in Sweden 2008.
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It can be seen in Figs 6 and 7 that BFB and CFB have about the same impact. The use of BFB is 
related to biomass and other low-calorific value fuels that permit operating boilers without tubes in 
the dense bed to avoid erosion, also in the case of BFB. It should also be pointed out that one of the 
boilers included is the PFBC plant in Värtan, designed for coal at the time when this was acceptable in 
Sweden. 
 

This survey explains why FBC was early developed in Sweden. There were at least two reasons: 1) 
the development was promoted by the government 2) the small size of the units needed made it easier 
to take risks of failure (and, indeed, several of the early plants failed to fulfil their duty). Another 
evident conclusion is that, not only the tax conditions, but also the small size of the plants favoured 
the use of biomass. 

  
Fluidized Bed Gasification 

There are two types of commercial scale FB gasifiers in Sweden. One was an IGCC plant with a CFB 
gasifier [2] for combined heat and electric power production in Värnamo, built in 1991 to 1993 and 
mothballed in the year 2000 for being too expensive to run, although its performance was proven to 
be satisfactory from a technical point of view, Fig 8. The other type of plant is employed in the pulp 
and paper industry for gas production to replace oil in lime kilns. Two such gasifiers were built by 
Foster Wheeler Energia OY and one by Götaverken (Metso Power). The unit in Värö with a fuel 
power of 35 MW has been in operation since 1987. A description of the latter unit was given at the 
IEA Meeting in Göteborg [3]. 

                 
Fig 8. The Värnamo gasifier.                                              Fig 9. The Värö gasifier. 

 

In addition to these units, Göteborg Energi (the local district heat producer in Göteborg), jointly with 
E-on, is planning to build an indirect gasifier for production of methane from biomass for delivery to 
the gas net [4]. In a first phase, a 20 MWgas plant is to be built to be ready in 2012. In a second phase, 
a 80 MWgas plant is planned to generate 640 GWh/year , which is about 1% of the maximum 
available biomass from forest wood in Sweden [5]. This may seem reasonable, but the estimate of 
available wood waste is a maximum, more than what is presently used. Furthermore, most biomass 
from forest residues is found in Northern Sweden, so it will be interesting to see if the domestic, local, 

 
Supplyer Metso Power (Götaverken) 
 
• Power: 35 MW fuel 
• Total height: 30 m 
• •Outer diameter: 3.5 m 
• •Bed temperature: 800°C 
• •Pressure: 10 kPa 
• •Fuel: Dried bark 
• •Bed material: 

Dolomite/Limestone 
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biomass will be sufficient, or if biomass has to be imported (in contradiction to the political condition 
once formulated: that it should be domestic).  

Manufacturing 

Two companies manufactured FBC boilers in Sweden, starting already in the 1970s, Generator AB 
and Götaverken AB. They merged in the beginning of the 1990s under the name of Enviropower, 
which was soon bought by Kvaerner together with the Finnish boiler maker Tampella. Kvaerner’s 
boiler department was again bought a few years ago by Metso, and the company is now called Metso 
Power with its principal boiler manufacturing activities in Finland. The Swedish boilers mentioned in 
Fig 3 are mostly manufactured by Metso Power and Foster Wheeler Energia OY. 

Research and development 

Most research on FBC applications in Sweden takes place at Chalmers University of Technology 
(CTH). Initially, the activities were related to a 16 MW BFB boiler. Then a 12 MW CFB research unit 
was built, Fig. 10. These boilers were designed for all possible fuels and were operated with a wide 
spectrum of fuels from coals to biomass and sludge. The fuels can be fed simultaneously, so co-firing 
and the interaction of various co-fired fuels have been important topics of research during recent 
years. A few years ago this unit was extended to include also an indirect fluidized bed gasifier for 
biomass, Fig 11. In this gasifier, investigations are carried out with respect to the performance of the 
gasifier itself, but also on the removal of tar from the gas and conversion of the gas into various 
products.  

 

  

 

Fig 10. The 12 MWth CFB 
boiler at CTH. 

Fig 11. The boiler equipped with 
a 2 to 4 MWfuel gasifier. 

Fig 12. Principle sketch of a 
chemical looping combustor for 
CO2 removal. 1) Air reactor 3) 
fuel reactor.  

