(=/USAID ¢Picict Bank

E'& FROM THE AMERICAN PEOPLE
ALD:

"Manual on Best Practices in

Indian Thermal Power Generating Units"

cl

Confederation of Indian Industry
Cll — Sohrabji Godrej Green Business Centre







Contents

S No Page No
Executive Summary 1
How to use this Manual 5
1.0 Introduction to the Project 7
2.0 Background of Indian Power Sector 15
3.0 Best Performance Parameters of Indian Power Plants 19
4.0 Best Practices in Indian Power Plants 31
4.1 Performance Improvement — Heat Rate &
Auxiliary Power Consumption 33
4.2 Performance Improvement — Reliability & Availability 57
4.3 Operation & Maintenance 63
4.4 Environment Improvement 111
4.5 Miscellaneous Projects 127
5.0 Mission to International Power Plants — 147
Imbibing next technologies
6.0 Action plan & Conclusion 159
Annexure 162







'G Matrix' of participant Power Plants
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1 1 2 3
CCGT | Coal | 3X210| 7X210 Coal
135 | 4X210 | 4x210| 4X210 2 x 500

1. Customer

Need
1.1 | Customer service ( Trends & improvements

for 3to 5 years) 2
1.2 | Customer service ( Trends & improvements 2

for 3to 5 years)
2. Employees

Description
2.1 | Work Procedures 3 4 3 3 3 4 4 4
2.2 | Protections 3 4 3 3 3 4 5 4
2.3 | Occupational health hazard 3 4 3 3 2 4 4 2
2.4 | Industrial Relationship 3 4 2 2 2 4 4 4
2.5 | Increased Productivity achieved through 3 4 3 3 2 3 4 3

motivated team work ( Expressed in terms

of cost , Quality & time improvements )

Trends: 3 to 5 years
2.6 | Manpower 3
2.7 | Health & Safety ( Trends & improvements

for 3 to 5 years) 3 3 3
1 Customers
2.8 | Health & Safety 2 3 2
2.9 | Health & Safety 2 3 2
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'G Matrix' of participant Power Plants
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1 2 1 1 2 3
Coal |CCGT|CCGT | Coal | 3X210| 7X210| Coal | Coal
32001 435 | 135 |4x210 | 4x210| 4X210{2 x 130 |2 x 500
& 3x500
2.10[ Satisfaction & Engagement 4 -
( Trends for 3 to 5 years)
2.11| Satisfaction & Engagement 4 2 5 3
( Trends for 3 to 5 years)
2.12| Satisfaction & Engagement 4 3 2 4
( Trends for 3 to 5 years)
2.13| Training & Development /.Job enrichment 4 3 2 2 2 3 3
( Trends for 3 to 5 years)
2.14| Training & Development / 3 2 2 2 2 1 3
Job enrichment ( Trends for 3 to 5 years)
2.15| Training & Development /.Job enrichment 4 4 2 1 1
( Trends for 3 to 5 years)
2.16] Rewards & recognition 4 3 2 1 4 4
2.17| Rewards & recognition 4 4 2 4 2 3 3
2.18| Effective /7Two way communication 3 3 2 2 3 4 4
2.19| Effective /7Two way communication 2 2 2 2
2.20| Code of conduct 3 3
2.21| Code of conduct 3 - 2 4
2.22| Employee participation 4 2 3 3 2 2 2
3. Society around
3.1 | Hazard management systems 3
3.2 | Accountability 3 2 2 4 3 4 3
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'G Matrix' of participant Power Plants
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1 1 3
Coal Coal 7X210| Coal | Coal
3x200 4X210 4X210|2 x 130 |2 x 500
& 3x500
3.3 | Society 3 4 3 3 3 3
3.4 | Community initiative 4 1 2 4 3
3.5 | Community initiative 3 1 2 4 4
3.6 | Sharing/Service through professional 2 4
bodies representing power industry.
3.7 | Sharing/Service through professional 4 2 3 3
bodies representing power industry.
4 Shareholders
4.1 | Share Holders (or else those who have 2 3
a stake in cos.)
4.2 | Share Holders (or else those who have
a stake in cos.)
5. | Suppliers
5.1 | Mutual Benefits through supplier partnership 2 2
5.2 | Mutual Benefits through supplier partnership 2
6. | Cost/ Productivity / Quality
6.1 | Cost Control 3 4 3 3 3
6.2 | Cost Control 3 4 3 3 3
6.3 | Increased productivity 3 2 2 3 3
6.4 | Increased productivity 3 2 2 3 3
6.5 | Increased productivity 3 2 2 4 2
6.6 | Quality 4 1 2 4
Grand Total 97 66 85 87 76
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'G Matrix' of participant Power Plants

Rating System

1. Parameter not monitored

Parameter being monitored

System in place for monitoring / control
Consistency in following systems

Continuous improvement in systems & parameters

o a k~ w b
U A W N P O

Benchmarking of parameters
For example, customer satisfaction

If plant doesn’t know customer is satisfied / not

If plant is monitoring the customer satisfaction

If there is a system in place (meeting / feedback on a regular basis)
If the system is followed on a continual basis till date

Marked improvement in customer satisfaction recorded with
innovative parameters in subsequent meeting / feedback

Benchmarking with known & successful entity (national/international) 5

w NN - O

o
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CHAPTER -4

BEST PRACTICES IN INDIAN POWER PLANTS

SNo Topics Implemented
power plant
4.1 | Performance improvement - Heat rate & Auxiliary power consumption

411

Smart wall blowing system for optimising

wall blowing and improving heat rate

Raichur thermal

power station

41.2

Improvement in hot reheat temperature in Boiler

CESC Limited

413

Modification in auto furnace draft control logic
in ID fan vane scoop combination control

CESC Limited

414

Utilisation of PADO and the benefits for the
thermal power plant

NTPC, Simhadri

415

Latest techniques for heat rate improvement
of power plant

Tata Powver,
Trombay

416

Continuous improvement of heat rate of combined
cycle power plant

GMR Energy Limited

4.2 | Performance Improvement - Reliability & Availability

4.2.1| Reliability improvement by avoiding inadvertent errors Reliance Energy Ltd.
4.3 | Operation & Maintenance

4.3.1| Equipment Criticality analysis Reliance Energy Ltd.
4.3.2| Introduction of super cleaning of Turbine oil Reliance Energy Ltd.
4.3.3| Innovative boiler maintenance techniques for Raichur thermal

minimizing boiler tube failure

power station

Confederation of Indian Industry
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4.3.4 | Life extension of coal mill gear box lube oil by CESC Limited
Electrostatic liquid cleaning method

4.3.5 | High concentration slurry system for ash handling CESC Limited

4.3.6 | Benchmarking in reduction in startup time Tata Power, Trombay
of the power plant

4.3.7 | Innovative methods for reducing capital overhaul time | Tata Power, Trombay

4.3.8 | Replacement of aero derivative turbine in GMR Energy Limited
very minimal time duration

439 | LOTO - Lockout and tagout system GMR Energy Limited

4.3.10| Innovative techniques to minimize the cold GMR Energy Limited
startup time of a combined cycle plant

4.4 Environment Improvement

4.4.1 | Flue gas conditioning by auto controlled dosing
of ammonia gas and improving performance of ESP CESC Limited

4.4.2 | Initiatives towards achieving zero effluent discharge GSEB, Gandhi Nagar

4.4.3 | Flue gas desulphurisation system for reducing SOX level | Tata Power, Trombay

4.5 Miscellaneous Projects

45.1 | Departmental website - a tool for data and
knowledge management and Reliance Energy Ltd.

