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2. FUEL AND COMBUSTION CALCULATIONS 

 

In a steam generation process fuel plays an important contribution at the cost of the 

steam generation. It determines the process design, operation, and performance of the 

boiler. Some of the most fuel flexible boilers such as fluidized bed boilers are fuel 

dependent, even though to a lesser degree. Therefore the process design or even the 

design planning must be started after finalizing of the fuel to be used. From the coal yard 

to the waste disposal yard/bottom ash yard and the stack, almost all the things depend on 

the characteristics of the fuel. 

These combustion calculations are based on the stoichiometry of the combustion 

reactions and it leads to typical boiler design with the combustion calculations. So this 

step is called as stoichiometry calculations. It determines the specifications of most 

critical items of a power plant like primary air fans, farced draft fans, induced draft fans, 

fuel, waste water treatment plants, coal conveyers, stack size, flue gas desulfurization 

systems and finally the size of the boiler. 

The following sections briefly express the combustion characteristics of different fossil 

fuels used in coal fired power plant boilers. It also presents formulae for combustion 

calculations. Such calculations are often based on the weight on the unit weight of fuel 

burnt. 

2.1 Features of Fuel 

Fossil fuels are found in gaseous, liquid or solid form. The following section presents a 

discussion of the essential features of the solid fuels. 

2.1.1 Solid fuels 

Coal is a diverse substance formed through millions of years of transformation of plant 

and mineral matter underground. Depending on the length of this process (known as 

coalification) we get in ascending order of age solid fuels like peat, lignite, sub 

bituminous coal, bituminous coal and anthracite.  
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2.1.1.1 Composition of coal 

 

Coal consists of an inorganic impurity known as ash, moisture, and large number of 

complex organic compounds. The organic compounds consist of five principal elements 

carbon, hydrogen, oxygen and sulfur and nitrogen. For this reason the chemical analysis 

of coal is generally determined in terms of these elements. This analysis is called 

ultimate analysis. The mass fraction of these chemical elements in the fuel is determined 

according to the ASTM standard D3176 for coal. 

 

Figure 2.1- Bases of representation of coal composition 

Owing to the experimental complexity involved in ultimate analysis another simplex 

method known as proximity analysis is often used in the power plants. In proximity 

analysis coal is considered to consist of four components. Volatile matter (VM), fixed 

carbon (FC), ash (A), and moisture (M).it is determined following the ASTM standard 

D3172. 

Carbon is the major combustible in the coal. It exists in the form of fixed carbon and 

volatile matter (CH4, C2H3, CO).Fixed carbon is the solid fuel left in the furnace after 

volatile matter is distilled off. It consists mostly of carbon but also contains some 
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hydrogen, oxygen, sulphur and nitrogen not driven off with the gases. Fixed carbon 

gives a rough estimate of heating value of coal. Volatile matters are the methane, 

hydrocarbons, hydrogen and carbon monoxide, and incombustible gases like carbon 

dioxide and nitrogen found in coal. Thus the volatile matter is an index of the gaseous 

fuels present. Typical range of volatile matter is 20 to 35%.  

Volatile matter  

• Proportionately increases flame length, and helps in easier ignition of coal.  

• Sets minimum limit on the furnace height and volume.  

• Influences secondary air requirement and distribution aspects.  

• Influences secondary oil support  

 

The greater the geological age of the coal, the greater the extent of carbonization and 

higher the carbon content. Hydrogen in coal which account for 3-6% of its content, 

combines with oxygen, producing steam during combustion. This steam in the flue gas is 

a potential source of heat loss in a boiler. 

The oxygen content of the coal varies widely. Depending on the degree of the 

carbonization it may move up from 2% for anthracite to 20% forlignite. The nitrogen 

content in coal is small (0.5-2%) coal forms nitrogen oxides during combustion and thus 

environmental pollution. 

Sulfur, which is another source of air pollution, exits in three forms: organic sulfur, FeS 

and sulfates (CaSO4, MgSO4 and FeSO4). Sulfate is a constituent of ash. It cannot be 

oxidized. Combustible sulfur includes organic sulfur and FeS. Its heating value is about 

900kJ/kg. 

Coal may have moisture in two forms: inherent and surface. The surface moisture (Ma), 

which is gathered by the coal during the storage, etc., can be removed by air drying. 

