
International Journal of Thermal Technologies  E-ISSN 2277 – 4114 
©2015INPRESSCO®, All Rights Reserved  Available at http://inpressco.com/category/ijtt/ 

 

  Research Article 
 

300| International Journal of Thermal Technologies, Vol.5, No.4 (Dec 2015) 

 

Performance Analysis and Energy Audit Based on Dry Flue Gas Loss by 
using Modern Soot Blower in Thermal Power Plant 
   

B.S.S.Phani Sankar†* and G.Venkateswara Rao†   

 

†Mechanical Engineering Department, BVC Engineering College, Odalarevu, Amalapuram-533210, India 

   
Accepted 25 Nov 2015, Available online 05 Dec 2015, Vol.5, No.4 (Dec 2015) 

 

 
Abstract 
 
Energy audit plays a key role in identifying energy conservation in industrial sector. It helps to identify various energy 
losses to find solutions to avoid such losses. In this theses concentration is focused on the heat loss due to dry flue 
gasses. To accomplish the task in Kottagudem Thermal Power Station (KTPS) VI Stage is selected. The power plant is 
1x500 MW capacity, coal fired. The steam generator is Single Drum, controlled circulation, rifle tube, radiant, single 
reheat, dry bottom, two pass, and balanced draft, out door. The various parameters of the selected power plant boiler 
were measured such as  fuel consumption, steam pressure, steam temperature, Gas Calorific Value of fuel (Coal) used, 
fuel proximate analysis, flue gas temperature, flue gas analysis etc. The losses were found out using traditional heat 
transfer formulae. The main objective of the theses is to find the losses due to dry flue gasses and to reduce the heat 
loss by introducing a modern type soot blower which has a special feature when compared with the existing one and 
proposing some of the methods to improve the performance. It is suggested that by introducing special modern soot 
blower and by changing the blowing medium i.e. from Steam to Air the heat loss can be reduced from 7 % to 4.69% 
and there by efficiency of the boiler and overall plant efficiency can be improved. The suggested modern soot blower 
is a difficult task and is costly procedure. But the modernization is must for the future scope to meet the demands and 
annual monetary savings of the thermal power plant. 
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1. Introduction 
 

1 About 70% of energy generation capacity is from fossil 
fuels in India. Coal consumption is 40% of India's total 
energy consumption. India is dependent on fossil fuel 
import to fulfil its energy demands. The energy imports 
are expected to exceed 53% of the India's total energy 
consumption. The demand of electricity has been 
hindered by domestic coal shortages. Cause of this, 
India's coal imports is increased by 18% for electricity 
generation in 2010. India has one of the world's fastest 
growing energy markets due to rapid economic 
expansion. It is expected to be the second largest 
contributor to the increase in global energy demand by 
2035. Energy demand of India is increasing and limited 
domestic fossil fuel reserves. 

Performance of boiler like efficiency and 
evaporation ratio reduces with time, due to poor 
combustion, heat transfer fouling and poor operation 
and maintenance. Deterioration of fuel quantity and 
water quality also leads to poor performance of boiler. 
Efficiency testing helps us to find out how far the boiler 
efficiency drifts away from the best efficiency. Any 
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observed abnormal deviations could therefore be 
investigated to pinpoint the problem area for 
necessary corrective action. Hence it is necessary to 
find out the current level of efficiency for performance 
evaluation, which is a pre requisite for energy 
conservation action in industry. 

The purpose of the performance test is to 

determine actual performance and efficiency of the 

boiler and compare it with design values or norms. It is 

an indicator for tracking day-to-day and season-to-

season variations in boiler efficiency and energy 

efficiency improvements. 
 

2. Literature review 
 
MoniKuntal Bora et al , concluded that boiler efficiency 
reduces with time, due to various heat losses such as 
loss due to unburnt carbon in waste, loss due to dry 
flue gas, loss due to moisture in fuel, loss due to 
radiation, loss due to blow down, and loss due to 
burning hydrogen etc. Boiler efficiency tests help to 
calculate deviations of boiler efficiency from the design 
value and identify areas for improvement. They 
proposed effective methodology for the efficiency 
estimation of a coal fired boiler, comparison with its 
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design value and enlists some of the factors that affect 
the performance of a boiler. This study will help to 
increase overall boiler efficiency and as a result, annual 
monetary savings of the thermal power plant. 

ChetanT.patelet al, using of low calorific value of 
fuel, ash and moisture content in the fuel will ailer can 
be increased by using the semi-bituminous coal with 
GCV 5800 k Cal/kg. 

