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Abstract 

 

This thesis discusses about the options for re-burning of bottom ash which is currently discarded 

as a waste from Lakvijaya power station that has got the largest pulverized coal fired boilers in 

Sri Lanka. This study has been conducted to evaluate the contents of the bottom ash and the 

possibilities of re-burning the bottom ash to recover the energy of the bottom ash before sending 

to the dumping yard. Thereafter the advantages in terms of economy are evaluated.  

 

The results illustrate that re-burning of the bottom ash will recover the loss of chemical energy 

due to the unburned carbon content of the bottom ash, loss of ash enthalpy due to the sensible 

heat of the bottom ash and loss of radiation through boiler throat in spite of the opening area of 

the boiler throat to the submerged scrapper conveyer, recovering of these energy sectors will 

increase the boiler efficiency while other operational costs such as unscheduled outage of the 

boiler, ash disposal costs, chemical costs, maintenance costs including spare parts are also 

discussed. To achieve the above process of re-burning the bottom ash will require some process 

modification to the existing system which is also proposed. Finally the investigation is extended 

to evaluate and implementing of such a project to find out the project IRR. 

 
The results shows that the potential recoverable energy of the bottom ash is expected to be 

1,369kW which will lead to 0.18% increase of efficiency in the boiler. This will result in 1,699 

MT of annual total coal saving which has a monetary value of 29.6 million rupees. The 

introduction of this re-burning process will make an effect on the fly ash output which has a 

remarkable monetary value due to the demand of cement and roofing manufacturers in Sri 

Lanka. The increase of the fly ash production will generate further 2.22 million rupees per year. 

Anyway this revenue is expected to be enhanced after the introduction of new price strategies for 

the bidders by competitive basis.  

 

The introduction of new process has some challenges to overcome specially the incombustible 

contents in the bottom ash specially the SiO2. The percentage increase of the SiO2 in the fuel is 

discussed and this will result in decrease of boiler efficiency in the degree of 0.01% which is 

negligible according to the Harbin boiler manufacturer. Finally a supplier was found who 

manufactures such systems which have a compatibility with vast range of boiler manufacturers’ 

including Harbin and feasibility study has been done accordingly which gives a result of 20.6% 

IRR for 240.1 million rupees of investment during a 30 year period.  

 

Key words: Submerged scrapper conveyer, Recovery, Boiler efficiency, Bottom ash, Fly ash, 

Coal, Re-burning 
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1. INTRODUCTION 

 

1.1.Background 

 

The Lakvijaya power Station is located at Narakkalliya, Norochcholai approximately 

12km west of the city of Puttalam which is to be developed in three stages with an 

ultimate capacity of 900MW. The scope of the first stage covers the installation of steam 

turbine, generator and the coal fired unit with a capacity of 300MW, along with the 

associated power transmission system, site infrastructure and auxiliary systems. The 

project includes coal supply facilities as well as coal storage and ash disposal. The 

function of the bottom ash handling system is to collect, convey and store bottom ash in 

bottom ash bin from the bottom ash hopper. The bottom ash will be transported away 

from the bottom ash bin by trucks periodically. 

 

The bottom ash handling system shall be completed, to meet the requirements of the 

system function. The main requirements include submerged scrapper conveyer, bottom 

ash bin, overflow pump, high efficiency concentrator, sludge pumps, piping and valves, 

supports and hangers, instruments and control components. 

Bottom ash discharged from the boiler will be collected in submerged scrapper conveyer 

(SSC) and be cooled and grained, then be discharged to bottom ash bin. One adjusted 

speed SSC will be provided for the one boiler. The maximum capacity of SSC is more 

than 400% of bottomash (Design coal) amount of boiler operation at boiler maximum 

continuous rating (BMCR). The normal capacity is 5t/h and maximum capacity is 20t/h. 

the bottom ash bin will be of steel cylinder construction (diameter is 6m) having suitably 

sloped conical outlet. Bottom ash bin have effective capacity (V=70m
3
) to store 35 hours 

bottom ash with design coal. From the bottom ash bin outlet the semi-dry bottom ash 

will unload to open trucks. 

 

Overflow water of submerged scraper conveyer goes to the overflow water sump then 

pumped into high efficiency concentrator by overflow pumps.  
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There are two overflow pumps for the boiler keeping one is normally working while the 

other one is standby. One high efficiency concentrator (HEC) is installed in the boiler. 

The clarified water from high efficiency concentrator will flow to the bottom ash water 

sump, there are two submergible pumps cooling water pumps in it, the warmer bottom 

ash is pumped to the mechanical cooling tower for cooling and one cooling tower is 

provided for each boiler. Then the cooled water flows to the bottom ash cooling water 

sump beside, there are two submerged pumps in it. The water will be carried back to the 

submerged scraper conveyer for cycle utilization as bottom ash cooling water. 

 

The diameter of high efficiency conveyer is 8m and the effective capacity is 210m
3
. Two 

sludge pumps are installed under high efficiency concentrator, for conveying the deposit 

from the bottomash of the high efficiency concentrator back to the submerged scrapper 

conveyer. The water from dewater element of bottom ash bin conical part and the 

flushing water for the ground of bottom ash bin will be collected in sludge sump then be 

pumped back to the submerged scrapper conveyer by two sludge pumps. 

Table 1.1 

Technical data of bottom ash handling system 

Equipment Capacity 

Submerged scrapper conveyer 19kW 

Bottom ash bin 70m
3
 

Overflow pump 15kW ;70m
3
/h 

High efficiency concentrator 210m
3
 

Sludge pump 11kW ; 40m
3
/h 

Sludge pump for high efficiency concentrator 15kW ; 40m
3
.h 

Cooling tower pumps 30kW ; 140m
3
/h 

Bottom ash cooling water pumps 30kW ; 140m
3
/h 

Cooling tower  7.5kW ; 70m
3
/h 

 

With the vibrators and other auxiliaries the total power consumption is 140kW. 
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1.2.Fly Ash Handling System 

The function of the fly ash handling system is to collect; transport and store fly ash from 

the outlet of the ESP hoppers to fly ash silo. Then the ash from the fly ash silo will be 

transported away by trucks periodically. 

Table 1.2 

Water consumption of ash handling system 

 

 

Figure1.1- Schematic flow of bottom ash handling system 

Water consumption 

point 

Quantity 

(m3/h) 

Average 

quantity 

(m3/h) 

Pressure 

(MPa) 

Working 

type 

Water 

supply 

type 

Complementary water to 

bottom ash handling 

system 

10 10 0.2 Continuous Service 

water 

Water for ash 

conditioners 

50 3.73 0.5 Periodical Treated 

waste 

water 
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2. FUEL AND COMBUSTION CALCULATIONS 

 

In a steam generation process fuel plays an important contribution at the cost of the 

steam generation. It determines the process design, operation, and performance of the 

boiler. Some of the most fuel flexible boilers such as fluidized bed boilers are fuel 

dependent, even though to a lesser degree. Therefore the process design or even the 

design planning must be started after finalizing of the fuel to be used. From the coal yard 

to the waste disposal yard/bottom ash yard and the stack, almost all the things depend on 

the characteristics of the fuel. 

These combustion calculations are based on the stoichiometry of the combustion 

reactions and it leads to typical boiler design with the combustion calculations. So this 

step is called as stoichiometry calculations. It determines the specifications of most 

critical items of a power plant like primary air fans, farced draft fans, induced draft fans, 

fuel, waste water treatment plants, coal conveyers, stack size, flue gas desulfurization 

systems and finally the size of the boiler. 

The following sections briefly express the combustion characteristics of different fossil 

fuels used in coal fired power plant boilers. It also presents formulae for combustion 

calculations. Such calculations are often based on the weight on the unit weight of fuel 

burnt. 

2.1 Features of Fuel 

Fossil fuels are found in gaseous, liquid or solid form. The following section presents a 

discussion of the essential features of the solid fuels. 

2.1.1 Solid fuels 

Coal is a diverse substance formed through millions of years of transformation of plant 

and mineral matter underground. Depending on the length of this process (known as 

coalification) we get in ascending order of age solid fuels like peat, lignite, sub 

bituminous coal, bituminous coal and anthracite.  
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2.1.1.1 Composition of coal 

 

Coal consists of an inorganic impurity known as ash, moisture, and large number of 

complex organic compounds. The organic compounds consist of five principal elements 

carbon, hydrogen, oxygen and sulfur and nitrogen. For this reason the chemical analysis 

of coal is generally determined in terms of these elements. This analysis is called 

ultimate analysis. The mass fraction of these chemical elements in the fuel is determined 

according to the ASTM standard D3176 for coal. 

 

Figure 2.1- Bases of representation of coal composition 

Owing to the experimental complexity involved in ultimate analysis another simplex 

method known as proximity analysis is often used in the power plants. In proximity 

analysis coal is considered to consist of four components. Volatile matter (VM), fixed 

carbon (FC), ash (A), and moisture (M).it is determined following the ASTM standard 

D3172. 

Carbon is the major combustible in the coal. It exists in the form of fixed carbon and 

volatile matter (CH4, C2H3, CO).Fixed carbon is the solid fuel left in the furnace after 

volatile matter is distilled off. It consists mostly of carbon but also contains some 



6 
 

hydrogen, oxygen, sulphur and nitrogen not driven off with the gases. Fixed carbon 

gives a rough estimate of heating value of coal. Volatile matters are the methane, 

hydrocarbons, hydrogen and carbon monoxide, and incombustible gases like carbon 

dioxide and nitrogen found in coal. Thus the volatile matter is an index of the gaseous 

fuels present. Typical range of volatile matter is 20 to 35%.  

Volatile matter  

• Proportionately increases flame length, and helps in easier ignition of coal.  

• Sets minimum limit on the furnace height and volume.  

• Influences secondary air requirement and distribution aspects.  

• Influences secondary oil support  

 

The greater the geological age of the coal, the greater the extent of carbonization and 

higher the carbon content. Hydrogen in coal which account for 3-6% of its content, 

combines with oxygen, producing steam during combustion. This steam in the flue gas is 

a potential source of heat loss in a boiler. 

The oxygen content of the coal varies widely. Depending on the degree of the 

carbonization it may move up from 2% for anthracite to 20% forlignite. The nitrogen 

content in coal is small (0.5-2%) coal forms nitrogen oxides during combustion and thus 

environmental pollution. 

