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Abstract— This paper is concerned with Study on Efficiency 

of Boiler and Factors affecting it. Boiler efficency is one of 

the most important types of performance of boiler steam 

power plant. Thermal power plant converts the chemical 

energy of the coal into heat and Heat energy is converted 

into electric energy. Coal fired Boiler is one of the most 

important components for any Thermal Power Plant. The 

prominent Performance parameter of a boiler is “Boiler 

Efficiency”. Boiler Efficiency affects the overall 

performance of the electricity generation process and as well 

as plant economy. Boiler efficiency is affected by many 

factors. It reduces with time, due to various heat losses such 

as loss due to unburnt carbon in waste, loss dueto dry flue 

gas, loss due to moisture in fuel, loss due to radiation, loss 

due to blowdown, and loss due to burning hydrogen, etc.. 

Boiler efficiency tests help us to calculate deviations of 

boiler efficiency from the design value and identify areas for 

improvement. The current paper puts forward an effective 

methodology for the efficiency estimation of a coal fired 

boiler, comparison with its design value and enlists some of 

the factors that affect the performance of a boiler. This study 

will helpto increase overall boiler efficiency and as a result, 

annual monetary savings of the thermal power plant. The 

aim of monitoring boiler performance is to control the heat 

rate of plant and suggest our solution on the remidies found 

in power plant. This paper deals with determination of study 

of Boiler and find out the remidies 210 MW unit in 

Khaperkheda, Nagpur India. 
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I. INTRODUCTION 

The power plant generates electricity in huge amount which 

we use it for various purpose. A Thermal Power Plant 

converts the heat energy of coal into electrical energy. Coal 

is used as fuel burnt in a boiler which converts water into 

steam. The steam is expanded on turbine blades produces 

mechanical power which drives the generator coupled to the 

turbine. Thermal Power Plants contribute maximum to the 

generation of Power for any country. The advantage of coal 

based thermal power plant is that cheaper in production cost 

in comparison with that of diesel power stationThe main 

elements of thermal power plant are:- Boiler, Turbine, 

Condenser, Cooling tower. 

II. PLANT INFORMATION 

The plant was completed on 30th December 1950. This was 

the first power plant built in Maharashtra. Inauguration of 

this plant was done by Dr.Rajendra Prasad (first president of 

India).It is operated by MAHAGENCO. The coal for the 

power plant is sourced from Saoner and Dumri Khurd mines 

of Western Coalfields Limited (WCL). Source of water for 

the power plant is from Pench reservoir through a pond of 

Koradi Thermal Power Station (KTPS). The plant requires 

14000 metric tones coal in 24 hrs to generate 210MW. It 

Requires 1000 metric tones coal to produce 500MW. It has 

4 units of 210MW & 1 unit of 500MW. Its total electricity 

generation capacity is upto 1300MW. 

 
Fig. 1: Basic Layout of Thermal Power Plant 

III. BOILER INTRODUCTION 

A boiler is a closed vessel in which water is heated and 

evaporated by the heat of combustion of fuel. The good 

boiler must be used for increasing the plant efficiency. A 

boiler is a closed vessel in which water, under pressure, is 

transformed into steam by the application of heat, open 

vessels and those generating steam at atmospheric pressure 

are not considered to be boilers. In the furnace, the chemical 

energy in the fuel is converted into heat; it is the function of 

the boiler to transfer this heat to the water in the most 

efficient manner. 

The essentials of a good boiler is as follows:- 

1) Its initial cost, installation cost and maintenance cost 

should be minimum. 

2) Its should be light weight. 

3) Its should occupy less space. 

4) Its should have less number of joints. 

5) Its should be able to generate steam of desired 

condition. 

IV. THE BOILER EFFICIENCY 

The thermal industry is known as a major source of 

conventional energy in India. In a thermal industry, there are 

lots of components are included. But beyond that, boiler is 

important than any other. To maximize the power plant 

production, it is necessary to maintain the boiler design 

efficiency. Thus, the performance test of the boiler is 

necessary to know the variation of boiler efficiency related 

to its design values. Therefore, it is necessary to know the 

current level of efficiency for performance evaluation, 

which is mandatory for the actions of conservation of energy 

in industry. 

https://en.wikipedia.org/wiki/Western_Coalfields
https://en.wikipedia.org/wiki/Koradi_Thermal_Power_Station
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Boiler efficiency is a ratio between the energy 

supplied to the boiler capacity and the energy received from 

the boiler. It is expressed in percentage.  

The efficiency of boiler can be calculated by: 

Boiler efficiency =   Heat energy absorbed by feed water 

                                          Heat supplied by fuel  

Basically Boiler efficiency can be tested by the following 

methods: 

A. The Direct Method 

Where the energy gain of the working fluid (water and 

steam) is compared with the energy content of the fuel. This 

is also known as „input-output method‟ due to the fact that 

it needs only the useful output (steam) and the heat input 

(fuel) for evaluating the efficiency. This can be evaluated 

using the formula  

Boiler efficiency =  Heat input    ×100 

                                Heat output 

Boiler efficiency =  Heat in steam output  ×100 

                                  Heat in fuel input 

 
Fig. 2: Direct Method 

B. The Indirect method 

Where the efficiency is the difference between the losses 

and the energy input  

The efficiency can be measured easily by 

measuring all the losses occurring in the boilers using the 

principles to be described. The efficiency can be arrived at, 

by subtracting the various heat losses from 100. An 

important advantage of this method is that the errors in 

measurement do not make significant change in efficiency.  

