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Application overview and Simulation in 
parallel with the process. 

 



Mälarenergi CFB boiler 



Material balances 

∂m inventory /∂t =  ∑ m i,in - ∑ m i,out  
    
  
where m i,in    is the mass in-flow of each 
single component i 
(C,H,O,N,CO2,H2O,NO2,ash) and m i,out    is 
the corresponding out-flow. The change in 
concentration of each component i is 
given by ci in the bed inventory: 
  
∂c i /∂t =  (∑c i *m j,in  
- ∑ c i  *mk, out )/ m inventory  
    



Energy balances 
The temperature Tinventory in the inventory 
is calculated from the energy balance: 
  
∂Tinventory /∂t =  =  (∑T j * Cp i *c i *m j,in - ∑ 
T k * Cp i *c i  *mk, out ) + ∆H – U*A*(T 
inventory – T outside))/ (m inventory *(∑ c i * Cp i))
     
  
Here ∆H is the energy released during 
combustion and U is the heat transfer 
number,  A the area of the heat exchanger 
area and  T outside the temperature at the 
other side of the heat exchanger surface – 
steam temperature vs exhaust gas 
temperature. Cpi is the heat capacity for 
component i.  



Effect of chemical reactions 

∂c i /∂t =  (∑c i *m j,in – k*[ci]^a - ∑ c i  *mk, out )/ m inventory
     
  
k = a reaction constant and  
a = an exponent giving the non-linearity of the conversion.  
 
For components being removed ci is decreasing while for 
those being created it is increasing. 
 
Can be combustion, digestion or other reactions 



CFB model verification 
Tst,befSH1 Tst,aftfSH1 Tst,befSH2 TstaftfSH2 

376 473 444 489 
389 475 459 498 

simulati
on 413 469   488       
Tbed1 Tbed2 Tbed3 Tbed4 Tbed5 Tbed6 Tbed7 Tbed8 

842 807 815 837 821 804 805 835 
869 830 837 863 847 831 828 863 

simulati
on 879             
Tfb1 Tfb2 Tfb3 Tfb4 Tfb5 TbefSep1 TbefSep2 

521 690 726 796 803 772 767 
532 710 748 823 826 734 731 

Simulati
on 854       757 757   



Model tuning 
Part load (July 5, 2011) at 6.2 kg/s fuel, 30.1 kg/s air flow and 24 kg/s feed 
water flow 
Variables    DCS Prediction Error% 
Steam temperature after HPSH2 (oC) 434 439 1.0 
Fluegas temperature after cyclone (oC) 550 566 2.9 
Fluegas temperature before cyclone (oC) 551 576 4.6 
Steam temperature after cyclone (oC) 366 353 -3.6 
 
Full load (September 2011) 16.5 kg/s fuel, 79.8 kg/s air, 48.8 kg/s feed water 
Steam temperature after HPSH2 (°C) 494 488 -1.2 
Bed temperature (oC)   833 879 5.2 
Fluegas temperature before cyclone (oC) 758 757 0 
Steam temperature after cyclone (oC) 385 379 -1.5 



Simulated vs measured 



Diagnostics combined with BN 
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Furnace status  2011-09-10 to 2011-09-18
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Probability for different type of faults in the CFB boiler for 16 variables as a function 
of time.  
Variables to the right: Unbalanced right, unbalanced left, high combustion, 6 
temperature sensors in the bed, 7 temperature sensors above the bed.  
 
To the left – September 2010. To the right September 10 to September 18, 2011 





Digester model in Dymola 



Digester model in OM 



Crashing in OM 



Diagnostics – comparing simulated to measured data 
on-line. Korsnäs and Usutu continuous digesters 



Channelling gave increased kappa 
number 

Kappa number during channelling : 
- yellow curve = measured process value  
- violet line = predicted value from simulation). 



The alkali was higher than predicted 
during channelling. 

Residual alkali in extraction flow during channelling: 
- yellow curve = measured process value –  
- violet line = predicted value from simulation.  



The temperature was higher than 
predicted. 

-Temperature in the extraction flow during 
channelling:   
- yellow curve = measured process value   
- violet line = predicted value from simulation 



Conclusions 

• We can transfer simpler models between Dymola 
and OM, but have problems with larger 

• Takes longer to compile in OM than Dymola 
• OM has develped enormously from a user 

friendliness perspective! 
• Takes some time to understand the differences. 

We have not done so yet. 
• Modelica is a very useful tool, and at least the 

Dymola version can be used on-line. Anyone with 
experience of using OM for on-line? Please 
contact us! 



Dynamic simulation 
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