However the inherent moisture (Mi), which is trapped in coal during its geological 

formation, is not released except during combustion. 



7 
 

 In any case, these two forms of moisture and that formed through combustion of 

hydrogen in the coal; contribute to the moisture in flue gas. 

2.1.1.2 Ash in coal 

 

Ash comprises the inorganic solid residues left after the fuel is completely burned. Ash 

is an impurity that will not burn. Typical range is 5 to 40%. 

It reduces handling and burning capacity.  

• Increases handling costs.  

• Affects combustion efficiency and boiler efficiency  

• Causes clinkering and slagging.  

 

Its primary ingredients are silicon, aluminum, iron and calcium. Small amounts of 

compounds of magnesium, titanium, sodium and potassium may also present in ash. Ash 

is determined by heating a sample of coal at 800°C for two hours under atmospheric 

conditions. The procedure is given in the ASTM D3174. 

Fusion of ash is an important characteristic of coal. It generally influences the boiler 

design. Ash fusion temperatures can be measured using ASTM test D1857. When a 

conical sample of ash is slowly heated it goes through four stages.  

1. Initial deformation temperature (IDT) is reached when a slight rounding of the 

apex of the cone of ash sample occurs. 

2. Softening temperature (ST) is reached when the sample is fused down to a 

spherical lump, whose height is equal to its width. 

3. Hemispherical temperature (HT) is marked by further fusion of the ash when the 

height of the cone is one half of the width of its base. 

4. Fluid temperature (FT) is the temperature at which the ash spreads out in a flat 

layer with a maximum height of 1.6mm. 
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2.1.1.3 Analysis of coal 

The ultimate or proximity analysis of coal may be based on different bases depending on 

the situations. Generally four bases are used:  

1. As received 

2. Air dry 

3. Dry 

4. Ash free 

A comparison of different bases of coal is shown in table 2.1. When as received base is 

used, the results of ultimate and proximate analysis can be written as follows. 

As received basis 

Ultimate 

C+H+O+N+S+A+M =100%        (2.1) 

Proximate 

VM+FC+M+A = 100%        (2.2) 

The percentage of each constituent is represented by the constituent in italics. For 

example C represents the percentage of C or carbon in coal as measured by the ultimate 

analysis. One can covert the “as received” composition into other basis as follows. 

Air dry basis: 

Cf  =  
100𝐶

100 −𝑀𝑎
%                                                                                                            (2.3) 

          

Where Ma is the mass of surface moisture removed from 100kg of moist coal after 

drying it in air. Similarly, other constituents of coal can be expressed in this basis. 
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Total dry basis: 

Cg  =
100𝐶

100 −𝑀
%                                                                                                                     (2.4) 

Where M is the total moisture (surface +inherent) in coal, i.e., 

M=Ma+Mi          (2.5) 

Other components can be found in similar way.  

Dry and ash free basis: 

Cr =  
100𝐶

100 −𝑀 − 𝐴
%                                                                                                             (2.6) 

Where (100-M-A) is the mass of coal without the moisture and ash. 

For a check one should add up percentages of all constituents on any basis to get 100%. 

C
r
 + H

r
 + O

r
 + N

r
 + S

r
 = 100%       (2.7) 

C
g
+ H

g
 + O

g
 + N

g
+ S

g
 + A

g
 =100%       (2.8) 

C
f
 + H

f
 + N

f
+ S

f
 + Mi

f
 = 100%       (2.9) 

2.1.2 Heating value of fuel 

If we burn 1kg of fuel completely and then bring the product gas and solids to the pre-

combustion temperature of the fuel, we get an amount of heat called higher heating 

value, or HHV. It is also called gross calorific value. It can be measured in a bomb 

calorimeter using the standard ASTM method D2015. 

The exhaust flue gas temperature of the boiler is generally in the range of 120-180 °C. 

Hence the product of combustion is rarely cooled to the initial temperature of the fuel, 

which is generally below the condensation temperature of the steam. The water vapor in 

the flue gas does not condensate and the latent heat of the vaporization is not recovered. 

Thus the effective heat available for use in the boiler is less than the chemical energy 

stored in the fuel. This lower heating value (LHV) is equal to the higher heating value 
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less than the condensation heat water vapor in the flue gas. The relationship between the 

higher heating value and the lower heating value is given by 

LHV =  HHV – 𝑟  
9𝐻

100
+

𝑀

100
                                                                                           (2.10) 

Where LHV, HHV, H and M are lower heating value, higher heating value, hydrogen 

percentage and moisture percentage respectively, on an as received basis. Here r is the 

latent heat of steam in the same units as HHV. 