Efficiency=100- (L1+L2+L3+L4+L5+L6+L7+L8) 

Where,  

L1-Loss due to dry flue gas (sensible heat) 

L2- Loss due to hydrogen in fuel (H2)  

L3- Loss due to moisture in fuel (H2O) 

L4- Loss due to moisture in air (H2O) 

L5- Loss due to carbon monoxide (CO) 

L6- Loss due to surface radiation, convection and 

unaccounted 

L7- Loss due to Unburnt in fly ash (Carbon) 

L8- Loss due to Unburnt in bottom ash (Carbon) 

 
Fig. 3: Indirect Method 

C. Measurements required for performance Assessment 

Testing  

The following parameters need to be measured, as 

applicable for the computation of boiler efficiency and 

performance.  

1) Flue gas analysis  

1) Percentage of CO2 or O2 in flue gas  

2) Percentage of CO in flue gas  

3) Flue gas temperature  

2) Flow measurement  

1) Steam  

2) Fuel  

3) Feed water  

4) Condensate water  

5) Combustion Air  

3) Temperature measurement 

1) Steam  

2) Feed water  

3) Condensate return  

4) Flue gas  

4) Pressure measurement  

1) Steam  

2) Flue gas 

3) Combustion Air  

5) Ultimate analysis for H2, O2, C, S, moisture and ash 

content 

D. Comparison of Direct and Indirect Efficiency: 

Both the methods of finding out boiler efficiency mentioned 

above have some advantages and some disadvantages 

associated with them. The greatest advantage of indirect 

method is that it also speaks about the sources of losses. By 

finding out indirect efficiency, one can come to know where 

the losses are increased and can be reduced. On the other 

hand, direct efficiency values are closer to reality as 

compared to indirect efficiency on account of uncovered 

losses such as radiation losses, ON-OFF losses etc. But 

direct efficiency can only tell us about the magnitude of 

overall loss. No information about individual losses and 

their magnitudes is conveyed from direct efficiency 

calculation. There always exists some difference in the 

values of direct and indirect efficiencies. Indirect efficiency 

is measured at a particular time whereas direct efficiency is 

measured over a period of time and hence, losses on account 

of fluctuating loads, boiler on-off etc. are also taken into 

consideration. 
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E. Factors Affecting Boiler Efficiency 

Some of the important boiler-efficiency deciding factors are 

explained in brief below: 

1) Stack Temperature 

Itis also referred to as flue gas temperature. It is defined as 

the temperature level at which the hot exhaust gases make 

their way out of the boiler. “The flue gas temperature must 

be a proven value for the efficiency calculation to be 

reflective of the true fuel usage of the boiler. Lower than 

real stack temperature values must always be used for boiler 

efficiency calculations.  

2) Fuel Specification 

The specification of a fuel source can immensely affect the 

efficiency of a boiler system. For example, if the hydrogen 

content within a gaseous fuel source is comparatively high, 

extra water vapors get generated in the burning process. 

These water vapors tend to consume heat energy from the 

boiler for shifting their physical state during combustion. 

The efficiency of the boiler generally drops if huge loss of 

water vapors takes place. Due to this, the fuel oil offers 

greater boiler efficiency as compared to natural gas. “To get 

an accurate efficiency calculation, a fuel specification that 

represents the jobsite fuel to be fired must be used.  

3) Excess Air 

Excess air is defined as the amount of surplus air provided 

to the burner which is more than the necessary air needed to 

carry out combustion process. This given excess air mainly 

acts as a safety air reservoir for combustion in difficult 

situations such as inadequate air conditions.  

However, at the same time, this more than required air tends 

to consume heat energy produced by combustion which in 

turn affects the heating efficiency of the boiler. “Seasonal 

changes in temperature and barometric pressure can cause 

the excess air in a boiler to fluctuate 5% - 10%. A realistic 

excess air level for a boiler in operation is 15% if an 

appropriate safety factor is to be maintained.”  

4) Ambient Temperature 

The efficiency of a boiler also depends upon the ambient air 

temperature surrounding the boiler. For every 40 degree 

shift in ambient temperature, the efficiency of a boiler can 

get affected by at least 1%. Since all the boiler rooms are 

maintained at moderately warm temperature, majority of the 

efficiency computations takes upon 80 deg. F as the ambient 

temperature value.  

5) Radiation& Convection Losses 

These are the losses which emerge due to radiation of heat 

energy from the boiler. To eliminate the effect of these 

losses, boiler systems are usually shielded with some sort of 

insulation material. The presence of these losses extremely 

influences the efficiency of a boiler. In cases where these 

losses are not taken into consideration while performing 

efficiency calculations, accurate fuel consumption value can 

never be attained. A boiler must always be designed in such 

a way that the radiation and convection losses get 

minimized. These losses tend to increase in proportion to the 

wind or air velocity prevailing around the boiler. Hence, the 

boiler systems located in open atmosphere experience more 

radiation and convection losses as compared to room 

boilers.  

