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Biomass combustion model  
  
This note presents briefly the external class BiomassCombustion. This is a simplified model that can simulate 
different types of biomass combustion, and in which it is possible to vary with some flexibility the composition 
and fuel moisture and combustion conditions. BiomassCombustion class can be used to simulate both a boiler 
and a downdraft gasifier. 
The main thermodynamic parameters that influence biomass combustion are: 
• first, of course, fuel composition; 
• second, moisture, which determines the enthalpy required for drying, plays on the gas composition, and 

finally influences CO2 dissociation; 

• finally, quenching temperature and CO2 dissociation rate. 
To separate as much as possible the influence of the first two parameters, composition is that of dry fuel, and 
moisture is taken into account by adding water. Given that overall moisture is not necessarily the one that 
governs the thermodynamic equilibrium, as part of the steam may not react, for reasons of kinetics or geometry, 
we introduced an additional parameter, equal to the fraction of water involved in combustion. Physically, this 
means that a fraction of water is not dissociated: it must be vaporized but its influence on the gas composition is 
the same as if it were inert. 
 

Fuel definition and combustion progress  
 
Fuel definition is made in Thermoptim as follows (figure 1) : 
• dry gas composition, excluding species not included in Thermoptim core, is estimated, for example in a 

spreadsheet, and entered in the form of a compound gas (process-point "dry fuel"); 
• species not considered by Thermoptim core are considered separately: they are entered in the component 

screen, and are subject to pre-combustion; 
• the dry gas is mixed with water (substance “water”) to form the moist fuel (process-point "humidity"); 
• final combustion is calculated by core Thermoptim functions, which are emulated from the external class 

(external mixer "biomass combustion "), taking into account pre-combustion and the enthalpy that would 
have been required to evaporate the water. 

 

 
The oxidizer (usually air) is itself defined in process-point "air inlet". Flows involved are also specified in each 
of the three processes-points entering the external mixer. Their respective ratios allow one to play on fuel 
moisture and excess air. 
 

 
Figure 1: Diagram of the combustion structure 
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Warning: the external mixer "biomass combustion" must be connected to processes-points and not to other 
process types, otherwise point states are not updated correctly. In addition, in the case where the fuel and 
oxidizer are at different temperatures, the temperature selected for the process-point bringing water must be 
selected on the basis of an adequate physical reasoning in order to reflect the distribution of moisture between 
these two inlet flows. 
 

Example of lack of air combustion (gasifier) 
 
Biomass gasification is partial oxidation of an organic resource, mainly composed of cellulose (C6H10O5) to 
produce synthesis gas. Biomass being generally very wet, oxidation takes place in four stages: 
• fuel drying; 
• pyrolysis or carbonization (in the absence of oxygen), producing tars and carbon; 
• combustion of carbon and oxygen, exothermic reaction drying fuel among others; 
• reduction of CO2, H2 and water by carbon and tar. 
 
By performing lack of air combustion, we can model a downdraft gasifier (Figure 1.4.1) using class 
BiomassCombustion. We assumed here that only 50% of fuel moisture takes part in combustion, the rest not 
participating. 
 
Figure 2 shows the component screen allowing one to model biomass combustion. In the case presented, it is 
assumed that fuel comprises 0.634% ammonia and 10.5% carbon referred to dry mass, that the quenching 
temperature equals 900 °C and that 50% of the moisture is involved in combustion. 
 

 
As we have said, the input flow-rates of fuel, water and oxidizer obviously play a fundamental role, as their 
ratios directly influence the synthesis gas composition (Figure 3). 
 
In this example, fuel moisture is 50% by mass, the flows of the two processes "dry oil" and "humidity" being 
equal. Air flow being less than that which would have ensured a stoichiometric combustion (about 7.8 kg/s), 
combustion occurs in lack of air and the CO2 dissociation rate is recalculated. 

 
Figure 2: Component biomass gasifier 
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The synthesis gas temperature depends a lot on the heat of reaction, itself a function of oxygen available: if there 
is very little, it is mainly CO that is produced with few CO2. 
 
The raw synthesis gas, high humidity, can be washed and partially dried, using class WaterQuench presented in 
the Thermoptim-UNIT portal model library. 
 

Access to combustion calculations from external classes  
 
So that external classes can access combustion calculations available in Thermoptim, various modifications were 
made to the package. In particular, a class called ExternalCombustion, which inherits directly from Combustion, 
was added. Accessible from MixerExterne, it allows for combustion calculations in the following manner: 
• we start by building Vector vSettings, which includes the three ideal gases involved (oxidizer, fuel, exhaust 

gases) and all the necessary settings to specify the required calculations; 
• the method public void calcExternalCombustion(Vector vSettings) initiates the combustion of 

MixerExterne, then performs calculations required; 
• results are then retrieved by the method public Vector getExternalCombustionResults() of MixerExterne, 

which returns a Vector comprising the flue gas composition, end of combustion temperature, lambda, 
energies involved etc. 

 
From external classes (only in external mixers, a combustion chamber being structurally similar to a mixer), 
access is through the methods of the same name in ExtMixer, with calls like: 
 
calcExternalCombustion(vSettings); 
Vector results=getExternalCombustionResults(); 
 
Setting the combustion is in every way the same as that required for combustion carried out in the Thermoptim 
core, with the proviso that it is possible to set a heat load to be taken into account in calculating the end of 
combustion temperature. 
 
 
Presentation of the external class 
 
The class is an external mixer (Figure 1), which receives as input on the one hand water, representing fuel 
moisture, and on the other hand two gases: the oxidizer, identified by the fact that it contains both oxygen and 
nitrogen, and fuel, which does not contain both these gases. The main outlet vein is the syngas. Consistency 
checks are performed on these bases. 
 
The model is somewhat complex given its nature. We limit ourselves here to explain the overall progress of 
calculations, leaving the reader who wishes further information to refer to the explanations provided in 
Thermoptim model library. 
 
The calculation procedure is as follows: 
1) calculation of ammonia and solid carbon combustion (to simplify things, we have just changed the 
composition of the oxidizer, making the implicit assumption that it was dry air; we could also have depleted 
oxygen in the oxidizer and increased fuel H2O and CO2 mole fractions); 
 

 
Figure 3: Composition of raw synthesis gas (LHV: 3,4 MJ/kg) 
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2) humidification of fuel and calculation of the heat load to be taken into account in the rest of the combustion 
(referred to 1 kmol of fuel); 
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3) initialization and calculation of combustion, then recovery of results; 
 

 
4) update of the outlet gas humidity; 
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5) update of the mixer (note: in the class, the Houtlet calculation is actually done before step 4 so that the change 
in composition of synGasSubstance has no influence on its value). 
 

 
 


