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ABSTRACT 

 
Lakvijaya power station (LVPS) is the first coal power experience in Sri Lanka. 

Even though the main objective of the power plant is to meet the increasing power 

demand at low cost, still it is behind the expectations due to low reliability of the 

power plant. Failures in the boiler side equipment have been considerably 

responsible for this with a huge financial loss to the country. This project studies the 

suitable designs for design faults and shortcomings of LVPS to improve the 

reliability of the power plant related to the boiler side. By analyzing the past data 

until the first overhaul of the power plant, it is revealed that the main failures are 

arisen in the primary air system, coal pulverizing system, secondary air and flue gas 

systems related to the boiler side. In addition to the low reliability of primary air 

system, it is not supplying the required total amount of primary air to the system to 

run the pulverizers within the safe margins. Installing a new primary air fan in the 

system not only meets the deficiency, but also improves the reliability. Failures 

related to the pitch controllers of forced draft fans and induced draft fans resulting to 

high vibrations and high bearing temperatures directly affect to the low reliability in 

the secondary air and flue gas system. Variable speed drivers to control the air flow 

instead of fan pitch controlling or inlet vane controlling methods are discussed in this 

paper. According to the past data of the plant, 53% of failures arose in the 

pulverizing system have been recovered within ten hours. Rearranging the system 

with pulverized coal storages for ten hours with a suitable fire protection system is 

also discussed here. Considering financial losses of these deficiencies, simple pay 

back periods of each of proposed implementations lies well within the acceptable 

limits.     
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Chapter 01 

Introduction  

1.1 Background  

Lakvijaya Power Station (LVPS) is the very first coal power plant built on Sri 

Lankan soil. It is 3 × 300MW units with sub-critical pressure, one-stage reheat, semi-

out door and natural circulation drum boiler, which adopts balance draft and 

tangential firing of bituminous coal. The maximum continuous steam output of the 

boiler is 1025t/h.  

The construction work commenced on 23
rd

 July 2007 as the 1
st
 phase of 3 × 300 MW 

units. The main objective of the project was to cater the increasing demand for 

electricity and also to supply steady and low cost electricity to the national grid. The 

expectation of first phase was to generate nearly 2.2TWh of energy annually with an 

overall availability of not less than 85% [01]. Due to problems that arose in the 

power plant in the first two years of its operation, it is nationally important to analyze 

the past data to study whether improvements to the power plant performance can be 

made. 

 

1.2 Present Situation of LVPS    

1
st
 synchronization of LVPS was done on 13

th
 February, 2011 and the reliability test 

run commenced on 1
st
 of April 2011. Since then LVPS is considered as a major 

power source to the national grid. From the start of reliability test run to plant shut 

down for the 1
st
 overhaul on 23

rd
 of November 2012, the LVPS has generated 

approximately 2.27TWh. The average annual energy generation is approximately 

1.37TWh and the calculated plant availability during this period is about 

74.5%.Table 1.1 indicates the electricity generation during that period.  

According to the calculated results the average annual energy generation and the 

plant availability of the power plant are behind the expected values. Therefore, it is 

important to study the reliability of LVPS by analyzing the past data. It would help to 

http://en.wikipedia.org/wiki/TWh
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identify the design faults, short comings and possibilities to improve the reliability 

with suitable design improvements. 

 

Table 1.1: Monthly electricity generation of LVPS 

Month Electricity Generation (MWh) 

April 2011 75,816 

May 2011 82,724 

June 2011 12,914 

July 2011 105,486 

August 2011 156,282 

September 2011 125,570 

October 2011 36,892 

November 2011 117,428 

December 2011 149,646 

January 2012  68,526 

February 2012 56,314 

March 2012 177,155 

April 2012 145,796 

May 2012 170,916 

June 2012 166,716 

July 2012 142,897 

August 2012 39,370 

September 2012 136,446 

October 2012 179,436 

November 2012 120,162 

Total 2,266,493 
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1.3 Contribution of Boiler Side to Plant Reliability 

Mainly LVPS can be divided in to four sections called Turbine and Generator 

Section, Boiler Section, Coal Handling Section and the Balance of Plant (BOP) 

section. Due to the various technical problems in those sections, the total outage of 

the power plant is 3650.6 hours during twenty month period from April 2011 to 

November 2012.  

Table 1.2: Outages of the power plant 

Month Total Outages (hours) 
Outages due to boiler side 

faults (hours) 

April 2011 98.8 3.4 

May 2011 252 250 

June 2011 634.6 70.7 

July 2011 218 - 

August 2011 - - 

September 2011 64.9  

October 2011 528.4 - 

November 2011 63.5 19.8 

December 2011 - - 

January 2012  436.1 114.8 

February 2012 438.0 - 

March 2012 - - 

April 2012 39.7 1.4 

May 2012 - - 

June 2012 - - 

July 2012 119.0 59.5 

August 2012 570.0 - 

September 2012 150.0 - 

October 2012 - - 

November 2012 39.4 - 

Total 3652.4 519.6 
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As shown in the table 1.2, 519.6 hours out of the total outages of the power plant are 

due to boiler side failures. It is approximately 14.3% out of the total outage period. 

Furthermore, failures in some parts of the boiler side systems do not cause to total 

outage of the power plant. But it reduces the energy generation of the power plant. 

Because, the power plant should be de-loaded and run in partial loads due to such 

failures.   

1.4 Objective of the Research 

Analyzing past data, shows the reliability of the power plant is behind the expected 

results. Boiler side equipment failure is a main cause of low reliability of the power 

plant. 

Therefore, the purpose of this research is to study the reliability of LVPS while 

identifying the design faults and shortcomings related to the boiler side. Furthermore, 

it will provide recommendations and suitable designs to improve the reliability of 

power plant.  
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Chapter 02 

General Systems in the Boiler Side 

2.1  Coal Pulverizing System 

The main task of the coal pulverizing system is to pulverize coal into a fine powder 

stems in order to make sure better and efficient burning.   

There are five coal bunkers installed in LVPS out of which the fifth one is on 

standby. The effective volume of raw coal bunkers per boiler without the standby 

bunker is enough for the coal consumption of 10 hours at Boiler Maximum 

Continuous Rating (BMCR) for the designed coal.  

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Cross section of a coal pulverizer 

Source: Inferential pulverized fuel flow sensing and manipulation within a coal mill  

Coal feeder delivers coal in the bunker to pulverizer where pulverized coal with 

certified fitness is produced by grinding and drying. There are five roller pulverizers 

with 400kW motors. According to the design, four pulverizers out of five should be 
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capable to produce 100% BMCR with guaranteed coal. The fifth one is been in 

standby.  

After grinding, the pulverized coal is sent to the separator which is located on the top 

of the pulverizer. In the separator fine pulverized coal (fineness of 200mesh) is 

separated and sent into four coal pipes, and the rest coarse coal will go back to the 

pulverizer to be ground again. The mixture of pulverized coal and air is sent through 

coal pipes directly to burners. 

 

2.2 Primary Air (PA) System 

The main task of the PA system is to supply heated air to the pulverizers to dry the 

coal during the pulverizing process and to transport pulverized coal into the furnace. 

Cold air which is come with the atmospheric temperature from the outlet of PA fans 

is divided into two parts. One part through Air Pre-Heater (APH) comes to common 

header pipe and heated to about 330
o
C. The rest of cold air also comes into another 

common duct pipe. Those hot and cold air, are used to adjust the PA temperature by 

mixing together just before coming in to the pulverizer. It helps to keep the coal dry 

during the pulverizing process and to convey to the burners without stacking in the 

conveying pipes. 

There are two 1250kW PA fans (both are necessary to run to generate 300MW) used 

to produce hot and cold primary air in LVPS. The primary air system is designed to 

operate with single PA fan under boiler low load conditions. 

 

2.3  Air Pre-Heater (APH) 

The APH is a heat exchanger where the heat from the boiler flue gas is transferred to 

cold air to make hot air increasing the thermal efficiency of the boiler by reducing 

the heat loss due to flue gas. The heat in flue gas is transferred to hot primary and 

secondary air before being released through the chimney. It also allows control over 

the temperature of gases released from the stack to meet emission regulations. 
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Figure 2.2: A typical rotating-plate air preheater 

Source:  U.S. Environmental Protection Agency 

 

There are two tri-sector type APHs each of 7.5kW and 0.9 rpm installed and operated 

in LVPS. The large sector is connected to the boiler hot flue gas outlet. The hot 

exhaust gas flows over the rotating blades, transferring some of its heat to the blades. 

The second, smaller sector is fed with ambient air from Forced Draft (FD) fans, 

which passes over the already heated element as it rotates into the sector, and is 

heated before being carried to the boiler furnace for combustion. The third sector is 

fed with one portion of air provided from PA fans passing air over the already heated 

element as it rotates into the sector, to produce hot primary air used in the pulverizers 

to carry the coal-air mixture to coal boiler burners. 

2.4 Secondary Air System 

Purpose of the secondary air system is to provide the air required for combustion in 

the furnace. This system includes two 50% capacity of BMCR axial FD fans with 

710 kW motors and variable moving blade pitch controllers. The design and the 

arrangement of secondary air system are done to operate with single FD fan under 

boiler low load conditions. 
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The cold air through air preheater, after being heated to about 346
o
C goes into wind 

box of boiler burners located in both sides of the furnace. The wind box is designed 

to distribute air evenly to all burners. 

2.5 Flue Gas System 

The flue gas system is designed to draw out the flue gas from furnace to help the 

burning process and push out through the boiler chimney. It also helps to maintain 

negative pressure inside the furnace, which traps the flame inside the furnace without 

letting it come out through manholes. 

This system includes two Electro Static Precipitators (ESP) and two 50% capacity of 

BMCR axial flow type Induced Draft (ID) fans with variable moving blade pitch 

flow controllers and 1800 kW motors. 

 

 

 

 

 

 

 

 

 

Figure 2.3: A typical electrostatic precipitator 

Source: Endress + Hauser corporate website 

 

ESP is designed to trap and remove fly ash particles from the flue gas. It charges the 

fly ash particles electro statically and then attracts and deposits on plates. When 

enough dust has accumulated, the collectors are shaken to dislodge the dust, causing 

it to fall with the force of gravity to hoppers below. Cleaned gas then passes out of 

the precipitator and through a stack to the atmosphere. ESP in LVPS collects about 

99.5% of the dust from the flue gas. 
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Chapter 03 

Problem Identification 

3.1 Outages of Main Equipment 

Machine failure data, outage data and running time data were collected by using the 

Distributed Control System (DCS) history records, Log books and issued work 

permits within the period between starting the reliability test run ( 1
st
 of April 2011) 

to plant’s 1
st
 overhaul (23

rd
 of November 2012) (See the appendix A to K). 

A summary of outages of main equipment in boiler side is shown in table 3.1. 

Table 3.1: Outages summary of main equipment in boiler side 

Machine 
No. of 

starts 

Running 

hours (h) 

No. of 

outages 
Outages (h) 

Pulverizer A 57 8365.41 56 3,738.18 

Pulverizer B 46 6557.38 45 3,708.03 

Pulverizer C 34 7569.71 33 2,277.45 

Pulverizer D 45 4805.93 44 3,360.13 

Pulverizer E 36 6756.85 35 2,045.23 

Primary air fan A  19 11209.85 18 1,634.23 

Primary air fan B 21 11106.38 20 2,922.20 

Forced draft fan A 11 11313.42 10 1,095.58 

Forced draft fan B 27 11330.30 26 1,290.73 

Induced draft fan A 10 11170.79 9 684.18 

Induced draft fan B 19 11292.36 18 985.18 

 

 

 

3.2 Availability of Main Equipments 

By using the summarized data given in table 3.1, availabilities of the main machines 

in boiler side are calculated. 
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A Run-Repair-Run cycle of a system having m1, m2, m3, …….., mn run times and r1, 

r2, r3, ……, ri  repair times, is shown in figure 3.1. 

 

 

Figure 3.1: Run-Repair-Run cycle 

 

According to the reliability theory for the system shown in figure 3.1, 

 

         (01) 

 

         (02) 

 

         (03) 

 

By using the equations (01), (02) and (03), for the collected data of pulverizer A, 

 

 

 

 

 

 

 

 

Mean run time     = 
m1 + m2 + m3 + ……. + mn 

n 

Mean repair time = 
r1 + r2 + r3 + ……. + ri 

i 

Availability         = 
Mean run time 

Mean run time + Mean repair time 

Mean run time     = 
8 365.41 

57 

= 146.7616 h 

Mean repair time = 
3 738.18 

56 

= 66.7532 h 

Availability         = 
146.7616 

146.7616 + 66.7532 

= 0.6874 
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In the same way mean run times, mean repair times and availabilities of main 

machines in boiler side are calculated and the summary of the calculated results are 

given in table 3.2. 

Table 3.2: Availabilities of main machines in boiler side 

Machine 
Mean run time 

(h) 

Mean repair 

time (h) 
Availability 

Pulverizer A 146.76 66.75 0.687 

Pulverizer B 142.55 82.40 0.634 

Pulverizer C 222.64 69.01 0.763 

Pulverizer D 106.79 76.37 0.583 

Pulverizer E 187.69 58.43 0.762 

Primary air fan A  589.99 90.79 0.867 

Primary air fan B 528.87 146.11 0.783 

Forced draft fan A 1028.49 109.49 0.903 

Forced draft fan B 419.64 49.64 0.894 

Induced draft fan A 1117.08 76.02 0.936 

Induced draft fan B 594.33 54.77 0.915 

 

The failure rate and the repair rate also can be calculated for above machines by 

using the reliability theory. 

 

         (04) 

 

         (05) 

 

Where,  

 

 

Failure rate (λ)    = 
1 

m 

Repair rate (μ)    = 
1 

r 

m = mean run time 

 r = mean repair time 

m = mean run time 
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By using the equations (04) and (05) for the pulverizer A, 

 

 

 

 

 

 

 

 

In the same way failure rates and repair rates of main machines in boiler side are 

calculated and a summary is provided in table 3.3. 

Table 3.3: Failure rates, Repair rates and Availabilities of main machines 

Machine 
Failure rate λ 

(h
-1

) 

Repair rate μ 

(h
-1

) 

Pulverizer A 0.006814 0.014981 

Pulverizer B 0.007015 0.012136 

Pulverizer C 0.004492 0.014490 

Pulverizer D 0.009363 0.013095 

Pulverizer E 0.005328 0.017113 

Primary air fan A  0.001695 0.011014 

Primary air fan B 0.001891 0.006844 

Forced draft fan A 0.000972 0.009128 

Forced draft fan B 0.002383 0.020144 

Induced draft fan A 0.000895 0.013154 

Induced draft fan B 0.001683 0.018258 

 

These individual machines are belonging to several systems in the boiler side. 

Therefore the results given in table 3.2 and 3.3 can be used to find the system 

availabilities. 

= 0.006814 h
-1

 

146.75 
Failure rate (λ)    = 

1 

= 0.014981 h
-1

 

66.75 
Repair rate (μ)    = 

1 
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3.3 Availabilities of Boiler Side Systems 

In order to find out the system reliability indices, it is required to find the failure 

rates, repair rates and availabilities of APH, ESP and dampers. Due to the lack of 

data available within the period of twenty months on these equipment, the standard 

values taken from the repot of North American Electric Reliability Council are used 

for the calculations.  Standard Availabilities, repair rates and failure rates [02] for 

APH, ESP and dampers are given in the table 3.4. 

