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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 

 



12 
 

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 
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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 



20 
 

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. 

 




