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Abstract: In this paper, the useful concept of heat losses and energy conservation is analyzed, and applied to 

the boiler system. In present Scenario, many textile industries uses boilers to produce steam and use it for their 

application. Boilers are the main device for production of steam. Energy efficiency in industrial boiler steam 

system can be very low due to old technologies, improper design and non-optimal operation of the steam system. 
One small scale industry use the tremendous amount of coal per year for steam generation. Efficiency 

improvement is necessary term for saving fuel and energy cost. This work is done on 4 Ton fire tube coal fired 

boiler. This case study shows that one can save approximately24, 00,000 RSbyimproving boiler efficiency with 

implementation of waste heat recovery devices and Effimax 2000. 

 

Keywords – Boiler heat losses, Boiler efficiency, Energy conservation, Economizer, Control of Excess Air, 

Effimax 2000 

 
I. INTRODUCTION 

 As we all know, conventionally efficiency is the ability to produce something without wasting energy. 

 

 Basically there are two methods for measuring the boiler efficiency [3]: 

1. Direct method 

2. Indirect method  

 

 Direct Efficiency =
 

% 100
 valuecalorific Grossrate flow Fuel

enthalpy water Feedenthalpy Steamrate flow Steam





 

 

 Direct efficiency method just gives the overview of the boiler efficiency without giving any detailed 

information related to boiler operating process. 

 

 Indirect Efficiency = 100 – ( )LLLLL  L L L 87654321   

 

 Here the all the losses occurring in boiler utilities are subtracted from 100 to get the boiler efficiency. Each 

“L” represent the heat loss from boiler. 

 

 Conclusion comes at the end that study of indirect method provides the opportunities for performance 

improvement in boiler utilities. 
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II. DETAILED CASE STUDY: 

Table 1. Coal (Fire Tube) Boiler Operational Data 

Fuel firing rate                                                                         = 666 kg/hr. 

Steam generation rate                                                                = 4000 kg/hr. 

Steam pressure                                                                         = 7 kg/cm²(g) 

Steam temperature                                                                   = 180°C 

Enthalpy of steam (dry & Saturated) at 7 kg/cm² (g) 

pressure 

= 668.967 kCal/kg 

Feed water temperature                                                             = 70°C 

Enthalpy of feed water                                                                            = 70 kCal/kg 

%CO2 in Flue gas                                                                    = 9 

%CO in flue gas                                                                      = 0.6 

Average flue gas temperature                                                    = 220°C 

Ambient temperature                                                                = 32°C 

Humidity in ambient air                                                            = 0.021 kg / kg dry air 

GCV of Bottom ash                                                                  = 954 kCal/kg 

GCV of fly ash                                                                        = 640 kCal/kg 

Ratio of bottom ash to fly ash                                                   = 9:1 

Fuel Analysis (Sample Tested in Laboratory):  

Ash content in fuel                                                                  = 1.64% 

Moisture in coal                                                                      = 19.27% 

Carbon content                                                                        = 58.59% 

Hydrogen content                                                                    = 3.95% 

Nitrogen content                                                                      = 1.33% 

Oxygen content                                                                        = 17.11% 

Sulfur content                                                                          = 0.79% 

GCV of coal = 5130 kcal/kg 

 

Table 2.Heat Balance Sheet for Coal Fired Boiler
 [3]

 

 

Observations made are: 

 By using indirect method heat loss due to the dry flue gas is found to be 11.40 %. This is obviously waste 

heat which is undesirable. This heat loss due to dry flue gas can be controlled by using a waste heat 

recovery devices like Reccuperators/Regenerators and optimizing the stack temperature [7]. 

 Amount of moisture in the fuel is 19.27 %. Because of this excess moisture, heat loss due to evaporation of 

moisture in fuel is 2.51 %.Itcan be rectified by preheating fuel by pulverizing it in coal pulverizers [7]. 

Summary of Heat Balance for Coal Fired Boiler: 

Heat Input in fuel  : 5130 kcal/kg 

: 100     % Various Heat losses in boiler 

1.  Dry flue gas loss : 11.40  % 

2.  Loss due to hydrogen in fuel : 4.63    % 

3. Loss due to moisture in fuel  : 2.51    % 

4. Loss due to moisture in air  : 0.45    % 

5.  Partial combustion of C to CO  : 4.10    % 

6.  Surface heat losses  : 2.00    % 

7. Loss due to Unburnt in fly ash  : 0.02    % 

8.  Loss due to Unburnt in bottom ash : 0.27    % 

Total Losses  : 25.40 % 

Boiler  Efficiency = 100 – (L1+L2+L3+L4+L5+L6+L7+L8)                       : 74.60 % 
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2.1 Economizer: 

 Economizers are used to recover heat from the boiler flue gases and thereby increase boiler efficiency. The 

heat absorbed by economizer is transferred to the boiler feed water flowing through inside of the tubes. 