Table 3.4: Standard Availabilities, repair rates and failure rates 

Equipment Failure rate λ (h
-1

) Repair rate μ (h
-1

) Availability 

APH 0.00005 0.0400 0.998 

ESP 0.00030 0.0700 0.990 

Damper 0.00080 0.0392 0.980 

Pair-Damper 0.00160 0.0392 0.960 

 

3.3.1 Primary Air System 

 

 

 

 

 

Figure 3.2: Primary air system 

The system shown in figure 3.2 is available only when all the components are 

working properly. Therefore all the components have to be considered as in series for 

reliability modeling.  

 

 

Figure 3.3: Modeling of PA system 
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Considering the series combination of PA fan A, APH A and the dampers in the 

system as shown in figure 3.3, the availability, the failure rate and the repair rate are 

calculated. 

Availability of the PA system A, 

 ASA  = A1 × A2 × …….. × An     (06) 

  = 0.8666 × 0.96 × 0.96 × 0.96 × 0.998 

    = 0.814 

Failure rate of the PA system A,  

λSA  = λ1 + λ2 + …. +λn      (07) 

     = 0.0017 + 0.0008 + 0.0008 + 0.0008 + 0.00005 

    = 0.004145 h
-1

 

Also, 

ASA  = mSA / ( mSA + rSA )      (08) 

rSA  = mSA(1-ASA)/ASA      (09) 

μSA = 1 / rSA       (10) 

μSA  = ASA   / {mSA(1-ASA)}     (11)  

 

Therefore repair rate of PA system A, 

μSA   =  0.018145 h
-1

  

 

Considering the series combination of PA fan B, APH B and dampers of primary air 

system B as shown in figure 3.3, 

Availability of the PA system B, 

 ASB  = A1 × A2 × ….. × An 

    = 0.7835 × 0.98 × 0.98 × 0.98 × 0.998 

    = 0.736 



15 
 

Failure rate of the PA system B,  

λSB  = λ1 + λ2 + …. +λn 

     = 0.0019 + 0.0008 + 0.0008 + 0.0008 + 0.00005 

    = 0.004341 h
-1

 

Repair rate of the PA system B, 

μSB  = As   / {mSB(1-ASB)}  

μSB   =  0.012101 h
-1

  

 

In order to run the power plant at rated load (300MW), both primary air system side 

A and B have to run properly. Therefore, these two systems can be considered as 

series systems to find the total system availability. 

Availability of the total primary air system   = ASA × ASB 

= 0.814 × 0.736 

       = 0.599 

Failure rate of the total primary air system  = λSA + λSB 

       = 0.004145 + 0.004341 

= 0.008486h
-1

 

 

3.3.2 Secondary Air and Flue Gas System 

 

 

 

 

Figure 3.3: Secondary air and Flue Gas System 

Figure 3.4: Secondary air and flue gas system 
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The system shown in figure 3.4 is available only when all the components are 

working properly. Therefore all the components have to be considered as in series for 

reliability modeling.  

 

 

 

 

 

 

Figure 3.5: Modeling of secondary air and flue gas system 

 

Considering the series combination of equipments of secondary air and flue gas 

system A as shown in figure 3.5, 

Availability of the secondary air system A, 

 ASA  = A1 × A2 × ….. × An 

    = 0.904 × (0.96)
3
 × 0.98 × 0.998 × 0.936 × 0.99 

    = 0.723 

Failure rate of the secondary air system A,  

λSA  = λ1 + λ2 + …. +λn 

     = 0.00097 + 0.0016 × 3 + 0.0008 + 0.00005 + 0.00089 + 0.0003 

    = 0.00781 h
-1

 

Repair rate of the secondary air system A, 

μSA  = As   / {mSA(1-ASA)}  

μSA   = 0.0204 h
-1
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Considering the series combination of equipment of secondary air and flue gas 

system B as shown in figure 3.5, 

 Availability of the secondary air system B, 

 ASB  = A1 × A2 × ….. × An 

    = 0.894 × (0.96)
3
 × 0.98 × 0.998 × 0.916 × 0.99 

    = 0.702 

Failure rate of the secondary air system B,  

λSB  = λ1 + λ2 + …. +λn 

     = 0.00238 + 0.0016 × 3 + 0.0008 + 0.00005 + 0.00168 + 0.0003 

    = 0.01001 h
-1

 

Repair rate of the secondary air system B, 

μSB  = As   / {mSA(1-ASB)}  

μSB   = 0.0236 h
-1

 

 

In order to run the power plant at full load (300MW), both the secondary air system 

side A and B should run properly. Therefore, these two systems can be considered as 

series systems to find the total system availability. 

Availability of total secondary air system AT = ASA × ASB 

= 0.723 × 0.702 

      = 0.508 

 

Failure rate for total secondary air system, λt = λSA + λSB 

= 0.00781+ 0.01001 

= 0.01782 h
-1
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3.3.3 Pulverizing System 

 

 

 

 

 

 

 

 

Figure 3.6: Arrangement of a coal pulverizer 

 

The pulverizer system shown in figure 3.6 is available only when all the components 

are working properly. Therefore all the components are considered in series for 

reliability modeling.  

 

 

 

 

 

 

Figure 3.7: Modeling of pulverizer system 

 

Availability of pulverizing system A, 

As  = A1 × A2 × ….. × An 

    = (0.98)
8
 × 0.687 

    = 0.585  
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Failure rate of the pulverizing system A,  

λs  = λ1 + λ2 + …. +λn 

  = 0.0008 × 8 + 0.0068 

  = 0.0132 h
-1 

A summary of the calculated availabilities and the failure rates of all pulverizing 

systems are given in the table 3.5. 

Table 3.5: availabilities of pulverizing systems 

Pulverizing system Availability Failure Rate (h
-1

) 

A 0.585 0.0132 

B 0.539 0.0134 

C 0.649 0.0109 

D 0.496 0.0158 

E 0.649 0.0117 

Average 0.584 0.0130 

 

Let us assume that all five pulverizers are identical with average availability of 

0.584. Then, the N+1 redundancy equation can be used to calculate the availability of 

the whole pulverizing system. 

The N+1 redundancy equation, 

  At = nA n−1 ×  1 − A +  An    (12)  

Where, 

At = Availability of the total system 

A = Availability of identical devices 

n = number of devices 

 

Therefore, the availability of the total pulverizing system at full load, is 

 

At = 5 × (0.584) 5−1 ×  1 − 0.584 +  0.5845 

              At = 0.310 
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3.4 Financial Loss Calculations 

According to the instruction of System Control Center (SCC) of CEB, LVPS has to 

increase or decrease the load. Considering the current energy demand within the 

country, SCC asks to reduce the load during certain periods of each day while the 

plant is asked to run at its maximum load within the remaining period.  If the power 

plant is running at its full strength without any failure, the dispatching pattern of the 

power plant is almost equal in normal days. This pattern might be changed during the 

rainy seasons. 

 

 

 

Figure 3.8: Usual daily load profile of LVPS  

 

The above graph shows a load pattern of the power plant in a day when the power 

plant is running smoothly.  The average daily energy generation of the power plant is 

6658.6MWh according to the past data collected from the beginning of reliability test 

run to 1
st
 overhaul. 
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In a case of equipment failure in the power plant, it would be required to de-load the 

machine until the repair work is finished. This results a decrease in LVPS energy 

generation on that particular day. 

 

Figure 3.9: Effect on electricity generation in a PA fan failure 

 

The graph given in figure 3.6 shows the effect on the electricity generation of the 

power plant due to a PA fan A failure on 29
th

 March of 2012. It shows how the load 

is reduced gradually to stop the PA fan A for the repair work and loading the 

machine after the repair. 

Expected energy generation during the failure  = 1489.8MWh 

Generated energy during the failure    = 1008.4MWh 

Loss of energy generation due to failure  = 481.4MWh 

Financial loss to the CEB     = Rs.481.4 × 103 × 9 

= Rs.  4.33 M 

Here the financial loss due to loss of a unit from LVPS is considered as nine rupees. 

It is the difference between the unit cost of LVPS (≈ Rs 7.00) and the lowest unit 
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cost of a thermal power unit (≈ Rs 16.00) to replace LVPS according to SCC. A 

summary of financial losses due to the failure in boiler side is given in the table 3.6. 

Table 3.6: Financial loss due to boiler side failures of LVPS 

System 
Loss of energy generation 

(MWh) 
Financial loss (Million Rs) 

PAF A 12 007.9 108.1 

PAF B 9 422.5 84.8 

FDF A 16 825.8 151.4 

FDF B 12 860.6 115.7 

IDF A 4 576.5 41.2 

IDF B 9 217.2 82.9 

Total in boiler side 64 910.5 584.1 

 

 

3.5 Design Faults and Shortcomings 

As discussed in chapter 01, the power plant availability is behind the expected value.  

14.3% of total outages of the power plant are due to the boiler side failures. As 

shown in the calculation in section 3.3, the availabilities of major systems in the 

boiler side are very low compared to the expected availabilities. So, it is required to 

analyze the problems and shortcomings by studying the boiler side systems in depth.  

3.5.1 PA System Problem Identification 

Main problem in the primary air fans is that they cannot produce the required amount 

of primary air. The main contractor of the power plant has clearly instructed to 

maintain safe mill parameter for safe operation of pulverizers.  According to the 

instructions, operators have to maintain the air to coal ratio above 2.5 in each running 

pulverizers. Also it is instructed to maintain the outlet temperature of pulverizers 

bellow 70
o
C and inlet air temperature to the pulverizers bellow 190

o
C. It is observed 

that, most of the time the required coal flow rate cannot be maintained for rated 

power plant capacity within those safe mill parameters. Therefore, capacity 

improvement in the primary air system is required to solve this problem. 

Even though, the power plant is designed to generate half load when only one 

primary air fan is available, it is not possible to generate 150 MW with a single 
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primary air fan. The emergency situation handled on 25.01.2013 provides a clear 

example for this. The PA fan B was stopped for an emergency maintenance work. 

Load of the power plant had to reduce to 104MW with firing four diesel burners. 

Time Duration : 7.8hrs  

 From 21: 50 (25.01.2013) to 05:40 (26.01.2013) 

SCC requested load  : 220 MW 

Designed load for a PA fan : 150 MW 

Load provided   : 104 MW 

Loss of generation  : (150 – 104) × 7.8 = 358.8MWh  

Financial loss   : Rs 3.23 M 

No. of diesel guns fired : 04 

Diesel consumption  : 29.52 T (35 480.77 ltrs) 

Loss due to diesel firing  : Rs 4.08 M 

Total Loss    : Rs 7.31 M 

This loss of 7.31 million rupees was due to the PA fan capacity problem. So, the lack 

of capacity of PA system can be identified as a major problem in the boiler side. 

Other than this, the availability of PA system A and B are respectively 0.781 and 

0.706 which is a very low value compared to the expected minimum availability of 

0.85. Frequent failures in PA system due to high vibration and high bearing 

temperature problems can be identified as the major reason to have a low availability 

in the system. 

3.5.2 Secondary Air and Flue Gas System 

The availabilities of the secondary air and the flue gas system A and B are 0.732 and 

0.708. These low availabilities of the systems are mainly due to the low availabilities 

of FD fans and ID fans. Increasing of bearing temperatures and vibrations are 

common problems in FD and ID fans. This occurs especially when these fans are 

running at higher pitches to meet the required air flow rates. FD fans supply the air 

necessary for fuel combustion by pushing the air to the furnace while ID Fans 
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exhaust all gaseous combustion products or flue gas from the boiler by creating a 

negative pressure within the furnace.  Required air flow is controlled by changing the 

pitch positions while the fan is running at constant speed. Due to frequent failures, 

higher maintenance requirement of moving parts and resulting problems such as high 

vibration and bearing temperature, pitch controlling method can be identified as an 

inefficient method for flow controlling in FD and ID fans. 

 

3.5.3 Pulverizing System Problem Identification 

There are five roller type coal pulverizing mills installed to produce required amount 

of pulverized coal out of which one is in standby. Coal feeders feed the coal to 

pulverizers according to a signal generated by the DCS. Coal is ground before 

sending to the furnace. Mix of hot air and cold air dries the pulverized coal and 

transports to the furnace. 

Analysis of past data shows that the availability of the pulverizing system is low and 

causes a big financial loss due to de-loading. Failures in coal feeders, fires in 

pulverizers, air and coal damper failures, pulverized coal leakages and raw coal 

coming with pyrites are identified as main problems in the pulverizing system. 
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Chapter 04 

Proposed Options to Improve the Reliability 

4.1 Improvement in the PA System 

4.1.1 Introduction of Existing PA System 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Existing primary air fan arrangement 

In the existing system, both the PA fan A (PAF A) and the PA fan B (PAF B) have to 

run to meet the full load of the power plant. Part of the air flow generated by the 

primary air fans, is directly sent to the cold air header as cold air. Other part of the 

primary air is sent through the APH to produce hot air and it is sent to the hot air 

header for use in the mill operation. 

Most of the time, the available PA fans are not producing the required amount of 

primary air to generate 300MW within the safe pulverizer parameters as discussed. 

Also the availability of the PA system is low as discussed in section 3.5.1. Third PA 

fan with a suitable capacity is suggested to be installed to solve both the capacity 

problem and the law availability problem. The capacity requirement will be 

discussed in chapter 05. 
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4.1.2 Revised Arrangement of the PA Fan System 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2: Proposed primary air fan arrangement 

In this option, a new PA fan is suggested to be installed in parallel to the existing PA 

fans as shown in figure 4.2. New PA fan (PAF NEW) is connected to both existing 

primary air duct line A side and B side through dampers D3 and D4. 

Operation of the system is arranged so that both PAF A and PAF B are running at 

normal operation. Whenever the required amount of primary air is not produced by 

those two fans, PAF NEW is started automatically and loaded to meet the additional 

requirement of the primary air. At the same time D3 and D4 should be opened to 

maintain the balance in primary air A and B sides. 

If PAF A or PAF B is tripped while the PAF NEW is not running, PAF NEW has to 

be started and fully loaded to maintain the primary air requirement. D3 or D4 has to 

be opened accordingly.  

 If PAF A or PAF B is tripped while the PAF NEW is running, PAF NEW has to be 

fully loaded to maintain the primary air requirement. 
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4.2 Improvement in the Secondary Air and Flue Gas System 

4.2.1 Introduction of Existing System  

There are two FD fans in the secondary air system and two ID fans in the flue gas 

system, installed in LVPS.  

 

 

 

 

 

 

 

 

Figure 4.3: Cross section of a FD fan 

Source: Maintenance Manual of Boiler Equipments of LVPS 

 

 

 

 

 

 

 

 

 

 

Figure 4.4: Adjustable pitch controlling method 

Source: EcoSmart Electricians 
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The FD fans which are axial flow type with adjustable moving blades, takes air from 

the atmosphere and sends to the furnace after warming it in the air preheater for 

better combustion. The angle of the moving blades of FD fans can be adjusted to 

change the air volume and air pressure to meet the demand of working conditions in 

power plant operation [03]. 

 

The ID fans assist by drawing out non-combustible gases from the furnace, 

maintaining a slightly negative pressure in the furnace to avoid backfiring through 

any openings. The ID fans are axial flow fans with adjustable static blades. Those 

fans use front guide vane to change its air flow volume to meet the needs of boiler 

load.  