2.2 Heat Balance 

Heat absorbed by the steam comes from the heat released by the fuel combustion. For a 

variety of reasons the fuel does not burn completely, and also the heat released cannot be 

fully utilized. Heat loss is unavoidable. A heat balance shows how much heat is 

effectively used and how much of it is wasted. The purpose of a heat balance is to 

determine the sources of the heat losses and to find out the ways to reduce them to 

improve the boiler efficiency. 

2.2.1 Concept of heat balance  

Figure 2.2 schematically shows the heat balance of the pulverized coal (PC) fired 

furnace. In a steady state the heat input, heat utilization, and heat losses in 1kg may be 

given as, 

 

Figure 2.2- Heat balance of boiler 



11 
 

𝑄 = 𝑄1 +  𝑄2 + 𝑄3 + 𝑄4 + 𝑄5 +  𝑄6       (2.16) 

Where  

Q = available heat of the coal fired 

Q1= heat absorbed by the steam (Utilized by the boiler) 

Q2 = Heat loss through stack gas 

Q3 = Heat loss by incomplete combustion 

Q4 = Heat loss owing to unburned carbon 

Q5 = Heat loss owing to convention and ration from the furnace exterior 

Q6 = Heat loss through the sensible heat of ash and slag 

 

To express the heat losses in percentages we divide the both sides by the Q 

100 = 𝑞1 + 𝑞2 + 𝑞3 + 𝑞4 + 𝑞5 + 𝑞6       (2.17) 

Where;𝑞1 =
𝑄1

𝑄
 100 , Represent the percentage of the available heat. 

Boiler efficiency is defined by the ration of heat absorbed by the boiler and the heat 

provided by the fuel. It is given by 

ηbe = 
𝑄1

𝑄
 100 = 100 − (𝑞2 + 𝑞3 + 𝑞4 + 𝑞5 + 𝑞6)     

 (2.18) 

2.2.2 Input heat to the boiler 

 

The total heat input to the coal fired boilers is given by 

𝑄 = 𝐿𝐻𝑉 + 𝐻𝑓 + 𝑄𝑤𝑟 + 𝑄𝑤 −𝑄𝑐𝑑  kJ/kg      (2.19) 

Where  

LHV =lower heating value of fuel, as received basis 

Hf= Sensible heat of the fuel 

Qwr= Sensible heat carried bythe air when heated by the external air heater 

Qwh= Total heat of the fuel atomizing steam 

Qcd= Heat spent in the decomposition of carbonates, it is proportional to the amount of 

CO2 released by decomposition. 

The sensible heat of fuel is given by 
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Hf= CpfTf kJ/kg         (2.20) 

Where; 

Cpf= Specific heat of the fuel as received basis 

Tj= Fuel temperature at the burner  

 

The sensible heat of the coal, Hf may be neglected if the coal is not preheated, but its 

moisture percentage, M is excessive, it is necessary to consider the Hf. 

Specific heat of the fuel is calculated based on the equation 

𝐶𝑝𝑓 = 𝐶𝑝𝑓
8

100 −𝑀

100
+

𝑀

100
kJ

kg
                                                                                                (2.21) 

Where 𝐶𝑝𝑓
8 = specific heat,on dry basis, kJ/kg. 

2.2.3. Heat losses 

Different heat losses are analyzed as follows. 

a) Waste gas losses 

The enthalpy of the flue gas escaping from the boiler is higher than that of combustion 

air entering the boiler so there is a net heat loss. The loss is given by 

𝑞2 =
𝑄2

𝑄
100 =

 𝐼𝑔 − 𝛼𝑎𝐼𝑎
0  100 − 𝑞4 

100𝑄
100%                                                       (2.22) 

Where; 