4.5.2 | Rain water harvesting in a thermal power station GSEB, Gandhi Nagar

4,5.3 | Customer satisfaction index, Customer complaints
and redressel mechanism Tata Power, Trombay

Confederation of Indian Industry
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4.1.1. Case study

INSTALL SMART WALL BLOWING SYSTEM FOR OPTIMISING WALL
BLOWING AND IMPROVING HEAT RATE

Background

The boiler performance including its ability to meet full load, auxiliary power
consumption, net plant heat rate, availability of the unit, operation and maintenance
cost etc are significantly affected by the fuel characteristics. Coal firing in the furnace
form different kinds of deposits on the boiler tubes.

To improve the performance and thermal efficiency of the boiler, it is important to
remove the deposits periodically and maintain the heating surface clean.

Boilers are designed such that the radiation and convective zone heat transfer surfaces
absorb the released heat proportionately. Any deviation in heat transfer in radiation
and convection zone will affect the function of feed water preheating in the economiser,
steam super heating in LTSH, platen super heater and final super heater. This will
result in reduction in boiler operating efficiency.

Smart wall blowing system (SWBS) is a selective wall blowing system, operating on
auto mode. The operation is controlled based on super heater spray flow and furnace
heat absorption at different zones. The system helps to maintain the furnace heat
absorption at optimum level thereby maintaining the super heater and reheater sprays
within limits.

Present Status

The conventional wall blowing systems are operated sequentially once in 8 hrs. All
soot blowers will be operated 3 times a day.

In conventional blowing system, the furnace condition is not taken into consideration.
The changes in fuel characteristics and boiler load are also not taken into account for
controlling the soot blowing.

Periodical operation of the soot blowing system leads to significant variation in super
heater and reheater spray. Soot blowing requires about 3.3 tons of steam per cycle.

Confederation of Indian Industry
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The modifications suggested by the “tripping analysis team” were accepted by the
Original Equipment Manufacturer and implemented in unit # 2. The success of this
system can be seen by the difference in number of trippings of two units in initial
days.

Event Analysis

To further strengthen the tripping analysis team, a system of “Event analysis” was
established. Here the difference was that any event, which had a potential of leading
towards tripping or even generation loss, were identified and analysed.

This helped in avoiding generation loss as well as in many cases tripping of unit.
This analysis also gave suggestions for system and procedures modifications. A
fortnightly report of analysis of events is generated regularly for past 7 years.

These reports are reviewed at various levels up to divisional head and circulated for
dissemination.

System Approach

Quality management and environment management systems are established. Under
these systems all the trippings and potential events that could result in trippings are
considered as non-conformity. To dispose off these non-conformity, corrective and
preventive actions are required as suggested by the tripping / event analysis team.

The system of trip analysis is a closed loop system. That means once after establishing
the actual cause for the event, it is rectified by way of corrective and preventive action.
These modifications or improvements are converted into quality improvement plans
(QIPs) for further documentation and record.

FMEA - Failure Mode Effect Analysis

Failure Mode Effect Analysis is nothing but dissection of a system from the point of
view of its chances of failure, modes of failure and prevention of the same. This analysis
is carried out to identify potential failure.

The results coming out of the analysis are given a weightage based on severity,
frequency and detection of failure. A risk priority number (RPN) is arrived at by this

Confederation of Indian Industry
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analysis and higher the RPN, more the probability of failure. This was carried out for
major systems like coal mills, CW pump house, C & I logics for operation of important
auxiliaries, etc.

This has given an insight in the major important components of the system, their
importance vis-a-vis other equipments and the chances of its failure. With help of
this analysis potential causes of failure and their preventive remedial measures are
identified.

Avoidance of inadvertent human errors

FMEA exercise has considered the human errors also, to avoid the sense of
complacency and improve the response of the desk engineers. More than 100 internal
workshops were conducted for various topics like,

Past human errors.
Past trippings.
Potential failures.
Defect analysis.

Areas of improvements.

YV V V V V

Reduction in start-up / shut down time.

Benefits

FINANCIAL YEARWISE TRIPPINGS (HRS) Over the year DTPS non- availability due to

100 7382 trippings has reduced. This is displayed by the
Number of hours lost due to unit trippings. The
reduction in trippings is depicted in the graph.

All the trippings in the later years were of due to some newer reasons. FMEA has

helped us in overcoming such problems.

The knowledge dissemination and various analytical tools have helped in minimising
the trippings due to human errors. There has not been a single tripping due human

error in last 5 years.

Confederation of Indian Industry
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BEST PRACTICES IN INDIAN POWER PLANTS

4.3.1. Case study

EQUIPMENT CRITICALITY ANALYSIS - A TOOL FOR IMPROVING
RELIABILITY AND AVAILABILITY

Background

The Equipment Criticality analysis has been carried out to scientifically determine
the equipments, which are having eminent influence on the performance of Thermal
Powver Station. These critical equipments will be monitored more attentively, to further

improve the maintenance as well as operation performance.

A list of Critical Equipment was available for close monitoring of these equipment,
to ensure the plant availability at the highest level. However there is a need to testify
all the equipments on some logical & scientifically proven basis & add or modify the
present list of critical equipments, if required.

It was identified that the “Equipment Criticality Analysis” is an excellent tool for this
purpose. It has considered all the aspects of equipment criticality to arrive at the
“Criticality Index” for the equipments. This criticality Index has helped to list all the
equipments right from the most critical to the least one.

The most critical equipments will be dealt with more attention, including its operation,
maintenance, condition monitoring, spares availability etc; to improve the overall
plant performance. The criticality index thus decided will be documented in the
Maintenance module of the ERP system by incorporating this in equipment
parameters. All Criticality Score, Priority Score & Criticality Index will be put in the
system as equipment parameters.

Methodology

Equipment Criticality Analysis is the method of assessing criticality, based on a point
rating system, which considers the effect of equipment breakdown on the plant
performance.

Confederation of Indian Industry
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The Criticality Index is calculated by multiplying Criticality score & Priority score.
The Criticality score is calculated based on effect on generation, Environment and
Safety, Service Level, Efficiency & Aux Power and Redundancy Factor. The Priority
score is calculated based on Frequency of Failure, Spare Part Cost, Average Down
Time and Man Power Cost.

The Criticality Index for all major equipments has been evaluated as per the criteria
given below.

Criteria for Criticality Index
Criticality index is based on following elements:

1. Effect on Generation - (G)

Effect on the element Score
No significant consequences on generation due to failure 1
Generation loss < 20% 2
Generation loss < 50% 3
Unit tripping 4
Station tripping 5
2.  Effect on Environment and Safety - (E)
Effect on the element Score
No effect on Environment and Safety 1
Very minor effect 2
Failure leads to an accident or significant
impact on environment 3
3. Effect on Service Level - (S)
Effect on the element Score
Failure will not affect the work of succeeding equipment 0
Failure will affect the work of succeeding equipment 1

Confederation of Indian Industry
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4.  Effect on Efficiency & Aux Power (A)
Effect on the element Score
No effect on Efficiency & Aux Power 0
Very minor effect 0.5
Failure leads to a major effect on Efficiency & Aux 1
5. Redundancy Factor (RF)
Effect on the element Score
If there is no standby unit for the failed equipment 1
If the number of standby unitis 1 0.5
If the number of standby unit is 2 0.33
Criticality Score = (G+E+S+A) X RF
Where:
G = Effect on Generation
E = Effect on Environment and Safety
S = Effect on Service Level
A = Effect on Efficiency & Aux Power
RF = Redundancy Factor
1. Frequency of Failure (FF)
Effect on the element Score
Once per year or rare 1
Twice in a year or once per six months 2
Four times in a year or once in % months 3
Frequent failures or more than 4 failures in a year 4