 

 

 

 

 

 

 

 

 

Figure 4.5: Cross section of an ID fan 

Source: Maintenance manual of boiler equipments, CMEC 

The low availability of those fans is mainly due to failures in pitch controlling 

system. It can be observed that the high vibration and high bearing temperature have 

a relationship with the pitch controlling system, especially when the fans are 

operated in higher pitches.  

The rated power of an ID fan motor and FD fan motor are respectively 1800 kW and 

710 kW. Therefore ID fans and FD fans consume high amount of power which is 



29 
 

approximately 5020 kW (1800 × 2 + 710 × 2). As a solution for all the above 

mentioned problems, Variable Speed Drives (VSDs) can be introduced to the ID and 

FD fans instead of the pitch controlling method. Higher availability of those fans can 

be expected with low power consumption by using VSDs for the flow controlling.   

VSD is a device that controls the speed and torque of an electric motor taking energy 

from the main power supply and control the energy flow to the motor creating 

different motor speeds and torques as required. By this way, the VSD can control the 

variables of a process, such as flow by controlling the speed of a fan or a pump.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6: Centrifugal fan and system characteristic 

Source: Drives in power generation, ABB 

The figure 4.6 shows a typical centrifugal fan characteristic and a typical system 

characteristic. The operating point of the system is at the intersection of those two 

curves. If the required volume flow of air is deviating from this point according to 

our requirements, the fan or system characteristic needs to be changed [04]. 

In the existing system for FD and ID fans, the operating points are changed by using 

the pitch of the fan blades or vane. Similar operation of changing the damper position 
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is shown in figure 4.6. When the damper is closed to reduce the air flow, the 

operating point is moved from position 1 to 2 (See Figure 4.6). But, when the fan 

speed is decreasing to control the air flow with a variable speed drive, it changes the 

fan characteristic itself without changing the system characteristic. So the operating 

point moves from position 1 to 3 (see Figure 4.6) without adding additional 

disturbance to the system. Because of the VSD speed control method is not adding 

additional dissonances to the system, it can be considered as a solution for the 

vibration and bearing temperature problems to improve the reliability. 

4.2.2 VSD Driven ID and FD Fans 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7: single line diagram of proposed system 

The adjustable moving blades of FD fans and adjustable static blades of ID fans keep 

their maximum position allowing the maximum air flow through the fans. The air 

flow will be controlled by adjusting the speed of FD and ID fan motors according to 

the signals generated by DCS.  

In the existing system, FD and ID fans are fed by 6kV bus through breakers. In the 

proposed design, those fans are fed by separate power cables through VSDs as 
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shown in figure 4.7 The existing system could be used as a standby system to use in 

a failure in the VSD system to improve the reliability further. DCS will set a 4mA to 

20mA analog output signal for ID fan’s adjustable static blade controller according 

to the furnace pressure to control the air flow. Also, DCS will set a 4mA to 20mA 

output analog signal for FD fan’s adjustable moving blade controller according to the 

oxygen content in flue gas. Those analog output signals could be sent to VSD 

controlling cabinet to set the required speed to achieve the required flow rates. 

4.3 Improvement in the Pulverizing System 

4.3.1 Existing Coal Pulverizing System 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8: Existing coal pulverizing system 

Pulverizer 

To furnace 

Cold air 

Hot air 

Coal feeder 

Coal bunker 



32 
 

The raw coal filled in the coal bunker is put into the coal pulverizer by the coal 

feeder which is driven by a variable speed drive. Speed of the feeder is set according 

to the coal requirement to burn in the furnace. Raw coal is pulverized in the 

pulverizer and carried to the furnace by a mixture of hot and coal air.  

Failures in any of the above parts would make the system unavailable. Therefore, the 

availability of the pulverizing system is very low compared to the expected value. If 

there is pulverized coal storage, it can be used whenever the pulverized system fails.  

 

4.3.2 Pulverized Coal Storage System 

A modification to the existing coal pulverizing system with pulverized coal storage is 

shown in the figure 4.9. Instead of directly sending the pulverized coal to the furnace, 

it is proposed to store it in bunkers and use the stored pulverized coal for firing.  

According to the new design, the coal feeder feeds raw coal into the pulverizer and 

pulverized coal will be carried by the mixture of hot and cold air to the cyclone 

separator. At the cyclone separator, pulverized coal and the coal dust is separated by 

the cyclone effect. Then the coal dust which is not capable to separate by the cyclone 

effect, is directly sent to the furnace with the air mixture.  

Separated pulverized coal is stored in the pulverized coal storage to use for the firing 

whenever required. Stored coal is put into coal pipes which are connected to the 

furnace by a screw conveyor. The screw conveyer is driven by a variable speed drive 

and the speed of the screw conveyor is responsible to put the required amount of 

pulverized coal to the coal pipe according to the DCS signals to carry to the furnace.  

In addition to the coal storage, it is required to design a reliable fire protection 

system to the coal storages, because of the pulverized coal can easily catch fire. 
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Figure 4.9: Proposed pulverized coal storage system 
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Chapter 05 

Improvement Analysis in PA System 

5.1 Fan and Motor Selection 

PA fan is selected to provide the PA requirement of 50% of the BMCR. PA flow 

requirement is calculated bellow. In order to run the power plant in its rated load of 

300 MW, 

Required Coal flow rate (for designed coal) = 114 t/hr 

Required PA flow    = Coal rate × Air ratio 

      = 114 × 2.5 

      = 285 t/h 

Air taken for sealing fans   = 40 t/h 

Total air requirements from PA fans  = 285 + 40 

      = 325 t/h 

Available average PA flow (From past data) = 250 t/h  

Primary air flow shortage   = (325 – 250) t/h 

      = 75 t/h 

 

Therefore, shortage of primary air can be supplied by adding a fan with a flow rate of 

75t/h. But, the availability can be improved further by adding a fan to meet 50% of 

BMCR, because the new primary air fan can be used as a standby fan for PAF A and 

PAF B. Therefore, a fan has to be selected with a flow rate of half of the total 

primary air requirement.  

Required air mass flow rate from fan = Required air flow × Safe factor 

     = 162.5 × 1.2  

     = 195 t/h 
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Required air volume flow rate (Q) = Mass flow rate / Density of Air 

     =   

     = 164 709.86 m
3
/h 

 

Pressure rise of the fan (ΔP) = (Pressure at fan outlet) – (Pressure at fan 

inlet) 

= 117.062 – 101.325kPa 

 = 15.737kPa 

 

This is a low flow high pressure application. Therefore, a centrifugal fan with flow 

rate of 195t/h and pressure rise of 15.74kPa is selected for the proposed primary air 

system modification. 

Required fan’s motor power  = 
Q × ΔP

η
×  27.7777   (13) 

Where,  ΔP = Pressure rise of the fan in bar 

Q = Air volume flow rate in m
3
/h 

η = Fan and motor total efficiency 

 

Required fan’s motor power  = 
164 709.86 × 0.15737

0.6
×  27.7777 W 

     = 1200014.7 W 

     = 1200 kW 

For the fan motor, a 6kV induction motor with the rated power of over 1200kW is 

selected. 

 

 

195 × 1000 

1.1839 
m

3
/h 
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Pipe line sizing for the fan can be done by using following equation. 

 

 (14) 

 

Where: 

A = Cross - Sectional area of the pipe bore, in
2
. 

Q = Flow rate, ft
3
/min free air. 

Pa = Prevailing atmospheric absolute pressure, psia. 

Pd = Discharge gauge pressure (or line pressure), psig. 

V = Design pipe velocity, ft/sec. 

 

 

       A    =  3042.36 in
2 

 

Required pipe diameter, D    = (4 × A / ) 
½ 

              = ( 4 × 3042.36 × 7 / 22 ) 

               = 62.22 in 

               = 1.58 m 

The entire pipe line has to be sized and selected according to the required pipe 

lengths, bends and joints considering the installation possibilities.  

 

5.2 Modified DCS logic diagram for PA fans 

The Ovation Control Builder is used to develop the logic and algorithms in the 

Distributed Control System (DCS) of LVPS. The Ovation Control Builder places the 

algorithms on control sheets to tell the Ovation control system what algorithms to 

use, what points to associate with the algorithms, and in what order the algorithms 

A     =  
144 × Q × Pa 

60 × V × ( Pa + Pd ) 

A     =  
144 × 96948.22 × 14.68 

60 × 65.617 × (14.68 + 2.43) 
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should execute. The Control Builder combines multiple algorithms and even multiple 

control sheets to create an entire control strategy for a system process [05]. 

Certain modifications have to be done in the existing logic diagrams to reflect the 

new system modifications. Updated logic diagrams of the PA fan system are given in 

figures 5.1 to 5.5. 

 

 

 

 

  

 

 

 

 

 

 

 

Figure 5.1: Modified logic diagram - 01 for the PA fan system 

According to the logic diagram given in figure 5.1, the target value of power demand 

set by the operator, is taken by the MW Target Setter. If that value is lower than the 

Entered MW High Limit, the signal passes to check with the Entered MW Low 

Limit. If that signal is higher than the Entered MW Low Limit, the signal passes 

down after multiplying with a Gain of 0.303 [06].  

Then the signal will be sent to UCC output, if the Rundown Runback is not 

activated. If the Rundown Runback is activated, the Runback Target as shown in 

the table 5.1 will be sent as the UCC output. 
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Table 5.1: Runback targets and runback rates of LVPS [07] 

Causes to Runback Runback target / MW Rundown rate MW/min 

Feed water pump tripped 160 30 

APH tripped 150 60 

FD fan tripped 150 60 

ID fan tripped 150 60 

PA fan tripped 140 50 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2: Modified logic diagram - 02 for the PA fan system 

The signal passed to UCC output in figure 5.1 goes through a function F(x) = {(0, 

6), (30.3, 7), (45.5, 8), (60.6, 10.5), (100, 11), (110, 11.5)} and the result is added to 

the Bias set by the operator [08]. Then the value is checked to find out whether it is 

over 6.5 or not. If the value is over 6.5, that value is sent to PID controller and if it 

is less than or equal to 6.5, the value is set to 6.5 and sent to PID controller.  
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Also median of measured PA pressure of three points (PA PS1, PA PS2, PA PS3) at 

the field are sent to the PID controller. The signal generated in the PID controller 

will set a PA Fan demand signal after balancing among the PA fans by the 

Balancer. 

 

 

 

 

 

Figure 5.3: Logic diagram for PAF A standby mode 

 

 

 

 

 

 

Figure 5.4: Logic diagram for PAF B standby mode 

 

 

 

 

 

Figure 5.5: Logic diagram for PAF NEW standby mode 
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The updated logic diagrams for standby operations are given in Figure 5.3, 5.4 and 

5.5. Let us consider the situation when the PA fan A is in standby mode while PA fan 

B and PA fan C are in running mode. In a case of PA fan B or PA fan C trips or PA 

pressure goes lower for more than ten seconds, PA fan A start signal will be 

generated by the DCS to start the PA fan immediately.  

Also in the case of PA fan A or PA fan C trips or PA pressure goes lower for more 

than ten seconds, PA fan B start signal will be generated when the PA fan B is in 

standby mode. But, when the PA fan C start signal is generated while it is in standby 

mode, at the same time a signal is sent to open the common duct damper.     

5.3 Capacity improvement of the power plant 

 

The designed power load at the Maximum continuous load (the BMCR working 

condition) of the boiler in LVPS is 330.3 MW with the evaporation capacity of 

1025t/h [09]. At the BMCR, steam boiler is capable to produce and provide the 

stated quantity of steam continually and easily without any deficit. The turbine is 

designed as capable to produce 315 MW at the turbine maximum continuous rating 

(TMCR) [10]. 

Also the generator in LVPS is capable of operating continuously with the Maximum 

continuous output approximately 330MW corresponding to the turbine power 

produced when operating simultaneously with valve wide open (VWO) at rated 

hydrogen (H2) pressure (0.3Mpa) and winding temperature less than 90
o
C [11].  

Also the generator is capable of operating at an over-current for a period as listed in 

table 5.2.  

 

Table 5.2: Short time over-load capability of generator 

Current (%) 226 154 130 116 

Power (MW) 678 462 390 348 

Time (s) 10 30 60 120 

 

Source: Technical document of LVPS, Section 04-Electrical system 
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According to the performance curve given in figure 5.6, the generator is capable to 

produce 315MW and 150Mvar at 0.9 power factor. 

 

The generated power is sent to 220KV bus bars in GIS through a 20/220kV 

transformer, which rated at 360MVA. The current rating of the bus bar is 2500A 

[12].  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.6: Generator performance curve 

 

Therefore achieving the plant capacity to 315 MW is well within the limits of 

maximum continuous ratings of plant major equipments (boiler, turbine, generator, 

transformer, bus bar). To have a better result, it is required to minimize water make 

up and auxiliary steam, firing design coal to maintain good boiler loadability within 

the BMCR limits.  

 

On the turbine side it is required to maintain very good water chemistry regime, 

regularly overhauled turbines and minimized auxiliary steam to the turbine (gland 

steam, stack steam, etc.). On the generator side we have to take advantage of the high 

power factor closer to 0.9 against the generator design power factor of 0.85 while 

maintaining the rated hydrogen (H2) pressure (0.3Mpa) and winding temperature less 
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than 90
o
C. But the pulverized coal conveying system in LVPS has to be adjusted to 

achieve this.  

 

Let us consider one hour duration to run the power plant at 315MW with designed 

coal.  

Calorific value of designed coal    = 6050 kcal/kg 

Assumed overall efficiency of the power plant  = 38% 

Energy delivered by coal × Overall efficiency = 315MWh 

C × 4184 × W × η    = E   (15) 

Where, C = Calorific value of designed coal (kcal/kg) 

  W = required coal mass (kg) 

   η = Overall efficiency of power plant  

 6050 × 4184 × W × 0.38    = 315 × 3600 × 10
6  

 W   = 117,891 kg 

  ≈ 118 t 

Therefore required amount of designed coal to run the power plant at 315MW is 118 

tons per hour. 

Design capacity of a pulverizer = 31.43 t/h 

Total capacity of pulverizers  = 31.43 × 4 

 = 125.72 t/h  

Designed capacity of a coal feeder = 34.56 t/h 

Total capacity of coal feeders  = 34.56 × 4 

 = 138.24 t/h 
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Therefore the capacity of the coal pulverizers and the coal feeders are within the 

limit to achieve 315MW from design coal. 

But the pulverized coal conveying system capacity has to be improved. Because, 

available PA fan system do not produce required amount of PA to convey pulverized 

coal even for 300MW within the safe margins as discussed in chapter 5.1. 

 

Required PA flow   = Coal rate × Air ratio 

= 118 × 2.5 

= 295 t/h 

Air taken for sealing fan  = 40 t/h 

Total PA requirement  = 295 + 40 

= 335 t/h 

Primary air shortage   = 335 – 250 t/h 

= 85 t/h 

 

Therefore, the power plant capacity can be improved to TMCR (315MW) by adding 

additional 85 t/h of PA capacity to the system as proposed in chapter 4.1.2. 

 

If the above improvements are done, that advantage can be used in demand peak 

hours, the rainy seasons and receiving of low quality coal shipments even though the 

power plant is not expected to run at TMCR continuously. 



44 
 

Chapter 06 

VSD Based Flow Controlling for FD and ID Fans 

6.1 VSD Selection 

The two FD fans and two ID fans are fed through two separate 6kV buses. Therefore, 

medium voltage drives with suitable power capacity, have to be selected for above 

fan motors. The medium voltage AC drives are available in a variety of arrangements 

such as Voltage Source Inverters (VSIs) and Load Commutated Inverters (LCI).  

