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Energy losses in a typical steam boiler 

Energy in various forms would leak out from all parts of the boiler. 
Here we would still disregard mass losses or pressure losses.   
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Major types of energy loss 

The most important types of energy losses in a steam boiler:  
 
 

• Thermal losses with the high temperature of flue gas in the stack 
released to the atmosphere (after all heat exchangers). 
 

• Thermal losses with ash being discarded from the boiler – both as 
bottom ash and flyash. 
 

• Chemical losses with unburned solid fuel particles (soot) in the ash.  
 

• Chemical losses with unburned gaseous compounds – mostly CO   
 

• Thermal losses with heat radiation from boiler walls to surroundings.  
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Defining the boiler efficiency 

Can be done in two ways – direct and indirect:  
 

 Direct efficiency calculation:  
 
 Energy transferred to steam versus 
 Energy contained in the fuel   
 
 Problems:   
Both steam flow and fuel mass flow can often be very difficult   
to measure precisely!  

Indirect efficiency calculation:  
 
Measuring all major losses and subtracting them from unity.  
 
Advantages:   
It is often easier, cheaper and more precise to measure the 
loss parameters rather than the steam and fuel flows.  
 
Major losses can be defined by temperature and chemical 
composition measurements, comparatively easy.  
 
Sometimes the indirect method is the only applicable option 
for assessment of old boilers or at partial load conditions.  
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Indirect estimation of boiler efficiency 

Ƞboiler = 1 – Lth(gas) – Lchem(gas) – Lth(ash) – Lchem(ash) – Lradiation   
 
These losses can be easily estimated as fractions (per unit fuel energy) and defined by 
temperature values, specific heat capacity values, and chemical parameters.  
 
Giving handy names to the above types of losses, and writing the equation in %:  
 

Ƞb  = 100 – Lstack – LCO – Lash – Lsoot – Lrad    [%] 
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Estimation of the losses 

Lstack  hot flue gas released in the stack  = Σ(cp*ΔT) for the 
entire mixture of gas species at the measured stack temperature  
 

LCO   energy contained in the unburned CO measured in flue gas 
(LHVCO = 12.634 MJ/mn

3)  
 

Lash  thermal value of residual ashes (total rejected ash after boiler) 
assumingly at the measured stack temperature   
 

Lsoot  energy contained in the unburned carbon, measured in the 
total residual ash (exit ash); (LHVC = 30 MJ/kg)   
 

 Lrad   either given or measured or taken from diagrams 
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Thermal loss in the stack 

Lstack  thermal energy contained in the flue gas if cooled down to a 
chosen reference temperature, representing an enthalpy difference.  
 
Let’s choose normal conditions (0 oC, 1 atm) as a reference point. The pressure 
does not change and plays no role for the gas enthalpy.  
We need to know the change of temperature (ΔT) and the function of specific 
heat Cp as it also changes with temperature. For exercise 4:  ΔT = 170 K  
 
The flue gas is a mixture of different gas species. ΔT is the same for all of them. 
For exercise 4 – we know exactly the flue gas composition (in volume parts) 
after solving the combustion process in exercise 1.  
Cp is different for each gas in the mixture and can be found in various tabulated 
sources or diagrams. As an example - see next slides and follow the relevant 
diagrams in the third help-file.  
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Specific heat of common gases:  
diatomic species 
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Specific heat of common gases:  
average values for diatomic species 

For example: A reading at 500 C for air (luft) gives the average cp value for air between 0 oC and 500 oC, which is ~ 30.2 kJ/kmolK 
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Specific heat of common gases:  
tri- and multi-atomic species 
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Specific heat of common gases:  
average values for tri- & multi-atomic species 

For example: A reading at 500 C for CO2 gives the average cp value for CO2 between 0 oC and 500 oC, which is ~ 45 kJ/kmolK 
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Enthalpy of a gas mixture 
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Chemical energy loss with unburned CO 
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Chemical energy loss with unburned  
solid carbon particles 
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Thermal energy loss with hot ashes 

Lash  thermal value of residual ashes (total rejected ash after boiler) assumingly at the 
measured stack temperature   
 

The ΔT for the ash can, for the sake of simplicity, be taken as the difference between the 
measured flue gas temperature and the chosen reference point at normal conditions. If there 
is lots of flyash (often the case in a typical biomass boiler) this assumption holds well.  
 

The specific heat of different types of ashes can vary anywhere between 0.4 to 1 kJ/kg.K.  
A good approximation is to use the cp of sand or cement: cp = ~0.9 kJ/kg.K, remaining 
mostly independent of temperature.   
 

Lash = 𝐴𝐴𝐴𝑜𝑜𝑜∗𝑐𝑝∗∆𝑇
𝐿𝐿𝐿𝑓𝑓𝑓𝑓

 = 0.14842∗0.9∗170 
2860

 = 0.00794 = ~0.8%   

 

Observation:  
The heat lost with ashes is not so important even for fuels with high ash content. However, if the actual 
temperature of ash disposal is much higher, the loss value will quickly increase.   
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Radiation or Convection Losses  

The heat emitted from boiler walls to the ambient surroundings via radiation or 
convection depends on the wall insulation and on the size & type of the boiler.   
More intense combustion of good fuels in a compact boiler would provide for 
lower radiation loss. Using bad and wet fuels would mean large volume flows 
and bulky boilers, hence relatively larger radiation losses.    
 
The radiation loss can be given as percentage, or estimated from empirical 
diagrams as a function of boiler size and fuel type. The example in the next 
slide shows one old German-language diagram, still very relevant today.  
The diagram means to tell that the radiative loss needs to be assesssed as a 
variable parameter, whose relative effect grows if a boiler is only partially 
loaded.  
 
For exercise 4, the radiation loss is readily given as 0.5 %,  Lrad  = 0.5%  
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Radiation Loss 
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Final result for exercise 4 

 
 

Ƞb  = 100 – Lstack – LCO – Lash – Lsoot – Lrad    [%]  
 
Ƞb  = 100 – 20 – 0.25 – 0.8 – 7.8 – 0.5 = 70.7 [%] 
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