Sulfur, which is another source of air pollution, exits in three forms: organic sulfur, FeS 

and sulfates (CaSO4, MgSO4 and FeSO4). Sulfate is a constituent of ash. It cannot be 

oxidized. Combustible sulfur includes organic sulfur and FeS. Its heating value is about 

900kJ/kg. 

Coal may have moisture in two forms: inherent and surface. The surface moisture (Ma), 

which is gathered by the coal during the storage, etc., can be removed by air drying. 

However the inherent moisture (Mi), which is trapped in coal during its geological 

formation, is not released except during combustion. 
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 In any case, these two forms of moisture and that formed through combustion of 

hydrogen in the coal; contribute to the moisture in flue gas. 

2.1.1.2 Ash in coal 

 

Ash comprises the inorganic solid residues left after the fuel is completely burned. Ash 

is an impurity that will not burn. Typical range is 5 to 40%. 

It reduces handling and burning capacity.  

• Increases handling costs.  

• Affects combustion efficiency and boiler efficiency  

• Causes clinkering and slagging.  

 

Its primary ingredients are silicon, aluminum, iron and calcium. Small amounts of 

compounds of magnesium, titanium, sodium and potassium may also present in ash. Ash 

is determined by heating a sample of coal at 800°C for two hours under atmospheric 

conditions. The procedure is given in the ASTM D3174. 

Fusion of ash is an important characteristic of coal. It generally influences the boiler 

design. Ash fusion temperatures can be measured using ASTM test D1857. When a 

conical sample of ash is slowly heated it goes through four stages.  

1. Initial deformation temperature (IDT) is reached when a slight rounding of the 

apex of the cone of ash sample occurs. 

2. Softening temperature (ST) is reached when the sample is fused down to a 

spherical lump, whose height is equal to its width. 

3. Hemispherical temperature (HT) is marked by further fusion of the ash when the 

height of the cone is one half of the width of its base. 

4. Fluid temperature (FT) is the temperature at which the ash spreads out in a flat 

layer with a maximum height of 1.6mm. 
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2.1.1.3 Analysis of coal 

The ultimate or proximity analysis of coal may be based on different bases depending on 

the situations. Generally four bases are used:  

1. As received 

2. Air dry 

3. Dry 

4. Ash free 

A comparison of different bases of coal is shown in table 2.1. When as received base is 

used, the results of ultimate and proximate analysis can be written as follows. 

As received basis 

Ultimate 

C+H+O+N+S+A+M =100%        (2.1) 

Proximate 

VM+FC+M+A = 100%        (2.2) 

The percentage of each constituent is represented by the constituent in italics. For 

example C represents the percentage of C or carbon in coal as measured by the ultimate 

analysis. One can covert the “as received” composition into other basis as follows. 

Air dry basis: 

Cf  =  
100𝐶

100 −𝑀𝑎
%                                                                                                            (2.3) 

          

Where Ma is the mass of surface moisture removed from 100kg of moist coal after 

drying it in air. Similarly, other constituents of coal can be expressed in this basis. 
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Total dry basis: 

Cg  =
100𝐶

100 −𝑀
%                                                                                                                     (2.4) 

Where M is the total moisture (surface +inherent) in coal, i.e., 

M=Ma+Mi          (2.5) 

Other components can be found in similar way.  

Dry and ash free basis: 

Cr =  
100𝐶

100 −𝑀 − 𝐴
%                                                                                                             (2.6) 

Where (100-M-A) is the mass of coal without the moisture and ash. 

For a check one should add up percentages of all constituents on any basis to get 100%. 

C
r
 + H

r
 + O

r
 + N

r
 + S

r
 = 100%       (2.7) 

C
g
+ H

g
 + O

g
 + N

g
+ S

g
 + A

g
 =100%       (2.8) 

C
f
 + H

f
 + N

f
+ S

f
 + Mi

f
 = 100%       (2.9) 

2.1.2 Heating value of fuel 

If we burn 1kg of fuel completely and then bring the product gas and solids to the pre-

combustion temperature of the fuel, we get an amount of heat called higher heating 

value, or HHV. It is also called gross calorific value. It can be measured in a bomb 

calorimeter using the standard ASTM method D2015. 

The exhaust flue gas temperature of the boiler is generally in the range of 120-180 °C. 

Hence the product of combustion is rarely cooled to the initial temperature of the fuel, 

which is generally below the condensation temperature of the steam. The water vapor in 

the flue gas does not condensate and the latent heat of the vaporization is not recovered. 

Thus the effective heat available for use in the boiler is less than the chemical energy 

stored in the fuel. This lower heating value (LHV) is equal to the higher heating value 
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less than the condensation heat water vapor in the flue gas. The relationship between the 

higher heating value and the lower heating value is given by 

LHV =  HHV – 𝑟  
9𝐻

100
+

𝑀

100
                                                                                           (2.10) 

Where LHV, HHV, H and M are lower heating value, higher heating value, hydrogen 

percentage and moisture percentage respectively, on an as received basis. Here r is the 

latent heat of steam in the same units as HHV. 

2.2 Heat Balance 

Heat absorbed by the steam comes from the heat released by the fuel combustion. For a 

variety of reasons the fuel does not burn completely, and also the heat released cannot be 

fully utilized. Heat loss is unavoidable. A heat balance shows how much heat is 

effectively used and how much of it is wasted. The purpose of a heat balance is to 

determine the sources of the heat losses and to find out the ways to reduce them to 

improve the boiler efficiency. 

2.2.1 Concept of heat balance  

Figure 2.2 schematically shows the heat balance of the pulverized coal (PC) fired 

furnace. In a steady state the heat input, heat utilization, and heat losses in 1kg may be 

given as, 

 

Figure 2.2- Heat balance of boiler 



11 
 

𝑄 = 𝑄1 +  𝑄2 + 𝑄3 + 𝑄4 + 𝑄5 +  𝑄6       (2.16) 

Where  

Q = available heat of the coal fired 

Q1= heat absorbed by the steam (Utilized by the boiler) 

Q2 = Heat loss through stack gas 

Q3 = Heat loss by incomplete combustion 

Q4 = Heat loss owing to unburned carbon 

Q5 = Heat loss owing to convention and ration from the furnace exterior 

Q6 = Heat loss through the sensible heat of ash and slag 

 

To express the heat losses in percentages we divide the both sides by the Q 

100 = 𝑞1 + 𝑞2 + 𝑞3 + 𝑞4 + 𝑞5 + 𝑞6       (2.17) 

Where;𝑞1 =
𝑄1

𝑄
 100 , Represent the percentage of the available heat. 

Boiler efficiency is defined by the ration of heat absorbed by the boiler and the heat 

provided by the fuel. It is given by 

ηbe = 
𝑄1

𝑄
 100 = 100 − (𝑞2 + 𝑞3 + 𝑞4 + 𝑞5 + 𝑞6)     

 (2.18) 

2.2.2 Input heat to the boiler 

 

The total heat input to the coal fired boilers is given by 

𝑄 = 𝐿𝐻𝑉 + 𝐻𝑓 + 𝑄𝑤𝑟 + 𝑄𝑤 −𝑄𝑐𝑑  kJ/kg      (2.19) 

Where  

LHV =lower heating value of fuel, as received basis 

Hf= Sensible heat of the fuel 

Qwr= Sensible heat carried bythe air when heated by the external air heater 

Qwh= Total heat of the fuel atomizing steam 

Qcd= Heat spent in the decomposition of carbonates, it is proportional to the amount of 

CO2 released by decomposition. 

The sensible heat of fuel is given by 
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Hf= CpfTf kJ/kg         (2.20) 

Where; 

Cpf= Specific heat of the fuel as received basis 

Tj= Fuel temperature at the burner  

 

The sensible heat of the coal, Hf may be neglected if the coal is not preheated, but its 

moisture percentage, M is excessive, it is necessary to consider the Hf. 

Specific heat of the fuel is calculated based on the equation 

𝐶𝑝𝑓 = 𝐶𝑝𝑓
8

100 −𝑀

100
+

𝑀

100
kJ

kg
                                                                                                (2.21) 

Where 𝐶𝑝𝑓
8 = specific heat,on dry basis, kJ/kg. 

2.2.3. Heat losses 

Different heat losses are analyzed as follows. 

a) Waste gas losses 

The enthalpy of the flue gas escaping from the boiler is higher than that of combustion 

air entering the boiler so there is a net heat loss. The loss is given by 

𝑞2 =
𝑄2

𝑄
100 =

 𝐼𝑔 − 𝛼𝑎𝐼𝑎
0  100 − 𝑞4 

100𝑄
100%                                                       (2.22) 

Where; 

𝐼𝑔         = 𝐹𝑙𝑢𝑒 𝑔𝑎𝑠 𝑒𝑛𝑡𝑎𝑙𝑝𝑦 𝑎𝑡 𝑡𝑒 𝑒𝑥𝑖𝑡 𝑜𝑓 𝑡𝑒 𝑎𝑖𝑟 𝑒𝑎𝑡𝑒𝑟,
𝑘𝐽

𝑘𝑔
𝑓𝑢𝑒𝑙 

𝐼𝑎
0        = 𝑇𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑐𝑜𝑙𝑑 𝑎𝑖𝑟 𝑒𝑛𝑡𝑎𝑙𝑝𝑦 𝑒𝑛𝑡𝑒𝑟𝑖𝑛𝑔 𝑡𝑒 𝑏𝑜𝑖𝑙𝑒𝑟 

𝛼𝑎     = Ex𝑐𝑒𝑠𝑠 𝑎𝑖𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑎𝑡 𝑡𝑒 𝑒𝑥𝑖𝑡 𝑜𝑓 𝑎𝑖𝑟 𝑒𝑎𝑡𝑒𝑟 

 

100−𝑞4

100
=Correction factor owing to the difference between calculated and actual fuel 

consumption. 
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 This loss (𝑞2) increases with increase in exit flue gas temperature. Generally 𝑞2 

increases by 1% when the exit flue gas temperature increases by 10 . So it is 

desirable to reduce the exit gas temperature as much as possible. However, when the 

exit flue gas temperature is below the dew point, the sulfur dioxide of the gas 

deposits as sulfuric acid. So the corrosion of metals in the air heater sets in. The flue 

gas from the combustion of a high sulfur fuel would have a higher dew point. 

