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1.    BACKGROUND INFORMATION 

 

1.1  Historically, all generating stations of Maharashtra were under MSEB which was 

responsible for not only generation but also for transmission and distribution of power 

in Maharashtra. It has been observed that due to various reasons and financial 

constraints, the desired capital infusion has not been made to maintain healthy 

condition of the power generating units. Rather, the units have been operated by way of 

need based maintenance on case to case basis. No comprehensive Renovation & 

Modernisation has taken place to recapitulate the unit performance and operate the 

plant efficiently. Such inefficient operating practice has led the power generating units 

to deteriorate at a faster rate than normal with respect to time. Also, during the reign of 

MSEB, the periodicity of overhauls for scheduled recommended maintenance could not 

be followed because operation of the power plants was being guided by grid demand 

and not by technical requirements. 

 

In order to address this cause more effectively, like many other SEBs, MSEB has also 

been unbundled and separate companies for generation, transmission and distribution 

have been formed. Maharashtra State Power Generation Company Limited is formed to 

manage the power generation sector and improve the performance levels of its 

generating stations. After creation of MSPGCL, it is being observed that the overhauls 

are being done as per recommended schedule. Since inception of the separate company, 

the performance levels have definitely improved but due to inherent design defects in 

the system , poor quality of coal coupled with ageing of the units, the desired levels are 

yet  to be achieved and may need considerable time for improvement.  

 

1.2 Considering the above situation, MSPGCL has engaged MECON LIMITED, Ranchi, a 

Govt. of India Public Sector Undertaking for preparation of a report outlining the 
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present conditions of the plant & equipment and the likely performance levels of the 

plant in terms of anticipated achievable heat rate and auxiliary power consumption. 

Accordingly, the ensuing chapters of this report deal with the present condition of all 

seven coal based power stations, bottlenecks/restrictions on various equipments and 

recommendation for performance indices in terms of heat rate and auxiliary power 

consumption. 
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2. INTENT OF THE REPORT  

 

2.1 The basic intent of this report is to enable MSPGCL to take a decision on  achievable 

heat rate and auxiliary power consumption of its seven power stations considering the 

present condition of the plant and equipment. 

 

2.2 Historically, all generating stations of Maharashtra were under MSEB which 

was responsible for not only generation but also for transmission and 

distribution of power in Maharashtra. It was never the endeavor of SEBs to 

improve upon performance of their generating stations by way of selective 

renovation & modernisation of concerned facilities based on emerging trends. 

Even the necessary expenses were not made for normal upkeep of many units. 

This inefficient operating practice has led the power generating units to 

deteriorate at a faster rate than normal with respect to time. In order to address 

this cause more effectively, the SEBs have been unbundled and separate 

companies for generation, transmission and distribution have been formed. 

Maharashtra State Power Generation Company was also formed in view of 

above intent to improve the performance levels of its generating stations. Since 

inception of the separate company, the performance levels have definitely 

improved but due to inherent design defects in the system , poor quality of coal 

coupled with ageing of the units, the desired levels are far to be achieved and 

may need considerable time for improvement.  

 

2.3 In the circumstances as explained above, though MSPGCL is putting its  best 

efforts, the heat rate and auxiliary power consumptions of the power stations  

are not showing much improvement as compared to the designed level and 

also with respect to some units of similar size and technology as being 

operated elsewhere in the country. 
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2.4 As per the data available for few other contemporary units, lot of investment 

has been made by the generating utilities for comprehensive renovation, 

modernisation and uprating of such units. Few such power stations include 

Talcher Thermal Power Station of NTPC, Tanda Thermal Power Station of 

NTPC, Kothagudam Power Station of APGENCO, Panipat Thermal Power 

Station of HPGCL, Korba East TPS of CSEB etc. It has been noticed that after 

comprehensive renovation &  modernisation  of these units, their performance 

has improved remarkably. In case of MSPGCL, it has been given to understand 

that though a thought has been given to go for R&M of some of the units, a 

concrete implementation plan is yet to be finalized. Due to situation of 

uncertainty in taking a final decision in the matter, some of the units have 

further deteriorated with time.  As such, comparison of performance level of 

such  power station with such power stations where R&M activities have been 

carried out is unfair and not justifiable. 

