
Chapter 1

INTRODUCTION

The reliability study of a newly built power plant is seldom done since the reliability

is guaranteed by the contractor. In a situation where the contractor fails to assure the

expected reliability, it is very important to analyze the reliability of the power plant.

It will help to understand the reasons behind the outages of the plant as well as to do

the necessary corrective actions to achieve the expected reliability.

When the expected economic benefits are not achieved due to the unreliability of a

newly built power plant, it is crucial to reason out the facts and take the measures to

improve the reliability. The situation becomes more crucial when a considerable

portion of the Gross Domestic Product (GDP) is invested or a foreign loan is taken to

build the power plant. This situation has an immense impact on the economy in a

developing country like Sri Lanka.

1.1 Lakvijaya Power Station

The latest power plant which was added to the Sri Lankan power system is the

Lakvijaya Power Station (LVPS). It is the first coal fired power station in Sri Lanka

which was built after a long struggle and opposition from various parties.

The LVPS is located in the village of Norochcholai at the southern end of the

Kalpitiya peninsula, approximately 12km west of city of Puttalam. The power plant

is built facing Indian Ocean. The contractor for the project is China National

Machinery and Equipment Import Export Corporation (CMEC) of the people's

republic of China [1].

The first generating unit has a gross capacity of 300MW and will be extended to

900MW with addition of two more units under phase II. Construction of the first

power plant of 300MW started in July 2007. The total project cost for phase I is $455

million [1]. The contract for the phase two was signed in June 2009 and estimated

cost is $891 million. Work has commenced on October 2010. The first unit under

phase II is expected to come into operation end of 2013 and the second by mid of

2014.
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The first unit under phase I was synchronized to the grid on 13thFebruary 2011. The

Reliability Trial Run (RTR) period ended on 14th May 2011 and the plant was

handed over to Ceylon Electricity Board (CEB).

The first phase of the power plant consists of 300MW generator run by a steam

driven turbine and all the other associated plant and equipment such as boiler,

pulverizes, water treatment plants etc. The coal required for the plant is imported and

unloaded at the 500m long jetty which is facing to the Indian Ocean. Coal is stacked

in the coal stock yard and conveyed to the boiler through a conveying belt system.

The coal stock yard can accommodate 750,000t of coal which is the requirement for

three months when all three units are in operation [1].

The water requirement for operation of the power plant is fulfilled by purifying the

sea water. De-mineralized water is used for boiler feeding, generator stator cooling

and Hydrogen cooling. Desalinated water is used for service and fire water

requirement and other cooling requirements of the equipment.

A 117krn long 220kV double circuit double conductor transmission line carries the

power generated by the plant from Norochcholai to Veyangoda. Under the second

phase another 220kV transmission line up to Anuradhapura will be constructed.

1.2 Background of the Study

During the initial period of operation the power plant proved that its performance is

far below the expected level. Even after the RTR, it had many outages due to various

breakdowns and it has not achieved the expected availability level. The plant

repetitively required emergency shutdowns. Including the RTR period the plant has

total of 30 shutdowns/trips up to end of 2012. Out of these, 17 shutdowns/trips

happened after the RTR is finished and plant is in commercial operation. But only

two planned interruptions were there and the other 15 are unexpected emergency

shutdowns and sudden trips.

The power plant expected to deliver 2200GWh annually to the national grid [1]. But

during year 2012 only 1400GWh was delivered, which is 36% less than the

expectation. CEB has to supply this deficit energy by Private Power Purchases (PPP)

at a higher cost. During the draught season of August 2012 CEB had to go for daily
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power cuts due to the unexpected breakdowns of this plant. The lower reliability

aroused the question whether the expected benefits to the country will be gained.

The plant availability of each month from March 2011 to December 2012 is shown

in Table 1.1.

Table 1.1: Monthly availability of the plant from March 2011 to December 2012

Month Availability
March-2011 35%
April-20ll 62%
May-2011 68%
June-20ll 12%
July-2011 69%
August-20 11 100%
September-20 11 93%
October-20ll 27%
November-20 11 91%
December-20 11 100%
January-2012 41%
February-2012 32%
March-2012 100%
April-2012 94%
May-2012 100%
June-2012 100%
July-2012 84%
August-20l2 25%
September-20l2 78%
October-20l2 100%
November-20l2 73%
December-20l2 0%

The contract agreement of the project mentions that the first 300MW unit must

operate with an overall availability of not less than 85% [2]. It can be observed from

Table 1.1 that the overall plant availability is much less than that. The overall

availability of the year 2011 and 2012 are 65.8 % (including the RTR period) and

68.8% respectively.

The frequent outages of the plant have two major impacts from the CEB point of

view. First one is financial loss due to start-up costs and loss of energy delivered to

the grid at a relatively lower cost compared to PPP. Second one is degrading the

machines and components due to stress created by frequent emergency shutdowns,

3



trips and start-ups. For each start-up of the plant auto diesel and other resources are

consumed. The cost of each type of start-up is shown in Table 1.2.

Table 1.2: Start-up costs at 2012 prices

Type of Start-up Cost(LKR)

Cold Start-up 22,500,000

Warm Start-up 13,500,000

Hot Start-up 6,000,000

1.2.1 Turbine side of LVPS

LVPS consists of mainly boiler, turbine and generator. Except to these, there are

other auxiliary systems as coal handling system and water purification system, fly

ash handling system, bottom ash handling system, waste water treatment system and

hydrogen generating system. Depending on the technical background and for the

ease of administration the plant has divided into four sections. They are boiler

section, turbine section, Balance of Plant section (BOP) and coal handling section.

The various equipments failures in boiler, turbine, coal handling system and other

auxiliary systems contribute to the unreliability of the plant in various scales. The

reasons for equipment failures are different from system to system.

