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ABSTRACT 
 

 In thermal power plant, coal and bio fuels are used as main sources of energy to the boiler for steam generation. Bio fuels such as 
sawdust; de oil bran is used in addition to the lignite in boiler. The main problem in the use of lignite and other fuels is having high 
moisture content results in decreasing in efficiency and consumption of more amount of fuel for generation of the same amount of steam. 
Use of lignite drying system will decrease the moisture content and results in increasing in calorific value of the coal, and thus the fuel 
consumption will be decreased. The dryer system utilizes the waste heat from power plant thus increasing the efficiency of the system. The 
dryer system by utilizing the waste heat from power plant will reduce the moisture content of fuel from 10 to 15 % thus increasing the 
combustion efficiency and will results in 1.17 % fuel cost reduction. 
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INTRODUCTION 
 
 All the fuels contain a quantity of physical 
moisture along with the combustibles. In addition, 
the combustion of fossil fuel (which contains 
hydrogen) releases water vapour with the flue gases. 
This total quantity of moisture will also be leaving 
the boiler territory at a high temperature along with 
other products of combustion. In almost all the 
practical cases, this temperature would be higher 
than 100 0C. Thus this total quantity of moisture 
takes away its requirement of latent heat of 
vaporization and the sensible heat of water and steam 
from the calorific value of the fuel. This represents 
the 'loss due to moisture in fuel. This also includes in 
the boiler losses. The presence of moisture in fuels 
consumes more amount of fuel and also emits high 
amount of CO2 into the atmosphere. This problem is 
the major issue in power plants. Fuel drying 
technology is one of the solutions for this problem. 
 
 1.2 Fuel Characteristics:           
 Lignite, often referred to as brown coal, is a soft 
brown fuel with characteristics that put it somewhere 

between coal and peat. It is considered the lowest 
rank of coal; it is exclusively used as a fuel for 
steam-electric power generation. Lignite is brownish-
black in color and has a carbon content of around 25-
35 %, a high inherent moisture content sometimes as 
high as 66 %, and an ash content ranging from 6 % to 
19 % compared with 6 % to 12 % for bituminous 
coal. The energy content of lignite ranges from 10 to 
20 MJ/kg (9 to 17 million BTU per short ton) on a 
moist, mineral-matter-free basis. However, its high 
moisture content and susceptibility to spontaneous 
combustion can cause problems in transportation and 
storage.  
        Bio fuels such as saw dust, De-oil bran are used 
in industries for steam generation. Bio fuels have a 
high moisture content which increases the emission 
of CO2.  
 
1.3 Flue Gas Characteristics:   
 Flue gas is gas that exits to the atmosphere via a 
flue, which is a pipe or channel for conveying 
exhaust gases from a fireplace, oven, furnace, boiler 
or steam generator. Quite often, it refers to the 
combustion exhaust gas produced at power plants. Its 
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composition depends on what is being burned, but it 
will usually consist of mostly nitrogen (typically 
more than two-thirds) derived from the combustion 
air, carbon dioxide (CO2) and water vapour as well as 
excess oxygen (also derived from the combustion 
air). It further contains a small percentage of 
pollutants such as particulate matter, carbon 
monoxide, nitrogen oxides and sulfur oxides.   
 The heat source is recovered from the boiler 
through flue gas to dry the fuel, the moisture content 
is reduced and efficiency is increased”. The main 
advantage of using flue gas is it has high heating 
source, to dry the fuel.            
 When coals with high moisture content are 
burned in a utility boiler, several percent of the fuel 
heat input is used to evaporate fuel moisture. This 
results in a higher flow rate of coal compared to low-
moisture coals and, consequently, a higher flow rate 
for flue gas, higher fan and mill power requirements 
(higher station service power), and lower boiler and 
plant efficiency. Mill, coal pipe, and burner 
maintenance costs also are higher compared to low-
moisture coals.    
 Previous research on high-moisture, low-rank-
coals from the western U.S. shows that using power 
plant waste heat to partially dry coals prior to firing 
them in the boiler can result in improvements in 
power plant heat rate, reductions in stack emissions, 
and lower maintenance costs. 
 
Objective of the Work: 
 The main objective of this project is to dry the 
fuel for boiler by utilizing the flue gas coming out 
from the boiler by using suitable dryer. By using 
suitable dryer it is possible to achieve the following 
factors to increase the efficiency of boiler. 
� To reduce moisture content from 40-50 % to 10-
15 % by using fuel drying system. 
� To reduce the amount of fuel consumption to 
generate the same amount of steam. 
 