The type of VSD has to be selected depending on the motor to be controlled is 

asynchronous or synchronous. The asynchronous motors such as cage induction 

motors are typically controlled by VSIs and the synchronous motors are typically 

controlled by LCIs [13]. 

Table 6.1: FD and ID fans name plate data 

Item No of units Input voltage Rated power Motor type RPM 

FD fan 02 6 kV 710 kW Induction motor 1490 

ID fan 02 6 kV 1800 kW Induction motor 995 

 According to the properties of FD and ID fan motors given in the table 6.1, VSI type 

VSDs are selected for the modification. 

6.2 Converter, Converter Transformer and Inverter 

 

 

 

 

 

Figure 6.1: VSD schematic diagram 
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Figure 6.2: Elementary circuit diagram of VSD 

Source: Technical Catalog, ABB 

6.2.1 Convertor and Converter Transformer 

Converter transformer is a multi-winding transformer which supplies 3-phase AC 

voltage to the rectifier bridges. The MV converters with higher ratings specifically 

require a higher number of converter pulses to limit the network harmonic distortion 

to an acceptable level. When the number of pulses are higher than 12, a special phase 

shifting, multi-winding transformer or several transformers with phase shifts running 

in parallel are required [14]. 

 

 

 

 

 

 

 

 

Figure 6.3: Converter transformers and 36-pulse diode rectifier 

Source: Source: Technical Catalog, ABB 
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Therefore, 36-pulse diode rectifier, consisting of 3 x 12-pulse bridges have been used 

for this FD and ID fans modification. The 36-pulse configuration can be achieved by 

two separate transformers, each providing three phase-shifted secondary windings or 

by one transformer with six phase-shifted secondary windings. Therefore, two 

numbers of four winding transformers can be used as the convertor transformers as 

shown in figures 6.2 and 6.3. 

6.2.2 Inverter 

The inverter works on the principle of switching between different levels of DC 

voltage. Therefore the output is a pattern of high frequency rectangular pulses (not a 

pure sine shaped AC wave) that are made to resemble the sine wave. The ability to 

produce a smooth sine wave with rectangular pulses is depending on the number of 

available voltage levels. When the rectangular pulse levels of the inverter output is 

high, it produces an approximate sine wave. Harmonic filters can be used to smooth 

the output by absorbing harmonics further. Therefore five voltage level (9 voltage 

levels in line-to-line) inverter is suitable for the VSDs for FD and ID fans. 

  

 

 

 

 

 

 

 

 

Figure 6.4: Circuit diagram of the inverter 

Source: ABB Research Ltd 
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Figure 6.5: Nine voltage levels in line-to-line for the inverter 

Source: Technical Catalog, ABB 

 

6.3 Modified DCS Logic Diagrams for FD Fans 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.6: Modified logic diagram - 01 for the FD fan system 
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According to the modification done in the FD fan systems, certain modifications in 

the DCS logic diagrams also have to be done. Updated logic diagrams for FD fan 

system are given in figure 6.6 to 6.8 and described below. The symbols for various 

logics are the symbols which are used in Ovation control builder. 

The UCC output signal from the logic diagram shown in figure 5.1, is sent through 

two functions as shown in figure 6.6. The output signal of the function F(x) = {(0, 

10), (20, 7), (30, 5.5), (40, 5)} send to a PID controller after adding bias set by the 

operator. An average value of measured oxygen content in two different places in the 

flue gas, is also sent to the PID controller. The signal generated by the PID controller 

is sent to a multiplier (X) after multiplying by a constant of 0.002 to multiply with 

the first function’s output [15].  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.7: Modified logic diagram - 02 for the FD fan system 
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The UCC output is sent through another second function F(x) = {(0, 35), (120, 

54.5), (130, 55.5), (140, 55.8), (150, 57.3)} and the output is directly sent to the 

multiplier (X) to multiply with PID controller output. Then the multiplier (X) 

generates the Total air demand signal for FD fans. 

The Total air demand signal which is sent from the logic diagram shown in figure 

6.6, is added to a bias set by operator and check whether the value is greater than 30 

or not (see figure 6.7). If the value is greater than 30, the value is sent to another PID 

controller and if the value is less than 30, a value of 30 is sent to PID controller. 

Total secondary air flow signal also sends to the PID controller after multiplying by a 

constant 0.11628 [16]. 

The output of the PID controller sends to a Balancer to balancing the air flow of FD 

fan A and FD fan B and generates a FDF air demand signal.  

 

 

 

 

 

 

 

 

 

Figure 6.8: Modified logic diagram - 03 for the FD fan system 

 

The FD fan air demand signal generated in the logic diagram shown in figure 6.7, 

is sent to two adders to add with the bias (see figure 6.8). The bias is added positively 
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in the first adder and negatively at the second adder to keep the total air flow of FD 

fans at constant level. 

The output signal of first adder is sent to the FD fan A moving blade if the operator 

has selected the Pitch mode. If the operator has selected the VSD mode, the output 

signal of first adder is sent to the FD fan A VSD controller. In the same way, the 

output signal of second adder is sent to FD fan B moving blade or FD fan B VSD 

controller as it is selected by the operator. 

According to this signal, 4 to 20mA signal is generated by the input/output modules 

in DCS which is fed to VSD control panel or pitch controller of FD fans as selected 

by the operator. It will control the speed of the FD fans to have required secondary 

air flow to the furnace. 

6.4 Modified DCS Logic Diagram for ID Fans 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.9: Modified logic diagram - 01 for the ID fan system 
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Modified logic diagrams of the ID fans to run in auto mode, is shown in figure 6.9 

and 6.10. The symbols for various logics are the symbols which are used in Ovation 

control builder. ID fans are mainly operated according to the furnace pressure. 

An average value of measured furnace pressure in different locations is added to a 

bias set by the operator and fed to a PID controller (see figure 6.9). The output signal 

of PID controller is added to the average of ID fan pitch and set a signal IDF 

demand [17]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.10: Updated logic diagram - 02 for the ID fan system 

 

Then IDF demand signal generated in logic diagram shown in figure 6.9, is sent 

through a Balancer to balance the demand between ID fans (see figure 6.10). Then 

the output signal of Balancer is sent to two Adders to add with the bias. The bias will 

be added positively in the first Adder and negatively at the second Adder to keep the 

total air flow of FD fans at constant. 
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The output signal of first adder is sent to the ID fan A moving blade if the Pitch 

mode is selected by the operator. If the VSD mode is selected, the output signal of 

first Adder is sent to the ID fan A VSD controller. In the same way, the output 

signal of second Adder is sent to ID fan B moving blade or ID fan B VSD 

controller as it is selected by the operator. 

According to this signal, 4 to 20mA signal is generated by the input/output modules 

in DCS which is fed to VSD control panel or pitch controller of ID fans as selected 

by the operator. It will control the speed of the ID fans to have required flue gas flow 

through the furnace. 

6.5 Energy Saving of VSD Flow Controlling 

According to the Affinity law, power demand of a centrifugal fan is proportional to 

the cube of the speed [18]. Therefore the method used to control the flow rate of a 

centrifugal fan, has a major impact on energy saving. The graph in figure 6.11 shows 

a power requirement for air flow of different types of flow control methods. It clearly 

indicates that the VSD flow control method has much lower power consumption than 

the outlet damper or inlet guide vane flow control methods. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.11: Power demand for different methods of flow control 

Source: ABB Switzerland Ltd 
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The graph in figure 6.12 shows a comparison of power demand for the present flow 

controlling method used in LVPS and the expected power demand for VSD 

controlled FD fan. The purple color trend shows the power consumptions for various 

flow rates for the currently available flow controlling method used in FD fans.  

 

The red color trend shows the expected power consumptions by using a VSD 

available in the global market. It shows that VSD flow controlling method is more 

energy efficient. 

 

 

 

Figure 6.12: Present and expected power demand for a FD fan   
 

Energy saving and the financial benefit due to use of VSDs for FD and ID fans are 

calculated below by using the past data. It is assumed that the power plant is running 

according to the usual daily load profile of the power plant as shown in figure 3.8. 

 

Let us consider a moment which a FD fan produce an air flow of 350 t/h. 
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       = 65.12 % 

By using the VSD graph in figure 6.12, 

Percentage of load     ≈ 24 % 

 

Power requirement for FD fan by using VSD =  

 

       =  

 

= 170.4 kW 

 

As illustrated above, the calculated power consumptions for various flow rates 

during a normal running day of a VSD driven FD fan are shown in figure 6.13.  

  

 

 

Figure 6.13: Air flow rate and power consumption variation of VSD driven FD fan 
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Integrating the power consumptions given in the graph in figure 6.13,  

Energy consumption per day of an FD fan by use of VSD = 3907.13 kWh  

 

Energy consumption per day of an FD fan without VSD = 7371.57 kWh  

Energy saving per day by an FD fan    = 3464.43 kWh  

Energy saving for both FD fans per day   = 6928.86 kWh  

 

As illustrated for FD fans above, 

Energy consumption per day of an ID fan by using VSD = 9927.71 kWh  

Energy consumption per day of an ID fan without VSD = 18 673.37 kWh  

Energy saving per day by an ID fan    = 8745.66 kWh  

Energy saving for both ID fans per day   = 17491.32 kWh  

 

Total energy saving by using VSDs per day   = 24 420.18 kWh  

Total saving per day      = 24420.18 × (16 -7) 

        = Rs 219 781.62  

 

Energy efficiency, fast and better controllability, soft starting capability, less noise 

and less maintenance can be considered as additional benefits of VSD flow 

controlling method than the fan’s pitch or vane controlling methods. 
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Chapter 07 

Pulverized Coal Storages System 

In the existing coal pulverizing system of LVPS, the coal feeders deliver the required 

amount of coal to the pulverizers where the pulverized coal with certified fineness is 

produced by grinding and drying. Then a mixture of pulverized coal and air directly 

send to the burners for firing. This is called direct firing method because there is no 

pulverized coal storage maintained in between coal pulverizers and burners.    

Because LVPS using direct firing method, even for a small failure in the coal 

pulverizing process, power generation in the power plant is interrupted. Even though, 

there is a standby coal pulverizer, the process of transferring running pulverizer to 

standby pulverizer takes considerable time. Reducing the coal feeding rate and de-

loading the machine, stopping the running pulverizer, starting the standby pulverizer 

and loading the machine again take more than an hour. This causes to a big financial 

loss to the CEB. A considerable amount of this loss can be reduced by adding 

pulverized storages to the pulverizing system. 

7.1 Capacity Selection of Coal Storage 

Let’s take a look on a summary of fault recovery time periods in coal pulverizing 

systems by the first overhaul of the power plant. 

Table 7.1: Fault recovery time durations in pulverizing system 

Fault recovery time duration (h) No of faults Percentage (%) 

t < 10 113 53.05 

10< t < 20 12 5.63 

20 < t < 30 15 7.04 

30 < t < 40 12 5.63 

40 < t < 50 06 2.81 

50 < t 55 25.82 
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Figure 7.1: Fault recovery time durations in pulverizing system 

According to the Table 7.1 and the Graph in figure 7.1, 53 % of faults in the coal 

pulverizing system were corrected within ten hours. Therefore, a pulverized coal 

storage which is competent to store ten hours requirement is proposed for installation 

in the existing coal pulverizing system to improve the reliability. 

Pulverized coal density   ≈ 1700 – 1800 kg/m
3
 

Designed coal rate    = 114 t/h 

Required amount of coal for 10hrs  = 114 × 103 × 10 kg 

Required capacity of the coal silos  = 
114

1700
  × 104 

    = 670.59 m
3 

 

No of silos in running system  = 4 

Required capacity of a silo  = 
670.59

4
 

    = 167.6 m
3
 

    ≈ 170 m
3
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7.2 Screw Conveyor Selection 

Capacity requirement of the conveyor = 114 / 4 t/h 

                              = 28.5t/h 

                              = 28.5 × 1000 / 1700 m
3
/h 

                              = (28.5 × 1000 × 35.3147) / 1700   

                              = 592.04ft
3
/h 

 

According to the application, percentage of trough load is selected as 95%. Therefore 

in order to meet the above capacity, single RPM capacity can be selected as 4.7ft
3
h

-1
. 

[19]. 

For a standard full pitch conveyor, the speed is given in the equation (14) [19]. 

    

                 (16) 

 

= ………………………………..  

 

      = 125.966 rpm 

        ≈ 130 rpm 

By using the screw conveyor and design manuals, the required screw conveyor can 

be selected with the following characteristics [19]. 

 Screw conveyor Speed  = 130 rpm 

 Percentage trough loading = 95 % 

 Screw diameter     = 6 inch 

 Pitch of the screw     = 6 inch  

592.04 (ft
3
/h) 

4.7 (ft
3
/h)  

Required capacity (ft
3
/h) 

Single RPM capacity (ft
3
/h) 

Screw conveyor speed (N) = 
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7.3 Screw Conveyor Motor Selection 

Horse Power (HP) requirement for the screw conveyor driven motor is given in the 

equations (15), (16) and (17) [19]. 

 

Friction Horse Power HPf  =                (17) 

 

Material Horse Power HPm  =               (18) 

 

Total Horse Power HPt  =                (19) 

 

Where, 

L = Total length of conveyor, (ft) 

N = Operating speed, (rpm) 

C = Capacity required, (ft
3
/h) 

D = Density of material as conveyed, (lb/ft
3
)  

Fd = Conveyor diameter HP factor  

Fb = Hanger bearing HP factor 

Fm = Material factor 

Ff = Flighting modification HP factor 

Fp = Paddle HP factor  

Fo = Overload HP factor  

e = Drive efficiency. (Expressed as a decimal) 

According to the selected conveyor in section 7.2, required parameters to substitute 

in the horse power equations are given bellow [19]. 

L = 7ft, N = 130rpm, C = 593 ft
3
/h, D = 112.4 lb/ft

3
, Fd = 18, Fb = 1.7, Fm = 0.9, Ff = 

1, Fp = 1, Fo = 2.6, e = 0.94 (for direct couple), 

L × N × Fd × Fb 

1 000 000 

C  ×  L  ×  D  ×  Fm  ×  Ff  

×  Fp 1 000 000 

(HPf  + HPm) Fo 

e 
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Friction Horse Power HPf  =  

 

= 0.02785 HP 

 

Material Horse Power HPm  = 

 

= 0.41992 

 

Total Horse Power HPt  =  

= 1.239 HP 

= 0.924 kW 

≈ 1 kW 

 7.4 Cyclone Separator Selection 

 

 

 

 

 

 

 

 

 

 

Figure 7.2: Cyclone separator 

7 × 130 × 18 × 1.7  

1 000 000 

(0.02785 + 0.41992)  × 2.6 

0.94 

593  ×  7  ×  112.4  ×  0.9  ×  1  ×  1 

1 000 000 
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In this application, the cyclone separators utilize gravity and a vortex to separate coal 

particulates from conveying air. Typically, a mixture of pulverized coal and 

conveying air enter tangentially near the top of the cyclone, as shown in figure 7.2. 

The gas flow is forced into a downward spiral simply because of the cyclone’s shape 

and the tangential entry. The centrifugal force and inertia cause the particles to move 

outwards, collide with the outer wall, and then slide downward to the bottom of the 

device.  

Then the gas reverses its downward spiral and moves upward in a smaller inner 

spiral near the bottom of the cyclone. Finally, the cleaned gas exits from the top of 

the separator, and the particles exit from the bottom of the cyclone through a pipe 

sealed by a spring-loaded flapper valve or rotary valve. Because cyclone separators 

do not incorporate filter media or moving parts, the pressure drop and maintenance 

requirements tend to be low.  