Therefore a boiler designed for this fuel would require a higher exit gas temperature. 

For large boilers, the stack gas temperature is chosen in the range of 110-180 . 

b) Heat loss by incomplete combustion of gaseous components (𝑞3) 

 Heat loss owing to incomplete combustion is caused by escape of combustible gases 

such as CO, H2, CH4, with the flue gas. Heat loss by incomplete combustion per 1kg 

fuel is the sum of combustible gas volume multiplied by heating value. It is also 

corrected for un-burnt solid carbon loss, 𝑞4. 

𝑞3 =
𝑄3100

𝑄
=  𝑉𝑔(126.4𝐶𝑂 + 108 𝐻2 + 358.2 𝐶𝐻4)(100-𝑞4)

100

100𝑄
   (2.23) 

 Where CO, H2, and CH4 are volume percentages of carbon monoxide, hydrogen, and 

methane in the flue gas. 

 A good mixing between the fuel and air and proper furnace aerodynamics can reduce 

the combustible loss. For reduction of CO loss, the furnace temperature should not 

be too low. The incomplete combustion loss (𝑞3) is generally small. For example, in 

a pulverized coal furnace, 𝑞3=0; gas or liquid fuel furnace, 𝑞3 = 0.5%; stroke firing 

of coal, 𝑞3=0.5-1%. 

c) Heat loss owing to unburned carbon (𝑞4) 

 Unburned carbon is present in the bottom ash and in the fly ash. So the total 

heat loss owing to unburned carbon (𝑞4) is the sum of carbon in the flyash (𝑄𝑓𝑎 ) and 
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bottom ash (𝑄𝑏𝑎 ) multiplied by their heating values. The heat loss 𝑞4 as percentage of 

heat input is 

𝑞4 = 100
𝑄4

𝑄
=

25,300

𝑄
 
𝐺𝑏𝑎𝐶𝑏𝑎 + 𝐺𝑓𝑎𝐶𝑓𝑎

100𝐵
 100%                                                  (2.24) 

Where; 

𝐺𝑏𝑎 = 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑏𝑜𝑡𝑡𝑜𝑚 𝑎𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑜𝑣𝑒𝑟 𝑜𝑛𝑒 𝑜𝑢𝑟 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒,𝑘𝑔/ 

𝐺𝑓𝑎 = 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓𝑓𝑙𝑦 𝑎𝑠 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑜𝑣𝑒𝑟 𝑜𝑛𝑒 𝑜𝑢𝑟 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒,
𝑘𝑔


 

𝐶𝑓𝑎 ,𝐶𝑏𝑎 = 𝐶𝑎𝑟𝑏𝑜𝑛 𝑐𝑜𝑛𝑡𝑒𝑛𝑡𝑠 𝑖𝑛 𝑓𝑙𝑦 𝑎𝑠 𝑎𝑛𝑑 𝑏𝑜𝑡𝑡𝑜𝑚 𝑎𝑠 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦, % 

𝐵   = 𝐴𝑐𝑡𝑢𝑎𝑙 𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑑𝑢𝑟𝑖𝑛𝑔 𝑡𝑒 𝑎𝑏𝑜𝑣𝑒 𝑜𝑛𝑒 𝑜𝑢𝑟 𝑝𝑒𝑟𝑖𝑜𝑑,
𝑘𝑔


 

Ash leaves the bed either through bottom ash or fly ash. We define 𝑋𝑏𝑎  and 𝑋𝑓𝑎  as the 

mass fraction of total ash exiting though the bottom ash drain and the fly ash 

respectively. An ash balance is carried out to calculate the amounts of fly ash. 

𝑋𝑓𝑎 + 𝑋𝑏𝑎 = 1                                                                                                                         (2.25) 

The individual ash fraction can be found as follows. 

𝑋𝑏𝑎 =
𝐺𝑏𝑎  100 − 𝐶𝑏𝑎  

𝐵𝐴
                                                                                                         (2.26) 

        

𝑋𝑓𝑎 =
𝐺𝑓𝑎  100 − 𝐶𝑓𝑎  

𝐵𝐴
                                                                                                          (2.27) 

Where;  A is the percentage of ash in the fuel. 

Substituting in the equation (2.24) we get, 

𝑞4 =
25,300𝐴

𝑄
 

𝑋𝑏𝑎𝐶𝑏𝑎
100 − 𝐶𝑏𝑎

+
 1 − 𝑋𝑏𝑎  𝐶𝑓𝑎

100 − 𝐶𝑓𝑎
                                                                  (2.28) 

At the design stage of the boiler the following values of 𝑞4  may be taken in the 

literature, as the shown below. 
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For a pulverized coal fired boiler: 

Bituminous coal and slag tap furnace, 𝑞4≤6% 

Anthracite, 𝑞4≤8% 

For gas fired and oil fired boilers, 𝑞4 = 0 

The heat loss owing to unburned carbon depends on the types of fuel, furnace firing 

equipment construction, boiler load, operating conditions, furnace temperature, and the 

air fuel mixture. 

d) Heat loss owing to surface radiation and convection 𝑞5 

When a boiler is in operation, the external surface temperature of the furnace, flue gas 

ducts, steam tubes, and headers is higher than that of the ambient. The heat loss is 

caused by heat transfer from the surfaces to ambient through convection and radiation. 

The heat loss primarily depends on surface area of furnace wall, insulating layer of 

tubes, and ambient temperature. The heat loss is calculated by 

𝑞5 =
∑𝐹𝑠𝑏
𝐵

 𝑐 + 𝑟  𝑇𝑠𝑏 + 𝑇𝑜 𝑘𝐽/𝑘𝑔(2.29) 

And 

𝑞4 =
𝑄5

𝐵
100% 

Where; 

∑𝐹𝑠𝑏 = 𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑏𝑜𝑖𝑙𝑒𝑟 𝑒𝑥𝑝𝑜𝑠𝑒𝑑 𝑡𝑜 𝑡𝑒 𝑎𝑚𝑏𝑖𝑒𝑛𝑡,𝑚2 

𝑐 = 𝐶𝑜𝑒𝑓𝑓𝑖𝑒𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑏𝑦 𝑡𝑒 𝑐𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛, 𝑘𝑊/𝑚2℃ 

𝑟 = 𝐶𝑜𝑒𝑓𝑓𝑖𝑒𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑏𝑦 𝑡𝑒 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛,𝑘𝑊/𝑚2℃ 

𝑇𝑠𝑏 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑜𝑓 𝑡𝑒 𝑏𝑜𝑖𝑙𝑒𝑟 𝑠𝑢𝑟𝑓𝑎𝑐𝑒,℃ 

𝑇𝑜 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑚𝑏𝑖𝑒𝑛𝑡 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒,℃ 

𝐵 = 𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑡𝑖𝑜𝑛 𝑖𝑛 𝑘𝑔/𝑠 
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Fuel consumption increases in direct proportion to boiler capacity, but the exterior 

surface of the boiler does not increase at that proportion. So the convection and radiation 

loss from the boiler as percentage of the heat input 𝑞5 decreases with increase in boiler 

capacity. Since the heat loss is very difficult to measure, 𝑞5  is obtained from the 

experimental data. Modern water wall cooled circulating fluidized bed boilers have a 

lower radiation loss than the other boiler types. 

When a given boiler operates at the low load, the skin temperature of the outer casing of 

the boiler does not change much. Thus while the heat loss 𝑞5 does not change much, the 

heat input Q decreases. So the part load loss 𝑞5
,
 increases with decreasing boiler load. 

 

Figure 2.3- Heat losses with boiler capacity 

𝑞5
, =  𝑞5

𝐷

𝐷,
                                                                                                                                             (2.30) 

     

𝐷,𝐷, = 𝐵𝑜𝑖𝑙𝑒𝑟 𝑟𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦, 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦, 𝑘𝑔/𝑠 

 In boiler calculations heat loss owing to surface radiation and convection ineach section 

of the heating surface should be considered. To simplify the calculations, the difference 

in design and ambient temperature in different sections of flue gas ducts were ignored, 
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and the heat loss is assigned in proportion to the amount of heat transfer from each 

section. Under these conditions following formula can be used to find out the heat loss. 

∅ =

𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑡𝑜 𝑡𝑒
𝑒𝑎𝑡𝑖𝑛𝑔 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑡𝑜 𝑡𝑒 𝑠𝑡𝑒𝑎𝑚 𝑜𝑟 𝑤𝑎𝑡𝑒𝑟

(𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑓𝑟𝑜𝑚 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑡𝑜 𝑠𝑡𝑒𝑎𝑚 𝑜𝑟 𝑤𝑎𝑡𝑒𝑟 +
𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑓𝑟𝑜𝑚 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑡𝑜 𝑎𝑚𝑏𝑖𝑒𝑛𝑡)

                                      (2.31) 

The heat preservation coefficient is equal to the ratio of heat released by flue gas to heat 

absorbed by steam or water. If we assume it to be constant for all steam/water sections 

of the flue gas passage,  is given by, 

∅ =
𝑄1 + 𝑄𝑎

𝑄1 + 𝑄𝑎 + 𝑄5
                                                                                                         (2.32) 

Where;           

𝑄𝑎 = 𝐻𝑒𝑎𝑡 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑏𝑦 𝑡𝑒 𝑎𝑖𝑟 𝑒𝑎𝑡𝑒𝑟 

𝑄1 = 𝐻𝑒𝑎𝑡 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑏𝑦 𝑡𝑒 𝑤𝑎𝑡𝑒𝑟 𝑎𝑛𝑑 𝑠𝑡𝑒𝑎𝑚 

e) Heat loss of ash and slag (𝑄6) 

When solid fuel is burned ash and slag leave the furnace at a rather high temperature 

(about 600-800℃). This results in sensible heat loss in ash and slag. The heat loss 

depends on fuel ash content, fuel heating value and slag deposition method. For a high 

ash content and low heating value fuel, this loss 𝑄6 is large. The sensible heat loss of 

slag tap furnace is larger than that of a furnace with dry bottom. A fluidized bed boiler 

using ash coal and also heat losses occurs as bottom ash. So for the pulverized boilers 

this heat loss should be considered. 

Sensible heat can be approximately calculated as follows. 