 One thumb rule is said that 22°C reduction in flue gas temperature increases the boiler efficiency by 1% or 

in other words 6°C rise in feed water temperature brought about by economizer corresponds to a 1% 

savings in boiler fuel consumption. Below fig shows the working principal of economizer [7]
 

 

Fig1. Working Principle of Economizer
 [3]

  

Fig 2. Temperature Profile
[3]

 

Table 3.Thermal Properties of Working Substances
 [4] 

Particular Value 

Convective heat transfer co-efficient for flue gas, ho : 125 W/m2K 

Convective heat transfer co-efficient for flue gas, hi : 5000 W/m2K 

Thermal conductivity for carbon steel (tube material),k : 54 W/m2K 

Outer diameter of the inner tube, do : 19 mm 

Outer diameter of the inner tube, di : 16 mm 

 

Table 4. Flow Parameters 

 
Table 5. Design Specification of Economizer

 [4]
 

 

Particular  Value 

Heat duty : 1,20,042 kcal/hr. 

Overall heat transfer co-efficient : 120.95 W/m2K 

LMTD : 106.84℃ 

Stream Inlet parameters Outlet parameters 

Flue gas Temperature-220℃ Temperature-163℃ 

Mf  = 2.5 kg/s Pressure-1.033 kg/cm2 Pressure-1.033 kg/cm2 

Feed water Temperature-70℃ Temperature-98℃ 

Mw = 1.19 kg/s Pressure-7 kg/cm2 Pressure-7 kg/cm2 

 Design pressure-7.7 kg/ cm2  
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Shell diameter , Ds : 336 mm 

Tube length , L : 2 m 

Tube diameters : O.D  19 mm 

: I .D   16 mm 

Baffle spacing , B : 202 mm 

Pitch ratio , PT/do  : 1” , triangular pitch 

Numbers of tubes , NT : 105 

 

Table 6.Work done required
 [1]

 

 

Utilities Power Required(KW) 

Induced Draft Fan : 1.0 

Forced Draft Fan : 0.70 

Feed Water Pump : 0.50 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chart 1. Comparison of Heat loss before & after implementation of Economizer 

 From above graph it is clear that loss due to dry flue gas is reduced by approximately 3 % and overall 

efficiency is increased by approximately 4 % by implementation of economizer in small scale industry. 

 Above benefits when converted in terms of money, it shows very big profit during whole year with 

moderate initial investment and negligible maintenance of economizer. 
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2.2 Control of Excess Air: 

 Controlling excess air to optimum level results in reduction in flue gas losses. For every 1 % reduction in 

excess air there is approximately 0.6 % rise in efficiency. Methods are available to control the excess air [3] 

 Below graph shows the trend of boiler efficiency with respect to excess air. It is clear from the graph that 

as the excess air is decreases the boiler efficiency will increases. 

2.3 Effimax 2000 

Effimax 2000 provide a unique combination of direct and indirect efficiency measurement in a single 

instrument. It not only gives you steam-fuel ratio by direct measurement of steam flow and fuel flow but also 

computes all individual losses in the boiler as BS 845. 

 

 The system monitors flue gas O2 levels, feed water temperature, steam mass flow rate, stack temperature, 
steam temperature and pressure, combustion air temperature, total fuel consumed 

 

 

 

 

 

 

 

 

 

Fig 3. BoilerEfficiency vs Excess Air supplied
[6]

Fig 4. Effimax 2000
[6]

 

  2.4 Effimax 2000 Features
 [6]

: 

 Touch screen display for instantaneous display of all boiler parameters that impact boiler efficiency. 

 

 Online boiler efficiency measurement with break-up of losses (as per BS845). 

 

 Graphical analysis of boiler performance diagnostic report with alarms. 

 

 Web based remote performance. 

2.3 Cost Analysis and Payback Period: 
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Table 7.Cost Analysis and Payback Period
 [3] 

Energy Saving Opportunities Cost (RS) Savings ( RS / annum) Payback Period  

Economizer 9,50,000 14,38,651 8 months 

Effimax 2000 (Excess Air) 8,00,000 9,60,000 10 months 

Total 17,50,000 24,00,000 10 onths 

 

III. CONCLUSION 

On installing the economizer, efficiency of the boiler increases by 4.93% with a fuel saving of 32.84 

Kg/hr. and an annual saving of RS. 14,38,651. By controlling the excess air, utilization of O2 can be made 

optimum and the efficiency of the boiler increases by 3% and an annual saving of Rs.9,60.000/- by 

implementation of Effimax 2000 instrument.The moisture control in the fuel is 19.27% which is undesirable. It 

has to be properly treated or preheated before introducing into the combustion chamber. On visiting the coal 

storage area, it is found that the size of the coal is 15-20 mm which is not beneficial for combustion. On 

decreasing the size to 4-5 mm combustion can be made more effective [7]. 
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