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Chapter - 2
Thermal Utilities

2.1 Combustion of fuel

Aboiler or furnace utilizes the heat generated by combustion of fuel to heat water or
air or any process material. The efficiency of a boiler or furnace will depend on how
efficient the combustion system is and secondly, how best the generated heat is
utilized. Combustion of oil is effected by means of a burner, which mixes fuel and
air in proper proportions for complete combustion and the consequent release of
heat energy.

22 Heat Content of fuel: NCVand GCV

Gross Calorific Value (GCV) assumes all the vapours produced during the
combustion process are fully condensed. Net Calorific Value (NCV) assumes that
the water leaves with the combustion products without fully being condensed.
GCV is always higher in value than NCV. Fuels should be compared based on the
net calorific value. The difference being, the latent heat of condensation of the
water vapours produced during the combustion process.

Net Calorific Values of some commonly used liquid fuels in Indian industry are:

Hydrogen - 28922 kCal/kg HSD - 10270 kCal/kg

Natural Gas - 11467 kCal/kg LDO - 10100 kCal/kg

LPG - 10990 kCal/kg LSHS - 9690 kCal/kg

Naphtha - 10630 kCal/kg FumnaceOil - 9650 kCal/kg
23 Basic Combustion Reactions

Carbon, Hydrogen and Sulphur in the fuel combine with Oxygen in the air to form
Carbon Dioxide, Water Vapour and Sulphur Dioxide, releasing 8084 kCal/kg,
28922 kCal/kg & 2224 kCal/kg of heat respectively. Under certain conditions (i.e.
where O, 1s insufficient), Carbon may also combine with Oxygen to form Carbon
Monoxide, which results in the release of only about 30% of heat (2430 kCal / kg of
carbon) compared to CO,.

C+0, = CO, + 8084 kCal/kg of Carbon
2C+0, = 2CO + 2430kCal/kg of Carbon
2H,+0, =2H,0 + 28,922kCal/kgofHydrogen
S+0, = SO, + 2224kCal/kg of Sulphur

24 Ideal or Stoichiometric Combustion

Stoichiometric or Theoretical Combustion is the ideal combustion process where
fuel is burned completely.

A complete combustion is a process burning all the carbon (C) to (CO,), all the
hydrogen (H) to (H,0) and all the sulphur (S) to (SO,). With unburmed components
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12 kg ofcarbon requires 32 kg ofoxygen to form44 kg of carbon dioxide. Therefore
1 kg ofcarbonrequires 32/12kg1.e. 2.67 kg ofoxygen

85.9kg C + (85.9x2.67)kg 0, 314.97kg CO,

2H, + O, > Z2H0
4 + 32 > 36

4 kg of hydrogen requires 32 kg of oxygen to form 36 kg of water. Therefore 1 kg of
hydrogenrequires 32/4kg1.e. 8 kg ofoxygen
12kgH,+ (12x8)kgO > 108kgH,O

N + 0, 2> SO,

32 + 32 > 64

32 kg of sulphur requires 32 kg of oxygen to form 64 kg of sulphur dioxide.
Therefore 1 kg of sulphur requires 32/32 kg 1.e. 1 kg of oxygen

05kg S +(05x1kg O, > 1.0 kg SO,
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practice, theoretical quantity ot air 1s inadequate to mix with the entire quantity ot
fuel intimately. The problem 1s sought to be overcome by admitting some quantity
of air in excess of the theoretical quantity. This is called "Excess Air". If too much
air is introduced, than what is required for completing combustion, then additional
heat would be lost in heating the surplus air to the chimney temperature. Less air
would lead to the incomplete combustion and smoke. More air would lead to
increased stack losses. Hence, there is an optimum excess air level for each type of
fuel. Fuel savings are the most, at the optimum excess air level.

2.6.1  ExcessAir Analysis

Controlling CO, CO, and O, content of the flue gas can control the excess air. These
flue gas parameters can be measured by using online gas analysers and adjusting the
flow of air with respect to the fuel feed rate and level of gas parameters.

The Excess Air Ratio can be calculated by empirical equation, EAR =0,/21 -O,. As
excess air increases, the concentration of these gases, CO, & SO, decreases and the
concentration of Oxygen steadily increase in the flue gas. The percentage of CO,
varies with type of the fuel used at the same Oxygen percentage and excess air
(Table 2.1 & 2.2). So, measurement of Oxygen percentage in flue gas for
evaluation of excess air is a more accurate method and is presently followed
everywhere.
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