Confederation of Indian Industry
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2. Average Down Time (ADT)

Effect on the element Score

If Down Times is 0 to %2 Day 1

If Down Times is 1/2 to 1 Days

If Down Times is 1 to 3 Days

If Down Times is 3 to 7 Days

gl Bl N

If Down Times is more than 7 Days

3. Spare Parts Cost (SPC)

Effect on the element Score

Cost of spares up to Rs 25,000/- 1

Cost of spares from Rs 25,000/- to 50,000/-

Cost of spares from Rs 50,000/- to 1,00,000/-

Cost of spares from Rs 1,00,000/- to 5,00,000/-

Cost of spares from Rs 5,00,000/- to 10,00,000/-

Cost of spares from Rs 10,00,000/- to 50,00,000/-

Cost of spares from Rs 1,00,00,000/- to 5,00,00,000/-

| N0 B WOIDN

Cost of spares above Rs 5,00,00,000/-

4 Man Power Cost (MPC)

Effect on the element Score

If Cost of Man Power to attend the
failure is Rs 10,000/- or less 1

If Cost is form Rs 10,000/- to 1,00,000/-

If Cost is above Rs 1,00,000/- 3

Priority Score (FF x SPC) + (ADT x MPC)

where

FF = Frequency of Failure
SPC = Spare Part Cost
ADT = Average Down Time
MPC = Man Power Cost

Confederation of Indian Industry
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Criticality Index = Criticality score x Priority score

Findings

The Equipment Criticality Analysis was carried out. Below is the list of top 20

equipments in descending order of their criticality indices.

Criticality| Priority [ Criticality Index
S Ng Equipment Description Score | Score (2-47) | = Criticality
(0.66 Score X Priority
-10) score (1.32 — 470)
1 Main Generator Elect.
(294mva) - U #1 8.0 23.0 184.0
2 ExciterU#1 &2 8.0 22.0 176.0
220 kV Circuit Breaker(Gt) 9.0 18.0 162.0
4 Generator X’mer
(BI5MVA)U#1 &2 8.0 20.0 160.0
5 Hp Turbine U #1 & 2 6.5 19.0 123.5
6 Ip TurbineU#1 &2 6.5 19.0 1235
7 Lp TurbineU#1&?2 6.5 19.0 1235
8 Pms System Unit#1 &2 7.0 17.0 119.0
9 220 Kv Circuit Breaker(FDR) 8.0 14.0 112.0
10 Mop (Main Oil Pump) U# 1&2 6.5 16.0 104.0
11 | 220 KV Main Bus 9.0 9.0 81.0
12 | 220 KV Ct 8.0 10.0 80.0
13 | 220 Kv Ipt/Cvt 8.0 10.0 80.0
14 | NGT Cubical 7.0 11.0 77.0
15 Station X’mer (60MV) U # 1&2 9.0 8.0 72.0
16 | 220 Kv lIsolator 8.0 9.0 72.0
17 | Fd Fan - 1&2ab 55 12.0 66.0
18 Id Fan - 1&?2ab 5.5 12.0 66.0
19 | PaFan-1& 2ab 55 12.0 66.0
20 | BoilerUnit#1 &2 6.5 10.0 65.0
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Analysis

After the “Criticality Index” calculation as discussed above, all the equipments were
classified into three categories (A, B & C) depending on their contribution to the
total Criticality Index score.

Equipment Total % Contribution No. of Individual
Criticality to Total Equipments Criticality

Index Criticality Index

score Index score rating

Class-A 3019.50 49.12 % 35 > =60
Class-B 2074.00 33.74 % 64 22.5t0 <60

Class-C 1053.44 17.13 % 110 <225

Total 6146.94 100 % 209

Recommendation / Action Plan

The class A & B equipments will be closely monitored during their operation,
maintenance & condition monitoring. MTBD (Mean Time Between Defects) & MTTR
(Mean Time To Repair) study will be carried out for these equipments on regular
(Half yearly / Yearly) basis. The frequency of maintenance may also be reviewed
after the MTBD & MTTR study.

Further, the exercises of parent-child relationship, spare structure details, trouble-
shooting guide & critical parameters will be started with these equipment.

Confederation of Indian Industry
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WORK SHEET FOR EQUIPMENT CRITICALITY ANALYSIS

Sr.
No

WG
CODE

EQP
CODE

Equipment
Description

Effect
on
Gene-
ration
(G)
(1-5)

Effect
on
Envi-
ron-
ment
&
Safety
(B)
(1-3)

Effect
on
Servics
Level
(S)(0-
1)

Effect
on
Effi-
ciency
& Aux|
Power
(A)
0-0.
5-1)

Redun-
dancy
Factor

(RF)
(1-05
-0.33)

Critic-
ality
Score
(G+E+
S+A)
X RF
(0.66 -
10)

Fre-
quencyf
of
Failure
(FF)
(1-4)

Averagqg
Down
Time
(ADT)

1-5

Spare
Parts
Cost

(SPC)
(1-8)

Man
Power
Cost
(MPC)
1-3

Prio-
rity
Score
(FFx
SPC) +
(ADT
X
MPC)
(2-47)

Criticality
Index =
Criticality
score X
Priority score
(1.32-470)

Class
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4.3.2. Case study
INTRODUCTION OF SUPER CLEANING OF TURBINE OIL

Background

Lubrication oils are being used in various equipments, out of which turbine lubrication
system is very important and critical application. Servo prime-46 of M/s. IOC make
is used for turbine bearing lubrication and Governing system. The major parameters
of the lube oil like viscosity, moisture, and mechanical impurities, TAN etc. are being
maintained within limits, by inbuilt centrifuging and top-up.

However the oil in use picks up contamination from wearing parts and the wear
debris further pass through the system and in turn generate more contaminants, which
can be described as a self-escalating snow balling process.

Smaller contaminant particles are larger in number than larger contaminant particles.
Only these smaller particles can enter clearances and cause damage to mating parts.

The super-cleaning initiated to reduce wear tear of equipment components and
increase the life of lubricating oil by keeping check on contamination by dedicating
two units of Electrostatic Liquid Cleaner -ELC 100LP.

Present Status

The Filtration particle size of Duplex filter element & Main oil tank filter element is
37 um and 250 um respectively. This indicates that particles size up to 37 um can only
be filtered on line.

Turbine oil is supposed to maintain ISO 1179 to 13710 level of cleanliness, which is
equivalent to ‘NAS 7’ and below. However it was observed that NAS level of oil in
use is 12+ with present on line cleaning system.

« The frequent chocking of Duplex Filter was noticed with the existing on line
filtration & centrifuging system.

% The thick sludge of observed at the bottom of Main Oil Tank during overhauls.
% Governing problem faced resulting in two tripping of the unit.

« Scratching and scouring marks were observed on the turbine and generator
bearings and journals during overhauls.

Confederation of Indian Industry
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Project implemented

Two nos of Electrostatic Liquid cleaner-ELC-100LP has been dedicated to each Main
oil Tank (MOT) to super clean the Turbine oil. The oil supply is taken from MOT and
outlet is connected back to MOT.

Principle of operation of electrostatic liquid cleaner

ELC isan Electro static liquid cleaner and works similar to the principle of ESP (Electro
Static Precipitator). Contaminants in oil such as magnetic / nonmagnetic, organic/
inorganic, resinous matter or sludge etc are either positively or negatively charged
due to the contact potential difference with oil.

