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Abstract— In present scenario, as we all know that energy 

demand is increasing day by day. Due to this abundant use of 

natural resources they are getting depleted day by day and 

will be depleted in next 50 years. So, various alternatives 

must be used in order to reduce the use of natural resources. 

Biomass can be used as fuel in boilers which will prevent the 

use of fossil fuels like coal, natural gas and oil. Also it will 

reduce the emission of harmful gases and prevent the 

environment. This paper provide the review of various 

methods to improve the performance of boiler and effect on 

performance of boiler by using Biomass as a fuel.    
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I. INTRODUCTION 

Use of energy is increasing day by day. Fossil fuels such as 

coal, oil and natural gas are the major source of energy in 

recent trend. Due to its major use it is getting depleted and 

will be no more in coming years. The use of these fossil fuels 

emits harmful gases which cause problems to environment. 

In order to overcome from this problem caused due to use of 

fossil fuels, biomass must be used as a fuel in various 

industries as it has low harmful emissions and they can be 

renewed. 

There are large number of coal based Power Plant in 

India. Coal is used as fuel in various production and process 

industries. Coal is fired in the boilers and is used for steam 

generation and also for other heating purpose. In order to 

reduce the usage of coal and prevent the fossil fuel an 

alternate fuels must be introduce which can be used in boiler 

for production and processing industries. 

As boiler is the major unit in the industries today. It 

is necessary to improve the boiler performance .There are two 

ways by which we can study the performance of boiler 1) 

Direct method 2) Indirect method. The results of both this 

method varies after calculations. The coal which is found in 

India is low quality and has more ash in it. Hence, this low 

grade coal must be used in proper manner to obtain higher 

efficiency with proper design heating unit or system. When 

we use these fuels which have lower calorific value it causes 

problems when used as a fuel in boiler. Some of the fuels such 

as Rice husk, wood scraps, Agro waste and other low grade 

coal need greater furnace volume for its combustion. Some of 

the boilers like fire tube boiler and water tube boiler can be 

tested by using this kind of low grade fuels and biomass as a 

fuel. There are many researchers who have studied the 

performance of different types of boilers i.e. fire tube and 

water tube boilers. We can put our efforts to improve the 

performance of various components of industrial boilers by 

testing the efficiency of the boilers and losses occurred in the 

system by heat balance sheet. 

II. LITERATURE REVIEW 

A. Afshin Ghorbhani, Bahamin Bazooyar, Ahmad Shariati , 

et.al 

Authors have done the comparison between the biodiesel 

blends and diesel in an experimental boiler to study the 

combustion performance in boiler. 

Biodiesel is the alternate fuel which is used in boiler. 

It is made by trans-esterification reaction with methanol in 

presence of catalyst. Biodiesel and its blends, emits less 

pollutants than diesel. A blend B10 emits lower CO2 and 

NOx but emission of SO2 is more in it. The use of biodiesel 

in boiler shows that there is a reduction in emission of nitrox 

oxide. The main aim of these comparisons was to know the 

overall efficiency of using biodiesel and diesel. The Flue gas 

emissions at two energy levels at different air flow rates were 

measured. 

Biodiesel is considered to as the much good quality 

fuel than diesel under different air flow and energy input 

parameters. Diesel is efficient even at lower energy level 

whereas, diesel is not efficient at low energy level. Also the 

emission of nitrox oxide at lower energy level is less for 

diesel as compared to biodiesel. Biodiesel is compared to as 

the best replacement for diesel. The conclusion that biodiesel 

is a good fuel as compared to diesel is made by carrying out 

experiments using different air flow rates and energy 

inputs.[1] 

B. Brundaban Patro 

In this paper he has done the investigation of combination 

tube boiler by keeping in mind various factors to use it in 

commercial use. Two fuels are used one is Lignite and other 

is rice husk. Using this two fuels testing was done on 

combination tube boiler and the data were compared for both. 

Heat balance sheet was prepared in order to know the 

performance of combination tube boiler and various losses 

occurring in the boiler by using these two types of fuels. It is 

seen that the losses from unburnt in bottom ash is more as 

compared to other losses and this loss cannot be neglected. 