   

2.5 With the above stipulations, it becomes imperative to have utmost care and a 

thread bare analysis of all possible constraints/reasons which have a bearing 

on the deteriorated performance of each plant and work out the achievable 

heat rate and auxiliary power consumption of the station considering it as a 

typical case in itself. 
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3. METHODOLOGY FOR THE PROPOSED STUDY  

 

Immediately after being engaged by Maha Genco, two teams of MECON engineers 

consisting of experts on power plant technology as well as operating practices 

visited the power plants in order to have a first hand feel of the plant and equipment. 

During the visit, interactions were held with various levels of officials of the power 

plant related with operation and maintenance of the plant.  

 

Salient historical data on plant performance were collected and few key indices 

were verified based on the O&M log books as maintained by operating personnel. 

 

The design data on the plant were noted for comparison with actual conditions and 

also to review the same based on prevailing conditions. 

 

The above data/feedback as collected from the power plants have been analysed 

based on design vis-à-vis actual conditions to arrive at the  achievable heat rate and 

auxiliary power consumption.  

 

Following standards / OEM recommended curves have been used to 

establish deterioration of heat rate of various units: 

 

1. For ageing : While reviewing various literatures as available for this 

factor, the following scenario emerges: 

 

DIN – 1943 : As per this, an increase in heat rate by 0.1% for last 

eight months of first year and 0.06% per month for subsequent period 

is recommended. As an average, the increase in heat rate to the 
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extent of about 0.7% per year is arrived.  The relevant page of DIN-

1943 is enclosed at Annexure - 1. 

 

IEC – 60953 -2 : As per ageing curve of this standard, an increase in 

heat rate of the order of 0.6% per year is recommended. A copy of 

concerned curve is enclosed at Annexure -2. 

 

BHEL PG test procedure:  BHEL has recommended increase in heat 

rate by 0.01% per month for last eight months of first year and 0.06% 

per month for subsequent months. As such, the average annual 

increase in heat rate as per BHEL comes out to be about 0.7%. A copy 

of BHEL documentation in this regard is enclosed at Annexure – 3. 

 

ASME PTC – 6 R (1985) : ASME PTC – 6R contains an ageing curve as 

per which the deterioration in heat rate comes out to be 0.4% per 

year. Copy of relevant pages of the same is enclosed at Annexure - 4. 

 

Extract of Technical standard on operation norms for coal/lignite 

fired thermal power stations, CEA, Ministry of Power, Govt. of 

India dated December 2004:  As per the above report, the normative 

heat rate for existing power stations ( put into commercial operation 

prior to 01.04.2004) has been recommended to be 10% above the 

design heat rate of units at 80% PLF operation of the units. Additional 

heat rate of 2.5 kcal/kWh has been allowed for each 1% reduction in 

station PLF. Relevant pages of said report are enclosed at Annexure – 

5. 

 

Report of the expert group constituted by CERC to review the 

operational norms for thermal power stations (September 4, 
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2000):  As per this report, the annual increase in heat rate due to 

ageing has been considered as 2%. Relevant page of this report is 

enclosed at Annexure -6. 

 

As evident from the foregoing, there does not appear to be an 

uniform guideline regarding heat rate deterioration of steam turbines 

due to ageing. However, it is recommended by all concerned agencies 

that there will be an adverse effect on heat rate due to ageing. The 

rate of deterioration will not be a straight line curve because there 

will be improvement in heat rate during the course of various 

overhauls.  

 

Considering all above factors and also to have a conservative 

estimate in case of MSPGCL , the lowest of the above factors i.e. a 

deterioration @ 0.4% per year as per ASME PTC-6R has been 

considered in this report.   

  

2. Due to MS/RH temp./Pr., partial loading, condenser vacuum, 

reheater   spray : Typical correction curves of OEM has been 

considered (Sample curves are enclosed at Annexure -7. 