Georg Stabenow, studied mass burning with energy 
and resource recovery wit reference to some important 
design criteria and concluded various criterions to 
minimize corrosion and erosion of the boiler parts.  

Thomas P Mastonarde, discussed various problems 
to meet the challenge to interface an auxiliary steam 
generating system in the ships. 

Kaliazine A et al, suggested that with proper 
changing the design of fully expanded nozzles. The 
pressure of the steam used in the nozzles is reduced 
from 20 bar to 10 bar without disturbing the soot 
deposit removal efficiency because of this steam 
consumption can be reduced. 
 
3. Heat loss calculations 
 
Basically Boiler efficiency can be tested by two 
methods. 1. Direct method and 2. Indirect method. 
 
3.1 Direct Method 
 
To find out the boiler efficiency the direct method is 
adopted because it is very easy method uses simple 
calculations and the data readily given by the 
instruments. 
 
Heat output data 
 
Quantity of steam generated (output): 1625 TPH  
Steam pressure / temperature: 175.49 Bar 

Enthalpy of steam (dry & Saturated) at 10 kg/cm
2
 (g) 

pressure: 811.34 Cal/kg  

Feed water temperature: 254.6
0 

C  
Enthalpy of feed water: 265.31 Cal/kg  
 
Heat input data:  
 
Quantity of coal consumed (Input): 270 TPH  
GCV of coal: 3682 k Cal/kg 
Therefore, 

Boiler Efficiency (η) = 
       

             
               (1) 

      =        
 
3.2 Indirect Method 
 
The efficiency can be measured easily by measuring all 
the losses occurring in the boilers using the principles 
to be described. The disadvantages of the direct 
method can be overcome by this method, which 
calculates the various heat losses associated with 
boiler. 

L1- Loss due to dry flue gas (sensible heat)  
L2- Loss due to hydrogen in fuel (H

2
)  

L3- Loss due to moisture in fuel (H
2
O)  

L4- Loss due to moisture in air (H
2
O)  

L5- Loss due to carbon monoxide (CO)  
L6- Loss due to surface radiation, convection and other 
UN accounted*.  
*Losses which are insignificant and are difficult to 
measure.  
The following losses are applicable to solid fuel fired 
boiler in addition to above  
L7- Un burnt losses in fly ash (Carbon)  
L8- Un burnt losses in bottom ash (Carbon)  
Boiler Efficiency by indirect method 
 = 100 – (L1+L2+L3+L4+L5+L6+L7+L8)        (2)
   

Table 1 Typical Instruments used for Boiler 
Performance Assessment. 

 

Instrument Type Measurement 

Flue gas 
analyser 

Portable or 
fixed 

% CO
2 

, O
2 

and CO 

Temperature 
indicator 

 

Thermocoupl
e, liquid in 

glass 
 

Fuel temperature, flue 
gas temperature, 
combustion air 

temperature, boiler 
surface temperature, 
steam temperature 

Draft gauge 
 

Manometer, 
differential 

pressure 

Amount of draft used 
or available 

TDS meter Conductivity 
Boiler water TDS, feed 
water TDS, make-up 

water TDS. 

Flow meter As applicable 
Steam flow, water flow, 

fuel flow, air flow 

 
The mass of vapour that air contains can be obtained 
from psychometric charts and typical values are 
included below in table 2 
 

Table 2 Typical values of mass of vapour that air 
contains 

 

Dry Bulb 
Temp ºC 

Wet Bulb 
Temp ºC 

Relative 
Humidity 

% 

Humidity Factor 
Kg of water/kg 

of dry air 

20 20 100 0.0016 

20 14 50 0.008 

30 22 50 0.014 

40 30 50 0.024 

 
Parameters of 500mw Boiler 
 
Fuel Firing Rate = 2,31,450 kg/hr. 
Steam Generation rate = 16,25,000 kg/hr. 
Steam Pressure = 175.49 bar 
Steam Temperature = 540°C 
Feed Water Temp = 255°C 
%C                   
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% CO in Flue Gas        
Humidity in Ambient Air = 0.0204 kg/kg of dry air 
Ambient Temp = 35.54°C 
Surface Temp of Boiler = 210°C 
Wind Velocity around the Boiler = 3.1 m/s 
Total Surface Area of Boiler = 588.37   
GCV of Bottom Ash = 800kcal/kg 
GCV of Fly Ash = 452.5 kcal/kg 
Ratio of Bottom Ash to Fly Ash = 5:10 
 