The one of the major of all losses is the loss due to dry flue 

gases.[2] 

C. Chetan T. Patel, Dr. Bhavesh K. Patel, et.al 

In this paper it is presented that the author had used various 

qualities of fuels like sub bituminous coal and Indian liginite 

coal in order to test the performance of the boilers. It is found 

that the coal with higher gross calorific value has higher 

efficiency when compared with low grade coal. Also in order 

to get the higher performance rate of the boiler the ash content 

and the moisture content the coal must be less or lower. [3] 

D.  J. Dias, M.Costa, J. L. T. Azevedo. 

Experimented small domestic boiler by using different 

pellets.13 KW commercial domestic boiler is used and pellet 
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is used as fuel for combustion. Measurements were carried 

out on the boiler system they are heat load, pellet 

consumption rate, flue gas temperature and composition of 

fuel. Various heat losses and losses due to incomplete 

combustion have been done. By using four different types of 

pellets as fuel thermal; efficiency of the boiler is 77%. 

The un burnt losses were maximum for these pellets 

when the diameter is greater than the standard used for the 

boiler. Under the steady state conditions the CO emissions is 

below 1500mg/Nm3. The Oxygen concentration in flue gas 

is about 13%.The emission of nitrox oxide depends on excess 

air and nitrogen content of the pellets. 

Boiler start up depends upon the combustion 

temperature and emissions from the combustion. CO 

concentration depends upon the combustion intensity.[4] 

E. J. Ganan , A.Al-Kassir, J.F. Gonzalez, J. Turegane, A.B. 

Miranda. 

Experiment was carried out on three stage Pirotublar boiler. 

According to his experiment on fire tube boiler performance 

for public heating, it is observed that the injection pressure 

and number of burners were the important parameters which 

were studied in the experiment. Boiler operation was carried 

out by varying the injection pressure and number of burners. 

The concentration of monoxide of carbon decreases when 

injection pressure increases. The loss due to the sensible 

enthalpy of fumes increases also the emission of carbon 

dioxide and increase the nominal power of the boiler. The 

maximum efficiency of the boiler is recorded at 95% for one 

burner having pressure of 9kg/sq cm/, and efficiency of 93% 

for two burner at a pressure of 12 kg/sq cm. Increase in 

pressure decrease the mass flow rate. And the mass flow rate 

increases as the oxygen percentage decreases.[5] 

F. J. Bujak 

He has done mathematical modeling in order to study the 

effects of boiler efficiency. The test was carried out in steam 

boiler room of provisional hospital for about 18 months. 

Results obtained during experimentation were crossed 

checked with the mathematical model prepared. It is seen that 

the efficiency of the boiler depends upon the total amount of 

heat losses obtain in order to produce the saturated steam. 

Energy balance, coefficient of thermal efficiency and energy 

losses of the steam boiler room are considered in the 

mathematical modeling. From the results it can be said that 

the steam boilers generates energy losses when operated at 

lower heat load (Q).In order to obtain the maximum 

coefficient of the thermal performance proper selection of the 

unit must be done. Mathematical model which is analyzed 

tells about the individual heart and energy balance parameters 

of the steam unit.[6] 

G. Madhav et.a 

Most the industries now days are using fuel on a wide range. 

Steam generators for process heating and for generation of 

power also requires large amount of fuel. In process heating 

large amount of heat is wasted in the form of hot water. This 

is generally heat energy wastage. 

In order to overcome this heat energy wastage heat 

recovery system project was done to prevent the loss hot 

water which also indirectly reduces the other losses.[7] 

H. Muhaisen and Hokama 

Visual basic program was invented by him in order to 

determine the performance of boiler which helps in 

determining the overall effectiveness of the system. Various 

losses in the boiler is identified by means of heat balance 

sheet. He said in his paper that the humidity factor plays a 

very important role in determining the performance of the 

boiler. Other factor which also effect the performance of the 

boilers are exhaust gas temperature and feed water 

temperature. Working conditions in which we are using the 

boiler also defines the performance. If the working conditions 

are reliable effectiveness will be higher and also the 

performance will be improved.[8] 

I. Poulik Kathiria, Patel Drumil, Gujjar Kaushik, et.al 

Various fuels having different calorific values were compared 

and analyzed. Gross calorific value is the heating value of the 

fuel. The increased gross calorific value of fuel results in the 

increased performance of the system. 

