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Exercise 1 (solid fossil fuel) 
 
A fuel burns with a fuel defect (λ = 0.9). Determine the composition of the combustion products by 
assuming the water-gas reaction for a combustion product temperature of 2000 K. The reagents are 
at 298K and 1 atm. There is no oxygen present in the combustion products. 
Solid fuel: C (60%), H2 (10%), N2 (10%), O2 (15%) and S (5%) 
 

 
 

Solution by means THERMOCombustion: 
 

   
 

 
 

Combustion, is defined as a chemical reaction during which the fuel combustible elements are rapidly 
oxidized and a large quantity of energy is released. From a thermodynamic perspective, combustion is 
analyzed globally in that it focuses neither on the mechanism of combustion, called kinetics of combustion, 
which is an extremely complex chemical phenomenon, nor on the intermediate products of combustion. 
Combustion is widely used for energy production both in industry and in household applications. 
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Air is a mixture of about 21% oxygen, 78% 
nitrogen, and 1% other constituents by volume. 
For combustion calculations it is usually 
satisfactory to represent air as a 21% oxygen, 
79% nitrogen mixture, by volume. Thus for every 
21 moles of oxygen that react when air oxidizes 
a fuel, there are also 79 moles of nitrogen 
involved. Therefore, 79/21 = 3.76 moles of 
nitrogen are present for every mole of oxygen in 
the air. 
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Gas compositions are generally reported in terms of mole fractions since the mole fraction does not vary 
with temperature or pressure as does the concentration (moles/ unit volume). Carbon monoxide (CO) is a 
byproduct of incomplete combustion and is essentially partially burned fuel. If the air/fuel mixture does not 
have enough oxygen present during combustion, it will not bum completely. 
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The water dew point is the temperature at which air is saturated with water vapor, which is the gaseous state 
of water. When air has reached the dew-point temperature at a particular pressure, the water vapor in the 
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air is in equilibrium with liquid water, meaning water vapor is condensing at the same rate at which liquid 
water is evaporating. 
 
 

 
 

 
The two fundamental methods of defining the quantities of mixture are by weight (gravimetric) or by volume 
(molar). 
 

 
 
 
 

In this software both ultimate and proximate correlations for the estimation of HHV and LHV can be used. A 
database of proximate and ultimate analyses data as well as experimental HHV of biomass samples and 
fossil fuels were obtained from the open literature and presented in this software. In order to enable wide 
and universal applicability of the proposed correlations, the database included a sets of data from previous 
studies conducted by researchers from different parts of the world. It is also possible to obtain both calorific 
powers by means of an energy balance applied to the reactive process. 
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(for biomass) 
 

 
 

 
 

Enthalpy of formation is the enthalpy change for the formation of 1 mol of a compound from its component 
elements, such as the formation of carbon dioxide from carbon and oxygen. The formation of any chemical 
can be as a  reaction from the corresponding elements. 
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For a combustion process that takes place adiabatically with no shaft work, the temperature of the products 
is referred to as the adiabatic flame temperature. This is the maximum temperature that can be achieved 
for given reactants. Heat transfer, incomplete combustion, and dissociation all result in lower temperature. 
 
 

 
 
 
 

The acid dew point of flue gas is the temperature at which the acidic elements in your flue gas start to 
condense. There are multiple formulas available to accurately calculate the Acid Dew Point. Each formula 
takes the H2O and SO3 levels of your flue gas into consideration. Throughout the industry, the Acid Dew 
Point (ADP) correlations of Okkes and ZareNezhad are mainly used. Verhoff’s equation results in a 20 to 
40 ℃ lower Acid Dew Point. The ZareNezhad equation closely follows the Okkes equation at higher SO3 
levels and calculates a slightly lower ADP at lower SO3 levels. If operation above ADP is desired, it is 
common to use an additional margin of >10 ℃ above the ADP. This approach provides an engineering 
basis for a corrosion free operation.  
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The Sankey diagram is very useful tool to represent an entire input and output energy flow in any energy 
equipment or system such as boiler, fired heaters, furnaces after carrying out energy balance calculation. 
This diagram represents visually various outputs and losses so that energy managers can focus on finding 
improvements in a prioritized manner. 
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Sankey diagram 

 

  
 
 

From second law evaluations (entropy or exergy evaluations) it is generally known that thermodynamic 
losses of boilers and furnaces are much higher than the thermal efficiencies do suggest. With thermal losses 
of around 5 % the thermodynamic losses (exergy losses) of a boiler can be 50 % or more. The combustion 
process is responsible for a significant part of these losses. 
 