Fuel (Coal) Analysis 
 
Ash in Fuel = 36% 
Moisture in Coal = 9% 
Carbon Content = 46% 
Hydrogen Content = 2.70% 
Sulphur Content = 0.50% 
Oxygen Content = 6.2% 
 
3.2.1 Boiler efficiency by indirect method (without 
considering soot blower) 
  
All the  8 losses namely Loss due to dry flue gas 
(L1),Loss due to hydrogen in fuel (L2), Loss due to 
moisture in fuel (L3), Loss due to moisture in air (L4), 
Loss due to carbon monoxide (L5), Loss due to surface 
radiation, convection and other UN-accounted(L6), Un 
burnt losses in fly ash (L7), Un-burnt losses in bottom 
ash (L8) are calculated without considering soot 
blower from the basic formulae and are listed in the 
table 3. 
 

Table 3 All the 8 losses without considering soot 
blower 

 

S.No Losses % of loss 

1 L1 7.0091 

2 L2 4.40 

3 L3 1.630 

4 L4 0.3679 

5 L5 2.35 

6 L6 0.48 

7 L7 0.442 

8 L8 3.91 
 

Boiler Efficiency by Indirect Method (without soot 
blower)                          
                    
             = 79.41% 
  
The unit is having three types of soot blowers. They are 
88 numbers Water Wall Soot Blowers (WWSBs), 44 
numbers Long Retractable Soot blowers (LRSBs) and 2 
numbers Air Heaters Soot Blowers (AHSBs). 88 
numbers of WWSBs are distributed in four elevations 
each with 22 numbers one below Wind box and three 
elevations above wind box as follows. The steam for 
soot blowing is taken from the outlet header of 
Divisional Palette. Operating pressure is 25bar and the 

temperature is 250-300°C. A pressure of 25bar is 
maintained via a control valve and all the drain valves 
are in open condition till the steam in the line reaches 
above 2500C. A safety valve is provided in the line with 
suitable setting. Drain lines, four from WWSBs, 2 from 
LRSBs and 2 from AHs, are connected Intermittent 
Blow Down flash tank (IBDFT). 
 This information is collected from Kothagudem 
Thermal power Station (KTPS) VI Stage 1     MW. 
But we will use latest type of Soot Blowers can improve 
the boiler efficiency more compare to existing type of 
soot blowers. 
 

 

Fig. 1 Spraying of blowing medium 
 
3.2.2 Boiler efficiency by indirect method (with 
existing soot blower) 
 
With soot blower the average flue gas temperature = 
1800C 
Ambient Temperature = 35.540C 
Blowing Medium = Steam 
 

Table 4 All the 8 Losses by considering existing soot 
blower 

 
S.No Losses % of loss 

1 L1 5.489 

2 L2 4.286 

3 L3 1.586 

4 L4 0.288 

5 L5 2.35 

6 L6 0.46 

7 L7 0.4178 

       8                  L8               3.69 

 
Total Losses Total Losses 
                           
 =(5.489+4.286+1.586+0.288+2.35+        
 0.46+0.4424+3.91) % 
 = 18.814% 
 
Boiler Efficiency by Indirect Method (with existing soot 
blower)                                 
                      
                   = 81.18% 
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3.2.3 Boiler efficiency by indirect method (with 
modern soot blower) 
 
In Modern type of soot blowers the technical 
specifications are very advanced type  
Electric motor: 0.75kw 3phase flange mounted totally 
enclosed  
 
Material specifications 
 
Blower casing: cold rolled steel box section 
Valve body: Chrome molybdenum steel to suit steam 
conditions 
Valve trim: Stainless Steel 
Available to all major classification codes ANSI, DIN & 
BS 
 
Operating Data 
 
Blowing medium: Air 
Blowing medium pressure: up to 71 bar 
Typical Steam Consumption: 54-76 kg/min per nozzle 
Typical Level of Lance Travel: 1060 mm/min at 50Hz 
Approx. Weight: ((S              (where S is the 
stroke in meters, 1 meter stroke       ) 
 
Heat loss calculations for modern soot blower 
 
With Modern soot blower the average flue gas 
temperature = 150ºC 
 Ambient Temperature = 35.54 ºC        
Blowing Medium = Air 
 

Table 5 All the 8 Losses by considering existing soot 
blower 

 
S.N Losses % of loss 
1 L1 4.34 
2 L2 4.19 
3 L3 1.553 
4 L4 0.228 
5 L5 2.35 
6 L6 0.43 
7 L7 0.4178 
8 L8 3.69 

 
Total Losses Total Losses 
                          
= (4.34+4.19+1.553+0.228+2.35+0.43+0.4178+3.69) 
% 
 = 17.1988% 
 
Boiler Efficiency by Indirect Method (without soot 
blower)                         

                
            = 82.80% 
 

4. Results and Discussion 
 
From the calculations graphs are plotted between all 
variable losses considering soot blower and without 

soot blower. The obtained differences are observed in 
the fig.2. From these graphs main observations are 
listed in the table 6. 
 