 

3. Quality of fuel i.e. variation in moisture and hydrogen content in 

coal : Standard performance evaluation based on combustion 

process of these constituents have been considered. 

 

4. Increase in flue gas outlet temp. at APH outlet, FW inlet temp 

etc. : This has been calculated based on actual heat loss from the 

system. 
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Heat rate deviation because of all the above factors, as applicable has 

been added over the design heat rate of each unit to arrive at the 

achievable heat rate for present year i.e. 2007-08. In case the units are 

identified for renovation & modernization during this year or next year, a 

net improvement by 0.5% of heat rate has been considered for arriving at 

the achievable heat rate for subsequent years. 

 

Similarly, in order to arrive at the achievable auxiliary power consumption 

of power stations, the additonality in terms of connected load have been 

identified for each case. The same has been added over the normal 

operating loads to arrive at the achievable auxiliary power consumption. 

 

In order to compare with the recommended values of auxiliary power 

consumption, following norms have been considered: 

 

CERC guidelines: As per CERC guidelines, following norms have been 

recommended: 

i) 200 MW series: 9% with cooling towers and 8.5% without cooling 

tower 

ii) 500 MW series : 7.5% with cooling tower & with TDBFP, 7% without 

cooling tower & with TDBFP, 9% with cooling tower & with MDBFP 

and 8.5% without cooling tower & with MDBFP 

 

Extract of Technical standard on operation norms for coal/lignite fired 

thermal power stations, CEA, Ministry of Power, Govt. of India dated 

December 2004:  As per the above report, the normative auxiliary power 

consumption for existing power stations ( put into commercial operation 

prior to 01.04.2004) has been recommended as 11.5% for open cycle CW 

system and 12%  for units with cooling towers. 
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For recommendation of achievable auxiliary power consumption in case of 

MSPGCL power stations as covered in this report, the lower of above two 

norms i.e. CERC recommendations have been taken into account. 

 

The figures of PLF and Availability as indicated in this report are based on 

CEA guidelines.  
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1. INTRODUCTION 

1.1 Koradi Thermal Power Station of Maharashtra State Power Generation Company Limited is 

located at Koradi in Nagpur district of Maharashtra. There are seven power generating units 

installed during years 1974 – 1983 in two stages. Units 1 to 4 (120 MW each capacity) were 

installed in the year 1974-76 by M/s Electrim, Poland.  Unit 5 (200 MW) , 6 (210 MW)  & 7 

(210 MW) were installed subsequently by BHEL. A brief description on total number of 

installed units is as indicated below in Table 1. 

Till      

Jan-90

Jan-90 

to 

19/04/07

19/04/200

7 till date

1 6/3/1974 120 115 105

Boilers - ACC 

VICKERS, 

BABCOCK, 

Durgapur 

Turbines - 

ELECTRIM, 

ELBLAG,POLAND

Under 

operation
19700.227 224844.38

2 3/24/1975 120 115 105
As above Under 

operation
17827.661 209210.54

3 3/3/1976 120 115 105
As above Under 

operation
17497.054 195718.19

4 7/22/1976 120 115 105
As above Under 

operation
17166.745 197623.03

Stg-I 480 460 420
Under 

operation

5 7/15/1978 200 200 200

Boilers - BHEL, 

Tiruchirapalli

Turbines - BHEL, 

India

Under 

operation
28782.789 178040.29

6 3/30/1982 210 210 210
As above Under 

operation
26900.402 162103.22

7 1/13/1983 210 210 210
As above Under 

operation
28688.692 163351.13

Stg-II 620 620 620
As above Under 

operation

Stn. 1100 1080 1040

Table-1
Capacity (MW)Unit 

No.

Year of 

Install.