Looping cycle combustion is another topic of research involving fluidized bed. Fig 12 illustrates a 
possible looping cycle combustor consisting of two coupled fluidized bed reactors to burn a fuel in 
such a way that the flue gases are not diluted by nitrogen (from combustion air) but mostly consist of 
CO2, which can be compressed and delivered for deposition. The oxygen needed for combustion in 
the fuel reactor is transported by a metal oxide that is reduced in the fuel reactor and oxidized again in 
the air reactor, hence, circulating between the two fluidized beds that could be both BFB and CFB. 
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UNITED KINNGDOM 

 

Introduction 

Fluid bed combustion and gasification were topics of substantial R&D effort in the UK, by both 
universities and industry, in the period between 1970 and the early 1990's. Following the privatisation 
of the various power related industries, the commercial interest in the technologies for generating 
power from coal virtually disappeared. Universities carried on with an interest in fluidised bed 
technology, with support and collaboration from the EU and EU project partners, but without much 
support from the big players in the UK power scene. The UK generators will have to close a 
significant proportion of their remaining coal fired stations over the next 5 years, through age and 
reductions in emission limits.  The replacement technologies have been considered for some time now 
and although no firm plans are in place, it is considered that they are unlikely to involve fluidised bed 
combustion/gasification technology.  This means that UK industry is not likely to implement fluidised 
bed technology utilising fossil fuel in the foreseeable future. 

However, interest in fluidised bed technology does continue in the UK for novel (i.e. distant from 
commercial) power generation concepts and for applications using both coal and renewable sources of 
fuel. This work is mainly being done within universities. There has also been a developing 
commercial use of fluidised beds in the energy from waste sector.  

 

Fluidized Bed Gasification 

There are no commercial fluidised bed gasifiers using coal in the UK.  However, there is a recent 
application in the waste to energy sector. Advanced Plasma Power (APP) is a private UK company 
that focuses in heat power generation from waste via a fluidised bed gasification route. Their process, 
Gasplasma®, consist of four stages [http://www.advancedplasmapower.com]. A vitrified recyclate, 
called Plasmarok®,  is a by-product of the process and APP claim that it can be used as a building 
material or replacement aggregate. First, all recyclable materials are separated from the fuel. 
Secondly, the waste feedstock is gasified in a fluidised bed gasifier, which employs a bed of sand and 
is fluidised with oxygen and steam. The gasification products, char, ash and syngas, are then passed 
through a plasma converter to eliminate tars and soot at the same time as enhancing char conversion 
and  vitrifying the ash and inorganic fraction from the gasifier to form Plasmarok. Finally, the syngas 
is used to generate power in a gas engine.  
 

Fluidized Bed Combustion and Other Uses of FB 

Bubbling fluidised bed (BFB) technology is being used commercially for energy recovery from 
wastes. 

DERL Energy from Waste Facility, Dundee, Scotland  

This plant uses BFB technology in waste treatment. It has a capacity of 120,000t/y municipal solid 
waste. It was constructed by Balfour Beatty/Kvaerner Enviropower and operational in mid 2000.  It 
has two 17MW Kvaerner boilers, each receiving 8t/h waste.  A thermal efficiency of 89% is reported 
with typical steam conditions 40bar, 400ºC. 
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Eon Stevens Croft Wood Burning Plant, Lockerbie, Scotland [http://www.power-
technology.com/projects/stevenscroftbiomass] 

This 44MWe plant was commissioned in August 2007 and is the UK's largest dedicated wood burning 
plant. Its capacity is 475,000t of wood (short rotation coppice willow) per year, which feed a bubbling 
fluidised bed boiler. The  plant was built by a Siemans/Kvaerner consortium (cost 132m Euro), where  
Kvaerner supplied the fully condensing 535ºC boiler and Siemans provided the SST 8000 steam 
turbine.   

Goosey Lodge CHP Plant (Wymington, Northants) for Waste Processing 
[http://www.wykesengineering.co.uk] 

This waste to energy plant was designed and built by Wykes Engineering, using their own BFB 
technology. The plant capacity is 17.6MWe and started operation in 2000. 

PDM Group CHP plant (Widnes, Cheshire) [http://www.pdm-group.co.uk/renewable_energy] 

The same technology as in Goosey Lodge plant is employed in this case to produce power from meat 
and bonemeal, using in excess of 100,000t/y. 

EPR plant (Westfield, Scotland) [http://.eprl.co.uk] 

This is a chicken litter fuelled plant, using fluidised bed combustion and plant procurement was a 
turnkey project by Abengoa (Spain).  Max power output is 9.8 MW and consumes 110,000t/y litter.  
Ash is used as a fertiliser. 

 

Research and Development 

Imperial College London (Department of Chemical Engineering). 

The Department has a long term interest in fluidised beds for gasification, combustion and CO2 

capture. Several laboratory scale fluidised reactors, which are adapted to meet the needs of different 
projects, can operate at pressures up to 3 Mpa and temperatures up to 1000ºC, with a range of reactive 
gas atmospheres (including mixtures). They are heated by electrical resistance, are 32 mm i.d. and 
180mm tall.  They can be either batch or continuously fed.  They are equipped with continuous gas 
analysers including FTIR, Mass Spectrometry and separate analysers for H2S, SO2 and many other 
gases. 