When oil is passed through an electric field, positively charged particles are drawn
to the negative pole and vice versa. Neutral contaminants are drawn and deposited
by gradient force to the edge of the die electric media where the intensity of the
deformed electric field is highest.

When corrugated die electric media (collectors) are inserted between electrodes, the
electric field is deformed and die electric
polarisation occurs at the tips of the
corrugation. The electric field is the strongest
at the tips and particles are drawn and
deposited on opposite electric poles and

removed from oil. Working

Principle

Benefits Y

Two nos of ELC-100LP Machines are — S
dedicated for the cleaning of Turbine oil. The { =
oil cleanliness level of NAS 7 has been |

5

maintained. This has resulted in following

.'.Illllr-.

benefits.

»  Duplex Filter chocking has been reduced considerably. Loss of oil from the system
has reduced due to reduced cleaning of Duplex Filter, there by less draining of
oil from the filter.

Confederation of Indian Industry
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» Average Oil consumption has been reduced to 76 barrels from 145 per year.
» Reduction in sludge formation at the bottom of Main Oil Tank.

» No Governing problems are faced due to chocking of governing components.

COST SAVING DUE TO SAVING IN SPARES (TURBINE BEARINGS & DUPLEX
FILTER STRAINER) AND OIL.

» Conservation of oil and better environment due to lesser need for disposal of
used oil.

The reduction in oil consumption pattern is shown in the graph:

200

| OBARREL CONSUMPTION

150 ~

159
131
101
100 ~
H ﬁ T -

2000 2001 2002 2003 2004 2005*

YEAR

NO OF BARRELS

ul
o o
1

Financial analysis

Installation of super cleaning system has resulted in many tangible and intangible
benefits.

Total cost saving of Rs. 71.96 Lakhs has been achieved .The break up of saving is as

below.
Cost saving due to Turbine spares - Rs 38.00 Lakhs.
Cost saving due to reduction in oil topup - Rs 14.21 Lakhs.

Cost saving due to tripping of unit due to
chocking of governing components. - Rs 19.75 Lakhs.
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4.3.3. Case study

INNOVATIVE BOILER MAINTENANCE FOR MINIMISING BOILER
TUBE FAILURE

Background

In Indian Power plants, Boiler tube leakage is one
of the major reasons for forced outage. The forced
outage leads to reduction in power generation and
hence reduction in plant load factor and increased
oil consumption due to increased cold start up of
boilers.

Over stressing, Starvation, Overheating of tubes,

Creep life exhaustion, Stress corrosion, Waterside

Corrosion, Fireside Erosion, Hydrogen embrittlement, Age embrittlement, Thermal
shocks, Improper operating practices, Poor maintenance, Welding defects etc are the
major causes for boiler tube failure.

If a boiler has to continue to function at a given/desired level of availability, its
constituent items need some expected level of maintenance either by replacement or
by repair.

Previous status

The analysis of causes for boiler tube failures in one of the thermal power stations
shows that maximum failures were due to ash erosion with 43%, shop floor/site
weld defects 16%, blockage of Reheater tubes 11%, steam erosion 10%, secondary air
erosion 8%, attachment weld 6%, material defect 3% and creep failure 3%.

Except some stray cases, erosion failure is the significant cause of tube failure and is
about 60% of the total failure.

The analysis of area wise tube failure indicates that about 40% of the failures occurred
in super heater zone, 25% of the failures in water walls, 20% of the failures occurred
in Economiser and remaining 15% failure occurred in reheater zone.
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AREA WISE BOILER TUBE FAILURES

It was also observed that ash erosion in LTSH zone was

REHEATE
RS
14%

ECONOMI
SER
21%

more followed by ash erosion in economiser area. In
water wall and wind box corner erosion is caused by
secondary air leakage through expansion bellows.

ATER
WALL
25%

SUPER
HEATER
40%

General Measures for reducing tube failures

The following are the general measures adopted in thermal power station to minimise

the boiler tube failures:

>

>

Thorough visual inspection of heating surfaces to identify eroded tube,
deformation, swelling, bulging of tubes, etc.

Shielding of tubes/bends in some identified, highly erosion prone areas to reduce
erosion due to gas velocity in second pass.

Tube thickness survey and thickness mapping in all identified areas. The general
practice is to replace the eroded tubes with thickness reduced more than 25% of
normal thickness.

100% welding inspection to ensure quality weld joints. Involvement of
experienced IBR welders for pressure parts welding works.

Emphasis to prevent flue gas/ash erosion. Erosion prone areas are extensively
inspected and protected by providing shield / baffles, refractory etc.

Innovative preventive techniques to minimise tube failures

The following preventive techniques have been adopted to minimize the boiler tube

failures. These extensive preventive maintenance techniques, has resulted in the lowest

boiler tube failure rate.

1.

Extensive Inspection of Pressure Parts

During annual overhaul, inspection of LTSH / ECO banks on left and right
sides are being carried out after removing skin casing and cutting fins at
places based on experience.
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ECO coils are being lifted on both sides for inspection and to assess
healthiness of tubes.

Annual inspection of Platen super heaters and Re-heater bank bends are
being done by arranging sky climber and platforms.

Inspection of Roof tubes; Final super heater tubes and Super heater terminal
tubes are being carried out by arranging muilti tier platforms.

2. Shielding Tubes at Critical Zones

To avoid ash erosion failures, shrouding/sacrificial shields are provided
for water wall screen / extended water wall, Super heater screen tubes and
extended steam cooled wall, LRSB’s opening bends, LTSH terminal tubes /
ECO hanger extreme end tubes above LTSH zone, LTSH coil straight tubes,
ECO coil straight tubes and rear side straight tubes, LTSH supply tubes 90
deg. bends / offset bends, etc.

Cassette baffles have been provided for bends of LTSH and ECO coil
assembly to reduce erosion.

3. Importance to Tube Alignment

The alignment of all coil assemblies and tubes in the horizontal pass and
second pass are thoroughly checked.

Stoppers (locking arrangement) to prevent movement of steam-cooled
spacers are provided for Platen and Re-heater coil assemblies.

Tubes that come out of connectors 7/ distorted attachment can cause failure
and hence are corrected during boiler overhaul.

Vibration arrestors/clamps get deformed and make dent on tubes. They
are being corrected as when noticed.

4. Quality Welding

Welding electrodes are procured as per the recommendations of

manufacturer.

Radiography of weld joints is carried out by 100%.

Confederation of Indian Industry
Cll — Sohrabji Godrej Green Business Centre



78

Manual on best practices in Indian Thermal Power Generating Units

5.

6.

7.

8.

Maintenance of Flue gas Path

Thorough inspection of refractory is made to avoid flue gas diversion and
impingement on bends and headers.

Refractory linings are providing in areas of high ash erosion where shielding
of tubes is difficult.

Expert Analysis of Tube Failure

Failure analyses have been carried out through manufacturer’s experts and
metallurgical laboratories to identify root cause of tube failure as and when
required.

Post operational Two stage Chemical Cleaning

With continued operation over a period of time the magnetite layer grows
in thickness due to slow corrosion of boiler steel tubes. Also carryovers
from condensers and pre-boiler systems get deposited on the inner surface
of boiler tubes where the heat transfer is high.

This growth of oxides and carryovers result in loss of heat transfer and
accelerated corrosion of boiler tubes. This makes the boiler less efficient
and more prone to localized heating. At times it may lead to tube failure.
Therefore, importance is given for chemical cleaning of boilers.