𝑄6 =  𝑋𝑏𝑎
100𝐶𝑝𝑎𝑠

100 − 𝐶𝑏𝑎

𝐴𝑇𝑠𝑙𝑎𝑔

100
                                                                                                (2.33) 
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Where; 

𝐶𝑝𝑎𝑠 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑎𝑡 𝑜𝑓 𝑎𝑠 𝑎𝑛𝑑 𝑠𝑙𝑎𝑔,𝑘𝐽/𝑘𝑔℃ 

𝑋𝑏𝑎 = 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑏𝑜𝑡𝑡𝑜𝑚 𝑎𝑠 

𝐴 = 𝐴𝑠 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑖𝑛 𝑓𝑢𝑒𝑙 

𝐴𝑇𝑠𝑙𝑎𝑔 𝑓𝑜𝑟 𝑑𝑟𝑦 𝑏𝑜𝑡𝑡𝑜𝑚 𝑎𝑠 𝑛𝑜𝑟𝑚𝑎𝑙𝑙𝑦𝑙𝑖𝑒𝑠 𝑖𝑛 𝑡𝑒 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 900 − 1200℃. 

  

According to the performance test data carried out in the Lakvijaya coal power station 

the following graph can be derived according to the data.    

 

Figure 2.4 - Boiler Heat Input & Output 
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3. CONCEPT OF BOTTOM ASH RE-BURNING 

The Lakvijaya Power station will consist of three steam boilers able to generate 3x300 

MWe. At 900 MW, Lakvijaya Power Station is the largest power generation complex in 

Sri Lanka, producing approximately 50% of the entire Sri Lanka electricity demand. 

The fuel used is imported coal burned at a rate of approx. 111 t/h for the 300 MW unit 

(at BMCR), and having an ash content of about 8 %.The bottom ash resulting from the 

combustion process has an average rate of approximately, 2.00 t/h. 

3.1 Wet Bottom Ash Extraction System (SSC) 

 

The bottom ash handling for the coal fired boiler is wet type, by means of a Submerged 

Chain Conveyor(SSC) system, using water as cooling medium, it has to be considered 

also all the ancillary equipment (water in-take pipeline and pumps, water recirculation 

system, heat exchangers, waste water treatment system, ash pond and etc.) for its 

operations. 

These systems have the following aspects that need to be addressed as main focusing 

points to improve the efficiency of the process and to reduce the operational cost impact: 

 High maintenance costs; 

 High costs related to unexpected outages of the system; 

 High power consumption; 

 Losses in terms of boiler thermal efficiency; 

 Wet bottom ash has poor salability and at present has to be sent to disposal. 

The possible retrofit of the ash recycling system as a replacement of the wet systems is 

aimed at resolving the above issues, whilst guaranteeing the same 100% availability of 

the wet bottom ash system and that the whole ash production will be FLY ASH.In this 

study, an analysis is made of the technical and economic implications of the ash 

recycling retrofit for one of the three 300MW units of Lakvijaya Power Station. 
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For this purpose, the following elements will be discussed in detail: 

 Analysis of the performance of the wet bottom ash system; 

 Characteristics of the proposed ash recycling system; 

 Expected performance of the ash recycling system; 

 Quantitative comparison of cost and benefits of the wet system and the ash 

recycling system. 

 

Figure 3.1- Bottom ash unloading 

 

Figure 3.2- Submerged scrapper conveyer  
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3.2 Boiler Characteristics and Operation 

 

The design and sizing of the proposed system and the dry bottom ash handling system 

have been based on the technical data. The main data used in this document are given in 

the table 3.1. 

Table 3.1 

Power plant information 

Power plant information 

Owner Ceylon Electricity Board 

Site Puttalam Coal Fired Station 

Number of Units 3 

Fuel Coal 

Power (MW) 3x 300 

Table 3.2 

Unit technical data 

Unit technical data 

Boiler manufacturer Harbin 

Net Unit Power MW 300 

Corresponding operating days per year (assumed) d/yr 330 

Corresponding operating hours per year (assumed) h/yr 7500 

Total combustion air rate at boiler MCR t/h 950 

Burner type (frontal/tangential)  Tangential 

Thermal radiation at throat level at MCR  kW/m
2 

40 

Boiler Vertical expansion mm 290 

Boiler Lateral expansion  mm 38 

Normal furnace operating pressure (at 64.7 m elevation) mm H2O -12 

Membrane wall soot blowing duration min 8 

Membrane wall soot blowing period min 480 
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Table 3.3 

Fuel analysis 

Fuel 

  Design Coal Coal Range 

Coal High Heating Value  kJ/kg 25,300 28,900-24,700 

Coal Low Heating Value kJ/kg 24,700  

Ash content in coal  % 10.1 4.5-16 

Coal feed rate to boiler at MCR t/h 111 111-114 

Solid fuel analysis (Ultimate) 

Carbon % 60.5 60-68.7 

Hydrogen % 3.4 3.4-4.3 

Oxygen % 3.0 6.5-12.1 

Nitrogen % 1.7 1.0-1.6 

Sulfur % 0.7 0.2-0.7 

Moisture % 16 8-16 

Ash % 15 4.5-16 

Fuel  analysis (Proximate) 

Total moisture % 16 8-16 

Volatile matter  % 25 21.9-39.9 

Fixed carbon % 43.3 41.3-57.1 

Sulfur % 0.7 0.2-0.7 

Ash % 15 4.5-16 
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Table 3.4 

Ash analysis 

Bottom Ash 

Base ash rate t/h 2.00x21hrs – 4.00x3hrs 

Average ash rate t/h 2.0 

Average fly ash rate t/h 11.09 

Ash analysis 

  Design 

Coal 

 

SiO2 % 58 43-74 

Al2O3 % 21.6 11.9-36 

Fe2O3 % 8.0 0.4-17.4 

CaO % 5.0 0.2-9.4 

MgO % 0.5 0.2-6.2 

Na2O % 1.2 0.1-1.5 

K2O % 0.8 0.3-1.3 

TiO2 % 1.3 1.-1.6 

P2O5 % 0.9 0.1-1.6 

SO3 % 2.7 0.1-5.7 

Unburned carbon content in ash % 2.5 

Initial deformation temperature °C 1,170 1150-1300 

Softening temperature °C 1,395  

Hemispherical temperature °C -  

Fusion temperature  °C 1,443  

Ash temperature at boiler throat °C 1,100 

Maximum expected ash lump size Mm 300 

Ash bulk density (for calculation) t/m
3
 0.92  
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3.3 System Performance (SSC) 

 

In the following paragraphs an analysis of the wet system’s performance is given. 

3.3.1 Operating andmaintenance demands 

 

The Operating and Maintenance (O&M) demands of the wet system are expected to be 

high. The presence of water means that contaminated water leaves the system requiring 

treatment processes, all parts exposed to the water are subject to heavy corrosion and 

wear and furthermore, water and mud in the area around the boiler makes the working 

ambient unsafe. 

The following O&M costs are based on Lakvijaya Power Station experience and similar 

projects throughout the world. It is evaluated according to the following two aspects: 

1) Maintenance cost 

2) Spare Parts cost 

 

3.3.1.1 Maintenance cost 

The total number of man-hours required for ordinary and extraordinary maintenance, 

including cleaning of the areas around the boiler and the crushers are estimated to be in 

order of 9,120 h/y, leading to a total labor cost for maintenance of LKR 1,825,000/y 

(assuming a local manpower unitary cost of LKR 200.00/h). 

Assumptions: 9120 hours for the regular maintenance. (30 hours for month plus shift 

operation for one person) 

3.3.1.2 Spare parts cost 

According to the contractors (China machinery Engineering Corporation) invoices, the 

total bottom ash unit costs USD 320,000. Spare parts costs for maintenance are assumed 

to be LKR 2,048,000/y for each unit (considering 5% of the investment). 



25 
 

Thus, the total cost for Operating and Maintenance for the wet bottom ash handling 

systems in Lakvijaya Power Station is assumed to be LKR 3,873,000. 

3.3.2 Extraordinary maintenance 

Furthermore, the boiler throat pressure parts may suffer from water splashing, leading to 

accelerated corrosion and thermal stresses. The above figures do not include the specific 

costs for the replacement of damaged boiler throat pressure parts, which are assumed to 

be approximately. LKR 500, 000/y. 

3.3.3 Power consumption 

The need to move the ash mixed with water, scraping on the floor of the SSC casing, 

leads to a great installed power. For the wet system the total installed power is140kW. 

The prototype dry ash extraction system consumes 76 kW. Therefore additional 

107.5kW auxiliaries are used in SSC system. 

Since the system runs continuously and with the internal electricity cost assumed of Rs 

6.49/kWh, this corresponds to a total yearly cost for power consumption of LKR 3, 

115,200.00/y (For 7500 running hours). 

It has to be noted that this calculation has not considered the power consumption related 

to water in-take system, water recirculation and cooling system, waste water treatment, 

and final transportation to ash pond. 

3.3.4 Water use and processing 

Although the direct water related costs like net water consumption and waste water 

treatment can be considered negligible (sea water), the indirect costs related to the water 

use are high because of the need of high Operating &Maintenance costs (corrosion and 

wear, high power consumption etc.). Furthermore, the ash having approx. 35% residual 

water content, leading to increased ash disposal costs. 

Complementary service water for the bottom ash handling system = 10 𝑚3/ 
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Chemical cost including  

(NaoCl, HCl, Reductant, Scale, NaOH, PAC, PE)  = 𝐿𝐾𝑅 38.30 

 

Total chemical cost per year     = 𝐿𝐾𝑅 38.3 × 7500 

        = 𝐿𝐾𝑅 287,250.00 

Energy cost       = 𝐿𝐾𝑅 50.90 × 7500 

        = 𝐿𝐾𝑅 381,750.00 

Total cost of the service water used for the bottom ash system is LKR 669,000.00. 

3.3.5 Dependability 

There are several reasons for the failures of SSC. Most of the forced outages are caused 

by malfunctions, component failures and blockages of the SSC. Very typical is that SSC 

has problems with big ash lumps and in such cases scrapers or flight bars can cause 

chain faults or breakages or even a complete blockage or fault of the SSC. 