Current specific research interests include: 

Oxy fuel gasification in a spouted bed gasifier. This involves the adaption of the concept of oxy fuel 
combustion to air blown fluid bed gasifiers, which enables the production of a concentrated CO2 
stream for transport and storage. The Department was a partner in the recently completed EU 
FLEXGAS project and is now part of the continuing FECUNDUS project, both aimed at improving 
the flexibility and widening the application of fluidised bed reactors, for example by coupling 
gasification to power production in a solid oxide fuel cell. 

Contact: Marcos Millan   marcos.millan@imperial.ac.uk 
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Hydrogasification in a spouted bed gasifier and CH4 reforming/water gas shift/ CO2 capture using 
carbonation/calcination in fluidised beds. Two projects, funded by the UK Engineering and Physical 
Sciences Research Council and in collaboration with Cambridge, Cranfield and Sheffield Universities 
as part of the UK-China network, investigate the production of clean energy and hydrogen via novel 
process technologies. Imperial College’s participation continues an interest in the ZECA concept, 
which originated in the USA. The first project concerns the hydrogasification of coal in a spouted bed 
to form CH4.  The second project is investigating the reforming of the CH4 to form H2 and the use of 
the water gas shift reaction/calcination/carbonation cycle to maximise the H2 and produce a CO2 rich 
stream for storage. 

CO2 capture using CaO. Imperial College is participating of the EU Caoling project, a first of a kind 
demonstration of Ca-looping at a scale of 1.7 MWth.  Imperial College’s contribution to this work is 
to investigate the activation, reactivation and disposal of CaO after it has undergone a number of 
cycles of calcination and carbonation. The activation is affected through chemical and thermal 
methods, the reactivation using hydration and the disposal by conversion into cementitious materials / 
production of cement. The reactivity of the system is measured using small fluidised beds, which is 
also useful to obtain an idea of attrition rates. 

Contact: Paul Fennell   p.fennell@imperial.ac.uk 

Cambridge University (Dept Chemical Engineering) 

The department has several fluidised bed reactors that are employed in different projects.  There is a 
quartz bodied reactor (30mm i.d., 460mm tall) operating at atmospheric pressure, at temperatures up 
to about 950ºC and either a batch or continuous feed.  A stainless steel reactor (24.9 mm i.d., 450 mm 
tall), operates under similar conditions to the quartz reactor. These rigs are currently in use on several 
projects including studies on chemical looping combustion of solid fuels and the performance of 
Fe2O3 Modified by Ce, Zr or Y in Chemical Looping Hydrogen Production 

Contacts: Stuart Scott   sas37@cam.ac.uk 
 John Dennis  jsd3@cam.ac.uk 
 

Cranfield University (Power Generation Technology Centre) 

The centre has several fluidised bed reactors. A bubbling fluidised bed combustor with a 0.3m2 cross 
section can be fired with coal, biomass or waste (up to 15kg/h) using air fluidisation. A 0.15m 
diameter spouted bed gasifier operates at atmospheric pressure and temperatures up to 1000ºC. This 
gasifier is capable of processing coal, biomass, waste and liquids, with feed rates up to 15 kg/h. The 
bed can be fluidised using air or air/steam and has facilities for sorbent addition. Cooled probes for 
deposition and materials studies can be added along the hot gas path. Cranfield University is involved 
in several projects in progress including the UK-China network. 

Contact:  John Oakey  j.e.oakey@cranfield.ac.uk 

 

Aston University (Bioenergy Research Group) 



78 
 

The Bioenergy Research Group at Aston has a number of fluidised bed reactors employed in biomass 
fast pyrolysis research. These reactors can be continuously fed and the fuel rates vary from 0.1 to 
5kg/h.   

Contact:  Tony Bridgwater  a.v.bridgwater@aston.ac.uk 

 

Sheffield University (SUWIC Research Centre) 

The SUWIC Research Center has several fluidised bed reactors, including three bubbling fluidised 
beds of 5, 10 and 40kg/hr capacities and equipped with cyclones, and a pilot scale rotating fluidised 
bed of 100 kg/hr capacity. Projects in progress include a UK-Malaysia collaboration on pyrolysis and 
combustion of coal/oil palm stone and palm kernel cake, solid recovered fuel (SRF)/ refuse-derived 
fuel (RDF) combustion for UK waste Industry, sludge incineration for UK water industry and wood 
pellet combustion/co-firing for a UK Local Authority. 

Contact: Vida Sharifi v.n.sharifi@sheffield.ac.uk 

 

Summary 

Interest in the UK in fluid bed technology is gaining commercial ground in the field of energy 
recovery from waste. Universities are actively researching novel power technologies for a range of 
solid fuels using variants of fluidised beds, both for gasification and for CO2 capture.  Also, there are 
ongoing research activities in the fields of incineration and fast pyrolysis. 

 