Installing Advanced Systems

Installation of the need based, selective wall blowing system called ‘SMART
Wall Blowing System’. this minimizes the erosion due to steam blowing in
boiler tubes.

An on-line, acoustic steam leakage detection system ‘Sonic Tube Leakage
Detection System’ was installed to minimize occurrence of secondary
damages during tube failure. This system helps in early detection of tube
failure and reduces secondary damages of the surrounding tubes.
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Benefits

In one of the units of the thermal power station the lowest boiler tube failure
rate of 0.43 / year was achieved. Whereas the Indian average tube failure rate is
about 3.36 failures / year.

Station boiler tube failure of 0.116 / 1000 hrs of operation is achieved.
4.3.4. Case Study

LIFE EXTENSION OF COAL MILL GEAR-BOX LUBE OIL BY
ELECTROSTATIC LIQUID CLEANING METHOD

Background

Coal mills are one of the critical auxiliary equipment in power plants. The gearboxes
in coal mills are lubricated by forced lubrication system. The grade of oil used is EP
320. Failure of mill gearbox components are costly affair leading to forced shutdown
of the mill and consumption of high value imported spares.

Previous status

Due to gradual degradation of mill and gearbox sealing arrangement during service,
considerable amount of fine coal dust entrains inside the gearbox and contaminates
the oil. The effect of such contamination is improper lubrication of gearbox
components (Gears and bearings) resulting in increased wear and premature failure
of the components.

Necessity of frequent renewal of gearbox lubricating oil led to high consumption of
oil and necessary disposal of hazardous waste oil.

Project implemented

Condition of gearbox lube oil has been improved and renewal of oil has been reduced
considerably by :

% Use of modified gearbox sealing arrangement thereby reducing coal dust
contamination.
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@,

% Use of on-line side-stream filtration system working on electrostatic principle.
The filter machine is capable of separating even very fine particle from oil and
can salvage highly contaminated oil to working quality

100 litre per hour On-line Electrostatic Liquid cleaning
machine in operation

Benefits

The following benefits have been achieved:

+ Same charge of lubricating oil is now in service for a longer time; i.e. replacement
& top-up of oil has reduced considerably and hence reduction of hazardous
waste oil could be achieved

« Lubricating oil is in better operating condition; wear of gearbox components has
come down.

The following table indicates reduction in oil replacement and oil consumption
including top-up:

Financial year 2002-2003 2003-2004 2004-2005
Total number of gearbox

oil replacement in all mills 32 19 6
Gearbox oil procured (Litres) 23,520 12,600 3,570

Financial analysis

Cost of Two nos. Liquid cleaners are Rs. 4 Lakhs.
Cost of of Gearbox Oil — Rs. 60/- per litre

2002-03 to 2003-04 | 2003-04 to 2004-05

Oil consumption reduction (litres) 10,920 9,030
Cost Savings (Rupees lakhs) 6.55 5.42
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4.3.5. Case Study

HIGH CONCENTRATION SLURRY SYSTEM FOR ASH HANDLING
Background

The Indian coal has very high ash content. The ash content in the coal is in the range
of 35-40%. This leads to increased production of ash and serious problems related to
evacuation of the same. Some times, this also leads to loss of generation on account of
inadequate ash evacuation.

The conventional method of ash evacuation through dumpers was not only costly
but also not dependable. This also requires huge ash dykes for disposal of ash. The
latest trend is utilizing “High concentration slurry system” for reliable and efficient
ash evacuation.

Previous status

Initially the entire amount of ash was evacuated in moist condition through dumpers
for which a considerable amount of payment had to be made to the ash contractors.
Subsequently new avenues for ash utilisation were introduced in the form of Barges
and Tankers which resulted in better utilization of dry Fly ash in Cement Industries
as well reduced cost of evacuation.

However with the increased usage of inferior grade coal the large quantity of ash
produced posed a major threat to the increasing demand of power generation.

Project implemented

HCSS is a new concept in the field of effective handling and utilization of fly ash. It
involves transportation of fly ash in the form of slurry of homogeneous nature at a
specific concentration (58% to 64% solid concentration). As the ash slurry is used at a
specific concentration and also it is a homogeneous mix, it maximises the usage of
the land area and takes care of the environmental consequences otherwise likely in
way of dust formation and contamination caused by ash laden effluent.
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The slurry is prepared by the Dosing and Mixing unit, conditioned in the Agitated
Retention Tank and then pumped to the site at a distance of around 2.5 kms. through
a pipeline by GEHO pump.

At the mound area the slurry is discharged at a time from two flexible heliflex hoses
connected to the main line bus with the help of a Y’- piece and gets spread over a
very small area.

The flow stops within a run of around 30 mts. only under a natural angle of repose
due to the consistency of the slurry. In this way a sloped surface is formed. The
homogeneous composition of the slurry ensures no water is released when the slurry
is discharged at the mound area.

This thick slurry transportation system was adopted by plant for transporting fly ash
and making a number of mounds/ hillocks with a view to finally vegetate them to
convert the area into a beautiful resort on the bank of the river Hoogly.

The consistency of the slurry produced by this system is such that it produces no
effluent and there is no leaching effect and so hard solid mounds can be formed up to
a height of 30 meters.

The complete system engineering, supply of equipment and erection are by
M/s Mcnally Bharat (India) Ltd jointly with M/s WEIR, Netherlands (formerly
M/s Envirotech of Netherlands). The plant has received a grant of appx
Rs 2 Crores from the Government of Netherlands for using this eco friendly technology
in India.

Single line diagram of the system is as follows :
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SINGLE LINE DIAGRAM OF HIGH CONCENTRATION
ASH SLURRY HANDLING SYSTEM
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4.3.6.

Benefits

High Concentration Slurry system has got following benefits over conventional

methods of ash evacuation.

+» Much superior environment protection.

% Much higher tonnage per hectare of land due to high stack height and dense
deposit.

% Low cost per tonne of ash removal.

< Better utilization of fly ash.

% No fugitive emission
Case Study

REDUCTION OF 500 MW UNIT START UP TIME AT TROMBAY
THERMAL STATION, MUMBAI

Background

Ensuring uninterrupted power supply to consumers is a challenge for staff in every
power station. Reducing / eliminating number of shutdowns & their duration is
therefore an important measure. Shutdowns are due to planned outages (taken for
planned/preventive maintenance activities on a scheduled basis) or forced outages
(unit trippings or stoppages due to various faults). Total shut down time is spent in
two major activities. Finding / correcting the fault and then restarting the unit. Time
required for finding and correcting the fault depends on type of fault & is therefore a
variable. However startup time can be controlled.

During startup period, fuel is used to raise steam pressure & temperature without
electrical generation. Therefore when startup time is minimised, it can help in not
only early restoration of power supply to consumers but also savings on account of
startup fuel. Cost of start up is Rs 3.5 lakhs per hr (considering oil as startup fuel)
which is substantial potential for saving.

Three types of Unit startup are generally considered as follows —
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Hot Start—: In this case, Boiler and Turbine are hot at the time of start up. Generally
boiler & turbine temperatures match with HP-LP bypass operation & hence startup
is quick.

Warm Start—: In this case, shutdown is for few hours /days (6-8 hours to 2-3 days.)
Turbine is warm (temperature in the range of 250 to 3500C) Boiler components are
warm or cold. Hence it takes relatively more time for startup to raise steam pressure/
temperature to bring to a matching level of turbine.

Cold Start—: Such startups are encountered after major planned/forced outage of
the unit of longer duration. In this case boiler as well as turbine is nearly at room
temperature. Boiler pressure & temperatures need to be built up slowly .1t takes longer
time as start up of many auxiliaries is also required.