 

The number of revolutions of gas spin in the outer vortex is expressed in the equation 

(20).  

     

    (20) 

 

Where, 

N = Number of turns inside the separator 

H = Height of inlet duct (m) 

Lb = Length of cyclone body (m) 

Lc = Vertical length of cyclone cone (m) 

 

Number of turns in the vortex is found by substituting the standard cyclone 

dimensions under conventional cyclone type which are given in table 7.2 to the 

equation (21). 

 

    (21) 

 

( Lb + Lc ) 

2  
N =  

1 

H 

= 6 turns 

( 2D + 2D ) 

2  
Number of turns (N) =  

1 

0.5 D 
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Figure 7.3: Cyclone separator dimensions 

 

Table 7.2: Standard cyclone dimensions 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Gaseous Emission-Control Technologies 
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The size of the smallest particle that will be collected in the cyclone separator is 

given in equation (19). 

 

          (22) 

 

Using equation (19), the width of the inlet of cyclone separator can be expressed as 

in equation (20). 

 

       (23) 

 

Where,  μ   = Viscosity of air (kg/ms)  

 W = Width of the inlet (m) 

 N = Number of rotations 

 Vi = Gas inlet velocity (m/s) 

 ρp= Density of particles (kg/m
3
) 

 ρa = Density of air (kg/m
3
) 

 

 

 

According to the graph shown in figure 7.4, 90% of mass of the pulverized coal 

particle size is over 20μm. Therefore, in order to collect 90% of the pulverized coal 

in the cyclone separator, let’s take the smallest pulverized coal diameter to be 

collected is 20μm. 

Then the width of the cyclone separator inlet is, 

 

 

 = 1.2m 

 

Width of the separator inlet, (W) =   

π × (20 × 10
-6

)
2 

× 6 × 20 × ( 1500 – 0.9 )  

9 × 2.075 × 10
-5

 

1/2 

Smallest particle diameter (dp) =   

9μW  

πNVi ( ρp - ρa ) 

Width of the separator inlet, (W) =   

πdp
2
NVi ( ρp - ρa )  

9μ 
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Figure 7.4: Particle size distribution of Pulverized coal [20] 

Source: Analysis of Pulverizers, Prof. P M V Subbarao 

Then, by using the standard cyclone dimensions given in table 7.2, the required 

conventional cyclone separator is selected with the dimensions as shown in table 7.3.   

Table 7.3: Dimensions of the selected cyclone separator 

Parameter Dimension 

Body diameter  (D) 4.8m 

Height of inlet  (H) 2.4m 

Width of inlet  (W) 1.2m 

Diameter of gas exit (De) 2.4m 

Length of vortex finder (S) 3.0m 

Length of body (Lb) 9.6m 

Length of cone (Lc) 9.6m 

Diameter of dust outlet (Dd) 1.2m 
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7.5 Modified DCS Logic Diagrams for Coal System 

The basic DCS logic diagram for coal feeding system is updated for the new system 

as shown in the figures 7.5 and 7.6.  

 

 

 

 

 

 

 

 

 

 

 

Figure 7.5: Modified logic diagram - 01 for the Coal feeding system 

The symbols for various logics are the symbols which are used in Ovation control 

builder. Feeding coal rate to the furnace can be selected to adjust automatically 

according to the throttle pressure (main steam pressure) or manually controlled by 

the operator. Logic diagrams for automatic coal feeding is shown in figure 7.5 and 

7.6. 

Whenever the required THROTTLE PRESS TARGET (throttle pressure target) is set 

by the operator, it is checked wheter within the limits between maximum of 17.2 

MPa and minimum of 9 MPa (see figure 7.5). If the target set is within the limits, the 

target value is sent down the process. If the runback is not operated, the incoming 

value is sent out and when the runback is operated ,a value of 9.8 is sent out. That 
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value is multiplied by a constant  K= 5.814 and sent as the THROTTLE PRESS SET 

POINT (throttle pressure set point) [21].  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.6: Modified logic diagram - 02 for the Coal feeding system 

The generated signal of THROTTLE PRESS SET POINT is fed to a PID controller 

(P Gain = 1.25, I Gain = 900, D Gain = 0) as the first input (see figure 7.5). The 

second input to the PID controller is the median of messured throttle pressures in the 

main steam line after multipling by a constant of K = 5.814. if the generated value of 

PID controller is bellow 100, it is set as the TOTAL FUEL DEMAND. If the 

generated value is over 100, Total fuel demand is set to 100 [22]. 

Measured total fuel flow in the system and the generated TOTAL FUEL DEMAND 

signal in logic diagram shown in figure 7.5, is fed to another PID controller (I Gain is 

25, if the runback operated and I Gain is 12, if runback is not operated, P Gain = 0.1, 
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D Gain = 0) (see figure 7.6). If one or more feeders in auto mode, the output value of 

PID controller is set as the FUEL DEMAND FOR SCS (fuel demand for screw 

conveyors). If one or more feeders are not in auto mode, average value of coal 

feeding rates of running screw conveyors is set as the FUEL DEMAND FOR SCS.  

Then the FUEL DEMAND FOR SCS is set as COAL FEEDING RATE CTR FOR 

SC (coal feeding rate control for screw conveyors) by the adder after adding their 

own bias and send to each running screw conveyors of pulverized coal storages. 

According to this signal, 4 to 20mA signal is generated by the input/output modules 

in DCS which is fed to VSD control panel of screw conveyor. It will control the 

speed of the screw conveyor to have required pulverized coal to feed to the furnace.  

7.6 Fire Protection for Pulverized Coal Storage 

According to the proposed design, the pulverized coal is stored in silos before it is 

fed into the furnace. When the pulverized coal is stored in a bunker or silo, normally 

the temperature begins to increase above the ambient. At about 65
o
C (≈150

o
F), it 

begins to discharge measurable quantities of gasses and aerosols as a pre-sign of 

combustion.  As the temperature increases further at about 315
o
C (≈600

o
F) visible 

particulates are emitted.  Then the temperature of coal is increased suddenly to about 

400
o
C (≈750

o
F) and ultimately self-ignition and flame, will occur [23]. 

 

 

 

 
 
 
 
 
 
 
 

 

 

Figure 7.7: Fire protection system for the pulverizing system 
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Therefore maintaining the temperature of pulverized coal siloes, bellow 65
o
C is very 

imporatant to avoid self ignition. To keep the temperature under controll, a fire 

protection system is required. For this purpose, vaporized Carbon Dioxide (CO2) can 

be used.  

The principle of this protection system is to push CO2 vapor through the coal, and fill 

all the void spaces between the coal particles to reduce the oxygen available for 

ignition. If fire or sudden increase of temperature is detected down in the coal, the 

minimum amount of CO2 needed for injecting is approximately three gross volumes 

of the silo, assuming minimal loss out the bottom of the silo [23].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.8: Logic diagram for the fire protection system 
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If the temperature of the silo goes above 65
o
C, the CO2 vapor is injected above the 

coal, as well as into the coal at the sloping surface of the silo by opening valves V1, 

V2, V3 and V4 as shown in figure 7.7. First the CO2 concentration of 75% in the air 

space above pulverized coal is achieved as quickly as possible and maintains the CO2 

purity at that level. Then the rate of CO2 injection into the coal at the bottom of the 

silo is increased until this CO2 vapor starts to come out the top of the stored coal.  At 

this point, this CO2 flow has to be maintained until the coal temperature goes down 

closer to the ambient. The DCS logic diagram for automatically operated fire 

protection system is shown in the figure 7.8. 
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Chapter 08 

Reliability Improvement of New Designs 

8.1 Reliability Improvement of Main Machines 

After implementing the proposals discussed in chapter 05, 06 and 07, the table no 3.1 

in chapter 3.1 can be rearranged to the table 8.1. Because of the new proposals 

provide some solutions for major failures, the outages related to those failures can be 

ignored to forecast the new availabilities. 

Table 8.1: Modified outages after the new implementations 

Machine 
No of 

starts 

Running 

hours (h) 

No. of 

outages 
Outage (h) 

Pulverizer A 27 8479.59 26 3624.00 

Pulverizer B 25 6674.79 24 3590.62 

Pulverizer C 14 7645.74 13 2201.42 

Pulverizer D 23 4899.49 22 3266.57 

Pulverizer E 14 6856.15 13 1945.93 

Primary air fan A **  19 11209.85 18 1634.23 

Primary air fan B ** 21 11106.38 20 2922.20 

Forced draft fan A 07 11970.20 06 438.80 

Forced draft fan B 12 11640.08 11 980.95 

Induced draft fan A 06 11592.42 05 262.55 

Induced draft fan B 11 11393.53 10 884.68 

 

** Individual outages of primary air fan A and primary air fan B are not reduced by 

the proposed design. Because the proposed design is done for the total primary air 

system, outages of total system are reduced as shown in section 8.2. 
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By using the equations (01), (02) and (03) for pulverizer A, 

 

 

 

 

 

 

 

 

 

 

In the same way, mean run times, mean repair times and the availabilities of all the 

main machines in boiler side were calculated. A Summary of the calculated mean run 

times, mean repair times and availabilities are given in table 8.2. 

Table 8.2: Availabilities of main machines after the modifications 

Machine 
Mean run time 

(h) 

Mean repair 

time (h) 
Availability 

Pulverizer A 314.059 139.385 0.693 

Pulverizer B 266.991 149.609 0.641 

Pulverizer C 546.124 169.340 0.763 

Pulverizer D 213.021 148.480 0.589 

Pulverizer E 489.725 149.687 0.766 

Primary air fan A  589.992 90.791 0.867 

Primary air fan B 528.875 146.110 0.784 

Forced draft fan A 1710.029 73.133 0.959 

Forced draft fan B 970.007 89.177 0.916 

Induced draft fan A 1932.069 52.510 0.974 

Induced draft fan B 1035.776 88.468 0.921 

Mean run time     = 
8 479.59 

27 

Availability         = 
314.059 

314.059 + 139.385 

= 314.059 h 

Mean repair time = 
3624.00 

26 

= 139.385 h 

= 0.6926 
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Also, the failure rate and the repair rate were calculated for above machines by using 

the equations (04) and (05). 

As an example, the failure rate and the repair rate for the pulverizer A, are calculated 

and those figures for all boiler side main machines are summarized in table 8.3.  

 

 

 

 

 

 

 

 

Table 8.3: Repair rates and failure rates after the modifications 

Machine Failure rate λ (h
-1

) Repair rate μ (h
-1

) 

Pulverizer A 0.003184 0.007174 

Pulverizer B 0.003745 0.006684 

Pulverizer C 0.001831 0.005905 

Pulverizer D 0.004694 0.006735 

Pulverizer E 0.002042 0.006681 

Primary air fan A  0.001695 0.011014 

Primary air fan B 0.001891 0.006844 

Forced draft fan A 0.000585 0.013674 

Forced draft fan B 0.001031 0.011214 

Induced draft fan A 0.000518 0.019044 

Induced draft fan B 0.000965 0.011303 

 

 

= 0.003184 h
-1

 

314.059 
Failure rate (λ)    = 

1 

= 0.00714 h
-1

 

139.385 
Repair rate (μ)    = 

1 
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8.2 Reliability Improvement of Primary Air System 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.1: Proposed primary air fan arrangement 

 

 

 

 

 

 

 

 

 

Figure 8.2: Reliability model of new PA system 
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A new primary air fan is proposed to be added to the primary air system in parallel to 

the available primary air fans as shown in figure 8.1. The reliability modeling of the 

system is shown in figure 8.3. 

Two out of three fans have to be run at rated load of the power plant. The N+1 

redundancy equation which is given in the equation (12) in section 3.3.3, can be used 

to calculate the availability of new arrangement in primary air fans. Average 

availability of the PA fans is used for the PA system availability calculation. 

 

Let us assume that all three primary air fans are identical, 

Average availability of fans   = 0.825 

Availability with the outlet damper  = 0.825 × 0.98 

      = 0.809 

 

By using N+1 redundancy equation in (12),  

Availability of set of PA fans,        A = 3 × (0.809)
(3-1) 

× (1 – 0.809) + 0.809
3
 

                    A = 0.904 

 

Availability of total PA system,     At = 0.904 × (0.998)
2 

× (0.98)
4 

                    At = 0.830 

 

It shows that the availability of the PA system has been improved from 0.599 to 

0.830 by the proposed design.  

Reliability function for the system can be derived by using the event tree method. 
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Figure 8.3: Even tree for PA fan system 

Where, R – Success probability of PA fan 

 Q – Failure probability of PA fan 

 S – Success for maximum load / half load 

 F – Failure for maximum load / half load 

Assuming the exponential distribution for the primary air fan failures, reliability 

function for a fan is, 

R = e
(-λt) 

Reliability function for the primary air fan system to run the power plant at rated 

load, 

RS  = RA × RB × RC + RA × QB × RC + QA × RB × RC  

= RA × RB × RC + RA× (1 - RB) × RC + (1 - RA) × RB × RC 

= RA × RC + RB × RC - RA × RB × RC  

  = e
(-λA)t

  ×  e
(-λC)t 

+
 
e

(-λB)t 
 ×  e

(-λC)t 
- e

(-λA)t 
 × 

 
e

(-λB)t 
 × 

 
e

(-λC)t 

Where,  

              λA = Failure rate of PAF A 

              λB = Failure rate of PAF B 

              λC = Failure rate of PAF C 

For max load  

For half load  

S F S S F F F F 
S S S S S S S F 

RA 

RB 

RC 

RB 

RC RC RC 

QA 

QB 

QC QC QC QC 

QB 
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Assuming the failure rate of PA fan C is the average of failure rates of PA fan A and 

PA fan B, reliability function after the improvement can be derived. 

λA = 0.00169, λB = 0.00189, λC = 0.00179 

 RS = e
(-0.00169t) 

 ×  e
(-0.00179t) 

 + e
(-0.00189t)

  ×  e 
(-0.00179t) 

 - e
(-0.00169t) 

 ×  e
(-0.00189t) 

  ×  e
(-

0.00179t)
  

 

Figure 8.4: Reliability comparison for full load 

 

According to the graph shown in figure 8.4, the reliability of the primary air system 

has been improved for the rated load of the power plant. 

By using the event tree in figure 8.3, the reliability function for the primary air fan 

system to run the power plant at half load also can be derived. The reliability 

function for half load condition is, 

                     RS = 1 – QA × QB × QC  

                          = 1- (1 - RA) × (1 – RB) × (1 – RC)  

                          = 1 – (1- e
(-0.00169t)

)  ×  (1 - e
(-0.00189t)

)  ×  (1 - e
(-0.00179t)

)   
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Figure 8.5: Reliability comparison for half load 

The graphs which are shown in figure 8.3 and 8.4 show the improvement of the 

reliability by the proposed design. 