2 .Literature Survey: 
 D. M. Bruce et al [4] surveyed potential sources 
and characteristics of wet fuels and assessed the 
benefits of drying, as indicated through an evaluation 
of drying technologies. For the technology 
assessments they relied primarily on technical reports 
and other literature on fuels and drying technologies, 
supplemented with personal contacts. They next 
prepared cost estimates using vendor and other 
literature sources as well as in-house information. 
The cost estimates allow very preliminary 
comparison of dryer options. Finally, they examined 
three case studies in terms of integrating dryers into 
thermal power plants. The basic benefits of drying 
are identified including higher combustion 
temperature and boiler efficiency, more flexible 
boiler operation, less or no support fuel, boiler 
debottlenecking and potential operating 
disadvantages are described such as furnace ash 

slagging. Flue gas dryers, the most common way of 
fuel drying today, are described. These include 
rotary, cascade and flash types. They presented the 
benefits and the limitations of different drying 
technologies and also manufacturers of dryers. 
 Godfrey analysed the power plant efficiency 
with and without moisture fuel. He also observed that 
usage of moisture fuel leads to higher capital cost 
and higher CO2 emissions with. He found out that 
less moisture leads to lower capital costs of power 
plant, higher efficiency, and lower fuel use and less 
CO2 emissions. And also described about the ways of 
drying brown coal. It had shown that lesser the 
moisture in fuels higher the efficiency of boiler. The 
other ways of drying brown coal is also described in 
this paper. 
 Gladstone Evans et al [12] described about the 
factors which leads to decrease in efficiency. Boiler 
losses are also described. Moisture content in fuel is 
also one among major boiler losses. Unburnt carbon 
values are tabulated based on type of fuel and 
furnace. Remedies were also mentioned for each 
boiler losses. Recommended values for excess air 
coefficient and boiler water concentration are 
tabulated in this report. 
 Edward Levy et al presented a project report on 
‘use of power plant waste heat to reduce coal 
moisture provides plant performance and 
environmental benefits’. The coal drying project 
which was cofounded by GRE (Great River Energy), 
involved laboratory coal studies to gather data and 
develop models on the factors which controls the 
rates of drying. In addition analyses were carried out 
to determine the relative costs and performance 
impacts of coal drying system and develop optimized 
drying system designs. In this project, PRB coals 
were first crushed and dried in the fluidized bed 
using various combinations of particle size, flow rate, 
relative humidity, and temperature of the fluidization 
air, heat flux from an in-bed heater and bed depth. 
Results for lignite and PRB coals showed that as the 
coal product moisture is reduced, boiler efficiency 
increases, net unit heat rate decreases and the feed 
rate of cooling tower makeup water decreases. In the 
case of a lignite drying system which results in a 20 
% decrease in coal moisture using a combination of 
waste heat from the condenser and heat from the 
boiler they obtained a 3 % improvement in boiler 
efficiency, a 3.3 % improvement in net unit heat rate, 
and a 3.3 % reduction in emissions. 
 Tony innocenzi presented the case study of 
Hazelwood 2030 Integrated Retrofit Project. It is 
about the Hazelwood site installations with dryer and 
boiler modifications. This project has implemented 
pilot CO2 capture scheme and explained about the 
process with flow diagram of entire process. It also 
mentioned about the coal drying with 3-D model. 
This project utilizes the low pressure and temperature 
steam from turbine extraction. In this, lignite is dried 
in a steam heated, static fluidized bed and the vapour 
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evaporated off the lignite is used for bed fluidization. 
The results had shown that decrease in moisture from 
62 % to 12 % and increase in efficiency from 2 to 4 
%. 
 K.Weigl et al [2] has studied the reduction of 
water content of primary fuel by integration of 
vapour condenser and water reintegration. The 
necessary heat for the drying process is taken from 
the process cycle in the form of low pressure steam. 
This paper discussed the use of process simulation 
programs for the thermodynamic optimization of the 
performance of complicated energy systems and 
presents six variants for increasing power plant 
efficiency by lignite drying. 
 L.Dragos et al has studied about the fluidized 
bed coal drying. The important losses because of the 
high moisture coal justified the studying of new 
drying possibilities, to avoid the introduction of 
resulting water vapour in the boiler. An experimental 
facility was built and tested for the fluidized bed 
drying of coal. Flue gas generated from the methane 
combustion was used as drying agent. Particle size 
distribution and technical analysis of raw coal was 
carried out. Variation of water and volatile matter 
content in dried coal, correlated with other operating 
parameters has been represented. The results 
obtained allowed to establish the main parameters for 
an efficient drying of high moisture coal. 
 Andrew Sinclair has studied about international 
power. It describes about the Hazel wood project 
where coal drying technology is implemented to 
improve efficiency of the plant and also to reduce 
CO2 emissions. This plant is implemented with flue 
gas heat recovery system for coal drying process. 
The results had shown that increase in cycle 
efficiency up to 7 % and increase in additional output 
about 15MW. The results show that drying 
technology of low rank coals can increase efficiency, 
decrease CO2 emission and decreasing the fuel 
consumption.  
 