At Trombay Thermal station, special attention is given to minimize startup time in
all three cases mentioned above. This paper gives details of such practice followed at
Trombay Thermal Power Station.

Previous Status

Startup time is considered between boiler lit up & synchronization. Earlier statistics
show that time taken for hot, warm & cold starts was as follows:

Table 1
Type of start up Time taken
Cold start 13.22 hrs.
Warm start 29 hrs
Hot start 1.22 hrs

Project implementation & Challenges Faced
1. Planning & coordination

Startup is a complex activity because it involves interactions of various processes
& persons from all disciplines/functions at thermal station. It involves both —
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sequential & parallel activities .Although the process is standardized in any power
station, the time required may increase due to unforeseen events or lack of
planning & coordination. A typical startup includes detailed planning giving
meticulous attention to the following:

7

%  Clearance of equipment for running from all concerned depts.
% Availability of all interlocks & controls

% Correct line up of equipment & systems

% House keeping of equipment & surroundings

< Safety of equipment & personnel

% Alertness & Frequent rounds to detect any leaks & to guard against any
unsafe operations

X3

A

Correct communication & feedback

X3

%

Critical monitoring of each equipment

When equipment is being started, it is subjected to operating conditions which
are different from its normal stable operating conditions .Therefore to ensure a
smooth & safe startup is an arduous task.

Over & above this, if we have to minimize startup time it requires lot more
attention & coordination to avoid time wasters.

Meeting time deadlines include detailed scheduling focused on:

» Hourly planning to ensure equipment is cleared for operation as per the
date & time decided after mutual agreement between working parties

»  Detailed recommissioning schedule drawn up with assigned responsibilities

» Identifying critical activities & ensuring that all resources are mobilized to
meet the time deadlines.

At first glance although it may look tough target but it is not impossible. What is
most important is spirit of cooperation & understanding mutual needs &
extending a helping hand to others to save overall time. It is this commitment to
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common goal that has helped Trombay Thermal station to minimize not only
the startup time but to reach a benchmark standard of overhaul time of 500 MW
units in India (22 days)

Learning

Learning from past experience & implementing changes is a key to success.
Various activities of startup in the past were analyzed from the point of view
potential to save time. Major milestones/nodal points were identified on critical
path .Parallel activities were monitored & expedited to meet prerequisites for
starting serial activities at every nodal point. Some of the activities were advanced
or rescheduled/ parallely done to save time in cold start up.

It includes:
Preboiler flushing to save time in silica purging
Deferring main turbine oil tank cleaning to once in four years.
Advancing interlocks & alarm checks.

A typical time saving in start up after major overhaul observed is given in
following table.

Table 2

Activity Time saving due to advanced actions
Preboiler flushing
Turbine oil flushing
Interlock Tests 2hrs 8 min
Boiler lit up
HP-LP bypass operation
Turbine rolling
Electrical tests & synchronising 2 hrs 14 min
Total 4 hrs 22 min
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Benefits achieved

Figures 1to 3 show the improvement brought about in Startup time of these units.

COLD STARTUP TIME

20
»n 15
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5 T T T 1
19-02-02 17-02-03 19-02-05
4 WARM STARTUP TIME
H
o
T 3
2 T T T 1
14-12-02 28-01-05 16-02-05
80 HOT STARTUP TIME
)
L 70
g 60
S 50
40
30 T T T 1
18-05-04 19-06-04 '04-08-04

Financial Analysis

Table 3 shows comparison done with previous best timings for each type of Startup
& respective saving in terms of time & startup cost (fuel cost + aux consumption)
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Table 3
500 MW unit start up time improvement
Time Estimated
Date Duration Saving saving
Rs. in Lakhs

1. Warm Start 16-02-05 2 Hr 25M 27 Min. 1.6

02-05-04 2Hr 52M
2. Cold Start 19-02-05 10Hr 05M 3Hrs 8Min. 105

19-02-02 13Hr13 M
3. Hot Start 19-06-04 37 min. 35 Min. 1.8

18-05-04 1Hr 12M

With doubling of oil prices in 2006, the savings would be doubled in present operating
condition. Such savings both in terms of time & cost ultimately are passed on &
benefit the consumer.

The time required for startups as given above is one of the minimum when we
compared with similar units at other places in India. Absolute comparison may be
difficult as there could be large variations in systems & procedures at each power
station .In January 2005, NTPC team visited Trombay Thermal station. Data was
exchanged with them for benchmarking.

Reducing startup time without compromising on quality & safety of operations, can
be thus taken as an opportunity for improvement & benchmarking.
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4.3.7. Case Study

INNOVATIVE METHODS OF REDUCING CAPITAL OVERHAUL TIME

Prior Status
Outage duration in previous overhauls

2001 36 Days: IP Turbine

2002 | 41 Days: HP Turbine

2003 34 Days: LP Turbine

Prior Status
Outage duration in previous overhauls

2001 36 Days: IP Turbine

2002 | 41 Days: HP Turbine

2003 34 Days: LP Turbine
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Unit 5 Jan 2004 Overhaul

OEM'’s BHEL and Siemens indicated a duration
of 39 Days after detailed discussions with TPC
senior management.

B. Boiler re-certification

Unit 6 Jan 2005 Overhaul

3. Generator major overhaul with rotor
thread out.

B. Boiler re-certification with RLA
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The Obligation

The Challenge

Completion of outage in 25 days:

1. OEM’s not ready to take the challenge.

2. No reduction in scope possible to ensure
reliability of machine

Team Based Approach

Empowerment by Senior Management
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Team Based Approach

hourly basis.

3. Identification of constraints and
concerns

4. Resource planning

Outage Planning

History of past
problems

Input from OEM a
other utilities

mUTOOWwm

Pre-overhaul surv

Present runnin
behavior
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INTEGRATED PLANNING

-

Tests/trials
e Alarm

MMD

« Safety tagging - Execution * Protection
Opn Dept "hecks
- Opn & IMD

Commissioning
MMD,EMD
Opn & IMD

Time Saving Strategy

* Blast cleaning —HP & IP

Simultaneous blast

Inner case & rotor cleaning at multiple
had to be done locations
simultaneously (one mobile)

— saving 48 Hrs

Confederation of Indian Industry
CIl — Sohrabji Godrej Green Business Centre



95

BEST PRACTICES IN INDIAN POWER PLANTS

Time Saving Strategy

hydro jet cleaning both the air pre-heaters

» Feed Cycle

* Plate heat exchangers

» Cooling Water Pump

» Replacement piping
kept ready

Work on Equipment /
system not requiring
outage

Time Saving Strategy

replacement

e Turbine valves

Spare spindle — valve

Replacement of spindle / cone assembly kept
valve cone of turbine stop / ready before overhaul
control valves —time based on pre-overhaul
consuming assembly survey
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Time Saving Strategy

completed in 2 days.

Resource Planning

— Design and fabrication of fixture for drilling hole in HP inlet
flange face

— Design and fabrication of fixture for IP rotor balancing

» Expertise
— Services of OEM Expatriate for in-situ balancing
— Services of retired OEM experts
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* Round the
clock
surveillance
by safety
stewards

e Training of
contractor
work crew

* Ensuring
availability of
PPE

o

Safety and Fire

/

e entry
e Round the
clock security
at site

Administration
* Gate passes of
temporary work
men
¢ Round the
clock site
canteen
¢ Accom for
engineers.

issue of
material

*On site
delivery and
emergency
purchases

« Transport,
lifting and
shifting
arrangem-
ents

Milestones based review

equally important.
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USSR B RO
e EE TR S T
T

L R

n4an-is d

VP’s instruction to commissioning group, “ No

equipment to be taken in service till the equipment

areais cleaned”
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Turbine Highlights Unit 6 2005

HP installation 12 Day. |
Assembly of rotors ‘ 17t Day. l
Insulation of HP & IP [20th Day J
Oil flushing and [ . }
machine on TG 21% Day.

