
Fluidized bed gasification of 
biomass: the yield of hydrogen 
under different operating 
conditions.

1M. Jeremiáš, 1,2M. Pohořelý, 
1K. Svoboda, 3S. Skoblia, 
3Z.Beňo, 1P. Kameníková, 
1T.Durda

1Institute of Chemical Process Fundamentals, Academy of Science of the Czech Republic, Rozvojová 135, 165 02 
Praha 6-Suchdol, Czech Republic; tel. + 420 731 570 803, email: jeremias@icpf.cas.cz;$
2Department of Power Engineering, Institute of Chemical Technology Prague, Technická 5, 166 28 Praha 6, Czech 
Republic; $
3Department of Gas, Coke and Air Protection, Institute of Chemical Technology Prague, Technická 5, 166 28 Praha 
5, Czech Republic.



Gasification principles

fuel	
  +	
  gasifying	
  agent	
  (air,	
  O2,	
  steam,	
  CO2)

H2	
  +	
  CO	
  +	
  CxHy	
  +	
  CO2	
  +	
  H2O	
  +	
  (N2)	
   

+	
  impurities	
  (tars,	
  solid	
  particles,	
  sulphur-­‐,	
  chlorine-­‐,	
  nitrogen-­‐compounds	
  etc.)

(heat)
(	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )



Use of the gas in a gas engine
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1.4.6 Examples of using gasification technologies for biomass processing 
with various applications of the gas 

1.4.6.1 Gasification combined with electricity production in a gas engine (CHP) 

A gas engine combined with an electric generator is the most commonly used device for 
producing electricity and heat from producer gas originating from biomass gasification. For a 
faultless permanent operation of the engine, it is necessary to remove impurities from the gas; 
namely, to reduce the amount of tar under approx. 100 mg m-3 and to remove the dust in order 
to limit concentration of solid particles below 5 mg m-3. [19] 

The most known instances of this concept are the units in Austrian towns of Güssing 
(8 MWth) and Oberwart (8.5 MWth) based on FICFB gasification technology (Fig. 1.16). 

 
Fig. 1.16 Gasification in Güssing (Austria) [24] 

The electric output of the unit in Güssing is 2 MWe, heat output 4.5 MWth, electric 
efficiency 25 %, heat efficiency 56.3 % and the total efficiency is 81.3 %. The heat is 
supplied to Güssing’s heating network. The CHP unit is in commercial operation since 2003. 
[13] 

Wood chips are used as fuel. These are obtained on-site from forest wood unsuitable 
for the woodworking industry. The initial cost of the whole system (dosing system, 
gasification generator, gas cooler, gas filter, water scrubber, burner, gas engine, boiler, cooler 
of waste gas) was about 10 million Euro, out of which EUR 6 million was financed from 
various funds (government, EU). [58, 59] 
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Fig. 5.5 - FECUNDUS proposal for FB co-gasification of coal blended with wastes. 

 

Along syngas hot treatment, syngas composition showed an increase in H2 and a 
decrease in hydrocarbons contents, due to hydrocarbons destruction by cracking and 
reforming reactions, the formation of H2, CO and CO2 was favoured, but due to the 
presence of steam, CO was converted into H2 and CO2, hence CO content was 
observed to decrease. The presence of tar and heavier gaseous hydrocarbons (CnHm) 
was not detected in final syngas obtained after the hot catalytic gas cleaning system, 
the presence of CH4 only being detected, at low concentration. Thus, the tested hot 
syngas cleaning procedure has been shown to be suitable to obtain syngas for a wide 
range of applications. 

Though different H2S and NH3 contents were obtained depending on blend 
composition, similar tendencies were obtained in syngas composition evolution. The 
highest contents were obtained in presence of Puertollano coal, due to its high sulphur 
content. A great decrease in H2S was observed in the dolomite reactor probably due to 
sulphur retention by dolomite. Further decreases of H2S content in the Ni-based 
catalyst reactor were also observed. Overall H2S reductions were between 97% and 
99%. When either South-African coal or German coal was tested, final H2S contents 
in syngas were below the limits required for boilers and gas engines. For other 
applications, such as: Fuel cells and chemical synthesis (Fischer-Tropsch, methanol, 
etc.) further reductions of H2S and other S-compounds are still needed. The 
gasification of Puertollano coal only led to a syngas, whose final H2S content did not 
advise its use in boilers and gas engines, but co-gasification of this coal with wastes 
led to a syngas whose final composition allowed the use in boilers and gas engines.  



Gasification + SOFC concept
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Aim

❖ To determine optimal concentration of dolomitic 
limestone in the fluidized bed.$

❖ (dolomitic limestone has catalytic effect on 
gasification, but it is prone to attrition)$

❖ (silica sand has good mechanical properties for 
fluidized bed)



Experimental reactor
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Fig. 4.63 Major gasses yield in the 'H2O+O2' steady state. H2O input in the gasifying agent is subtracted. 

 

 
Fig. 4.64 Cold gas efficiency 

The cold gas efficiency (Fig. 4.64) under the ‘H2O+O2’ conditions was the highest 
when 25 % of limestone was used. This finding is described in the previous chapter in 
accordance with the experiment VI, where the cold gas efficiency increased dramatically 
when limestone was added to the sand fluidized bed up to the 50 % concentration and then 
further increased when limestone was carried over from the reactor. These findings can be 
explained by better mechanical properties of a fluidized bed composed of higher amount of 
sand combined with the catalytic activity of lime. The sand particles in the mixture are harder 
and abrade the char particles more efficiently than softer dolomitic limestone, which causes 
its higher conversion into the gas. This has, however, also a negative aspect: high content of 
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The effect of material of the FB on minor organic gasses and tars
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despite the fact that the yield of the sum of tarry compounds is lower. This information is 
essential. We can conclude that, under the ‘H2O+O2’ conditions, the catalytic activity of lime 
diluted by sand is similar to pure lime in the decomposition of organic compounds by steam 
(and dry) reforming reactions; moreover, as indicated in the previous charts, the cold gas 
efficiency is higher on the mixture of these two materials of the fluidized bed. On 25 vol. % 
of limestone in the fluidized bed the catalytic activity of lime is less potent. 
  

 
Fig. 4.66 Minor organic gasses and tar 

 
Fig. 4.67 Detail of 'other' organic compounds 
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The effect of material of the FB on tar yield and composition
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Fig. 4.68 A detailed view of tar classes 

The last chart (Fig. 4.69) shows the conversion of fuel-N into ammonia. We can see 
that the conversion of fuel-N into ammonia was similar with 25 % and 50 % of limestone in 
the fluidized bed. The difference is minimal; the concentration of ammonia in the raw moist 
producer gas was 260 ppm on 25 % limestone and 270 ppm on 50 % limestone. However, we 
did not measure this parameter on sand alone and lime alone in the fluidized bed. In the 
experiment VI (direct comparison of sand alone and the mixture of sand and limestone), the 
yield of ammonia was higher (the conversion was above 60 %; see Fig. 4.60), but the 
experiment had already run for 6 hours with lower yield of ammonia on sand and, thus, this 
higher value can be attributed to a partial release of nitrogen from the accumulated char. 

 

 
Fig. 4.69 The conversion of fuel N into NH3 
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Conclusion

❖ From the point of view of hydrogen yield and producer 
gas purity, 1:1 mixture of of catalytic dolomitic 
limestone and sand in FB is an optimal mixture.