V. ANALYSIS OF COAL 

There are two methods for analysis of coal: 

A. Proximate Analysis 

The proximate analysis determines the fixed carbon, volatile 

matter, and moisture and ash percentages.  

B. Ultimate Analysis 

The ultimate analysis of coal involves determination of the 

weight percent of carbon as well as sulphur, nitrogen and 

hydrogen.  

C. Types Of Coal 

1) Anthracite Coal 

 Anthracite is a hard, compact variety of coal in 

which carbon content is 92-98%. 

 CV of anthracite coal is 34000 KJ/KG. 

 Standard grades of anthracite coal are used in 

power generation. 

 Production of anthracite coal are in only few 

countries i.e  Australia, Canada, China, Russia, 

South Africa, US. 

2) Lignite Coal 

 CV of lignite coal is 16300 KJ/KG. 

 Lignite is lowest rank of coal due to its carbon 

content 60-70%. 

 Production of lignite coal are in many countries 

like India, China, Canada, Turkey etc. 

3) Peat Coal 

 CV of peat coal is 13800-20500 KJ/KG. 

 Peat is an accumulation of partially decayed 

vegetation or organic matter that is unique to 

natural areas called peat lands, bogs or mires. 

 Production of peat coal are in Scotland and 

England.  

4) Bituminous Coal 

 CV of bituminous coal is 17000-23250 KJ/KG. 

 Carbon content of bituminous coal is around 60-

80%. 

 Bituminous coal is intermediate in rank found in 

US to generate electricity. 

VI. EXPERIMENTATION 

Following data are measured from 210 MW coal fired 

thermal power plant.  

 

Sr. 

No. 

 

 

Parameters 

 

Unit 

 

 

Actual 

value 

 

1 

CO2 (by volume in dry flue 

gas at air heater outlet) 

 

 

 

% 14.25 

2 
CO ( by volume in dry flue gas 

at air heater outlet) 
% 10 

3 
O2 ( by volume in dry flue gas 

at air heater outlet) 
% 4.25 

4 
N2 ( by volume in dry flue gas 

at air heater outlet) 
% 81.5 

5 C(Total carbon/kg of fuel) % 30.72 

6 S (Total sulphur /kg of fuel) % 1.17 

7 T ( gas outlet temp at air heater C 193.5 

http://automationwiki.com/index.php/Boiler_Efficiency
http://automationwiki.com/index.php/Boilers
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outlet) 

8 
t (air temp from FD 

discharge/ref air temp) 
C 36 

9 M (moisture/kg of fuel) % 13.33 

10 H (hydrogen/kg of fuel) % 4.66 

11 GCV on volume basis KJ/kg 14,139 

12 h (moisture content/kg dry air) Kg/kg 0.013 

13 A (ash content kg/kg fuel) Kg/kg 33.25 

14 
Bottom ash percentage of total 

ash 
% 10 

15 Fly ash percentage of total ash % 90 

16 Carbon in fly ash % 0.6 

17 Carbon in bottom ash % 1.29 

Table 1: Actual Boiler Data 

VII. PROBLEMS OBSERVED AND THEIR SOLUTIONS 

A. Chocking of wet coal in chain feeder 

1) Solution 

Providing the piston cylinder arrangement at the outlet of 

the chain mechanism so that the coal will be feeded 

continuously to the boiler. 

B. Environmental Impact (huge amount of CO2 in the 

atmosphere) 

1) Solution 

Efficiency Improvement by using flue gas analyserand 

providing extra oxygen for complete combustion of coal by 

using variable frequency drive fans. 

C. Corrosion in boiler due to the oxygen entering with feed 

water 

1) Solution 

Internal heat treatment for dissolve oxygen by addition 

sodium sulphite. 

2Na2SO3          +     O2        =        2Na2SO4 (sodium sulfite)   

(oxygen)        (sodium sulfate) 

N2H4            +       O2             =       2H2O       +         N2 

(hydrazine)       (oxygen)          (water)           (nitrogen) 

VIII. CONCLUSION 

The efficiency calculation by indirect method is the best 

way to account all the Boiler losses. The important step to 

improve the performance of Boilers is the detailed study of 

the Boiler in the plant and then performing the efficiency 

calculation. The flue gas loss in a Boiler is always higher 

than any other lossso the stack temperature is to be 

monitored and reduced.To reduce the unburnt stack losses 

the flue gas analyser should be used to calculate the excess 

oxygen required .Moreover with regard to the coal (fuel), it 

should be ensured that it is of higher calorific value, low 

moisture and low ash content.Much of this loss in efficiency 

is due to mechanical wear on variety of components 

resulting heat losses. Therefore, it is necessary to check all 

the equipments periodically.PH level of boiler water should 

be maintained between 8.5 to 9.5 to avoid corrosion. 

Sodium Sulphite can be used while internal heat treatment to 

avoid corrosion due to oxygen in feed water. 
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