𝐼𝑔         = 𝐹𝑙𝑢𝑒 𝑔𝑎𝑠 𝑒𝑛𝑡𝑎𝑙𝑝𝑦 𝑎𝑡 𝑡𝑒 𝑒𝑥𝑖𝑡 𝑜𝑓 𝑡𝑒 𝑎𝑖𝑟 𝑒𝑎𝑡𝑒𝑟,
𝑘𝐽

𝑘𝑔
𝑓𝑢𝑒𝑙 

𝐼𝑎
0        = 𝑇𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑐𝑜𝑙𝑑 𝑎𝑖𝑟 𝑒𝑛𝑡𝑎𝑙𝑝𝑦 𝑒𝑛𝑡𝑒𝑟𝑖𝑛𝑔 𝑡𝑒 𝑏𝑜𝑖𝑙𝑒𝑟 

𝛼𝑎     = Ex𝑐𝑒𝑠𝑠 𝑎𝑖𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑎𝑡 𝑡𝑒 𝑒𝑥𝑖𝑡 𝑜𝑓 𝑎𝑖𝑟 𝑒𝑎𝑡𝑒𝑟 

 

100−𝑞4

100
=Correction factor owing to the difference between calculated and actual fuel 

consumption. 
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 This loss (𝑞2) increases with increase in exit flue gas temperature. Generally 𝑞2 

increases by 1% when the exit flue gas temperature increases by 10 . So it is 

desirable to reduce the exit gas temperature as much as possible. However, when the 

exit flue gas temperature is below the dew point, the sulfur dioxide of the gas 

deposits as sulfuric acid. So the corrosion of metals in the air heater sets in. The flue 

gas from the combustion of a high sulfur fuel would have a higher dew point. 

Therefore a boiler designed for this fuel would require a higher exit gas temperature. 

For large boilers, the stack gas temperature is chosen in the range of 110-180 . 

b) Heat loss by incomplete combustion of gaseous components (𝑞3) 

 Heat loss owing to incomplete combustion is caused by escape of combustible gases 

such as CO, H2, CH4, with the flue gas. Heat loss by incomplete combustion per 1kg 

fuel is the sum of combustible gas volume multiplied by heating value. It is also 

corrected for un-burnt solid carbon loss, 𝑞4. 

𝑞3 =
𝑄3100

𝑄
=  𝑉𝑔(126.4𝐶𝑂 + 108 𝐻2 + 358.2 𝐶𝐻4)(100-𝑞4)

100

100𝑄
   (2.23) 

 Where CO, H2, and CH4 are volume percentages of carbon monoxide, hydrogen, and 

methane in the flue gas. 

 A good mixing between the fuel and air and proper furnace aerodynamics can reduce 

the combustible loss. For reduction of CO loss, the furnace temperature should not 

be too low. The incomplete combustion loss (𝑞3) is generally small. For example, in 

a pulverized coal furnace, 𝑞3=0; gas or liquid fuel furnace, 𝑞3 = 0.5%; stroke firing 

of coal, 𝑞3=0.5-1%. 

c) Heat loss owing to unburned carbon (𝑞4) 

 Unburned carbon is present in the bottom ash and in the fly ash. So the total 

heat loss owing to unburned carbon (𝑞4) is the sum of carbon in the flyash (𝑄𝑓𝑎 ) and 
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bottom ash (𝑄𝑏𝑎 ) multiplied by their heating values. The heat loss 𝑞4 as percentage of 

heat input is 

𝑞4 = 100
𝑄4

𝑄
=

25,300

𝑄
 
𝐺𝑏𝑎𝐶𝑏𝑎 + 𝐺𝑓𝑎𝐶𝑓𝑎

100𝐵
 100%                                                  (2.24) 

Where; 

𝐺𝑏𝑎 = 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑏𝑜𝑡𝑡𝑜𝑚 𝑎𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑜𝑣𝑒𝑟 𝑜𝑛𝑒 𝑜𝑢𝑟 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒,𝑘𝑔/ 

𝐺𝑓𝑎 = 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓𝑓𝑙𝑦 𝑎𝑠 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑜𝑣𝑒𝑟 𝑜𝑛𝑒 𝑜𝑢𝑟 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒,
𝑘𝑔


 

𝐶𝑓𝑎 ,𝐶𝑏𝑎 = 𝐶𝑎𝑟𝑏𝑜𝑛 𝑐𝑜𝑛𝑡𝑒𝑛𝑡𝑠 𝑖𝑛 𝑓𝑙𝑦 𝑎𝑠 𝑎𝑛𝑑 𝑏𝑜𝑡𝑡𝑜𝑚 𝑎𝑠 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦, % 

𝐵   = 𝐴𝑐𝑡𝑢𝑎𝑙 𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑑𝑢𝑟𝑖𝑛𝑔 𝑡𝑒 𝑎𝑏𝑜𝑣𝑒 𝑜𝑛𝑒 𝑜𝑢𝑟 𝑝𝑒𝑟𝑖𝑜𝑑,
𝑘𝑔


 

Ash leaves the bed either through bottom ash or fly ash. We define 𝑋𝑏𝑎  and 𝑋𝑓𝑎  as the 

mass fraction of total ash exiting though the bottom ash drain and the fly ash 

respectively. An ash balance is carried out to calculate the amounts of fly ash. 