The dependability of the present system is degraded with the time and currently the 

chain of the SSC is fully stretched and the maintenance staff has been removing the links 

of the SSC continuously. This reflects the cost of the maintenance and the unit load 

reduction to half load (150MW) is essential for the maintenance. The water based 

system is the main cause for such failures related to the bottom ash system. The remote 

operation from the DCS (Distributed Control System) often fails due to the problems 

related to the system and frequent concern of the instrument and control technicians are 

also required. 
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Figure 3.3- Unit gross efficiency 

3.3.6  Waste water treatment cost 

The water discharged after cooling the bottom ash is collected in the waste water 

treatment plant and should be treated before discharging to the environment.  

Poly aluminum chloride (PAC) 25ppm 

PAC addition to the 1m
3
 waste water    = 25 𝑝𝑝𝑚 

       = 25 𝑚𝑔 

Industrial waste water flow rate from bottom ash = 50 𝑡𝑜𝑛s 

PAC consumption per hour    = 50 × 25 𝑔 
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PAC consumption per day    = 50 × 25 × 24 𝑔 

PAC consumption per year    = 7,500 × 50 × 25 𝑘𝑔/1,000 

       = 9,375 𝑘𝑔 

Cost of 1 kg PAC     = 𝐿𝐾𝑅 60.00 

Total cost of PAC per year    = 𝐿𝐾𝑅 9,375 × 60 

       = 𝐿𝐾𝑅 562,500.00 

Poly electrolyte (PE) 0.25 ppm 

PE addition to the 1m
3
 waste water     = 0.25 𝑝𝑝𝑚 

Industrial waste water flow rate from bottom ash = 50 𝑡𝑜𝑛s 

PE consumption per hour    = 50 × 0.25 𝑔 

PE consumption per year    = 7,500 × 50 × 0.25 𝑘𝑔/1,000 

       = 93.75 𝑘𝑔 

Cost of 1 kg PE     = 𝐿𝐾𝑅 1,200.00 

Total cost of PE per year    = 𝐿𝐾𝑅 93.75 × 1,200 

       = 𝐿𝐾𝑅 112,500.00 

Total chemical cost for the waste water treatment accounted for the bottom ash system is  

LKR 675,000. 

3.3.7 Bottom ash disposal/re-use 

At the present, the wet ashes discharged from the SSC will be transferred to the ash 

pond. Due to the ash size distribution, unburned carbon content of the ash and the high 

water content its salability is very poor. 
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Part of this water is drawn into the boiler due to evaporation and part of it is lost due to 

the leakages of the water system. Also, a significant amount of water is lost because the 

water content (30-40%w) of the wet ash is discharged by the ash extractor. The 

elimination of water would yield to the following direct benefits. 

 Water saving 

o Introducing a dry bottom ash removal system results in elimination of 

water usage which is a saving of 0.4 ton of water per ton of bottom ash. 

 Clean environment  

Considering water content in bottom ash sent to the pond of approx. 35%, the average 

bottom ash produced per year (wet basis) is: 

14,400 (average dry bottom ash produced per year) × 1.35 = 19,440 t/y 

As we discussed in chapter two about the heat loss owing to unburned carbon (𝑞4) and 

heat loss of ash and slag (𝑄6) can be recovered by introducing a dry bottom ash removal 

system. The proposed system will be discussed in chapter four.  

The table 3.5 shows the proximate analysis (On air dry basis) of the coal of each 

shipment made from Indonesia to Lakvijaya power station.  

The unburned carbon percentages of the bottom ash highly depend upon the fixed 

carbon percentage and the volatile matter percentage of the coal.  

Table 3.5 

Proximate analysis of coal shipments 

 

 Ash (%) Volatile matter 

(%) 

Fixed carbon 

(%) 

Moisture (%) 

Ship 1 11.67 41.98 42.12 4.23 

Ship 2 12.46 42.3 39.98 5.26 

Ship 3 11.78 42.86 41.69 4.23 

Ship 4 12.55 41.72 40.50 5.23 
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Assuming a cost of approx. LKR 80/t (Including the vehicle depreciation of one open 

truck and one bulldozer), of wet bottom ash sent to the pond, the total costs related to 

wet bottom ash disposal on site are thus approx. LKR 1,555,200/y. 

3.5 Environmental and Safety Aspects 

 

Safety issues are caused mainly by the manual operation and water required for the ash 

processing. Safety hazard is posed by the presence of water and mud on the working 

floor due to leakages from the sluice system. Because of the arsenic is present in very 

small quantities we have to make sure the dumping yards are sealed by the water 

flowing outwards which may join the drinking water stream or any other water sources 

used for the cultivation purposes. 

The table 3.6 shows the results of the bottom ash chemical analysis carried out by the 

ITI (Industrial Technology Institute). 
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Table 3.6 

Chemical analysis of bottom ash 

 

 

 

 

Test / unit Test method Test values Limit of 

determination 

Iron (as Fe),  g/kg  

 

 

 

 

Microwave 

digestion  

AAS / Flame 

26 - 

Silicon (as Si),  g/kg 121 - 

Aluminium (as Al),  g/kg 5.9 - 

Calcium (as Ca),  g/kg 0.75 - 

Magnesium (as Mg),  g/kg 0.26 - 

Sodium (as Na),  g/kg 28.6 - 

Potassium (K),  g/kg 6.2 - 

Lead (as Pb),  mg/kg Not detected  10 

Cadmium (as Cd), mg/kg Not detected  5 

Copper (as Cu), mg/kg 44 - 

Nickel (as Ni),  mg/kg 177 - 

Chromium (as Cr), mg/kg 41 - 

Selenium (as Se),  mg/kg Microwave 

digestion  

AAS / VGA  

0.19 - 

Arsenic (as As),  mg/kg 0.28 - 

Residue dried at 550
0
C, 

percent by mass  

Gravimetric 3.48  - 
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3.6Requirement of Studying for a Alternative System 

 

As I discussed in this section the unnecessary costs govern the SSC system and they are 

increased by the time due to the aging of the equipment. One of the main concerns is the 

environment condition in the Puttalam coastal side. This affects heavily on the plant 

equipment not only the SSC system but also the rest of the equipments related to the 

water treatment processes.  

The dependability is the important factor when I considered the system performance and 

it make a huge impact on the generation which leads to a massive loss to the CEB. So it 

is associated with high probability of unexpected breakdowns that may require the boiler 

shutdown to half load. Therefore this should be discussed in the proposal system and 

suitable materials must be used instead of carbon steel such as stainless steel. The 

durability can be increased with a dry extraction system and a stainless steel chain to 

extract the bottom ash.  

The present SSC chain is guaranteed for two years only while a stainless steel dry 

extraction chain is guaranteed for 6 years. 

The certain amount of unburned carbon remains in the bottom ash which also can be 

extracted by new approaches such as introducing re-burning process or glowing ash 

concepts. The water content of the bottom ash is in high percentages so that it requires 

unique transportation methods and to dump in the yards. Therefore it remains as a non 

sellable product and it cannot be mixed with the fly ash.  

It can be pointed out some considerable environmental impacts created by the present 

SSC system. As I discussed in this chapter it consumes a massive water quantity which 

should be treated and also the waste water also should be treated. The heavy metal 

contamination should be considered as an important issue since the waste water is 

released to the environment. Therefore the waste water treatment cost is a considerable 

factor in the economic aspect.  
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The dedicating ponds, dewatering bins and pumps are associated with some inherent 

breakdowns. Furthermore, the residual bottom ash is considered as a waste product with 

poor salability, which has to be disposed of by storage on site. 

Therefore the conventional method of wet bottom ash extraction concept is obsolete and 

it should be discussed further to get rid of the inherent difficulties of the wet ash 

extraction system (SSC). These facts can be addressed by introducing a dry bottom ash 

extraction method. 
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4. EVALUATION OF THE PERFORMANCE OF PROPOSED 

SYSTEM 

As described in the previous chapters the present wet type bottom ash extracting method 

has numerous disadvantages over various aspects which can be eliminated by 

introducing a dry bottom ash extraction system. The dry bottom ash extraction concept 

and the recycling concept are discussed in this chapter. 

 

The concept is to feed the bottom ash with a suitable ash mass ratio to the boiler with the 

fuel. The bottom ash must be processed in several ways before feeding them to the 

boiler it must be cooled down from its original temperature. This can be done by using 

an air cooling method and recovering the enthalpy of the bottom ash can be done by 

sending the hot air back to the boiler.  Feeding them to the existing coal mills can reduce 

the ash chemical losses.  

 

 
 

Figure 4.1- Dry ash extraction working concept 

 

Several manufacturershave developed this kind of a recycling system including the air 

cooling conveyer which is used in several power plants thought the world. Feasibility of 

adopting this system and the benefits that could be achieved are discussed in this 

chapter. 
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4.1 Literature Survey 

 

Currently the wet bottom ash systems are installed in most of the coal power stations but 

the developed countries are slowly moving to the new technologies such as dry bottom 

ash extraction systems.  Most of them come either as retrofits in existing boilers or in 

green-field power plants. Such dry extraction systems are installed with vast capacity 

range of the boilers and it can be adopted with major boiler manufacturer as mentioned 

below. 

 Boiler capacity: 15 MW - 900 MW. 

 Boiler Manufacturers: ABB/CE (ALSTOM), Alstom Power System Gmbh, Hitachi 

Power Europe Gmbh, Foster Wheeler, DOOSAN, DONGFANG, ANSALDO, 

ANSALDO, Babcock Hitachi, Babcock Borsig Power, B&W, Dürr-Werke, TOSI, 

IHI, MHI, RAFAKO, SES, VKW, SEC, KHI, Harbin, EVT. 

 Countries with retrofit systems installed: USA, Canada,Brazil, Mexico, Colombia, 

Chile, Italy, Greece, Spain, Portugal, Germany, Netherland, Czech Republic, Poland, 

Turkey, Australia, P.R. of China, Philippines, Japan, Korea and India; 

 Fuel types: 

o Coal 

o Lignite (brown coal) 

o Petcoke 

o Biomass 

 Bottom ash rate: 0.5  50 t/hr; 

 Ash particle size: from fly ash size to clinkers of several cubic meters; 

 

All most all the retrofit installations have gained the inherent benefits of the dry bottom 

ash extraction systems and it is leading to introduce these systems with the new coal 

power plants as well. 
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Similarly Clyde Burgmann who is the manufacturer of the wet bottom ash extraction 

system in Lakvijaya Power Station, manufactures DRYCON system which is also used 

for dry ash conveying. 