Unit Synchronization [22nd Day. J

Outage Duration
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Outage Process pmrmmrs

health assessment,

ABP Generation Feed back from Maint,
Target Fund OEM, Opern.
Allocation

Unit outage Broad Job
duration Scope
Outage planning
process
Final work Dept Micro
scope Plan

Engineer 1C'ommn4 rtl Logistics
supe:'nfsmy e ranspol A
St allocation Guest CPG Services
house/ Site
Manpower T
allocation Stores
Material Canteen
aterials X
Site Office/ SA:C’L‘:%
Expertise Stores -
Ergonomics Fire/Safety
Implements,
plant and
machinery
Quality Control
> Execution Checklist
Third Party
Review I IFIEEESS Commissioning Outage Report
p S Protocols
Batienedil constans Lessons Lear | [ mutor
i Improvements Future
Solution I d o »| Outages
Additional Resource one. Future
Requirements.
Milestone Review

4.3.8. Case study

REPLACEMENT OF AERO DERIVATIVE TURBINE IN VERY MINIMAL
TIME DURATION

Background

GMR Energy limited is a 220 MW Barge mounted combined cycle power plant with
power plant with 4 X 46.5 MW GE aero derivative Gas Turbine and 1 X 54.5 MW
steam turbine.

The Gas Turbines uses Naphtha as the fuel and as per GE recommendations the hot
gas path components has to be replaced in every 12,500 hours of operation. For
replacing the hot gas path components the Engine has to be removed from the
enclosure and work has to be carried out on a special maintenance dolly. To minimize
the number of outage days, the plant has a spare Engine which will be replaced with
any of the Engine which is due for maintenance.
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The Gas Turbine is a twin shaft construction (HP and LP shaft rotating at different
speeds) encased in a single casing. The Net weight of the GT is 7.5 Tons and it is
enclosed in a sound proof enclosure and it is also capable of taking any sort of impact
resulting from engine failure. The enclosure also supports the variable bleed duct,
and compartment ventilation duct. The total enclosure with Engine mounting supports
is fixed to the barge with anti vibration pads.

The Engine is supported at the front end (fixed point) on a bolted stool with trunion
support, and aft end is supported through flexible taper supports with trunion
supports. The LP shaft is coupled at the cold end to gear box with a flexible coupling
shaft. The exhaust of the GT is guided to Once through Steam generator through an
exhaust diffuser and a bellow assembly. The bleed duct is connected through a duct
and its exhaust is taken out to the atmosphere out side the enclosure.

Two numbers of 10 T EOT crane with bus bar for long travel are installed on the
barge, for four GT’S maintenance. One crane caters two GT’S maintenance, and
common maintenance bay is there for two Engines.

The spare Engine is normally kept in the work shop in a nitrogen sealed container.
The Barge is moored in a back water river from sea, with ramp connecting the jetty to
take care of the tide variation.

Previous Status

The first Engine replacement on the barge at site was done during commissioning in
September 2001 by IHI (Ishikawa harijma Heavy industries Tokyo Japan) who is the
packager for GE LM 6000 aero derivative gas turbine when one of the Engine failed
due to control system problem. IHI took 12 days for Engine replacement.

Aero derivative Engine removal and assembly on a barge is a specialized job and
experts where called for each area for job execution.

Special tools for dismantling the Engine and enclosures where not available.

The EOT crane Bus Bar was not of single piece, and brushes where guided in an
enclosed case of bus bar, which gave problem of dislocating at the joints during crane
movement, this resulted in loss of time for crane rectification.
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Job planning and resources mobilization was not adequate which resulted in jobs

happening in series.

Spares and consumables needed for Engine replacement where not envisaged resulted

in time delays in Engine replacement.

In May 2002 One Engine needed maintenance which was taken up in house with out

packagers help and GEL did the job in four days.

Project Implemented

1.

EOT crane bus bar arrangement modification.

The criticality of crane operation was studied and modification was done in the
bus bar system to over come the problem.

The Bus bar was replaced with flexible collapsible power cable with suitable
sliding arrangement for the cable to move along with the trolley.

Special tools and fixtures.

The following special tool sand fixtures where made to reduce the time
consumption.

Special tools for dismantling and assembly for coupling bolts, Engine Mount
support and trunions dismantling and assembly.

LP coupling support fixture after de coupling.
Special fixtures for bellows in exhaust and duct compression.

Special fixture for compressing the coupling flexible membranes to free the
coupling from LP shaft coupling spigot.

Spares and consumables.

Spares and consumables required during Engine replacement was identified
and adequate spare mobilized.
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4. Training and planning

In house Engineer identified and Job planning was done and training was given
during second Engine replacement. Work force for assisting in carrying out
Engine replacement where also trained.

Activities involved in Engine replacement where listed parallel activities
identified and detailed program made to carry out the Engine replacement.

Challenges faced while implementation

The major challenge face by plant team was to do the replacement in minimum
possible time without compromising on safety of equipment and persons.

Benefits

This has resulted in reducing the downtime of gas turbine and improvement in
plant availability

Financial analysis
Improvement in plant availability.
4.3.9. Case study
IMPLEMENTATION OF LOTO - LOCKOUT AND TAG OUT SYSTEM
Background:

Plant started commercial operation from June 2001. Initially PTW system was in
practice for taking care of isolations and safety of persons working and equipments.
PTW was generated manually and only the tag out system was available. To ensure
100% safety of the man and machine and also as a part of continual improvement
many changes have been carried out in PTW system and the lock out and tag out
system was introduced.

Previous Status

Plant was operating with only tag out system with manually generated permits for
cold work, hot work and confined space works.
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Project Implemented

The permit to work system was integrated with plant computerized maintenance
management system. The plant maintenance management system generates work
order based on defects in the plant and preventive maintenance schedules. After
authorization of work order permit to work is issued by operations department
through the maintenance management system. The system has provision of issuing
all types of permits for cold work, hot work and confined space work. The system
has provision for cross linking of permits and easy tracking of pending permits. The
system is normalized after the job completion and permit closure in the system after
necessary trial and inspection from operation department. As a part of continual
improvement lock out system is also implemented.

Lock-out Tag-out system is a means of positive electrical isolation that is done to the
equipment under permit. Locks are provided either at the motor control center (MCC)
or the circuit breaker panel (C.B panel). This lockout is applicable to electrical isolation
only.

A lock out board having lock out bolts is kept in the control room from where the
authorized person issues the permit. Each permit will have a specific lock out bolt
number associated with it. The keys of the locks provided for electrical isolation are
placed in the lock out bolt. The lock out bolt will be locked by the concerned
departments and the authorized person issuing the permit. The keys for electrical
isolation can be removed only when the person responsible for job execution surrender
the keys for lock out bolt. The surrendered key and the key with permit issuing person
have to be used jointly to remove the keys used to normalize the isolation. This ensures
the concurrence of both the parties responsible for job execution and isolation to

normalize the system.
Challenges faced while implementation

The challenge faced was to initiate the process. As the plant team is highly motivated
for continual improvements the implementation of system was not a major issue,
once the concept was formulated. The system before implementation was discussed
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with the team with all the logistics involved. All necessary recommendation were
given due consideration in implementing the system. As all the persons were involved
in formulating the system the implementation was smooth.