8.3 Reliability Improvement of Secondary Air and Flue Gas System  

 

 

 

 

 

Figure 8.6: Modeling of secondary air and flue gas system 

Considering the series combination of equipment of secondary air and flue gas 

system A as shown in figure 8.6, 

New availability of the secondary air and flue gas system A, after the improvement, 

 ASA  = A1 × A2 × ….. × An 

    = 0.959 × (0.96)
3
 × 0.98 × 0.998 × 0.974 × 0.99 

    = 0.800 
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Failure rate of the system A,  

λSA  = λ1 + λ2 + …. +λn 

     = 0.000585 + 0.0016 × 3 + 0.0008 + 0.00005 + 0.000518 + 0.0003 

    = 0.00705 h
-1

 

Repair rate of the system A, 

μs  = As   / {ms(1-As)}  

μSA   = 0.0282 h
-1

 

 

Considering the series combination of equipment of secondary air and flue gas 

system B, 

 New Availability of the system B after the improvement, 

 ASB  = A1 × A2 × ….. × An 

    = 0.916 × (0.96)
3
 × 0.98 × 0.998 × 0.921 × 0.99 

    = 0.723 

Failure rate of the system B,  

λSB  = λ1 + λ2 + …. +λn 

     = 0.001031 + 0.0016 × 3 + 0.0008 + 0.00005 + 0.000965 + 0.0003 

    = 0.00795 h
-1

 

Repair rate of the system B, 

μs  = As   / {ms(1-As)}  

μSB   = 0.02074 h
-1

 

 

In order to run the power plant at full load (300MW), both sides of secondary air 

system A and B have to be run properly. Therefore these two systems can be 

considered as series systems to find the total system availability. 
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Availability of total secondary air system AT = ASA × ASB 

= 0.800 × 0.723 

      = 0.578 

 

Failure rate for total secondary air system, λt = λSA + λSB 

= 0.00705 + 0.00795 

= 0.0150 h
-1

 

Assuming the exponential distribution of the secondary air and flue gas system 

failures, the reliability function for the system to run the power plant at full load, is 

R= e
(-0.015t)

. 

 

Figure 8.7: Reliability comparison for full load for secondary air system 

 

To run the power plant at half load, at least one of these two sides of the secondary 

air system has to be run properly. Therefore these two systems can be considered as 

parallel system to find the reliability for half load.  

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 50 100 150 200

R
e

lia
b

ili
ty

Duration (h)

After improvements

Before improvements



80 
 

Failure rate for a parallel system is given in equation (24). 

          (24) 

 

Where, λ1= failure rate of system 1 

 λ2 = failure rate of system 2 

r1 = mean repair time of system 1 

r2 = mean repair time of system 2 

Therefore, the failure rate of the secondary air system considering as parallel 

systems, 

Failure rate,  

= 0.00287 h
-1

 

The reliability function for the system to run at half load, is R = e
(-0.00287t)

. 

 

Figure 8.8: Reliability comparison for half load for secondary air system 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 100 200 300 400 500

R
e

lia
b

ili
ty

Duration (h)

After improvement

Before improvement

λp  = 
(λ1 λ2)(r1 + r2) 

(1 + λ1r1 + λ2r2) 

λp  = 
(0.00705 × 0.00795)(35.46 + 48.22) 

(1 + 0.00705 × 35.46 + 0.00795 × 48.22) 



81 
 

8.4 Reliability Improvement of Coal Pulverizing System 

Because of pulverized coal storages are proposed in the new design, any fault which 

does not take more than ten hours to be recovered, does not affect the power plant to 

run at maximum load. Therefore all the failures which are less than 10 hours have 

been ignored from past data to find out the new availability.  

Table 8.4: Availabilities of the pulverizers after the modification 

Machine 
No of 

starts 

Running 

hours (h) 

No. of 

outages 

Outage 

(h) 
Availability 

Pulverizer A 27 8479.59 26 3624.00 0.693 

Pulverizer B 25 6674.79 24 3590.62 0.641 

Pulverizer C 14 7645.74 13 2201.42 0.763 

Pulverizer D 23 4899.49 22 3266.57 0.589 

Pulverizer E 14 6856.15 13 1945.93 0.766 

  

Average availability of pulverizers is 0.690. 

Let’s assume that the all five pulverizers are identical with average availability of 

0.690. Then, the N+1 redundancy equation (12) which is given in section 3.3.3, can 

be used to calculate the availability of the whole pulverizing system. 

 

Therefore availability of the total system is, 

At = 5 ∗ (0.690) 5−1 ×  1 − 0.690 +  0.6905 

      At = 0.508 

 

It shows that the availability of pulverizing system has been improved from 0.310 to 

0.508 after implementing the new proposal.  
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In the coal pulverizing system, at least four pulverizers out of five should be 

available to reach the full capacity of the power plant. Assuming the all pulverizers 

are identical pulverizers, r out of n model equation given in (25) can be used to find 

the reliability function.  

 

                   (25) 

 

 

Where:  

           Rsys = the System reliability 

           r     = the actual number of failures 

           n    = the total number of units in the system 

          R(t) = the reliability function of identical units 

 

Assuming the identical pulverizers which are having the average failure rate of 

0.003099 per hour for each, the reliability function for the new system is derived 

bellow. 

𝑅(𝑡)𝑠𝑦𝑠 =  
𝑛 !

𝑟!  𝑛 − 𝑟 !

𝑛

𝑖=𝑟

𝑒−𝜆𝑡𝑖 (1 − 𝑒−𝜆𝑡 )𝑛−𝑖  

𝑅 𝑡 𝑠𝑦𝑠 =
5 !

4!  5 − 4 !
𝑒−4𝜆𝑡 1 − 𝑒−𝜆𝑡 

 5−4 
+

5 !

5!  5 − 5 !
𝑒−5𝜆𝑡 (1 − 𝑒−𝜆𝑡 )(5−5) 

𝑅 𝑡 𝑠𝑦𝑠 = 5 𝑒−4𝜆𝑡 1 − 𝑒−𝜆𝑡 +  𝑒−5𝜆𝑡  

𝑅 𝑡 𝑠𝑦𝑠 = 5 𝑒−4𝜆𝑡 − 4 𝑒−5𝜆𝑡  

𝑅 𝑡 𝑠𝑦𝑠 = 5 𝑒−4(0.003099 )𝑡 − 4 𝑒−5(0.003099  )𝑡             (26) 

 

In the same way, reliability function for the system before the improvement is also 

derived bellow. The average failure rate of the pulverizers before improvement is 

0.0130h
-1

 as given in table 3.5. 
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𝑅 𝑡 𝑠𝑦𝑠 = 5 𝑒−4(0.0130)𝑡 − 4 𝑒−5(0.0130)𝑡                (27) 

The reliability trends for the derived functions for before (27) and after (26) the 

improvements are shown in the figure 8.8. 

 

Figure 8.9: Reliability comparison of pulverizer system 

According to the graph shown in figure 8.6, clear improvement of the reliability can 

be expected from the proposed pulverized coal storage system. 
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Chapter 09 

Cost Analysis 

For the cost analysis, invoices in Puttalam coal power project and quotations called 

from various organizations were used. The cost for the erection and civil works is 

approximated by using the invoices of first phase of the Puttalam coal power project. 

It is assumed that the cost of a United States Dollar (USD) is Rs 130.00 for simple 

payback period calculations. The financial loss due to unavailability of LVPS 

approximated as “nine rupees” per each energy unit that would have been generated 

by LVPS. It is the difference between the unit energy cost of LVPS (≈ Rs 7.00) and 

the lowest energy unit cost of a thermal power unit (≈ Rs 16.00) to replace LVPS 

according to SCC. 

9.1 Cost Estimation for PA Fan System Improvement 

Since solutions are provided above for some of failures in PA fan system, the related 

outages in PA system are ignored as discussed in chapter 08. Generation losses due 

to these outages are considered to be recoverable.  

Table 9.1: Cost estimate for PA fan system improvement 

Item No. of items Cost (USD) 

PA Fan with the motor 01 23,570.00 

Isolation dampers 01 4,800.00 

Regulating dampers 02 4,000.00 

Air duct line with insulation 10 m 500.00 

6kV Breaker 01 1,600.00 

Protection relay with the panel 01 3,990.00 

Power cable 200 m 4,720.00 

Controlling part and cables  600.00 

Other items  4,378.00 

Erection cost and civil works  6,567.00 

Total  54,725.00 
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Additional generation due to improvements = 21,429.45 MWh 

Saving from an unit generation of LVPS  = Rs 9.00 

Total expected saving by the new design = Rs 192,865,050.00 

 

Total cost for new improvement  = 54,725 USD 

= 54725 × 130 

= Rs 7,113,600.00 

Considered time period for data collection = 14,520 h 

Simple payback period   = 7,113,600 ×  
14,520

192,865,050 
 

= 535.6 h 

= 22.32 days 

The simple payback period calculated for proposed improvement in PA system is 

very short. Therefore this can be considered as an economically viable design 

implementation. 

9.2 Cost Estimation for Secondary Air System Improvement 

Solutions are provided above for some of the failures in secondary air and flue gas 

systems, and the related outages in this system are ignored as discussed in chapter 08 

for payback period calculations. Generation losses due to these outages are 

considered to be recoverable.  

The cost estimates provided in table 9.2 given below are directly taken from a 

quotation given by a leading company for power and automation technologies. 
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Table 9.2: Cost estimate for secondary air system improvement 

Item No. of items Cost (USD) 

VSD for ID fans with all accessories  02 1,000,000.00 

VSD for FD fans with all accessories 02 800,000.00 

Installation cost  45,000.00 

Total  1,845,000.00 

 

Additional generation due to improvements = 31,346.16 MWh 

Considered time period for data collection = 14,520 h 

Energy saving due to VSDs for above period = 492.47 

Total energy saving    = 31,346.16 + 492.47 

= 31,838.63 

 

Saving from a unit generation of LVPS  = Rs 9.00 

Total expected saving by the new design = Rs 286,547,670.00 

Total cost for new improvement  = 1,845,000 USD 

= 1,845,000 × 130 

= Rs 239,850,000.00 

Simple payback period   = 239,850,000 ×  
14,520

286,547,670
 

= 12,153.73 h 

= 16.88 Months 

 

The simple payback period calculated for proposed improvement in secondary air 

and flue gas system is very short. Therefore, this can be considered as an 

economically viable design implementation. 
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9.3 Cost Estimation for Pulverizing System Improvement 

Outages recovered within less than ten hours in coal pulverizing system are ignored 

from the past data for availability calculation in chapter 08. The losses due to those 

outages are considered as energy could be recovered from loss when calculating the 

payback period. 

 

Table 9.3: Cost estimate for pulverizing system improvement 

Item No. of items Cost (USD) 

Coal storing bunker 05 325,000 

Cyclone separator 05 275,00 

Screw conveyor 05 15,000 

Regulating dampers 05 10,000 

Motorized dampers 05 24,000 

VSDs for screw conveyor 05 5,000 

Induction motors 05 7,500 

Electrical breakers and panel 05 4,500 

Controlling system 05 2,000 

Fire fighting system  25,000 

Total  693,000 

 

Additional generation due to improvements = 41,438 MWh 

Saving from a unit generation of LVPS  = Rs 9.00 

Total expected saving by the new design = Rs 372,942,000.00 

Total cost for new improvement  = 693,000 USD 

= 693,000 × 130 

= Rs 90,090,000.00 

Considered time period for data collection = 14,520 h 
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Simple payback period   = 90,090,000 ×  
14,520

372,942,000 
 

= 3,507.5 h 

= 146.15 days 

The simple payback period calculated for proposed improvement in coal pulverizing 

system is very short. Therefore, this also can be considered as an economically viable 

design implementation. 

 

9.4 Benefit of capacity improvement 

 

If the power plant is run at TMCR (315MW) with the above improvements, annual 

energy generation can be improved.  

 

Designed availability of the power plant  = 85% 

Expected annual generation    = 300 × 365 × 24 × 0.85 

= 2233800 MWh 

≈ 2.2 TWh 

 

Expected annual generation at TMCR = 315 × 365 × 24 × 0.85 

      = 2345490 MWh 

≈ 2.3 TWh 

 

Saving from an unit generation of LVPS  = Rs 9.00 

Expected saving by running plant at TMCR = (2345490 – 2233800) × 1000 × 9 

      ≈ Rs 1005.21 Millions per year 
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9.4.1 Analysis of low quality coal shipment 

 

The calorific value of coal received in 3
rd

 shipment of 2012 was 5745 kcal/kg. It is a 

very low value compared to the design coal of 6050 kcal/kg. Due to this reason, 

LVPS was unable to produce full load. 

 

By using the equation (15),   

5745 × 4184 × W × 0.38   = 300 × 3600 × 10
6 

 

W   = 118.24 t 

 

But coal rate fed to boiler   = 110 t/h 

 

    

      = 279.1 MW 

 

Loss of generation for 110t of coal  = (300 – 279) × 1 MWh 

= 21 MWh 

Total coal received in 3
rd

 shipment   ≈ 55,111 t 

  

 

      ≈  10,521.2 MWh 

Loss to CEB from the shipment  = 15272.7 × 1000 × 9 

      = Rs 94.7 Million 

 

If the PA system was improved as discussed above, this financial loss could be 

avoided. 

 

 

 

 

 

 

3600 × 10
6
 

5745 × 4184 × 110 × 10
3 

× 0.38 
Therefore, Possible load   = 

21 × 55111 

110 
Total loss of generation for the shipment  = 
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9.4.2 Analysis of generation in rainy seasons 

 

Average calorific value of coal in rainy season = 5900 kcal/kg 

 

By using the equation (15),   

5900 × 4184 × W × 0.38   = 300 × 3600 × 10
6 

 

W   = 115.13 t 

But coal rate fed to boiler in rainy season = 110 t/h 

 

 

    

      = 286.6 MW 

 

Loss of generation for an hour  = (300 – 286.6) × 1 MWh 

= 13.4 MWh 

 

Financial loss of generation in rainy season = 13.4 × 1000 × 9 

≈ Rs 120,600.00 per hour 

 

This financial loss also can be avoided, if the PA capacity problem is solved as 

discussed above. 

 

3600 × 10
6
 

5900 × 4184 × 110 × 10
3 

× 0.38 
Therefore, Possible load   = 
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Chapter 10 

Conclusions and Recommendations  

10.1 Conclusion 

According to the analysis done on the collected failures and recovery data of LVPS, 

it is identified that LVPS has not met its main expectations on plant availability and 

annual energy generations up to its fist overhaul as shown in table 10.1.  

Table 10.1: Comparison of expected and actual results of LVPS 

 Expected results Actual results 

Availability 85% 74.5% 

Annual generation 2.2TWh 1.37TWh 

 

Low availabilities of boiler side systems such as primary air system, coal pulverizing 

system and secondary air and flue gas systems have contributed greatly towards low 

availability of the power plant, causing a significant financial loss to CEB. 

 In addition to the low reliability of primary air system, it is not supplying the 

required total amount of primary air to the system to run the pulverizers with the safe 

margins of air to fuel ratio over 2.5 at rated load. Installing an additional primary air 

fan in parallel to the existing system will not only meet the air deficiency, but will 

also improve the reliability.  

According to the existing system, FD fans control the air flow by moving blade 

method, whereas ID fans control the air flow by inlet vane control method. Failures 

in those pitch controllers of FD fans and ID fans result in high vibrations and high 

bearing temperatures. This directly affects the reliability of the secondary air and flue 

gas systems, leading to a low reliability. Using VSDs to control the air flow instead 

of fan pitch and inlet vane controlling improves the reliability in secondary air and 

flue gas systems. Therefore, use of VSDs to control the air flow can be considered as 

a viable option to improve the reliability of secondary air and flue gas systems. 
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As discussed in chapter 07, 53% of the failures occurred in the pulverizing system 

had been recovered within ten hours after the failure. Introducing pulverized coal 

storages adequate to run the power plant for ten hours with a suitable fire protection 

system will improve the reliability of the coal pulverizing system. 