𝑋𝑓𝑎 + 𝑋𝑏𝑎 = 1                                                                                                                         (2.25) 

The individual ash fraction can be found as follows. 

𝑋𝑏𝑎 =
𝐺𝑏𝑎  100 − 𝐶𝑏𝑎  

𝐵𝐴
                                                                                                         (2.26) 

        

𝑋𝑓𝑎 =
𝐺𝑓𝑎  100 − 𝐶𝑓𝑎  

𝐵𝐴
                                                                                                          (2.27) 

Where;  A is the percentage of ash in the fuel. 

Substituting in the equation (2.24) we get, 

𝑞4 =
25,300𝐴

𝑄
 

𝑋𝑏𝑎𝐶𝑏𝑎
100 − 𝐶𝑏𝑎

+
 1 − 𝑋𝑏𝑎  𝐶𝑓𝑎

100 − 𝐶𝑓𝑎
                                                                  (2.28) 

At the design stage of the boiler the following values of 𝑞4  may be taken in the 

literature, as the shown below. 
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For a pulverized coal fired boiler: 

Bituminous coal and slag tap furnace, 𝑞4≤6% 

Anthracite, 𝑞4≤8% 

For gas fired and oil fired boilers, 𝑞4 = 0 

The heat loss owing to unburned carbon depends on the types of fuel, furnace firing 

equipment construction, boiler load, operating conditions, furnace temperature, and the 

air fuel mixture. 

d) Heat loss owing to surface radiation and convection 𝑞5 

When a boiler is in operation, the external surface temperature of the furnace, flue gas 

ducts, steam tubes, and headers is higher than that of the ambient. The heat loss is 

caused by heat transfer from the surfaces to ambient through convection and radiation. 

The heat loss primarily depends on surface area of furnace wall, insulating layer of 

tubes, and ambient temperature. The heat loss is calculated by 

𝑞5 =
∑𝐹𝑠𝑏
𝐵

 𝑐 + 𝑟  𝑇𝑠𝑏 + 𝑇𝑜 𝑘𝐽/𝑘𝑔(2.29) 

And 

𝑞4 =
𝑄5

𝐵
100% 

Where; 

∑𝐹𝑠𝑏 = 𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑏𝑜𝑖𝑙𝑒𝑟 𝑒𝑥𝑝𝑜𝑠𝑒𝑑 𝑡𝑜 𝑡𝑒 𝑎𝑚𝑏𝑖𝑒𝑛𝑡,𝑚2 

𝑐 = 𝐶𝑜𝑒𝑓𝑓𝑖𝑒𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑏𝑦 𝑡𝑒 𝑐𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛, 𝑘𝑊/𝑚2℃ 

𝑟 = 𝐶𝑜𝑒𝑓𝑓𝑖𝑒𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑏𝑦 𝑡𝑒 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛,𝑘𝑊/𝑚2℃ 

𝑇𝑠𝑏 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑜𝑓 𝑡𝑒 𝑏𝑜𝑖𝑙𝑒𝑟 𝑠𝑢𝑟𝑓𝑎𝑐𝑒,℃ 

𝑇𝑜 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑚𝑏𝑖𝑒𝑛𝑡 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒,℃ 

𝐵 = 𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑡𝑖𝑜𝑛 𝑖𝑛 𝑘𝑔/𝑠 
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Fuel consumption increases in direct proportion to boiler capacity, but the exterior 

surface of the boiler does not increase at that proportion. So the convection and radiation 

loss from the boiler as percentage of the heat input 𝑞5 decreases with increase in boiler 

capacity. Since the heat loss is very difficult to measure, 𝑞5  is obtained from the 

experimental data. Modern water wall cooled circulating fluidized bed boilers have a 

lower radiation loss than the other boiler types. 

