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Boiler specification and typical fuel analysis

135kg/m3Bulk density (bales)>32%
Plant efficiency 

(net)

13.58 MJ/kgLCV38MWePower output (net)

0.45%Cl92%Boiler efficiency 

0.11%SVibrating grateFurnace type

0.70%N205ºC
Feed water 
temperature

39.3%O522ºCSteam temperature

5.86%H92 barSteam pressure 

44.9%C149 t/hrSteam production

8.8%Ash26.3 t/hr (straw)Fuel consumption

72.4%Volatile matter
Natural gas,  
wood chips

Alternative fuel

15.5%MoistureWheat strawMain fuel

Fuel analysisBoiler specification
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Interaction between in-bed and out-of-bed 
combustion calculations

 
 
 
 
 
 
 
 
 

Fluent 
(Gas flow model) 

 
 
 
 
 
 
 
 
 
 

               Temperature, 
  Velocity, Species  
    Concentrations                                   Radiation                                                                               

                                                                Flux /Temperature  

 
FLIC 

(Bed combustion model)  



Temperature profile inside the burning bed





Velocity 
profile 
on plane 
Z = 4.6m 
(range 0-
9.2m).



Temperature 
profile 
on plane 
Z = 4.6m 
(range 0-
9.2m). 
Values are 
shown in 
Kelvin
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NO profile on plane Z = 4.6m (range 0-9.2m). 
Values are shown in vppm
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Effect of auxiliary sidewall gas burners on velocity profile in the 
furnace. Velocities shown are on planes where the two gas     
burners are positioned respectively. 



Furnace-exit temperature profile

With sidewall gas 
burners

Without sidewall gas 
burners



Average seasonal variation in straw moisture 
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Effect of feed moisture level on CO and NOx
emissions

85597025

15019620

15519515

15419410

NOx, vppmCO, vppm
Moisture level 
in straw, wt%



Comparison of simulation to measurement

 Model Measurement 

O2 7.24 % 7.1 % 

CO 192 vppm 214 vppm 

CH4 80 vppm N/A 

H2O 11.2 % 11.6 % 

NO 154 vppm 165 vppm 

NH3 213 vppm N/A 

Furnace 

temperature 

930 ºC 

 (1203 K) 

914 ºC 

(1187K) 

Combustible in 

bottom ash 
5.6% 6.2% 

Combustion 

efficiency 
99.5% 99.4 

 



Conclusions
� The employed mathematical methods can serve as a reliable tool for detailed analysis o

f straw combustion processes in the packed-bed furnace and for predicting  the effect of 
variation in operating conditions;

� Initial intensive combustion of straw on the grate was predicted, which is consistent with 
visual observation.  Drying commences immediately and burning of straw begins 60 sec
onds after entry into the combustion chamber (i.e. 0.5m away from the feed entrance).  
Combustion of the straw in the bed completes within 10 minutes; 

� The burning of straw in the bed is sub-stoichiometric (fuel-rich). Coupled with short resi
dence time in the bed, most of the fuel-N is released from the bed as NH3 and very little 
NO is formed inside the bed; NO formation mainly occurs in the over-bed combustion c
hamber and in the radiation shaft of the furnace;

� The radiation shaft volume is not fully used and nearly half of the space is occupied by 
weak flows or recirculation zones; Situation is similar with the second flow pass shaft;

� Auxiliary gas burners mounted on the side walls are responsible for uneven temperatur
e and flow distribution at the furnace exit plane, which can affect the working conditions 
of the downstream heat-exchange elements;

� High fuel moisture causes difficulties for the plant operation by poor mixing between co
mbustible gases and secondary air, besides reduced furnace temperature. Moisture gre
ater than 25% can cause severe deterioration of the plant operation by high CO emissio
n if remedy measures were not taken.
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