Other factors which are to be considered in order to improve 

the performance of boiler are the ash content, moisture 

content this are the important factor which effect the 

efficiency or performance of the boiler. Different losses are 

identified and compared. It is seen that when sub bituminous 

coal is used as fuel efficiency is 73% and when lignite is coal 

is used efficiency is 70%.[9] 

J. Seungro Lee, Sung-Min, Chang-Eon Lee 

Heat exchanger and boiler were analyzed by designing a 

small model of both of them, baffles of heat exchanger were 

designed and performance test were carried out on them. 

From the down-stream of heat exchanger exhaust gas sample 

were removed in order to measure the emission of nitrox 

oxide and carbon monoxide concentration in it. These tests 

were carried out number of times in order to obtain 

repeatability and then average values are taken from it and 

analyzed. 

Emission of nitrox oxide is about 30 ppm and that of 

carbon monoxide is 160 ppm and of oxygen is 0%, equivalent 

ratio is of about 0.70. Further more study is required in order 

to improve the performance of boiler or its output by reducing 

the harmful emissions.[10] 

K. Sae Byul Kang, Jong Jin Kim, et. Al 

Renewable energy sources are on great demand now days, 

because the fossil fuels are going to extinct due to its 

abundant use in past days. In this project the author has 

preferred wood pellets as a source of renewable energy for 

replacing fuel in boiler. Its tests were analyzed by 

development of test facility. 

It is observed that in order to achieve the desired 

thermal performance it is mandatory to maintain the inlet and 

outlet temperature at +-2 degree celcius by controlling the 

flow rate of cooling water.[11] 

L. S.P. Nangare 

In his paper he said that due to abundant use of fossil fuels in 

power generation there is the depletion of fossil fuels day by 

day. In order to prevent this fossil fuels from depletion 

measures must be taken to prevent the fossil fuels from 

depleted. Therefore this fossil fuels are replaced by renewable 
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energy resources and arte used as fuel in power generation 

sector generally in boiler as a fuel. Testing was done by using 

various fuels and performance was compared. In this paper 

sugarcane bagasse was used as alternate for fossil fuel and 

test were compared.[12] 

M. V.K. Verma , S. Bram, et. al 

Performance was carried out on 40 KW boiler by using muti 

fuels.The fuels are obtained from agro biomass pellets and 

were analyzed and compared. Different fuesl used for 

comaprisons were apple romace, canary grass, wood pellets, 

sunflower husk, straw pellets. These fuels have emissions of 

carbon monoxide, nitrox oxide, carbon dioxide, and alkalies, 

sulphur dioxide and dust masses. 

It is observed that wood pellets have higher 

efficiency of 92.4%.When peat is use3d as fuel it has high 

amt of emission of carbon monoxide and hydrocarbons. 

Using straw pellets as fuel gives maximum emission of nitrox 

oxide and sulphur dioxide as compare to other fuels. Straw 

has higher amount of ash content in it an also the melting 

point of ash is low, therefore cannot be used a fuel for 

domestic applications. The fuel which is suitable to be used 

for domestic applications are canary grass, agro pellets, and 

apple pellets as it has less ash content and emission are less 

as compared to other fuel. It is found that if ash content is 

more it will effect the components of the system by corrosion 

and fouling.[13] 

III. CONCLUSION 

1) Heat balance sheet is prepared in order to identify the 

performance of the boiler. Direct method and indirect 

method is employed in order to calculate the efficiency 

of the boiler. 

2) There are losses in the boiler which are must in order for 

comparisons of the performance. 

3) Abundant use of fossil fuel has made us to think toward 

the replacement of fossil fuel. 

4) From the researches it is found that biomass such as rice 

husk, wood pellets, apple pellets, sugarcane bagasse, and 

low grade fuels can be used as fuel. 

5) Its tests were compared and found that higher the 

calorific value higher the efficiency. Also, the ash 

content, humidity level, moisture content also effects the 

performance of the boiler. 

6) Higher the ash content and higher the moisture content 

the performance of boiler is reduced. 

7) The researcher has compared the performance of the 

comparison by using the rice husk and lignite on 

combination tube boiler and founded that losses due to 

unburnt bottom ash is more, and the performance 

obtained was optimum with this low grade fuels. 

8) GCV of the fuel is the important parameter which is to 

be discussed for better performance. 

Low grade biomass fuel must be selected and its comparisons 

on the boiler should be done and justified. 

We can also compare the efficiencies of the boiler 

by using same fuel on fire tube boiler, and justify the results 

which we will obtain after comparison. 
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