2.1Conclusion from Literature Survey:  
 The literature survey has shown that the fuel 
drying system has been implemented to reduce the 
moisture content of the boiler fuels. It is evident from 
the literature that waste heat from the power plant is 
used for fuel drying to reduce moisture content, 
increasing the efficiency of boiler by decreasing the 

fuel consumption. The project implemented with fuel 
drying technology in power plants in many countries 
has shown the possibilities of drying by utilizing the 
waste heat from power plant.  
 
3. Description of the Project:  
3.1Moisture content: 
 Moisture content is the quantity of water 
contained in coal. Water content is used in a wide 
range of scientific and technical areas and is 
expressed as a ratio, which can range from zero 
(completely dry) to the value of the materials 
porosity at saturation. 
 
3.2 Water activity in coal: 
 Water activity is the measure of the availability 
of water in reactions such as chemical micro 
biological and enzymatic reactions. The water in a 
coal will exert a vapour pressure. The value of the 
pressure depends on the amount of water present in 
the coal, the temperature and composition of coal. 
Water activity is defined as the ratio of the vapour 
pressure exerted by the water to saturated vapour 
pressure of water at the same temperature 
 
3.3Moisturecontentmeasurement: 
 The method of determining moisture content of 
coal can be divided into two broad categories, direct 
and indirect methods. Direct methods determine the 
water content by removing the moisture. In contrast, 
indirect methods require measurement of electrical 
property, either conductance or capacitance. 
 
3.5 Procedure:   
Wet weight: 
 A sample of 10gm of wet coal is taken and it is 
measured by means of physical balance. 
 
Dry weight: 
 The 10gm of wet coal is dried by means of 
furnace for about 2 hours at 60 0C. Then the weight 
is measured by using physical balance. 
 By using formula, moisture content for coal 
mixture (coal and saw dust) is calculated as, 
 Percentage of moisture in coal mixture 

 = ×100 

 Coal mixture =42.8% 

 
3.6 Factors Affected Due To Moisture Content: 
 

S.No Factors With moisture condition With less moisture 
1 Fuel consumption rate 380-400 tons of fuel per day 360 tons of fuel per day 
2 Efficiency of boiler 70 % to 75 % 76 % to 80 % 
3 Co2 emission Greater than 20 % Less than 20 % 
4 Handling system 35 to 40 tons per hour 60 tons per hour 

 
4. Design of flue gas dryer: 
4.1 Flue gas dryer:  
 The project deals with the design of flue gas 
dryer to reduce moisture content in coal mixture. The 

flue gas dryer mainly consist of the dryer chamber, 
heat exchanger (cross flow). The flue gas is taken 
from stack of the chimney at 135 oC and gives it as 
input to the dryer through the heat exchanger. The 
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coal is transferred through the conveyor. The 
conveyor discharges the coal in the sprayer. The 
sprayer which spreads the coal evenly on the heat 
exchanger. Thus the heat transfer takes place which 
reduce the moisture in the coal mixture. 
 
The flue gas dryer involves two processes: 
• The transfer of heat to evaporate the water 
contained in the coal mixture. 
• The transfer of mass as internal moisture and 
evaporated liquid.  
 
4.2 Components description: 

 The dryer consists of following components 
• Dryer chamber  
• Heat exchanger 
 
4.3 Principle of operation:  
 Coal which is to be dried is passed through the 
heat exchanger at the top of dryer. The coal is 
spreaded over the tubes by means of sprayer. The 
flue gas passed into the inlet of heat exchanger at 135 
oC. The flue gas is circulated inside the tubes is 
transferred to the coal due to heat transfer property. 
Finally there is reduction in moisture content of coal 
which is discharged at the outlet of dryer. 

  
3D view of heat exchanger inside drying chamber : 

 

 
 
Conclusion and Future scope: 
• It is concluded that reduction of moisture present 
in fuel was done by using flue gas which exhausts 
from boiler chimney. Steam may be used as heat 
source for dryer to reduce moisture content in coal 
and analysis may also be performed.  
• In future Software may be developed for real 
time predictions of moisture content in coal before 
and after drying. 
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