Supplier Present 

condition

Units gen. 

till March 

2007 (MU)

Hours 

run till 

March 

2007
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1.2 As evident from the above table, the units have become old and have outlived their 

normal life span.  Also, the stage-I units were supplied from Poland. As per the 

designed input technical parameters of these units, mostly which affect the plant 

operation are not favourable to the prevailing conditions such as; cooling water 

temperature, coal quality etc. Few design parameters of the power plant are as indicated 

below: 

 

The design GCV of coal in case of all units is never achieved except in case imported coal 

is made available. Similarly, the design CW inlet temp. (28.5 deg.C) for Units 1 to 4 is 

never achieved except during winter at Koradi. Few key performance indices for these units 

for last five years are indicated below in Table 3a to 3e. 

 

Sl. 

No.
Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7

1 Capacity, MW
105             

(derated) 

105             

(derated) 

105             

(derated) 

105             

(derated) 
200 210 210

2
Steam Pr. At boiler SH 

outlet, Kg/cm2
133 133 133 133 136 136 136

3
Steam Temp. at boiler 

SH outlet, deg.C
535 535 535 535 535 535 535

4
Design GCV of coal, 

kCal/kg
4445 4445 4445 4445 5000 5000 5000

5 CW inlet tem., deg.C 28.5 28.5 28.5 28.5 33 33 33

6
Heat rate, kCal/kWh 

(Gross)
2442 2442 2442 2442 2397 2397 2397

SALIENT DATA ON PLANT DESIGN

Table-2
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Sl. No. Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7

1 Max. load (MW) 108 104 109 110 205 215 215

2 Av. Load (MW) 85 81 89 85 177 185 186

3 Aux. Power Cons. (%) 9.60 10.22 9.14 9.86 10.69 9.74 9.91

4 Sp. Coal Cons. (kg/kWH) 0.82 0.82 0.82 0.82 0.798 0.798 0.798

5 Sp. Oil Cons. (ml/kWH) 3.80 4.60 2.94 3.07 2.68 1.43 2.71

6
PLF (%)

(As per CEA definition)
64.46 51.5 67.6 67.42 79.42 78.62 77.88

7
Availability (%)

(As per CEA definition)
86.82 73.22 87.73 90.89 89.83 89.18 88.01

8 Heat rate, kCal/kWh 3046 3053 3038 3039 2973 2962 2974

9 Running Hrs. 7605.49 6414.25 7685.24 7961.47 7868.52 7811.44 7709.31

10 Planned outages (%) 5.48 25.86 6.28 0.00 0.83 6.53 4.21

11 Forced outages (%) 7.69 0.91 5.99 9.11 9.34 4.30 7.79

TABLE-3a

KEY PERFORMANCE INDICES (YEAR 2006-07)



 

 

 
MAHARASHTRA STATE POWER GENERATION CO. LTD. 

 
ASSESSMENT OF HEAT RATE & AUX. POWER 
CONSUMPTION OF KORADI THERMAL POWER  

STATIONS 

   

 

 

 

 
“© 2007 MECON Limited. All right reserved.” 
 Page 23 of 288 

 

 

 

Sl. No. Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7

1 Max. load (MW) 111 105 111 112 210 220 220

2 Av. Load (MW) 95 81 89 94 184 189 198

3 Aux. Power Cons. (%) 9.35 11.51 9.11 7.95 11.04 9.91 9.09

4 Sp. Coal Cons. (kg/kWH)

5 Sp. Oil Cons. (ml/kWH) 1.31 3.57 2.14 2.35 4.33 1.96 2.87

6
PLF (%)

(As per CEA definition)
77.76 33.85 63.15 70.36 65.75 70.83 83.5

7
Availability (%)

(As per CEA definition)
94.51 47.94 81.63 86.24 71.40 78.60 88.50

8 Heat rate, kCal/kWh 2995 3017 3003 3005 2974 2951 2960

9 Running Hrs. 8279.21 4199.21 7150.41 7554.47 6254.35 6885.11 7752.51

10 Planned outages (%) 0 48.84 13.64 9.34 19.52 16.02 9.29

11 Forced outages (%) 5.49 3.23 4.73 4.42 9.08 5.38 2.21

TABLE-3b

KEY PERFORMANCE INDICES (YEAR 2005-06)