Table 10.2: Availability comparison before and after the improvements 

System 
Availability before 

improvement 

Availability after 

improvement 

PA system 0.599 0.830 

Secondary air system 0.508 0.578 

Coal pulverizing system 0.310 0.508 

 

There is a high financial loss due to the outages in boiler side systems. A 

considerable amount of financial loss can be saved by implementing the proposed 

designs. As shown table 10.3, the calculated payback periods for each of the 

proposed design implementations are quite short. 

Table 10.3: Savings and payback periods for new designs 

System Monthly saving (Rs) Payback period (Days) 

PA system 9.6M 22.32 

Secondary air system 14.3M 523.28 

Coal pulverizing system 18.6M 146.15 

 

10.2 Recommendations 

According to the calculated data provided in table 10.2 and 10.3, the proposed 

designs for the boiler side systems are expected to give good results in future. The 

objective of the project is achieved with short payback periods.  

Therefore, enhancing PA capacity, efficient FD & ID air flow controlling by VSDs 

and introducing of pulverized coal storages solve major problems in the boiler side of 
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LVPS. Thus, these proposed design implementations are strongly recommended as 

economically viable design implementations to increase the reliability of LVPS 

while producing the expected annual power generation. 

 

 

,      
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Appendix – A : Fault record for FD fan A 

Time of start 
Time of 

Recovered 
Incident 

Outages 

(h) 
9/29/11 9:12 9/30/11 17:50 Servicing the motor and fan 32.63 

11/8/11 10:03 11/14/11 16:11 
Inspections and repair works for high 

vibration. 
150.13 

12/1/11 9:00 12/1/11 10:34 Bearing temperature high 1.57 

7/24/12 8:28 7/25/12 14:40 Greasing the bearings 30.20 

8/14/12 10:15 8/21/12 11:15 Checking the rotor and moving blades 169.00 

8/15/12 9:57 8/21/12 11:15 
Checking and cleaning the lube oil 

system 
145.30 

8/27/12 8:57 9/3/12 10:59 
Cleaning and painting the corroded 

places 
170.03 

9/5/12 9:45 9/5/12 14:20 Cleaning and servicing the actuator 4.58 

9/19/12 9:05 10/3/12 9:10 Inspection and Greasing the bearings 336.08 

11/5/12 8:23 11/7/12 16:26 Routing maintenance 56.05 
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Appendix – B : Fault record for FD fan B 

Time of start 
Time of 

Recovered 
Incident 

Outages 

(h) 

7/7/11 9:35 7/7/11 9:45 Tripped due to high vibration 0.17 

7/10/11 8:19 7/12/11 2:10 
Inspections and repair works for 

high vibration. 
41.85 

9/29/11 9:12 9/30/11 17:50 Servicing the motor and fan 32.63 

10/11/11 11:58 10/11/11 14:15 Vibration sensor checking  2.28 

12/2/11 13:11 12/2/11 20:17 Tripped due to high vibration 7.10 

12/3/11 6:35 12/3/11 12:40 Inspection for High vibration 6.08 

12/3/11 10:25 12/3/11 11:05 Vibration sensor checking  0.67 

12/3/11 12:40 12/3/11 16:03 stopped due to high vibration 3.38 

12/3/11 13:38 12/3/11 15:27 
Vibration checking and sensor 

change 
1.82 

12/6/11 9:42 12/6/11 11:36 
Checking and cleaning the lube 

oil system 
1.90 

12/9/11 17:30 12/9/11 18:15 Changing the oil filters 0.75 

12/16/11 15:00 12/17/11 19:24 
Stopped for Maintenance in 

moving blades 
28.40 

1/1/12 9:02 1/1/12 11:01 
Vibration checking and sensor 

replacing 
1.98 

1/10/12 10:19 1/10/12 14:51 
Pitch controlling system 

checking 
4.53 

1/13/12 15:12 1/13/12 15:59 Vibration fault 0.78 

1/19/12 8:37 1/27/12 10:00 Checking the motor 193.38 

3/8/12 8:46 3/8/12 17:17 Repairing lube oil pump 8.52 

7/22/12 8:32 7/22/12 21:04 
Bearing greasing due to 

temperature high 
12.53 

7/24/12 9:38 7/25/12 14:50 
Bearing greasing due to 

temperature high 
29.20 

8/14/12 10:15 8/21/12 11:15 
Checking the rotor and moving 

blades 
169.00 

8/15/12 9:57 8/21/12 11:15 
Clean and servicing the lube oil 

system 
145.30 

8/27/12 8:57 9/3/12 10:59 
Cleaning and painting the 

corroded places 
170.03 

9/5/12 9:45 9/5/12 14:20 
Cleaning and servicing the 

actuator 
4.58 

9/19/12 9:05 10/3/12 9:10 Inspection 336.08 

11/5/12 8:23 11/7/12 16:26 Routing maintenance 56.05 

11/6/12 8:42 11/7/12 16:25 
servicing and routing 

maintenance 
31.72 

 



98 
 

Appendix – C : Fault record for ID fan A 

Time of start 
Time of 

Recovered 
Incident 

Outages 

(h) 

10/3/11 9:25 10/8/11 13:34 servicing and routing maintenance 124.15 

1/19/12 9:28 1/20/12 17:10 
Checking for motor heating  

problem 
31.70 

1/23/12 8:40 1/27/12 10:00 
Checking for motor heating  

problem 
97.33 

7/22/12 8:34 7/25/12 14:40 
greasing the bearing due to high 

temperature 
78.10 

7/29/12 15:00 7/29/12 19:52 Pitch controller fault 4.87 

9/5/12 9:45 9/5/12 14:20 Cleaning and servicing the actuator 4.58 

9/19/12 9:05 10/3/12 9:10 
greasing the bearing due to high 

temperature 
336.08 

8/8/11 22:45 8/9/11 1:20 Repair works in pitch controller 2.58 

7/19/12 9:50 7/19/12 14:37 Servicing the fan and motor 4.78 
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Appendix – D : Fault record for ID fan B 

Time of start 
Time of 

Recovered 
Incident 

Outages 

(h) 

7/7/11 9:35 7/7/11 9:40 
Tripped due to pitch controller 

fault 
0.08 

8/1/11 14:45 8/3/11 15:25 Repair works in pitch controller 48.67 

10/3/11 9:25 10/8/11 13:34 Servicing the fan and motor 124.15 

1/5/12 16:22 1/5/12 16:45 
Checking and adjusting vibration 

sensor 
0.38 

1/23/12 10:45 2/3/12 20:18 
checking the motor heating  

problem 
273.55 

2/2/12 9:30 2/3/12 13:37 
Changing the motor damper 

cable 
28.12 

3/14/12 14:10 3/14/12 15:56 repairing cooling fan 1.77 

4/26/12 19:35 7/29/12 19:52 
tripped due to pitch controller 

problem 
0.67 

5/14/12 11:05 5/14/12 15:55 Vertical vibration high 4.83 

7/22/12 8:35 7/22/12 21:03 Greasing the bearings 12.47 

7/23/12 12:02 7/23/12 12:40 Outlet damper repair 0.63 

7/24/12 8:29 7/25/12 17:04 Outlet damper repair 32.58 

7/24/12 9:38 7/25/12 14:50 greasing the bearings 29.20 

7/29/12 15:00 7/29/12 19:52 
tripped due to pitch controller 

problem 
4.87 

9/2/12 10:45 9/4/12 14:15 Cooling fan repair 51.50 

9/5/12 9:45 9/5/12 14:20 Cleaning and repair the actuator 4.58 

9/19/12 9:05 10/3/12 9:10 Checking and greasing 336.08 

11/6/12 8:42 11/7/12 16:25 routing maintenance 31.72 
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Appendix – E : Fault record for PA fan A 

 

Time of start 
Time of 

Recovered 
Incident 

Outages 

(h) 

5/17/11 9:11 5/17/11 9:32 Bearing temperature high 0.35 

9/28/11 11:41 9/30/11 17:50 Checking and servicing 54.15 

1/5/12 18:11 1/5/12 20:00 Bearing temperature high 1.82 

1/6/12 10:35 1/6/12 17:45 Bearing temperature high 7.17 

1/6/12 10:57 1/6/12 17:33 repair works on bearing 6.60 

3/28/12 23:35 3/29/12 2:35 
Inspection work in PA fan 

blades 
3.00 

3/28/12 15:33 4/30/12 9:30 
removing motor coupling 

cover 
785.95 

4/19/12 22:10 4/20/12 3:15 Greasing PA fan bearings 5.08 

6/24/12 7:42 6/24/12 9:13 Outlet damper fault 1.52 

7/20/12 13:30 7/20/12 17:26 greasing the bearings 3.93 

8/9/12 8:36 8/9/12 10:32 Fixing coupling guard 1.93 

8/24/12 13:53 8/25/12 14:23 Checking the pitch controller 24.50 

8/17/12 8:18 8/24/12 15:40 replacing bearing 175.37 

8/25/12 8:01 8/25/12 19:50 
repairing corroded area and 

painting 
11.82 

8/28/12 9:07 9/3/12 17:38 
Repairing expansion joint and 

damper 
152.52 

9/19/12 9:05 10/3/12 9:10 greasing bearings 336.08 

11/5/12 8:23 11/7/12 16:26 routing maintenance 56.05 

9/23/11 8:26 9/23/11 14:50 
Tripped due to bearing 

temperature high 
6.40 
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Appendix – F : Fault record for PA fan B 

Time of start 
Time of 

Recovered 
Incident 

Outages 

(h) 

9/28/11 11:41 9/30/11 17:50 Servicing the fan and motor 54.15 

9/30/11 15:05 9/30/11 19:16 Pitch controller fault 4.18 

3/22/12 9:20 4/30/12 9:30 Greasing fan and motor bearings 936.17 

11/5/11 9:25 11/5/11 20:45 Pitch controller fault 11.33 

11/5/11 17:43 11/5/11 20:45 Checking the fan and motor 3.03 

3/22/12 9:20 4/30/12 9:36 Greasing fan and motor bearings 936.27 

3/27/12 22:00 3/28/12 3:30 Inspection work in PA fan blades 5.50 

4/27/12 8:49 4/27/12 13:58 replacing grease in bearings 5.15 

6/6/12 8:35 6/7/12 8:38 bearing inspection and greasing  24.05 

6/7/12 23:33 6/8/12 4:46 Fan and motor alignment checking 5.22 

6/10/12 0:01 6/12/12 16:33 greasing the motor bearing 64.53 

6/13/12 17:53 6/20/12 8:20 greasing bearings in fan side 158.45 

8/23/12 10:25 8/24/12 9:30 
replacing fan mounted broken 

bolts 
23.08 

8/24/12 13:53 8/25/12 14:23 
Checking the pitch controlling 

system 
24.50 

8/25/12 8:40 8/25/12 9:50 Repairing lube oil leakage 1.17 

8/27/12 8:57 9/3/12 10:59 
repairing corroded area and 

painting 
170.03 

8/29/12 8:06 9/3/12 10:59 replace broken bolts 122.88 

9/7/12 6:33 9/7/12 11:15 Repairing the outlet damper 4.70 

9/19/12 9:05 10/3/12 9:10 checking the bearing and greasing  336.08 

11/6/12 8:42 11/7/12 16:25 routing maintenance 31.72 
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Appendix – G : Fault record for pulverizer A 

Time of 

start 

Time of 

Recovered 
Incident Outages (h) 

4/1/11 7:00 4/2/11 21:02 Fire in the pulverizer 38.03 

7/10/11 9:45 7/10/11 11:32 Fault in coal feeder 1.78 

8/17/11 8:15 8/18/11 9:30 
Repairing water leakage to 

pulverizer 
25.25 

8/23/11 

14:15 
8/23/11 15:21 bunker level sensor fault 1.10 

8/23/11 

14:35 
8/23/11 15:45 Pulverizer inspection 1.17 

8/25/11 3:16 8/25/11 18:52 Pulverizer local panel repairing 15.60 

8/26/11 9:05 8/26/11 11:36 oil station fault 2.52 

8/26/11 

13:30 
8/26/11 22:56 Pulverizer inspection 9.43 

8/31/11 

12:00 
9/1/11 16:35 routing maintenance 28.58 

9/2/11 10:27 9/2/11 16:40 coal feeder fault 6.22 

9/7/11 9:06 9/7/11 10:31 bearing checking 1.42 

9/13/11 

11:38 
9/14/11 10:41 damper inspection 23.05 

9/14/11 9:46 9/14/11 10:42 Hot air damper fault 0.93 

9/16/11 9:01 9/16/11 11:25 Hot air damper fault 2.40 

9/16/11 

10:20 
9/16/11 16:05 Hot air damper fault 5.75 

9/17/11 

10:30 
9/17/11 11:00 Hot air damper fault 0.50 

9/28/11 

12:11 
9/30/11 11:28 

Hot air and cold air damper 

checking 
47.28 

10/8/11 

10:10 
10/9/11 19:20 

Hot air and cold air damper 

checking 
33.17 

10/20/11 

10:45 

10/20/11 

16:04 

Pulverizer outlet valve 

checking 
5.32 

11/5/11 9:20 11/5/11 20:45 Flame scanner fault 11.42 

11/16/11 

9:27 

11/23/11 

17:10 
repairing oil station 175.72 

11/23/11 

8:53 

11/23/11 

15:17 

Coal bunker and feeder 

inspection 
6.40 

11/29/11 

10:03 
11/30/11 0:28 Hot air damper fault 14.42 

12/21/11 

10:33 
1/12/12 18:40 Hot air damper fault 536.12 

12/21/11 

10:36 
1/21/12 18:40 Pulverizer outlet valve fault 752.07 
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1/6/12 10:30 1/9/12 8:26 routing maintenance 69.93 

1/6/12 13:59 1/9/12 18:39 
Hot air and cold air damper 

checking 
76.67 

1/17/12 8:44 1/17/12 16:13 routing maintenance on feeders 7.48 

1/19/12 

14:11 
2/14/12 18:20 Checking all dampers 628.15 

2/8/12 8:30 2/15/12 9:15 
Cleaning instruments and 

servicing 
168.75 

2/21/12 9:27 2/23/12 23:30 Adjusting hot air damper 62.05 

2/24/12 1:20 2/24/12 2:45 Checking the feeder fault 1.42 

3/26/12 6:32 3/26/12 11:08 Calibrating the feeder 4.60 

4/7/12 9:00 4/7/12 14:50 Checking the feeder fault 5.83 

4/27/12 9:06 4/27/12 17:21 Shut off damper fault 8.25 

4/27/12 

12:38 
4/27/12 17:21 Shut off damper fault 4.72 

5/12/12 6:29 5/12/12 11:25 greasing motor bearing 4.93 

5/23/12 

10:26 
5/23/12 18:35 Inspecting feeder and cleaning 8.15 

6/8/12 14:04 6/11/12 9:22 Flame scanner problem 67.30 

6/15/12 

14:24 
6/15/12 16:56 Pyrite removing valve problem 2.53 

6/18/12 

14:52 
6/21/12 15:10 Flame scanner checking 72.30 

7/22/12 8:44 7/25/12 20:04 
hot air damper actuator 

repairing 
83.33 

8/6/12 8:50 8/6/12 10:21 Corner damper repairing 1.52 

8/8/12 12:00 8/9/12 17:10 hot air damper actuator repair 29.17 

8/10/12 8:50 8/10/12 11:27 Dampers and panel cleaning 2.62 

8/25/12 

13:45 
8/25/12 19:50 

Checking and repairing the 

dampers 
6.08 

9/5/12 9:35 9/6/12 18:20 painting corroded areas 32.75 

8/9/12 9:21 8/9/12 11:30 hot air damper checking 2.15 

9/26/12 8:26 9/26/12 11:18 
feeder belt motor checking and 

cleaning 
2.87 

9/19/12 9:05 10/3/12 9:10 greasing the bearing 336.08 

9/26/12 8:13 9/26/12 11:25 Calibrating feeder 3.20 

9/27/12 

12:34 
9/27/12 13:40 

Adjusting the seal air 

clearances 
1.10 

10/25/12 

6:17 
10/25/12 8:05 Feeder fault rectifying 1.80 

11/5/12 8:23 11/7/12 16:26 routing maintenance 56.05 

11/7/12 

17:09 
11/8/12 14:00 Mill checking and cleaning 20.85 

9/28/11 

14:15 
10/7/11 18:10 Mill inspection 219.92 
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Appendix – H : Fault record for pulverizer B 

