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Exercise 2 (biomass) 
 
A solid fuel (rice husks) is burned in a non-adiabatic furnace. Knowing that dry air and fuel enter in 
standard conditions (25ºC and 1 atm) and the flue-gas leaves at 727ºC. The heat released to the 
environment is approximately 12502.7 kJ/kg of fuel. 
 
Decide: 
a) Excess air coefficient assuming rich combustion 
b) Excess air coefficient assuming poor combustion 
c) Dry and wet combustion products 
d) Dew point temperature of combustion products 
e) Calorific powers 
f) Efficiency 
g) Irreversibility 
h) Ostwald diagram 
i) Kissel diagram 
 

 
 

Solution by means THERMOCombustion:  
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Biomass is used as a renewable solid fuel on power plants to provide CO2-neutral electricity and heat, where 
mainly woodand, in some cases, also straw have been applied in recent years. Biomass combustion has 
mainly been performed in grate boilers; however, wood and straw are used as fuels in suspension-fired 
power-plant boilers. 
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Rice husk is the main byproduct of industrial processing of rice, and is a widely used byproduct in worldwide 
as biomass in energy production, reducing environmental impacts associated with improper disposal. Rice 
husk is the most prolific agricultural residue in rice producing countries around the world. It is one of the 
major by-products from the rice milling process and constitutes about 20% of paddy by weight. Rice husk, 
which consists mainly of lingo-cellulose and silica, is not utilized to any significant extent and has great 
potential as an energy source. 
 
The ash generated in rice husk combustion has potential economic applications in a variety of sectors. 
However, the properties of rice husk ash are strongly dependent on the combustion method used. Rice is 
the second most consumed food item worldwide, with annual global demand of approximately 471 million 
tons and mean per capita consumption around 57 kg year. Accounting for roughly 20% of the bulk grain 
weight, rice husk is the most representative byproduct of industrial processing of rice. 
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Through an iterative process applied to the energy balance, previously determined the enthalpy of biomass 
formation, the software determines that variable not defined in the initial menu (coefficient of excess air, 
heat exchanged, temperature of combustion products), in this case the coefficient of excess air. It is 
necessary to know a priori if the air-fuel mixture is rich or lean (both cases have been done in this problem).    

 

 
 

 
 

 
 

Flue gas (combustion products) composition is significantly affected by the combustion conditions. Where 
combustion takes place in complete, oxidizing gas species such as CO2, O2, SO2, and H2O. Neutral complete 
combustion is termed here when carbon and hydrogen in fuel is totally oxidized to carbon dioxide and water 
vapor, and no additional oxygen is present in the flue gases. In contrast, when combustion reactions proceed 
in air-deficient conditions, reducing gas species such as CO and H2. This last situation can also occur even 
with extra air in the combustion 
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The dew point is the temperature where air is no longer capable of holding the water vapor that is contained 
within it. At the dew point temperature, water vapor condenses into liquid water. At all times, the dew point 
temperature is equal to or less than the air temperature. We can observed that this temperature is 56.73ºC. 
A thorough knowledge about dew point temperature is very important in various industries because moisture 
can affect corrosion rates. 
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We can  checked the calculation of the enthalpy of formation of a solid fuel:  
 
For λ=1 (neutral reaction condition): 
 

 
 
Hform (kJ/mol fuel) = PCS + nH2O Hf(liq)H2O + nCO2 Hf(gas)CO2 + nSO2 Hf(gas)SO2 = 
 
19435.16 kJ/kg fuel + 28.05016 moles H2O/kg fuel ׄ (-285.83) kJ/mol H2O + 30.08648 moles CO2/kg fuel ׄ    
(-393.52) kJ/mol CO2 + 0.0184 moles SO2/kg fuel  ׄ (-296.991) kJ/mol SO2 =   
 
= 19434.16 – 8017.57 –  11834.63 – 5.46 = - 427.5 kJ/mol fuel  (approximate value to that obtained by 
ThermoCombustion, the differences are due to the decimals used) 
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We can check the heat transferred to the environment:  
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Considering a lean mixture, with excess air: 
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We verify the heat transferred to the environment: 
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There is a higher efficiency (indirect method), because there is no loss due to unburnt.  
 
 
 
 

 
 

In this case, the exergy destruction is greater than in the rich mixture case.  
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Thermodynamic analysis of ashes: 
 

 
 
One of the main problems of substituting fossil fuels by biomass in power-plant boilers is the biomass ash 
properties. Biomass fuels usually have a high content of alkali metals, which, together with other mineral 
components of the ash, give rise to severe ash deposition, thereby reducing the heat transfer and inducing 
increased boiler tube corrosion. 
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