0.769 0.756
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Sl. No. Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7

1 Max. load (MW) 112 106 112 113 205 215 215

2 Av. Load (MW) 93 80 95 99 170 177 194

3 Aux. Power Cons. (%) 9.42 10.29 8.59 8.90 12.80 10.01 9.47

4 Sp. Coal Cons. (kg/kWH)

5 Sp. Oil Cons. (ml/kWH) 1.97 5.18 1.60 2.20 3.53 1.96 1.85

6
PLF (%)

(As per CEA definition)
64.56 54.24 74.78 67.93 48.36 77.75 83.27

7
Availability (%)

(As per CEA definition)
79.64 77.49 90.26 79.03 56.99 92.31 90.08

8 Heat rate, kCal/kWh 3002 3033 2999 3004 2929 2913 2914

9 Running Hrs. 6976.13 6788.33 7906.59 6923.22 4992.03 8086.33 7891.05

10 Planned outages (%) 8.51 0.40 0.00 10.75 37.30 0.82 0.74

11 Forced outages (%) 11.85 22.10 9.74 10.22 5.71 6.87 9.18

TABLE-3c

KEY PERFORMANCE INDICES (YEAR 2004-05)

0.786 0.761
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Sl. No. Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7

1 Max. load (MW) 109 108 112 117 205 215 220

2 Av. Load (MW) 94 86 91 91 173 174 188

3 Aux. Power Cons. (%) 9.83 10.71 10.82 8.69 10.75 10.64 10.09

4 Sp. Coal Cons. (kg/kWH)

5 Sp. Oil Cons. (ml/kWH) 2.49 6.10 4.52 3.89 3.11 4.04 2.74

6
PLF (%)

(As per CEA definition)
59.10 43.61 45.20 68.41 79.85 67.63 77.75

7
Availability (%)

(As per CEA definition)
72.22 58.61 57.29 86.40 92.08 81.77 86.81

8 Heat rate, kCal/kWh 2967 3002 2987 2971 2836 2844 2832

9 Running Hrs. 6343.42 5148.23 5032.29 7589.34 8088.15 7182.3 7624.59

10 Planned outages (%) 19.60 31.28 39.30 0.00 0.00 12.77 7.28

11 Forced outages (%) 8.19 9.11 3.40 13.60 7.92 5.46 5.92

TABLE-3d

KEY PERFORMANCE INDICES (YEAR 2003-04)

0.766 0.723
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The performance data for the total station since last seven years is further compiled below 

in Table-4:  

Sl. No. Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7

1 Max. load (MW) 112 114 109 120 210 220 220

2 Av. Load (MW) 86 83 90 83 167 167 188

3 Aux. Power Cons. (%)

4 Sp. Coal Cons. (kg/kWH)

5 Sp. Oil Cons. (ml/kWH) 4.75 4.06 3.23 5.53 5.14 6.28 2.84

6
PLF (%)

(As per CEA definition)
64.33 65.59 73.34 35.5 72.48 71.52 63.82

7
Availability (%)

(As per CEA definition)
86.08 80.73 93.47 49.21 87.06 90.03 71.36

8 Heat rate, kCal/kWh

9 Running Hrs. 7540.29 7071.42 8188.09 4311.04 7626.20 7886.29 6251.20

10 Planned outages (%) 0.00 9.89 0.05 43.82 9.39 2.07 21.95

11 Forced outages (%) 13.92 9.38 6.48 6.96 3.55 7.90 6.69

TABLE-3e

KEY PERFORMANCE INDICES (YEAR 2002-03)

9.55 10.37

0.754 0.734

2833 2799
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2000-01 2001-02 2002-03 2003-04 2004-05 2005-06 2006-07                

1 Station Capacity MW 1080 1080 1080 1080 1080 1080 1040

2 Station Heat Rate Kcal/Kwh 2719 2857 3022 2937 2955 2977 2997

5 Generation Target MU 6390 6495 6555 6575 6650 6532 6973

6 Actual Generation MU 5961.495 6103.562 6164.986 6269.625 6443.736 6460.267 6798.866

7

Actual PLF

(As per CEA 

definition)

