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Abstract: Boiler is a most useful device for any industry for process and production. It is very necessary to calculate the efficiency.
There are basically two methods to calculate the efficiency of boiler, direct method and indirect method. Both the methods give different
values as direct method does not consider any loses whereas indirect method gives the result by calculating all the losses. Efficiency for
different GCV has been shown in this paper for AFBC boiler and this paper also gives the description of calculation of efficiency for
AFBC and CFBC boiler for 4000kcal/kg gross calorific value of fuel.
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Nomenclatures

𝑄o = Heat output
𝑄i = Heat input
Q = Quantity of steam generated per hour (kg/hr)
q = quantity of fuel per hour (kg/hr)
hg = steam enthalpy (kcal/kg)
hf = feed water enthalpy (kcal/kg)
GCV of fuel = gross calorific value of fuel (kcal/kg)
Cp = specific heat of flue gas
Tf = temperature of flue gas (oC)
Ta = ambient temperature (oC)
Ts = surface temperature (oC)
m = mass of dry flue gas (kg/kg of fuel)
H2 = percentage of H2 in fuel = kg of H2 in 1kg of fuel
Cp = specific heat of superheated steam
M= % of moisture present in fuel = kg of moisture in 1kg of
fuel
AAR = actual air required (kg/kg of fuel)
Mbw = mass of blow down water (Kg/hr)
Hbw = enthalpy of blow down water at drum pressure
(Kcal/kg)
Hfw = enthalpy of feed water (Kcal/kg)
Ma = mass of total ash generated/kg of fuel

1. Introduction
A boiler is defined as a closed vessel in which water or other
liquid is heated, steam or vapor is generated, steam is
superheated, or any combination therefore, under pressure or
vacuum, for use external to itself, by the direct application of
energy from the combustion of fuels, from electricity or
nuclear energy. Basically coal is taken as the fuel in the
industry for the steam production. Fuel having higher
calorific value gives more heat per kg of fuel. Efficiency
depends on the GCV of the fuel, higher the GCV higher is
the efficiency. Efficiency of the boiler can be calculated by
two methods, direct method and indirect method. Both
methods give different results as indirect method considers
all the losses whereas in direct method losses are not taken
into consideration. These methods require various
parameters to calculate the efficiency. These parameters are
chemical analysis result of coal, feed waters analysis, coal
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feeding rate, steam pressure, steam generation per hour, flue
gas analysis, humidity factor etc. Here the calculation has
been done for 30TPH AFBC and CFBC boiler in INDIA
GLYCOLS LIMITED with fuel having 4000KCal/Kg for
coal.

2. Methods to Calculate Boiler Efficiency
There are two methods to calculate efficiency of boiler:
1. Direct Method
2. Indirect Method
1. Direct method: By this method efficiency can be
calculated by heat input to the heat output.
Boiler efficiency η =
Boiler efficiency η =

×100

2. Indirect method: Efficiency can be easily calculated by
this method by calculating losses occurring in the boiler.
Following losses were applicable to all the fuel used weather
it is solid, liquid or gas fired boiler.
L1― Loss due to dry flue gas
L2― Loss due to hydrogen in the fuel
L3― Loss due to moisture in the fuel
L4― Loss due to moisture in air
L5― Loss due to un-burnt in fly ash
L6― Loss due to un-burnt in bottom ash
L7― Loss due to convection and radiation
i.

Percentage heat loss due to dry flue gas
=

×100

m = mass of dry flue gas in kg/kg of fuel.

ii.

m = combustion products from fuel: CO2 + SO2 +
Nitrogen in fuel + Nitrogen in the actual mass of air
supplied + O2 in flue gas. (H2O/ water vapour in the
flue gas should not be considered).
Cp = Specific heat of flue gas (0.23 kcal/kgoC)
Percentage of heat loss due to evaporation of water
formed due to H2 in fuel:
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=

=

× 100

Where, H – kg of H in 1 kg of fuel
2

iii.

Cp – Specific heat of superheated steam
(0.45kcal/kgoC)
Percentage heat loss due to evaporation of moisture
present in fuel
=

iv.

vi.