When a given boiler operates at the low load, the skin temperature of the outer casing of 

the boiler does not change much. Thus while the heat loss 𝑞5 does not change much, the 

heat input Q decreases. So the part load loss 𝑞5
,
 increases with decreasing boiler load. 

 

Figure 2.3- Heat losses with boiler capacity 

𝑞5
, =  𝑞5

𝐷

𝐷,
                                                                                                                                             (2.30) 

     

𝐷,𝐷, = 𝐵𝑜𝑖𝑙𝑒𝑟 𝑟𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦, 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦, 𝑘𝑔/𝑠 

 In boiler calculations heat loss owing to surface radiation and convection ineach section 

of the heating surface should be considered. To simplify the calculations, the difference 

in design and ambient temperature in different sections of flue gas ducts were ignored, 
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and the heat loss is assigned in proportion to the amount of heat transfer from each 

section. Under these conditions following formula can be used to find out the heat loss. 

∅ =

𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑡𝑜 𝑡𝑒
𝑒𝑎𝑡𝑖𝑛𝑔 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑡𝑜 𝑡𝑒 𝑠𝑡𝑒𝑎𝑚 𝑜𝑟 𝑤𝑎𝑡𝑒𝑟

(𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑓𝑟𝑜𝑚 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑡𝑜 𝑠𝑡𝑒𝑎𝑚 𝑜𝑟 𝑤𝑎𝑡𝑒𝑟 +
𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑓𝑟𝑜𝑚 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑡𝑜 𝑎𝑚𝑏𝑖𝑒𝑛𝑡)

                                      (2.31) 

The heat preservation coefficient is equal to the ratio of heat released by flue gas to heat 

absorbed by steam or water. If we assume it to be constant for all steam/water sections 

of the flue gas passage,  is given by, 

∅ =
𝑄1 + 𝑄𝑎

𝑄1 + 𝑄𝑎 + 𝑄5
                                                                                                         (2.32) 

Where;           

𝑄𝑎 = 𝐻𝑒𝑎𝑡 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑏𝑦 𝑡𝑒 𝑎𝑖𝑟 𝑒𝑎𝑡𝑒𝑟 

𝑄1 = 𝐻𝑒𝑎𝑡 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑏𝑦 𝑡𝑒 𝑤𝑎𝑡𝑒𝑟 𝑎𝑛𝑑 𝑠𝑡𝑒𝑎𝑚 

e) Heat loss of ash and slag (𝑄6) 

When solid fuel is burned ash and slag leave the furnace at a rather high temperature 

(about 600-800℃). This results in sensible heat loss in ash and slag. The heat loss 

depends on fuel ash content, fuel heating value and slag deposition method. For a high 

ash content and low heating value fuel, this loss 𝑄6 is large. The sensible heat loss of 

slag tap furnace is larger than that of a furnace with dry bottom. A fluidized bed boiler 

using ash coal and also heat losses occurs as bottom ash. So for the pulverized boilers 

this heat loss should be considered. 

Sensible heat can be approximately calculated as follows. 

𝑄6 =  𝑋𝑏𝑎
100𝐶𝑝𝑎𝑠

100 − 𝐶𝑏𝑎

𝐴𝑇𝑠𝑙𝑎𝑔

100
                                                                                                (2.33) 
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Where; 

𝐶𝑝𝑎𝑠 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑎𝑡 𝑜𝑓 𝑎𝑠 𝑎𝑛𝑑 𝑠𝑙𝑎𝑔,𝑘𝐽/𝑘𝑔℃ 

𝑋𝑏𝑎 = 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑏𝑜𝑡𝑡𝑜𝑚 𝑎𝑠 

𝐴 = 𝐴𝑠 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑖𝑛 𝑓𝑢𝑒𝑙 

𝐴𝑇𝑠𝑙𝑎𝑔 𝑓𝑜𝑟 𝑑𝑟𝑦 𝑏𝑜𝑡𝑡𝑜𝑚 𝑎𝑠 𝑛𝑜𝑟𝑚𝑎𝑙𝑙𝑦𝑙𝑖𝑒𝑠 𝑖𝑛 𝑡𝑒 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 900 − 1200℃. 

  

According to the performance test data carried out in the Lakvijaya coal power station 

the following graph can be derived according to the data.    

 

Figure 2.4 - Boiler Heat Input & Output 

 