The bottom ash re-burning process is achieved without recycling but the activation of 

glowing ash process. They have done a case study at 600MW Heyuan Power plant 

China and the total power loss with the wet systems was accounted as 9.54MW while 

the DRYCON system losses were 4.27MW. 

Following study results were taken from a typical European base load pulverized coal 

fired power plant of 800 MW operating with imported coal. 

Table 4.1 

Coal fired plant project in Europe 

 

Project data 

Boiler size 800MW 

Amount of bottom ash 8.5 t/h 

Feed capacity of coal 297.2 t/h 

Ash content in feed material 14.2% 

Plant availability 90% 

Operation hours per year 7884 

Depreciation 10 Years 

Interest loan 12% 

Price per kWh € 0.10 

Approximately 30% moisture increase after leaving the wet bottom ash removal 
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Table 4.2 

Case study results 

 

 Drycon SCC 

1. Investment cost   

Price of relevant equipment 950,000 600,000 

Price of water treatment equipment 0 72,500 

Price of crushing equipment 30,000 30,000 

Price of transport equipment, bins, etc 120,000 150,000 

Total investment cost (Euro) €1,100,000 €852,500 

2. Consumptions   

Energy consumption (kWh) 256,520 473,040 

Cooling water (22m
3
/hr for SCC) 0 173, 448 

Spare consumption as a percentage of investment 1.5% 5% 

3. Operations cost   

Energy consumption (€ 0.10/kWh) 25,652 47,304 

Cooling water (€ 0.02/m3) 0 3,469 

Ash handling and disposal cost 5,127 6,667 

Spares , service and maintenance 16,500 42,625 

Total operations cost € 47,279 € 100,065 

 

4.2 Proposed Dry Ash Extraction and Ash Recycling System 

 

The above system has been in experiments and it was recognized as susccesful invention 

to the traditional wet type bottom ash extraction system. The system specifications can 

be decided according to the boiler designs of the customer and the budget.  



38 
 

The typical flow diagram of the proposed ash recyling system acan be given as follows. 

 
 

Figure 4.2- Proposed ash recycling system 

4.3 Impact on Boiler Performance 

 

In solid-fuel fired boilers a significant quantity of energy crosses the boiler throat as 

radiation from the furnace flames, enthalpy (sensible heat) of bottom ash and chemical 

energy contained in the unburned carbon of bottom ash. 

In the wet system, this heat is completely lost: burn-out of unburned carbon in the ash is 

stopped abruptly when the ash is quenched in the water bath, and the absorption of 

radiation and sensible heat causes evaporation of water. Water vapor flowing into the 

boiler throat does not add to improvement of the boiler’s heat balance.  
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In order to limit the evaporation, the water bath temperature has to be kept low by a 

continuous addition of water. 

The total heat loss due to the wet system can be calculated in the following way: 

 Loss of radiation through boiler throat: 

o Boiler radiant flux
1
:     40 kW/m

2
 

o Boiler throat cross section:    12 m
2
 

Thus, the total heat loss from radiation is approx.  480kW 

 Loss of ash enthalpy (sensible heat): 

o Bottom ash rate:     2 t/h 

o Ash temperature at boiler throat:   1,100 °C 

o Medium ambient temperature:   32 °C 

Thus, the heat loss from ash enthalpy is approx.   593kW 

 The loss of enthalpy due to the fly ash after recycling process 

o Fly ash temperature at the ESP outlet  150 °C 

o Medium ambient temperature:   32 °C 

Thus heat loss owing to fly ash enthalpy loss  65.5kW 

 

Assumptions : Specific heat enthalpy for bottom ash is 1kJkg
-1

K
-1

 

 Loss of ash chemical energy (unburned carbon): 

The table 4.1 shows the laboratory results of proximate analysis done by the NERD. 

 

Table 4.3 

 Proximate analysis of bottom ash 

 

 Sample 1 Sample 2 

Moisture % 0.61 0.53 

Volatile matter % 2.17 2.3 

Fixed carbon % 0.42 0.47 

Ash % 96.8 96.7 

 

                                                           
1
 Measured by the heat flux sensor and the radiant flux can range up to 100 kW/m

2
. 
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o Bottom ash rate:     2 t/h 

o Bottom ash unburned carbon:   2.5 % 

o Low heating value of carbon:   25,251 KJ/Kg 

o Coal flow rate      104.2 t/h 

Thus, the heat loss from unburned carbon is approx.  361kW 

The total heat loss per unit is thus approx. 1,369kW. 

With these values the contribution to total boiler efficiency loss is: 

𝐻𝑒𝑎𝑡 𝑙𝑜𝑠𝑠 𝑖𝑛 𝑤𝑒𝑡 𝑠𝑦𝑠𝑡𝑒𝑚

𝑡𝑒𝑟𝑚𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 𝑖𝑛𝑝𝑢𝑡
∗ 100% =

1,434 𝑘𝑊

731,000 𝑘𝑊
100%(4.1) 

The total boiler efficiency loss is 0.187% of the heat input to the boiler. 

ηbe = ηbe + ∑ ∆η          (4.2) 

Where∆η = correction for the particular loss element. 

 

Figure 4.3- Unit Performance 
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Minimum guaranteed energy amount (MGEA)/year= 2,200 𝐺𝑊 

Total coal consumption per year   = 2,200 𝐺𝑊 × 0.38 𝑘𝑔/𝑘𝑊 

       = 836, 000 𝑀𝑇 

 

New boiler efficiency after improved boiler efficiency is 88.587% 

The new coal consumption per year    = 834,112 𝑀𝑇 

Total coal saving per year    = 836, 000 𝑀𝑇 − 834,301 𝑀𝑇 

       = 1,699 𝑀𝑇 

834,301MT saving 1,699MT 

Coal cost of a is taken as LKR 17, 430.30 per MT (ANNEX-I) 

The savings per year      = 1,699 𝑀𝑇 × 𝐿𝐾𝑅 17,430.30 

       = 𝑳𝑲𝑹 𝟐𝟗,𝟔𝟏𝟒,𝟎𝟕𝟗.𝟕𝟎 

4.4Impact of Ash Recycling Process on Boiler Performance 

 

The recycling process of bottom ash add 2-3% of carbon to the fuel input but meanwhile 

it will increase the total ash percentage of the input fuel to the boiler. The main 

components of the ash are SiO2 and Al2O3. Therefore a correction for the boiler 

performance should be done considering the change of ash quantities in the fuel. 

Figure 4.3 shows us the boiler efficiency change for the particular percentage of ash 

change in the fuel. The increase of load in coal feeder and the coal mills should also be 

addressed. The design coal rate of the unit is 111 t/h which means 7.7 kg/s coal flow is 

carried via the each coal feeder and the coal mill. The recycling of bottom ash will 

increase this amount and it should be less than the design maximum flow rates of the 

coal feeder (9.6 kg/s) and the mill (8.73 kg/s).   
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Figure 4.4 - Correction for coal ash content change 

The recycled bottom ash quantity    = 2 t/h 

Unburned carbon in bottom ash   = 2.5% 

Assuming the worst case analysis maximum of 2 t/h ash quantity will be circulated 

through the boiler with fuel. 

As a percentage this is a 1.8% increase of ash quantity in fuel. According to the 

correction graph of the boiler manufacturer, the boiler efficiency will be degraded in less 

than 0.01% which is not much considerable. 

4.4.1 Fly ash generation 

The table 4.2 shows the ash amount accumulated according to the design in different 

basis and the revenue is generated by selling the fly ash to respective bidders mentioned 

in 3.2.7. The recirculation of bottom ash is leading to 80% conversion of bottom ash into 

fly ash. 
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Table 4.4 

Fly ash and bottom ash accumulation 

 

Coal 

brand  

Hourly 

(t/h) 

Daily 

(t/h) 

Yearly 

(kt/h) 

 FA BA Total FA BA Total FA  BA Total 

Design 

coal 

11 2 13 221.8 39.2 261.00 61 10.8 71.8 

Check 

coal 1 

15.5 2.74 18.23 309.8 54.8 364.6 85.2 15.2 100.3 

Check 

coal 2 

11.0 1.95 12.97 220.4 39 259.4 60.6 10.7 71.3 

 

Therefore we are expecting an increase of accumulated fly ash 108×0.8 ktons. This is 

amounted to be 8.64 ktons.The expected revenue generation by selling the above extra 

fly ash is: 

Revenue= (8.64 × 0.45 × 300 + 8.64 × 0.37 × 300 + 8.64 × 0.16 × 900) × 1000 

= LKR 2,217,600. 

The percentage amount of fly ash distribution among the customers; 

1) Holcim (Lanka) PVT Ltd  = 45% 

2) Tokyo cement PLC            = 37% 

3) Sigiri roofing (PVT) Ltd   = 16% 

4.4.2 Utilization of fly ash 

Fly ash produced by power stations can be used in a wide range of construction 

applications ranging from a cementations component of concrete, to a simple fill 

material. The ash produced during combustion is in a molten state and remains in 

suspension in the furnace gases. It is transported by the flue gas through the convection 

parts of the boiler after which it is captured in an electrostatic precipitator at the boiler 

outlet. 
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The nature and properties of fly ash are dependent on a variety of factors that include 

temperature, type and fineness of the coal, and the length of time the minerals are 

retained in the furnace. 

Some of the more important variables of fly ash are the carbon content and chemical and 

mineralogical properties. The carbon content is assessed by measuring loss on ignition 

(LOI). 

The application of low NOx burners generally increases levels. When a station operates 

continuously, the typical LOI value is 3.5%. 

Agricultural uses of fly ash 

Research on agricultural uses of fly ash has been going on across the world. The same 

fly ash that causes harm when it settles on leaves can prove beneficial when applied 

scientifically to agricultural fields. It can be a soil modifier and enhance its moisture 

retaining capacity and fertility. It improves the plant's water and nutrient uptake, helps in 

the development of roots and soil binding, stores carbohydrates and oils for use when 

needed, protect the plants from soil borne diseases, and detoxifies contaminated soils. 

Yields are also known to increase, as experiments on groundnut, sunflower, linseed and 

other oilseeds have shown. 

 

Fly ash utilization in cement industry 

The proposed bottom ash recycling system in the chapter four generally converts the 

bottom ash into fly ash and we can expect a slight increase in the fly ash production. 