Time of start 
Time of 

Recovered 
Incident 

Outages 

(h) 

4/1/11 12:08 4/2/11 21:02 Fire in the pulverizer 32.90 

9/6/11 9:28 9/6/11 16:00 feeder sensor checking 6.53 

9/17/11 21:20 9/18/11 21:20 Mill inspection 24.00 

9/22/11 8:27 9/22/11 11:34 Mill motor greasing 3.12 

9/27/11 12:05 9/27/11 18:56 
Checking for abnormal sound in 

Mill. 
6.85 

9/28/11 12:11 9/30/11 11:28 
Hot air and cold air damper 

checking 
47.28 

9/28/11 18:04 10/8/11 9:00 Mill inspection and cleaning 230.93 

10/8/11 10:10 10/9/11 19:20 
Hot air and cold air damper 

checking 
33.17 

10/23/11 8:40 
10/23/11 

17:05 
Mill inspection 8.42 

11/5/11 10:30 11/5/11 20:17 Coal feeder inspection 9.78 

11/29/11 2:42 12/1/11 17:02 Fire in the pulverizer 62.33 

11/29/11 8:10 11/30/11 0:20 Hot air damper fault 16.17 

11/29/11 20:50 12/14/11 4:00 Sealing air damper fault 343.17 

12/4/11 16:56 12/9/11 14:14 repair works in feeder 117.30 

12/5/11 9:18 12/8/11 18:29 Inspecting the pulverizer 81.18 

12/15/11 8:20 
12/15/11 

17:19 
Repair works in coal feeder 8.98 

1/5/12 20:00 1/10/12 15:47 Fire in the pulverizer 115.78 

1/6/12 10:30 1/9/12 8:26 Routing checking 69.93 

1/6/12 13:59 1/9/12 18:39 
Hot air and cold air damper 

checking 
76.67 

1/17/12 8:44 1/17/12 16:13 routing on feeders 7.48 

1/19/12 14:11 2/14/12 18:20 Checking all dampers 628.15 

2/8/12 8:30 2/15/12 9:15 
Checking and cleaning the 

instruments 
168.75 

2/23/12 0:56 2/24/12 2:33 Repairing coal feeder 25.62 

2/24/12 0:40 2/24/12 2:45 Coal feeder checking 2.08 

3/6/12 7:12 3/6/12 9:26 Abnormal sound in Mill. 2.23 

3/18/12 17:10 3/18/12 20:07 Coal feeder checking 2.95 

3/18/12 17:50 3/18/12 20:02 Coal feeder calibration 2.20 

4/19/12 8:40 4/19/12 19:00 Repair works in mill 10.33 

4/23/12 16:23 4/23/12 17:40 replacing seal of lube oil pump 1.28 

5/6/12 10:59 6/7/12 17:35 repair in oil station 774.60 

5/13/12 7:45 5/13/12 16:00 mill motor greasing 8.25 

6/5/12 10:00 6/6/12 17:56 Routing checking inside mill 31.93 

6/7/12 8:42 6/8/12 8:54 Routing checking in the feeder 24.20 
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8/10/12 8:50 8/10/12 11:27 Dampers and panel cleaning 2.62 

8/15/12 9:00 8/25/12 9:55 Cleaning the mill 240.92 

8/17/12 10:26 8/17/12 14:42 Outlet damper repairing 4.27 

8/25/12 13:45 8/25/12 19:50 
Checking and repairing the 

dampers 
6.08 

8/26/12 8:56 8/26/12 17:20 Rectify the fault in pulverizer 8.40 

9/5/12 9:35 9/6/12 18:20 painting the corroded parts 32.75 

9/22/12 8:21 9/22/12 12:17 feeder belt motor cleaning 3.93 

9/19/12 9:05 10/3/12 9:10 
greasing the mill and feeder 

bearing 
336.08 

9/21/12 8:55 9/21/12 11:50 Repairing cold air damper 2.92 

11/5/12 8:23 11/7/12 16:26 
routing maintenance in 

pulverizer 
56.05 

11/7/12 17:15 11/8/12 14:00 Cleaning inside the mill 20.75 

11/10/12 0:40 11/10/12 9:22 replacing lube oil motor bearing 8.70 
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Appendix – I : Fault record for pulverizer C 

Time of 

start 

Time of 

Recovered 
Incident 

Outages 

(h) 

9/6/11 9:28 9/6/11 16:00 
faulty mill and feeder sensor 

repairing 
6.53 

9/22/11 8:27 9/22/11 11:34 greasing the mill motor 3.12 

9/28/11 

12:11 
9/30/11 11:28 

Hot air and cold air damper 

checking 
47.28 

9/28/11 

18:13 
10/8/11 17:42 Inspection and cleaning the mill 239.48 

10/9/11 

14:00 
10/9/11 19:20 

Hot air and cold air damper 

checking 
5.33 

10/10/11 

14:29 

10/10/11 

15:55 
Lube oil station fault 1.43 

10/20/11 

17:07 

10/20/11 

18:35 
cold air damper fault 1.47 

10/25/11 

10:25 

10/25/11 

14:55 
motor bearing temperature high 4.50 

10/25/11 

10:25 

10/25/11 

14:35 
motor bearing temperature high 4.17 

11/5/11 8:51 11/5/11 22:45 motor bearing temperature high 13.90 

11/29/11 

10:03 
11/30/11 0:28 Hot air damper fault 14.42 

11/29/11 

20:52 
11/30/11 0:30 Sealing air damper fault 3.63 

11/30/11 

9:10 

12/13/11 

10:35 
Sealing air damper fault 313.42 

12/16/11 

15:26 

12/16/11 

15:50 
Cold air regulation damper fault 0.40 

1/6/12 10:30 1/9/12 8:26 sensor checking and replacing 69.93 

1/6/12 13:59 1/9/12 18:39 
Checking hot air and cold air 

damper 
76.67 

1/17/12 8:44 1/17/12 16:13 routing on feeders 7.48 

1/17/12 

10:02 
1/17/12 16:52 Cold air regulation damper fault 6.83 

1/19/12 

14:11 
2/14/12 18:20 Checking all dampers 628.15 

2/8/12 8:30 2/15/12 9:15 Cleaning instrument 168.75 

3/9/12 9:51 3/9/12 11:01 cold air damper fault 1.17 

3/18/12 

10:22 
3/18/12 12:15 Coal feeder inspection 1.88 

7/2/12 9:15 7/2/12 18:35 motor bearing greasing 9.33 

7/2/12 9:45 7/2/12 18:20 Lube oil system repairing 8.58 

8/10/12 8:50 8/10/12 11:27 Dampers and panel cleaning 2.62 
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8/15/12 9:00 8/25/12 9:55 Cleaning inside the mill 240.92 

8/23/12 

14:35 
8/23/12 15:08 motor bearing temperature high 0.55 

8/26/12 8:43 8/26/12 10:00 oil station fault 1.28 

9/25/12 

14:04 
9/25/12 15:30 feeder belt motor cleaning 1.43 

9/19/12 9:05 10/3/12 9:10 motor bearing greasing 336.08 

9/25/12 

13:43 
9/25/12 18:00 Calibrating the feeder 4.28 

11/6/12 8:42 11/7/12 16:25 routing maintenance on pulverizer 31.72 

11/7/12 

17:18 
11/8/12 14:00 Mill cleaning 20.70 
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Appendix – J : Fault record for pulverizer D 

Time of start 
Time of 

Recovered 
Incident 

Outages 

(h) 

9/16/11 11:06 9/16/11 13:55 motor bearing greasing 2.82 

9/23/11 11:51 9/23/11 13:45 repair works on lube oil system 1.90 

9/28/11 12:11 9/30/11 11:28 
Hot air and cold air damper 

checking 47.28 

10/9/11 2:24 10/9/11 19:20 
Coal feeder inlet shut off damper 

fault 16.93 

10/9/11 14:00 10/9/11 19:20 
Hot air and cold air damper 

checking 5.33 

10/10/11 

14:29 
10/10/11 15:55 Lube oil station fault 

1.43 

10/25/11 8:56 10/26/11 14:36 Inspecting the pulverizer 29.67 

11/5/11 10:27 11/15/11 20:18 Inspecting the feeder 249.85 

11/29/11 

10:03 
11/30/11 0:28 Hot air damper fault 

14.42 

1/5/12 20:47 1/10/12 15:47 Fire in the pulverizer 115.00 

1/6/12 10:30 1/9/12 8:26 
checking the instrument and 

sensor 69.93 

1/6/12 13:59 1/9/12 18:39 
Checking hot air and cold air 

damper 76.67 

1/17/12 8:44 1/17/12 16:13 routing on feeders 7.48 

1/19/12 14:11 2/14/12 18:20 Checking all dampers 628.15 

2/8/12 8:30 2/15/12 9:15 Checking feeder sensors 168.75 

3/22/12 9:15 3/22/12 16:40 Fault in coal feeder 7.42 

4/23/12 14:42 4/24/12 4:22 Tripped the pulverizer 13.67 

4/27/12 12:38 4/27/12 17:21 Fault in coal feeder 4.72 

5/14/12 8:25 5/18/12 13:40 motor bearing greasing 101.25 

5/14/12 14:58 5/14/12 17:18 seal air damper fault 2.33 

5/25/12 14:56 5/25/12 15:58 hot air damper fault 1.03 

5/30/12 1:29 5/30/12 2:50 hot air damper fault 1.35 

5/30/12 9:06 5/31/12 17:25 hot air damper fault 32.32 

6/6/12 8:35 6/7/12 8:38 motor bearing greasing 24.05 

6/12/12 8:38 6/12/12 16:37 Coal feeder repairing 7.98 

6/13/12 8:47 6/14/12 16:41 Fault in lube oil station 31.90 

6/26/12 10:47 6/26/12 15:40 Corner damper repairing 4.88 

7/10/12 13:50 7/10/12 19:09 hot air damper actuator repairing 5.32 

7/12/12 14:59 7/12/12 17:50 Hot air damper fault 2.85 

7/18/12 9:15 7/20/12 10:21 Hot air shut off damper fault 49.10 

7/20/12 9:10 7/20/12 17:36 hot air damper actuator repair 8.43 

7/27/12 16:05 7/31/12 14:48 cold air damper fault 94.72 

8/9/12 10:09 8/9/12 18:39 seal air damper fault 8.50 
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8/10/12 8:50 8/10/12 11:27 Dampers and panel cleaning 2.62 

8/10/12 10:55 8/10/12 11:28 Repairing inlet seal air dampers 0.55 

8/15/12 9:00 8/25/12 9:55 Cleaning the mill 240.92 

8/25/12 13:45 8/25/12 19:50 
Checking and repairing the 

dampers 6.08 

9/8/12 9:33 9/19/12 11:12 Repairing pulverized coal leak 265.65 

9/19/12 11:12 10/15/12 15:45 Hot air damper fault rectification 628.55 

9/19/12 8:56 9/19/12 17:18 Calibrating the feeder 8.37 

9/19/12 9:05 10/3/12 9:10 motor bearing greasing 336.08 

10/6/12 8:51 10/6/12 9:19 Replacing a relay coil 0.47 

11/6/12 8:42 11/7/12 16:25 
routing maintenance on 

pulverizer 31.72 

11/20/12 

16:18 
11/20/12 18:00 feeder repairing 

1.70 
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Appendix – K : Fault record for pulverizer E 

Time of start 
Time of 

Recovered 
Incident 

Outages 

(h) 

4/23/11 18:00 4/23/11 18:32 Fire in the Mill 0.53 

9/15/11 8:30 9/15/11 17:44 Replacing lubrication 9.23 

9/16/11 8:58 9/16/11 10:55 motor bearing greasing 1.95 

9/28/11 12:11 9/30/11 11:28 
Hot air and cold air damper 

checking 
47.28 

9/28/11 18:26 10/9/11 19:35 Inspection in the mill 265.15 

11/29/11 10:03 11/30/11 0:28 Hot air damper repairing 14.42 

1/2/12 14:21 1/2/12 17:22 Hot air damper fault 3.02 

1/3/12 14:58 1/3/12 17:40 Hot air damper fault 2.70 

1/6/12 10:30 1/9/12 8:26 Checking mill and feeder sensors 69.93 

1/6/12 13:59 1/9/12 18:39 
Checking hot and cold air 

dampers 
76.67 

1/17/12 8:44 1/17/12 16:13 routing on feeders 7.48 

1/19/12 14:11 2/14/12 18:20 Checking all dampers 628.15 

2/8/12 8:30 2/15/12 9:15 Instrument and sensor checking 168.75 

3/23/12 8:25 3/23/12 11:53 Coal feeder fault 3.47 

4/18/12 8:45 4/18/12 14:24 coal outlet damper fault 5.65 

4/19/12 8:40 4/19/12 19:00 Repairing the pyrite system 10.33 

4/20/12 8:41 4/20/12 14:32 Repairing a lube oil leakage 5.85 

4/24/12 8:15 4/24/12 11:05 Routing maintenance on feeder 2.83 

4/24/12 8:45 4/25/12 7:52 servicing the mill 23.12 

4/27/12 12:38 4/27/12 17:21 Fault in hot air shut off damper 4.72 

5/4/12 8:40 5/4/12 16:18 motor bearing greasing 7.63 

5/20/12 8:14 5/20/12 9:40 coal outlet damper fault 1.43 

5/23/12 9:30 5/24/12 16:20 coal outlet damper fault 30.83 

5/30/12 1:29 5/30/12 2:50 hot air damper fault 1.35 

6/6/12 8:35 6/7/12 8:38 motor bearing greasing 24.05 

7/23/12 8:52 7/23/12 11:20 Outlet corner damper fault 2.47 

8/10/12 8:50 8/10/12 11:27 Dampers and panel cleaning 2.62 

8/15/12 9:00 8/25/12 9:55 Cleaning inside the mill 240.92 

8/23/12 14:45 8/23/12 15:18 
Mill motor winding temperature 

high 
0.55 

8/25/12 13:45 8/25/12 19:50 
Checking and repairing the 

dampers 
6.08 

8/26/12 8:56 8/26/12 17:20 Rectify a fault in feeder 8.40 

9/24/12 8:26 9/24/12 9:27 feeder belt motor cleaning 1.02 

9/19/12 9:05 10/3/12 9:10 motor bearing greasing 336.08 

9/24/12 8:18 9/24/12 18:17 Calibrating the feeder 9.98 

11/7/12 17:25 11/8/12 14:00 Cleaning and checking the mill 20.58 
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