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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). 
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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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