Since the accumulators are provided in the design the feeding the bottom ash through 

pulverizers results in decreasing the unburned carbon percentage in the bottom ash. This 

will result in a dilution effect in fly ash also. Therefore we can expect a reduction in 

carbon content of fly ash. That means it will increase the quality of the fly ash (LOI 

reduction).  
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Currently the Lakvijaya power station has three competitive bidders for the fly ash. 

 Holcim (Lanka) PVT Ltd ( Pays Rs 300/t) 

 Tokyo cement PLC (Pays Rs 300/t) 

 Sigiri roofing (PVT) Ltd (Pays 900/t) 

The summery of fly ash quantities sold to the respective customers and the revenue 

generated in the twelve months from May 2011to July 2012 is shown in the Appendix. 

 

4.5 Disadvantages of the Proposed Recycling System 

Since the amount of 2 t/h of bottom ash is mixed in to the fuel this will increase the flow 

rate (0.55 kg/s) of coal mills by a small percentage which will lead to wearing of the 

rollers further. The designed capacity of the each coal mill is 8.73 kg/s (Design coal) and 

the design capacity of each coal feeder is 9.6 kg/s (Design coal). During the full load 

operation the coal flow rate is 7.7 kg/s.  

Therefore the feeder and the mill are capable of handling the additional load. The only 

disadvantage of introducing this recycling system is the wearing of coal mills. The SiO2 

percentage in the bottom ash may lead to this problem. 

This type of wearing can be measured after installing the recycling system. We can keep 

one mill for the pulverization of coal other mills can be used for the recycling process. 

After a known period we can measure the weight of roller grinders with respective to the 

reference coal mill which use coal only. 

According to the wearing process of the grinders, the flow rate through the mill can be 

tuned in to a suitable flow rate. The difference between the normal state and the 

recycling stage can be recorded throughout a year.This sort of observations would be 

useful to optimize the recycling system. The same inspection can be carried out to the 

boiler guns in each layers of the boiler. 
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According to the table 4.3, the size of the bottom ash is around 600 µm to 5mm.These 

dimensions are much smaller than the raw coal fed (30 mm) to the coal mills. Therefore 

we cannot expect any disturbance to the grind ability of the coal mills. 

Table 4.5 

Sieve analysis of bottom ash 

 

Sieve size 

(µm) 

Tray 

weight (kg) 

Final 

weight (kg) 

Weight of 

ash (g) 

Percentage 

remain (%) 

Cumulative 

(%) 

0 µm 0.3805 0.4106 30 3 3 

75 µm 0.4234 0.48256 59 6 9 

150 µm 0.4313 0.5363 105 10 19 

300 µm 0.4523 0.5109 59 6 25 

425 µm 0.4675 0.5236 56 6 31 

600 µm 0.5016 0.6085 107 11 42 

1.18 µm 0.524 0.6434 119 12 54 

2.36 µm 0.5685 0.7108 142 14 68 

5 µm 0.5688 0.6917 123 12 80 

10 µm 0.6323 0.8319 200 20 100 
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Figure 4.5- Pulverizer coal and air flow 

The pulverizers will include a classifier control method suitable for off-line adjustment 

to control coal fineness. The pulverizers rolls will be loaded such that it allows easy 

adjustment when switching coals.  

 

Pulverizer will meet the quantity of coal pulverized with a fineness of no less than 75 

percent through 200µm mesh when the unit is operating at maximum continuous output. 

Table 4.3 shows the sieve analysis of coal bottom ash samples. The test was done by the 

NERD Centre. 
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4.6 Project IRR 

 

The total project can be implemented through international competitive bidding 

procedures of the government. There are many Chinese companies such as CMEC 

(China Machinery Engineering Corporation), HPCC, HEC and they are currently 

engaged in several power projects and infrastructure development projects in Sri Lanka. 

The following offer was made by the Magaldi Corporation to install such a dry bottom 

ash removal system. 

Based on the quotation the project IRR was calculated. The budget quotation for a one 

system is 1,400,000.00(One million four hundred thousand Euros) 
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5. CONCLUSION AND RECOMMENDATIONS 

In conclusion bottom ash conversion to the fly ash process will benefits the Lakvijaya 

power station in economics aspect by increasing the fly ash amount which nowadays has 

a huge demand by the cement manufacturers in Sri Lanka. Moreover this will result in 

elimination of the wet bottom ash dumping process and waste water treatment process 

by a considerable amount which may possibly make a huge impact to the environment 

and will be worse when the second phase (2×300MW) comes into operation.  

The bottom ash handling system for the coal fired boiler is wet type by means of a 

Submerged Chain Conveyor (SSC) system. This system has few disadvantages as 

described in the respective sections. As future prospective by the installation of the dry 

bottom ash extraction and recycling system instead of the wet bottom ash systemin 

Lakvijaya Power Stationis proposed in this thesis, the several benefits could be obtained. 

They are discussed in this thesis and one of unique benefit would be a heat recovery 

from the bottom ash to the boiler which increases the efficiency, leading to a saving on 

the power station’s coal consumption.Cost estimation for the above project is 1.4 million 

Euros and the net estimated efficiency improvement of the boiler is 0.18%. 

The investing on the proposed dry bottom ash extraction and recycling system will 

provide us a 20.6% of Internal Rate of Return which is a high amount contrasting with 

the current inflation of Sri Lanka.  
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Table - Fly Ash Sales Summary  

Invoice 

No. 
Customer 

Month 

of 

Supply 

Invoice 

Date 

Quantity 

(MT) 

Value 

BeforeTaxes 

LPS-S-

001 

Sigiriroofings (Pvt) 

Ltd May-11 04.07.2011    245.18  220,662.00  

LPS-S-

002 

Holcim Lanka  

Limited May-11 04.07.2011 659.47  197,841.00  

LPS-S-

003 

Tokyo Cement 

(Lanka) Ltd May-11 04.07.2011 688.74  206,622.00  

LPS-S-

004 

SigiriRoofings (Pvt) 

Ltd Jun-11 02.08.2011 54.00  48,600.00  

LPS-S-

005 

Holcim Lanka  

Limited Jun-11 02.08.2011 480.71  144,213.00  

LPS-S-

006 

Tokyo Cement 

(Lanka) Ltd Jun-11 25.08.2011 220.96  66,288.00  

LPS-S-

007 

Holcim Lanka  

Limited Jul-11 25.08.2011 1,314.62  394,386.00  

LPS-S-

008 

SigiriRoofings (Pvt) 

Ltd Jul-11 25.08.2011 227.00  204,300.00  

LPS-S-

009 

Tokyo Cement 

(Lanka) Ltd Jul-11 14.09.2011 1,460.72  438,216.00  

LPS-S-

010 

Tokyo Cement 

(Lanka) Ltd Aug-11 17.10.2011 2,622.68  786,804.00  

LPS-S-

011 

SigiriRoofings (Pvt) 

Ltd Aug-11 31.10.2011 420.00  378,000.00  

LPS-S-

012 

Holcim Lanka  

Limited Aug-11 11.11.2011 3,079.77  923,931.00  

LPS-S-

013 

SigiriRoofings (Pvt) 

Ltd Sep-11 16.11.2011 1,080.00  972,000.00  

LPS-S-

014 

Holcim Lanka  

Limited Sep-11 23.11.2011 3,255.66  976,698.00  

LPS-S-

015 

Tokyo Cement 

(Lanka) Ltd Sep-11 29.11.2011 1,596.66  478,998.00  

LPS-S-

016 

Tokyo Cement 

(Lanka) Ltd Oct-11 20.12.2011 192.10  57,630.00  

LPS-S-

017 

Holcim Lanka  

Limited Oct-11 20.12.2011 894.36  268,308.00  

LPS-S-

018 

SigiriRoofings (Pvt) 

Ltd Oct-11 20.12.2011 490.00  441,000.00  

LPS-S-

019 

Tokyo Cement 

(Lanka) Ltd Nov-11 29.12.2011 1,297.92   389,376.00  
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Invoice 

No. 
Customer 

Month 

of 

Supply 

Invoice 

Date 

Quantity 

(MT) 

Value 

BeforeTaxes 

LPS-S-

020 

Holcim Lanka  

Limited Nov-11 29.12.2011 2,854.72  856,416.00  

LPS-S-

021 

SigiriRoofings (Pvt) 

Ltd Nov-11 29.12.2011 1,680.00  1,512,000.00  

LPS-S-

022 

Tokyo Cement 

(Lanka) Ltd Dec-11 12.01.2012 1,045.90  313,770.00  

LPS-S-

023 

SigiriRoofings (Pvt) 

Ltd Dec-11 12.01.2012 1,752.00  1,576,800.00  

LPS-S-

024 

Holcim Lanka  

Limited Dec-11 17.01.2012 2,763.23  828,969.00  

LPS-S-

025 

SigiriRoofings (Pvt) 

Ltd Jan-12 28.02.2012 1,185.00  1,066,500.00  

LPS-S-

026 

Tokyo Cement 

(Lanka) Ltd Jan-12 22.03.2012 816.22  244,866.00  

 LPS-S-

027 

Holcim Lanka  

Limited Jan-12 22.03.2012 1,839.08  551,724.00  

LPS-S-

028 

SigiriRoofings (Pvt) 

Ltd Feb-12 22.03.2012 805.00  724,500.00  

LPS-S-

029 

Tokyo Cement 

(Lanka) Ltd Feb-12 02.04.212 531.40  159,420.00  

LPS-S-

030 

SigiriRoofings (Pvt) 

Ltd Mar-12 05.04.2012 1,785.00  1,606,500.00  

LPS-S-

031 

Holcim Lanka  

Limited Feb-12 09.04.2012 913.71  274,113.00  

LPS-S-

032 

Holcim Lanka  

Limited Mar-12 03.05.2012 3,878.18  1,163,454.00  

LPS-S-

033 

Tokyo Cement 

(Lanka) Ltd Mar-12 14.05.2012 1,944.86  583,458.00  

LPS-S-

034 

SigiriRoofings (Pvt) 

Ltd Apr-12 15.05.2012 1,190.00  1,071,000.00  

LPS-S-

035 

Sri Lanka Energies 

(Pvt) Ltd Apr-12 08.06.2012 39.74  19,870.00  

LPS-S-

036 

SigiriRoofings (Pvt) 