Benefits

Accident free work environment. Zero accident in plant till date after 5 years of
operation.

Financial analysis
No man hours lost due to accident and no production loss due to the same.
4.3.10.Case Study

MINIMISATION OF COLD START UP AND SHUT DOWN TIME
Previous Status

GMR Energy limited is a 220 MW Barge mounted combined cycle power plant with
power plant with 4 X 46.5 MW GE aero derivative Gas Turbine and 1 X 54.5 MW

steam turbine.

The plant startup time was 9 hrs for cold condition, 5 hrs for warm start and 3hrs
50min for hot start. The plant startup heat rate was 2300 Kcal / kwh for coming to
220 MW from 0 MW. Will all the modification project implementation the plant startup
time is 6hrs for cold condition, 4 hrs for warm condition and 2 hrs 9 min for hot
condition. The startup heat rate is presently 2150 Kcal/Kwh. The efforts are still on to
achieve 1lhrs 30min startup time for hot condition by this year. Similarly plant
shutdown time was optimized from 1hr 30min to 45min. Plant shutdown heat rate
was optimized and reduced from 2500 Kcal/Kwh to 2350 Kcal/Kwh. With all the
improvements the plant steady state heat rate has improved by 40 Kcal/Kwh.

Project Implemented

The startup time reduction was achieved in three steps in order to achieve combined
cycle plant start up in minimum time:
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1. GT start up time reduction: Gas turbine startup time was 23 minutes earlier
which was reduced to 14 minutes by incorporating following changes —

a. Gas turbine has a 10 minutes pause at motoring speed to purge the exhaust
gases in the exhaust before fuel ignition. The pause time was on higher side
as required for 5 times exchange of air. With discussion with OEM the purge
time was reduced to 7 minutes.

b. Gas turbine has a 5 minutes pause at core idle speed for stabilizing the
parameters. After study by plant team and with concurrence of OEM the
pause time was reduced to 2 minutes

¢. Gas turbine has 5 minutes warm us pause at full speed no load. This was
also reduced to 2 minutes after concurrence with OEM.

2. Gas turbine loading ramp rate was 4.8 MW/min earlier and machine took 10
minutes approximately to come to full load. With discussions with OEM the
lading ramp rate was improved to 8 MW/min and machine now takes
approximately 5 to 6 minutes to load up to full capacity.

3. OTSG start up time reduction: Once through steam generator startup as per the
original design used to take 1hrs before it can be lined up to STG for power
generation. Start up is done in various steps like flow increase to minimum flow,
pausing for steam line and bypass station warm up, pausing for condenser
vacuum buildup and pausing for heat sink removal from OTSG. This takes
approximately 1 hrs to get stabilized steam parameters before lining up steam to
STG for power generation. The original design was to start 1 OTSG at a time.
Therefore approximately 3 and half hours were required for OTSG startup. Now
with the modifications logics were developed to start OTSG simultaneously and
reducing the startup time. Heat sink removal waiting time which was
approximately 45 minutes was also removed by incorporating various logic
changes after discussion with OEM. With all the changes implemented OTSG
can now be started in 20 to 15 minutes before lining up to steam turbine for
power generation. Following changes were done to achieve the same:
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Simultaneous start up of OTSG was enabled. 2 OTSG can now be started
together in one bypass or in different bypass.

OTSG can now be line up to STG after it achieved 110% full load flow and
waiting for heat sink removal was removed. The condition now introduced
is full load flow with steam pressure greater than the steam header pressure
by 1 bar.

Initially HP circuit has to be started and after 10 minute of HP circuit reaching
feed forward mode (condition of stability) LP circuit could be started. Now
with the logic changes done LP circuit can be started immediately after
HPO circuit reaches feed forward mode. This has resulted in saving of 10
minutes for each LP circuit startup.

HP circuit ramp up rate for feed water flow was increased from 6% of full
load flow to 8% of full load flow.

HP circuit steam flow required for steam line heating is increased to 6.5
TPH from 4.5 TPH for faster line warming up. Similarly for LP circuit also it
was increased to 4.5 TPH from 2.5 TPH.

Additional drain lines were provided by using the existing provisions for
faster line warm up.

Interconnection of HP and LP steam line for reducing the LP circuit warm
up time is being done through all necessary protections.

One-minute time delay is introduced for HP & LP high flow trip to avoid
trips during start up.

STG start up time reduction: STG startup includes warming up of steam line,

vacuum buildup, heating up of valve chest, rolling up the turbine with necessary

soaking and synchronization. The line heating time and rolling time mainly

depends on condition of steam turbine (temperature) prior to start up, which is

classified as cold, warm and hot start up modes. Following measures were taken

to optimize the above:
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a. Logic modifications were done to start up vacuum system before main steam
line temperature reached 250 deg.c by starting vacuum pump. This has
resulted in earlier build up of vacuum in condenser and reduction in start
up time. Earlier vacuum pump was started after steam line temperature
reaches 250 deg.c.

b. Hot start up mode conditions were changed form 330 deg.c to 320 deg.c by
logic modification to get a faster start up and higher loading ramp rate by
10 deg.c.

c. STG warm start up loading ramp rate was increased from 20 MW/hrs to 30
MW/hr.

d. STG HP high temperature trip set point was increased form 431 deg.c to
444 deg.c to take care of steam temperature fluctuation during startup.

e. Anew gland steam control valve was installed to avoid manual intervention
in gland steam pressure control during startup.

f. STG padded insulation was changed to solid spray insulation. With this
heat is conserved in STG and machine remains in hot start up mode even
after 12 hours of shut down. This time was 6 hours earlier with padded
insulation.

g. Control valve installed for steam ejector motive steam pressure control to
avoid manual intervention.

h. By pass station control the OTSG start up steam pressure ramp rate. The
ramp rates were 0.8 bar/min for cold startup, 1.4 bar/min for hot and warm
start up. These were increased to 2 bar/min for hot and warm start which
has allowed us to get required pressure early

i.  HP ESV opening condition was changed from 33 bar steam pressure to 25
bar. This has enabled in opening ESV earlier and faster heat up of control

valves.
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j.  Provision of hogging ejector to reduce vacuum build up time in condenser
by 10 minutes is being implemented. This will also reduce the steam line
warm up time.

5. Chiller integration carried out to facilitate chiller start-up from control room.
This has resulted in better monitoring and faster start up of chillers from control
room during plant start up.

6. Provision of on line monitoring of plant start up and shut down installed to
have a better control over plant start up activities.

Challenges faced while implementation:

OEM approval was main concerned. After lots of experiments and studies back up
was prepared and was given to OEM for approval. This was one of the most tedious
and challenging processes.

Benefits

Results in reduction of start up and shut down time as it is most applicable to our
plant as we are considered as peaking plant for load dispatch. We are able to run for
full load dispatch for more time which has resulted in improvisation of heat rate.

Customer satisfaction index has further improved mainly KPTCL with above project
implementations we considered more reliable and less time is taken to come to full
load dispatch conditions.

Financial analysis:
Time saved in reaching full load steady state operation 3 hrs

Plant now runs at steady state heat rate for extra 3 hrs as against startup heat rate
2150 Kcal/Kwh.

Saving in heat rate is 240 Kcal/Kwh for 3hrs @ 220MW

Considering naphtha gross calorific value as 11340 Kcal/Kg and present cost of
naphtha to plant of Rs 33.4 / kg, saving is approximately Rs 4.66 Lacs per start up.
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