100
Percentage heat loss due to un-burnt in bottom ash
=

×100

Where, M – kg of moisture in 1kg of fuel
Cp– Specific heat of superheated steam (0.45
kcal/kg)oC
584 is the latent heat corresponding to the partial
pressure of water vapour.
Percentage heat loss due to moisture present in air
=

v.

×

2

× 100

Cp– Specific heat of superheated steam (0.45
kcal/kgoC)
Percentage heat loss due to un-burnt in flyash

× 100
Percentage heat loss due to radiation and other
uncounted loss.
Efficiency of the boiler (η) = 100 – (i + ii + iii + iv + v + vi
+ vii)
vii.

3. Results from Calculation
Results derived from the above formulas for different GCV
has been shown in table 1 and 2 for AFBC boiler. By
changing the GCV efficiency changes gradually, as we
increase the GCV of coal efficiency increases and will be
clear from below tables.

Table 1: Result of boiler efficiency calculation
GCV of coal
Steam generation rate
Operational hours
Steam pressure
Steam temperature
Coal firing rate
Ambient temperature
Humidity factor

3000Kcal/kg 3300Kcal/kg 3600Kcal/kg 4000Kcal/kg 5000Kcal/kg 5800Kcal/kg
30000Kg/hr 30000Kg/hr 30000Kg/hr 30000Kg/hr 30000Kg/hr 30000Kg/hr
7200Hrs/year 7200Hrs/year 7200Hrs/year 7200Hrs/year 7200Hrs/year 7200Hrs/year
45Kg/cm2
45Kg/cm2 45Kg/cm2 45Kg/cm2 45Kg/cm2 45Kg/cm2
420oC
420oC
420oC
420oC
420oC
420oC
9009Kg/hr
8000Kg/hr 7211Kg/hr 6250Kg/hr 6110Kg/hr 4285Kg/hr
30oC
30oC
30oC
30oC
30oC
30oC
0.018Kg/kg of 0.018Kg/kg 0.018Kg/kg 0.018Kg/kg 0.018Kg/kg 0.018Kg/kg
dry air
of dry air
of dry air
of dry air
of dry air
of dry air

Table 2: Efficiency calculated by Direct and Indirect Method
Boiler efficiency 3000Kcal/kg 3300Kcal/kg 3600Kcal/kg 4000Kcal/kg 5000Kcal/kg 5800Kcal/kg
Direct method 74.61%
76.30%
77.7%
80.5%
82.05%
83.69%
Indirect method 73.43%
75.03%
75.75%
78.67%
80.06
82.34

Figure 1: Efficiency vs. GCV of coal

Figure 1: GCV of coal vs. Efficiency graph for AFBC Boiler
Figure 1 shows the relation between efficiency and GCV of
the coal. Graph shows how the efficiency of boiler increases
when the GCV of the coal is increased. Efficiency has been
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calculated for 3000, 3300, 3600, 5000 and 5800Kcal/kg
GVC of coal and efficiencies are 74.61, 76.30, 77.7, 82.05
and 83.69% respectively. Efficiency for 5800Kcal/kg of the
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fuel is 83.69 for AFBC boiler whereas further in this paper it
will be clear that for CFBC boiler 4000Kcal/kg of the fuel
gives 83.9% efficiency.

4. Following Data Has Been Taken To
Calculate Boiler Efficiency for AFBC and
CFBC Boiler FOR 4000kcal/Kg GCV of
Coal

Heat loss due to radiation and
convection loss
Boiler efficiency

2%

2%

77.8%

81.35%

Table 4: Efficiency calculated by Direct and Indirect
Method
Boiler efficiency AFBC (Atmospheric
Fluidised Bed
Combustion)
Direct Method
80.58%
Indirect Method
77.8%

CFBC (Circulating
Fluidised Bed
Combustion)
83.94%
81.35%

6. Discussion
As GCV of the coal is increases efficiency increases. By
increasing the GCV fuel to steam ratio increases increasing
in efficiency of boiler. If CFBC is used instead of AFBC,
un-burnt losses are reduced and efficiency of boiler
increases. In CFBC a cyclone is used from where the unburnt fuel particles are resend into the furnace for
combustion whereas in AFBC boiler there is no such type of
cyclone. Thus the un-burnt losses are reduced in CFBC
boiler. 2-3% of efficiency is increased by using CFBC
boiler.