The main systems of the turbine section are boiler feed water system, Cooling Water

System (CWS), Open Cycle Cooling Water (OCCW) system, Closed Cycle Cooling

Water (CCCW) system, generator cooling system and vacuum system. Turbine and

its auxiliaries include electro hydraulic oil system, lube oil system and hydrogen seal

oil system. Except to these the main electrical system including generator, main

transformer, Unit Auxiliary Transformer (UAT), Start-up and Standby Transformer

(SST), gas insulated 220kV substation, emergency power supply system and 6kV

auxiliary power distribution system are also included in the turbine section. These

equipments and systems are mandatory not only for smooth running of the power

plant, but also for a safe shutdown. In an absence of these equipments at a shutdown,

there is a greater possibility to damage the critical equipments as boiler, turbine and
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generator. The proper functioning of hydrogen seal oil system is mandatory even

after shutdown to prevent explosion of hydrogen and damaging the power plant.

1.2.2 Failures in the turbine side

The various failures happened in the subsystems of turbine side resulted sudden trips

and emergency shutdowns. Some of the failures resulted running the plant in de-rated

loads for long hours until the fault is cleared. It was possible to restore the plant

quickly after some of the failures. But some failures ended in permanently damaging

the critical equipment as boiler tubes and turbine bearings which took more than one

month to restore the plant. The repetitive permanent damages happened to the turbine

and other critical equipment not only reduces energy generated but also degrades the

plant permanently. Out of the 15 forced outages happened after the RTR period,

turbine side contributed to 9. The percentage of outages due to faults in turbine side,

boiler side and planned shutdowns are presented in Figure 1.1. The data presented

covers the period from 14th May 2011 to 31st December 2012 after RTR. Details

regarding the plant forced outages are shown in Appendix A. The number of forced

outages due to boiler side faults is 6 and the number of planned outages during the

considered period is 2.

The summery of forced outages happened due to turbine side failures after the RTR

period is shown in Table 1.3. Total of 72l,870MWh of energy was lost due to forced

outages created by turbine side failures. This is 57.5% of the total energy loss due to

emergency shutdowns and trips of the power station. Also it can be observed that the

maximum energy loss happened due to transmission line failures which have

happened twice during the considered period.
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• Turbine side
outages

• Boiler side outages

Planned outages

Figure 1.1: Outages after RTR from 14thMay 2011 to 31 st December 2012

Table 1.3: Forced outages due to turbine side failures in the period from 14thMay

2011 to 31st December 2012

Outage Period Loss of

Reason (MMJDDNY generation

hh:mm) (MWh)

Both transmission lines failed and failure of 6/7/1112:16 to 234,520

emergency power supply system 7/10/11 2:00

Primary super heater de-super heater valve leak: 11/4/11 23:44 to 9430
11/6/11 7:10

Earth fault at Current Transformer (CT) VAT neutral 11/21111 15:06 to 3680

point
11/22/12 03:22

Low pressure of turbine lube oil 1/18/12 14:38 to 210,660
2/16/12 20:50

Hydrogen seal oil leak 2/17/12 1:00 to 24,340
2/20/12 10:08

Cooling water circulation pumps bearing temperature 4/26/12 20:55 to 11,795

high 4/28/12 11:14

Both transmission lines failed and failure of 8/8/12 5:55 to 134,625

emergency power supply system
8/26/12 22:40

Both debris filters damaged and main transformer 8/26/1223:30 to 80,945

fault 9/7/12 5:19

Both cooling water circulation pumps failure 11/7/12 9:08 to 11,875
11/9/12 00:43

Total 721,870
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• Turbine side

• Boiler side

• Planned shutdowns

Figure 1.2: Percentage loss of generation due to forced outages

Table 1.4: Loss of generation due to faults in systems in turbine side after RTR

System Energy Loss due to Energy loss due to Total

De-loading shutdowns/Trips (MWh)

(MWh) (MWh)

Cooling Water System 63,068 92,820 155,888

Closed Cycle Cooling 152 0 152

Water System

Open Cycle Cooling Water 50 0 50

System

Cooling Water Pump 4027 11,795 15,822

Motor and Bearing

Cooling Water System

Feed Water System 29,507 9,430 38,937

Hydrogen Seal Oil System 575 24,340 24,915

Lube Oil System 1100 210,660 211,760

Emergency Power Supply 0 369,145 369,145

System

Electrical System 0 3,680 3,680

Total 98,479 721,870 820,349
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The loss of generation due to forced outages in different sections is shown in Figure

1.2. The maximum percentage (57.47%) of generation loss has occurred due to the

faults in the turbine side.

The loss of generation due to running the plant in de-rated loads resulted by each

systems failure in turbine side is shown in Table 1.4. The maximum amount of

generation loss that has occurred due to de-loading caused by failures in the cooling

water system. The maximum generation loss due to shutdowns and trips is caused by

the shortcomings in the emergency power supply system. The failures in the turbine

side has resulted a total generation loss of 820GWh which is enough to supply the

total electricity demand in the country for a period of one month. Figure 1.3 shows

the bar chart representation of generation loss due to faults in subsystems.
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Figure 1.3: Generation loss due to faults in different subsystems
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It is clear that the turbine side significantly contributes for poor reliability of the

power plant. Therefore in order to improve the reliability of the total power plant,

identifying and addressing the problems in the turbine side is mandatory. Analyzing

the reliabilities of each subsystem and making necessary improvements should be

done to improve the reliability of the power plant.

1.3 Objective

The objective of the study is to

• Analyze reliability of the turbine side ofLVPS.

• Indentify the reasons behind the failures of individual systems of turbine side.

• Propose methods to improve the reliability and perform design changes where

necessary.
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