Table 6 Differences in various heat losses considering 

with soot blower and without soot blower 
 

Losses 
With existing soot 
blower 

Without soot 
blower 

L1 6.589 7.0091 

L2 4.31 4.41 

L3 1.59 1.63 

L4 0.30 0.36 

L5 2.35 2.35 

L6 0.46 0.48 

L7 0.41 0.41 

L 8 3.69 3.69 

 

 
 

Fig. 2 Comparison of losses considering existing soot 
blower and without considering soot blower 

 
Similarly a Graph is plotted between existing Soot 
blower and modern soot blower considering all 
variable losses the obtained differences are observed 
in the fig.3. From these graphs main observations are 
listed in the table 8. 
 
Table 7 Differences in various heat losses considering 

with existing soot blower and modern soot blower. 
 

Losses 
With existing soot 

blower 
With modern soot 

blower 

L1 6.589 4.34 

L2 4.31 4.19 

L3 1.59 1.53 

L4 0.30 0.228 

L5 2.35 2.35 

L6 0.46 0.43 

L7 0.41 0.41 

L8 3.69 3.69 
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Fig.3 Comparison of various heat losses considering 
existing soot blower and modern soot blower. 
 
An Efficiency Comparison Graph is drawn between 
Different efficiencies i.e. Efficiency without soot 
blower,   Efficiency with existing soot blower, 
Efficiency with modern soot blower.  
 

Table 8 Efficiency comparison for without soot blower, 
with existing soot blower and modern soot blower 

 
Type Efficiency 

Without soot blower 79.16% 
With soot blower 81.18% 

With Modern Soot Blower 82.80% 

 

 
 

Fig. 4 Comparison of efficiencies without considering 
soot blower, with considering existing soot blower and 

by considering modern soot blower 
 

Various losses at different conditions i.e. without soot 
blower condition, with existing soot blower condition 
and modern soot blower condition are listed in the 
table 9 

Table 9 Various losses without soot blower, with 
existing soot blower and by considering modern soot 

blower 
 

Type 
of Loss 

Without 
soot 

blower 

With Existing 
soot blower 

With 
Modern soot 

blower 

L1 7.0091 6.589 4.34 

L2 4.46 4.31 4.19 

L3 1.63 1.59 1.553 

L4 0.36 0.30 0.228 

L5 2.35 2.35 2.35 

L6 0.48 0.46 0.43 

L7 0.41 0.41 0.41 

L8 3.69 3.69 3.69 

 

 
 

Fig.5 Comparison of various heat losses without 
considering soot blower, considering existing soot 

blower and modern soot blower 
 

Conclusions 
 
In the above all graphs un-burnt losses in bottom ash 
and fly ash are not changed because of improper 
combustion. This is due to low GCV of Fuel i.e. Coal. By 
using high GCV of Coal in Semi bituminous form the 
performance of the boiler can be improved to a great 
value, but it is not economical. At present the plant is 
using Indian Ignite coal of F grade which of its GCV is 
3682 k Cal/kg and percentage ash in the coal is 34%. 
The GCV of semi bituminous coal is 5800 k cal/kg and 
percentage ash in coal is 12.1%. 
 There are many ways to increase the efficiency of 
the boiler the efficiency can be increased by reducing 
the losses.  The majority of the losses are heat loss due 
to dry flue gas. By reducing this heat loss the boiler 
efficiency can be improved. 
 Final conclusion of the paper is by using the 
modern soot blower the heat loss due to dry flue gas 
can be reduced by 4.34%. By reducing the heat loss due 
to dry flue gas the efficiency of the boiler can be 
improved by 82.80%. 
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The steam generator is using steam as blowing 
medium. By replacing the existing soot blower with 
modern soot blower and changing the blowing medium 
from steam to Air various major heat losses can be 
reduced and thereby the overall plant efficiency can be 
improved. 
 Utilization of good quality bituminous coal is a 
costly affair and not economical and replacement of 
soot blower is also costly one. But the modernization is 
must to meet the future demands and standards.  
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