7. Conclusion

5. Results from Calculation
Results derived from the above formulas for the Bituminous
coal of D grade of GCV 4000kcal/kg for AFBC and CFBC
boiler is shown in table 1 and 2.
Table 3: Result of boiler efficiency calculation
AFBC
boiler
4.77

Theoretical air requirement (kg/kg of
coal)
Excess air requirement for complete
26.66%
combustion of coal
Actual air requirement (kg/kg of coal)
6.04
Heat loss in dry flue gas
8.20%
Heat loss due to H2 in fuel
3.57%
Heat loss due to moisture in fuel
2.54%
Heat loss due to moisture in air
0.1406%
Heat loss due to un-burnt fuel in fly ash
4.5%
Heat loss due to un-burnt in bottom ash 1.25%
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CFBC
boiler
4.77
26.66%
6.04
8.20%
3.57%
2.54%
0.1406%
1.5%
0.7%

The performance analysis performed, provides the
difference in AFBC and CFBC boiler and by calculation of
results following conclusion has been done:
 Efficiency for 5800Kcal/kg GCV of fuel for AFBC has
83.69% efficiency as for CFBC 4000Kcal/kg GCV of coal
has 83.93% efficiency.
 With low grade fuel higher efficiency can be achieved by
CFBC.
 Efficiency of CFBC boiler is greater than AFBC boiler for
same GCV of the coal
 Un-burnt losses are less in CFBC as compared to AFBC
boiler.
 Both the boiler has same working system but in CFBC the
un-burnt coal is resend in the furnace for the burning
process.
 By using CFBC coal burning rate per hour decreases as
compared to AFBC boiler.
 If CFBC is used instead of AFBC boiler than 250 kg of
coal can be saved per hour.

References
[1] Patel, C.T., “calculating the efficiency of boiler for
different GCV of the coal”, International Journal of
Innovative Research in Science, Vol-2 ISSN: 2319-8753
(May 2013).
[2] Yadav,P.J., “calculated the efficiency of boiler in rice
mill using husk and coal as a fuel and showed
comparison between them”, S-JPSET: ISSN: 2229-7111,
Vol. 2 (2011).
[3] Lang, F. D., “examines the effects of particle size on the
calorific value of hydrocarbons, shedding light on the
thermodynamics of pulverizing coal in a commercial
power plant”, The American Society Of Mechanical
Engineering, Power: 2011-55216 (October 2011).

Volume 4 Issue 5, May 2015
www.ijsr.net
Licensed Under Creative Commons Attribution CC BY

1059

International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438
[4] Bora,M.K., “The comparison with design value and
enlisted some of the factors that affect the performance
of the boiler”, International Journal of Advanced
Research Vol-2 ISSN: 2320-5407 (2014).
[5] Zhou Jijun.,“Improving boiler efficiency modelling
based on ambient air temperature”, ESL-HH-02-05-45
(May 2002).
[6] Vakkilainen, E. K., “Modern method to determine
recovery boiler efficiency”, PAPEL vol. 72, num. 12, pp.
58 - 65 DEC 2011.
[7] Jain, A. Kumar., “An approach towards efficient
operation of boilers”, International Journal of scientific
and Engineering research”, Vol-3 ISSN: 2229-5518
(June 2012).
[8] Jain Rakesh., “Performance improvement of a boiler
through waste heat recovery from an air conditioning
unit”, International Journal of Innovative Research in
Science, Vol-2 ISSN: 2319-8753 (Feb 2013).

Paper ID: SUB154261

Volume 4 Issue 5, May 2015
www.ijsr.net
Licensed Under Creative Commons Attribution CC BY

1060

