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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.  
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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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