From this point of view, various aspect are important in the design of combustion chambers, boilers and 
furnaces, for example the atmospheric conditions, fuel and its composition and moisture content, the air 
factor and the air preheat temperature, etc. Value diagrams can been derived  to visualise the exergy loss 
of combustion and to explain the cause of the irreversibilities in each device of the installation.  
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Grassmann diagram 
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We can verified that CO/CO2 = 3.7621/12.8550 = 0.29 
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Note (solution without ThermoCombustion): 
 
For 1 kg of fuel: 

 
Stoichiometric reaction (mol/kg fuel):  

 
49.95422 C + 49.60563 H2 + 3.56971 N2 + 4.68750 O2 + 1.55939 S + 71.63 (O2 + 3.76 N2)  49.95422 

CO2 + 49.60561 H2O + 269.47 N2 + 1.55939 SO2 
 

Stoichiometric air: 341.11 mol aire/kg fuel 
 

Actual reaction (withouth H2):  
 

49.95422 C + 49.60563 H2 + 3.56971 N2 + 4.68750 O2 + 1.55939 S + 71.63 (O2 + 3.76 N2)  35.63406 
CO2 + 14.32013 CO + 49.60561 H2O + 246.09528 N2 + 1.55939 SO2 

 
Air real: 306.99 mol aire/kg fuel 

 
 
 

Resolution approach: 
 

49.95422 C + 49.60563 H2 + 3.56971 N2 + 4.68750 O2 + 1.55939 S + 71.63 λ (O2 + 3.76 N2)  nCO2  CO2 
+ nCO CO + nH2O H2O + nN2 N2 + nSO2 SO2 + nH2 H2 
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Reaction water-gas: 
 

 
 

Total number of moles: 
 

ntot = nCO2 + nCO + nH2O + nH2 + 1.55939 + 246.095  
 

ntot = nCO2 + nCO + nH2O + nH2 + 247.6546  
 
 

Mass balance: 
 

Balance de S:  1.55939 = nSO2  
 
Balance de N:  242.53 + 3.5697 = 246.095 = nN2  
 
Balance de C:  49.95422 = nCO2 + nCO 
 
Balance de H: 49.60563 + nwater,fuel = nH2O + nH2 

 
Balance de O:  
 
 4.68750 + 64.467 = nCO2 + 0.5 nCO + 0.5 nH2O + 1.55939 + 0.5 nwater,fuel 

 
 
nCO = 49.95422 – nCO2  

 
nH2O = 135.190 – 2 nCO2 - nCO = 135.190 – 2 nCO2 – (49.95422 - nCO2) – nwater,fuel 

 
nH2O = 85.236 – nwater,fuel – nCO2  

 
nH2 = nCO2 – 35.63037 + nwater,fuel 

 
In this case the fuel is dry: nwater,fuel = 0 

 
ntot = nCO2 + nCO + nH2O + nH2 + 247.6546 = nCO2 + 49.95422 – nCO2 + 85.236 – nCO2 + nCO2 – 35.63037 + 

247.6546 = 347.214 moles humos/kg fuel 
 

Mole ratios: 
 
XCO2 = nCO2/ntot = nCO2/347.214 
 
XCO = nCO/ntot = (49.95422 – nCO2)/347.214 
 
XH2O = nH2O/ntot = (85.236 – nCO2)/347.214 
 
XH2 = nH2/ntot = (nCO2 – 35.63037)/347.214 
 

 
Kp = XCO2 XH2 / XH2O XCO =  
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= nCO2 (nCO2 – 35.63037) / (85.236 – nCO2) (49.95422 – nCO2) 

 
 

Quadratic reaction: 
 

 
For Tprod = 1727 ºC (2000 K) 

 
Kp = 0.220778 

 
a nCO22 + b nCO2 + c = 0 

 
a = 0.779222 
b = -5.78337 
c = - 940.050 

 
nCO2 = [-b + (b2 - 4 a c)]/2a = 38.6418 moles/kg fuel 

 
nCO = 11.3123 moles/kg fuel 

 
nH2O = 46.5942 moles/kg fuel 

 
nH2 = 3.01143 moles/kg fuel 

 
 
 

Verification: 
  

49.95422 C + 49.60563 H2 + 3.56971 N2 + 4.68750 O2 + 1.55939 S + 64.467 (O2 + 3.76 N2)  38.6418   
CO2 + 11.3123  CO + 46.5942  H2O + 246.095 N2 + 1.55939  SO2 + 3.01143  H2 

 
Kp = 0.220778 = 38.6418 · 3.01143 / (46.5942 · 11.3123)  

 
 

 

(1 – Kp) nCO22 + (135.190 Kp – 35.63037) nCO2 – 4257.8978 Kp = 0 
 