Ltd May-12 08.06.2012 1,120.00  1,008,000.00  

LPS-S-

037 

Tokyo Cement 

(Lanka) Ltd Apr-12 21.06.2012 2,302.98  690,894.00  

LPS-S-

038 

Tokyo Cement 

(Lanka) Ltd May-12 21.06.2012 2,524.52  757,356.00  

LPS-S039 

Holcim Lanka  

Limited Apr-12 05.07.2012 3,124.03  937,209.00  



68 
 

LPS-S040 

SigiriRoofings (Pvt) 

Ltd Jun-12 11.07.2012 1,070.30  963,270.00  

LPS-S041 

Tokyo Cement 

(Lanka) Ltd Jun-12 11.07.2012 2,452.36  735,708.00  

LPS-S042 

Holcim Lanka  

Limited Jun-12 11.07.2012 2,967.14  890,142.00  

LPS-S043 

Holcim Lanka  

Limited May-12 30.07.2012 2,693.52  808,056.00  

LPS-S044 

Holcim Lanka  

Limited Jul-12 08.08.2012 3,104.06  931,218.00  

LPS-S045 

Tokyo Cement 

(Lanka) Ltd Jul-12 08.08.2012 2,515.44  754,632.00  

LPS-S046 

SigiriRoofings (Pvt) 

Ltd Jul-12 08.08.2012 498.16  448,344.00  

Total 69,677.10  29,072,062.00  
 

Table - Coal shipments & price 

 

 Ship 01 Ship 02 Ship 03 Ship 04 Ship 05 Ship 06 
Quantity 

(MT)                       

68,000  

                      

69,350  

                       

81,688  

                     

71,239  

                       

82,403  

                        

82,000  

COAL 

Price-

FOB 

USD/MT 

101.69 107.26 124.14 108.77 116.36 107.13 

COAL 

COST  

FOB         

(USD) 

          

6,914,920.0

0  

           

7,438,481.00  

         

10,140,748.3

2  

         

7,748,666.03  

           

9,588,413.08  

            

8,784,660.00  

Freight & 

Insurance 

(USD) 

          

1,174,360.0

0  

           

1,467,446.00  

           

1,791,417.84  

         

1,562,271.27  

           

1,863,131.83  

            

1,875,340.00  

COAL 

COST  

CIF         

(USD) 

          

8,089,280.0

0  

           

8,905,927.00  

         

11,932,166.1

6  

         

9,310,937.30  

         

11,451,544.9

1  

          

10,660,000.0

0  

CIF Cost 

per Mt. 

(USD) 

                      

118.96  

                      

128.42  

                       

146.07  

                     

130.70  

                       

138.97  

                        

130.00  

CIF Cost 

per Mt. 

(LKR) 

                

13,400.84  

                

14,406.16  

                 

16,356.92  

               

14,616.18  

                 

15,385.37  

                  

14,934.40  

Barging  

(USD) 

              

323,000.00  

              

329,412.50  

               

388,018.00  

             

338,385.25  

               

391,414.25  

                

389,500.00  

Draft 

Survey, 

Sampling 

and 

Testing 

(USD) 

                

13,600.00  

                

13,870.00  

                 

16,337.60  

               

14,247.80  

                 

16,480.60  

                  

16,400.00  
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Depreciat

ion of 

Lighterin

g 

Equipme

nt (USD) 

              

115,600.00  

              

117,895.00  

               

138,869.60  

             

121,106.30  

               

140,085.10  

                

139,400.00  

Maintena

nce  of 

Lighterin

g 

Equipme

nt (USD) 

                   

136,000  

                    

138,700  

                    

163,376  

                  

142,478  

                    

164,806  

                     

164,000  

Cost per 

Mt 

Before 

Taxes 

(USD) 

                      

127.61  

                      

137.07  

                       

154.72  

                     

139.35  

                       

147.62  

                        

138.65  

Exchange 

Rate 112.65 112.18 111.98 111.83 110.71 114.88 

Total 

Cost 

before 

Taxes 

(LKR) 

      

977,518,12

2.00  

   

1,066,361,14

8.81  

   

1,415,289,16

8.97  

 

1,110,153,70

4.51  

   

1,346,713,06

9.51  

    

1,306,105,18

4.00  

VAT & 

NBT 

        

10,246,504

.64  

        

10,406,328.5

5  

         

11,303,600.3

4  

         

9,844,512.32  

         

11,273,218.9

3  

            

5,248,374.8

6  

Custom 

Duty 

        

79,756,839

.00  

        

75,402,879.0

0  

         

99,135,967.0

0  

       

86,879,372.0

0  

         

90,515,194.0

0  

          

91,377,268.

00  

 
Total 

Cost  

(LKR) 

  

1,067,521,

465.64  

   

1,152,170,35

6.36  

   

1,525,728,73

6.31  

 

1,206,877,58

8.83  

   

1,448,501,48

2.44  

    

1,402,730,8

26.86  

Total 

Cost per 

MT 

(USD) 

                      

139.36  

                      

148.10  

                       

166.79  

                     

151.49  

                       

158.78  

                        

148.91  

Total 

Cost per 

MT 

(LKR) 

                

15,698.85  

                

16,613.85  

                 

18,677.51  

               

16,941.25  

                 

17,578.26  

                  

17,106.47  
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Table - Coal shipments & price (Continued) 

 

 Ship 07 Ship 08 Ship 09 Ship 10 Ship 11 

Quantity 

(MT) 

                      

68,900  

                      

82,500  

                       

82,500  

                     

80,000  

                       

56,948  

COAL 

Price-

FOB 

USD/MT 101.63 102.67 113.99 112.53 113.47 

COAL 

COST  

FOB         

(USD) 

          

7,002,307.00  

           

8,470,275.00  

           

9,404,175.00  

         

9,002,400.00  

           

6,461,889.56  

Freight & 

Insuranc

e (USD) 

          

1,620,528.00  

           

1,897,500.00  

           

2,069,100.00  

         

2,008,800.00  

           

1,428,255.84  

COAL 

COST  

CIF         

(USD) 

          

8,622,835.00  

        

10,367,775.00  

         

11,473,275.00  

       

11,011,200.00  

           

7,890,145.40  

CIF Cost 

per MT. 

(USD) 

                      

125.15  

                      

125.67  

                       

139.07  

                     

137.64  

                       

138.55  

CIF Cost 

per MT. 

(LKR) 

                

14,377.23  

                

14,436.97  

                 

15,976.36  

               

16,702.61  

                 

16,813.04  

Barging  

(USD) 

              

327,275.00  

              

372,900.00  

               

372,900.00  

             

361,600.00  

               

257,404.96  

Draft 

Survey, 

Sampling 

Testing 

(USD) 

                

13,780.00  

                

16,500.00  

                 

16,500.00  

               

16,000.00  

                 

11,389.60  

 

 

 

 

 

 

 

al shipments & price (Continued) 
 

Total 

Cost 

Before 

taxes 

(USD) 

          

8,963,890.00  

        

10,757,175.00  

         

11,862,675.00  

       

11,388,800.00  

           

8,158,939.96  

Cost Per 

Mt. 

Before 

taxes 

(USD) 

                      

130.10  

                      

130.39  

                       

143.79  

                     

142.36  

                       

143.27  

Exchange 

Rate 114.88 114.88 114.88 121.35 121.35 

Total 

Cost 

before 

Taxes 

(LKR) 

  

1,029,771,683.

20  

   

1,235,784,264.0

0  

   

1,362,784,104.

00  

 

1,382,030,880.0

0  

       

990,087,364.15  

VAT & 

NBT 

          

4,409,914.97  

                               

-    

                                

-    

                              

-      



71 
 

Custom 

Duty 

        

76,552,598.00  

        

87,980,306.00  

         

88,610,766.00  

       

76,552,598.00  

         

76,552,598.00  

Total 

Cost  

(LKR) 

  

1,110,734,196.

17  

   

1,323,764,570.0

0  

   

1,451,394,870.

00  

 

1,458,583,478.0

0  

   

1,066,639,962.1

5  

Total 

Cost per 

MT 

(USD) 

                      

140.33  

                      

139.67  

                       

153.14  

                     

150.25  

                       

154.35  

Total 

Cost per 

MT 

(LKR) 

                

16,120.96  

                

16,045.63  

                 

17,592.67  

               

18,232.29  

                 

18,730.07  

 

Table 2.5- Coal shipments & price (Continued) 

 

 Ship 12 Ship 13 Ship 14 Ship 15 

Quantity 

(MT) 

                      

73,672  

                      

59,358  

                       

49,300  

                     

55,279  

COAL 

Price-FOB  

(USD/MT) 

                      

113.22  

                      

112.12  

                       

110.40  

                     

102.55  

COAL 

COST  FOB         

(LKR) 

  

1,031,658,853.14  

      

812,978,242.32  

                                

-    

                              

-    

Freight & 

Insurance 

(LKR) 

      

201,005,210.00  

      

164,601,301.08  

                                

-    

                              

-    

COAL 

COST  CIF         

(LKR) 

  

1,232,664,063.14  

      

977,579,543.40  

       

814,304,375.64  

     

864,542,775

.10  

 

CIF Cost per 

MT (LKR) 

                

16,731.78  

                

16,469.21  

                 

16,517.33  

               

15,639.62  

Barging  

(LKR) 

        

40,742,182.00  

        

32,474,809.00  

         

27,511,332.00  

       

32,964,172.

00  

Total Cost 

(LKR) 

  

1,273,406,245.14  

   

1,010,054,352.40  

       

841,815,707.64  

     

897,506,947

.10  

VAT & 

NBT, PAL 

        

91,640,538.00  

        

78,174,512.00  

         

63,797,064.00  

       

66,022,858.

00  

Total 

Amount 

Paid 

  

1,365,046,783.14  

   

1,088,228,864.40  

       

905,612,771.64  

     

963,529,805

.10  
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Avg. 

Exchange 

Rate 

                      

123.00  

                      

122.00  

                       

123.00  

                     

122.00  

 

Approximate 

Total Cost 

per MT 

(USD) 

                           

151  

                            

150  

                            

149  

                          

143  

 

Approximate 

Total Cost 

per MT 

(LKR) 

                

18,528.71  

                

18,333.31  

                 

18,369.43  

               

17,430.30  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 


	Cover Page 15012014
	M.Sc Thesis 15012014 (Corrected)