% 63.01 64.51 65.16 66.09 68.11 68.28 71.86

8

Avail. Factor

(As per CEA 

definition)

% 81.65 78.25 80.46 79.06 80.78 78.76 87.15

Oil Consumption  - 

LDO
KL 3709.8 2911.8 4513.1 4634 2765.20 4064.80 3184.4

Oil Consumption  - 

FO
KL 5545 4330.5 8462.1 6537.1 5853.60 4400.20 7698.8

Oil Consumption  - 

LSHS
KL 16076 10645.2 15273.5 10389.2 6842.40 8761.10 7733.7

10
Sp. Coal 

Consumption
Kg/Kwh 0.708 0.73 0.742 0.738 0.771 0.761 0.806

11
Sp. oil 

Consumption
ml/kwh 4.25 2.93 4.58 3.44 2.40 2.67 2.74

12 GCV of Coal Kcal/KG 3778 3875 3728 3868 3801 3880 3687

13 GCV of Oil Kcal/Ltr. 10871 10737 10697 10689 10710 10684 10410

MU 582.729 617.536 619.56 643.563 639.851 622.803 676.242

% 9.77 10.12 10.05 10.26 9.93 9.64 9.95

Nos. 18 5 11 15 10 15 10

Hrs. 6183.17 10594.19 7636.46 9673.24 5125.49 10217.49 4308.4

% 9.28 13.69 12.14 13.50 9.30 16.18 6.25

Nos. 160 141 136 118 115 118 122

Hrs. 5696.09 5347.57 4807.41 4804.17 6629.21 3025.24 3953.12

% 9.07 8.06 7.41 7.44 9.92 5.06 6.6

Nos. 47 51 61 42 46 38 56

Hrs. -- 3164.56 3704.37 2506.34 2506.41 2451.56 2780.3

% -- 4.96 5.61 3.96 3.92 4.02 4.65

TABLE-4

YEARSL. 

NO.
PARTICULARS UNIT

17
Due to Boiler Tube 

Leakage

STATION PERFORMANCE DATA

15 Planned Outages

9

14 Aux. Cons.

16 Forced Outages 



 

 

 
MAHARASHTRA STATE POWER GENERATION CO. LTD. 

 
ASSESSMENT OF HEAT RATE & AUX. POWER 
CONSUMPTION OF KORADI THERMAL POWER  

STATIONS 

   

 

 

 

 
“© 2007 MECON Limited. All right reserved.” 
 Page 28 of 288 

1.3 As evident from the above tables the performance of the units are not upto the designed 

levels.  

 

1.4  Further, the plant was designed in the seventies based on prevailing pollution norms 

and technology of those days. Even some of the design parameters of particularly Units 

1 to 4 do not match with Indian conditions. Few broad reasons which pose problems in 

meeting the desired performance level of the  units are i) old design of boiler, turbine & 

auxiliaries ii) poor quality of coal iii) increase in CW inlet temp. as compared to design 

value iv) vibration in TG bearings in case of Units 1 to 4 v) ageing of the units and vi) 

poor state of the instrumentation & control.  
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PRESENT CONDITION OF PLANT AND EQUIPMENT 
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2. CONDITION ASSESSMENT OF PLANT AND EQUIPMENT 

 

     OVERALL PERFORMANCE LEVEL 

 

The overall performance of Stage – 1 power station is depicted below in the 
form of curves showing plant load factor as achieved by the plant during its 
life span. 

 

 

  

If the performance level of this plant is compared with other contemporary 
power stations in India, it is noticed that considering all constraints with the 
plant, the performance level is not poor in terms of heat rate achieved so far. 
The following graph shows the heat rate of this plant vis-à-vis the same of few 
other power stations. 
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However, considering the ageing of the plant and equipment coupled with certain design defects inherent with the plant 
during its inception stage has led to deteriorating performance level of the plant. Over the period, the plant has 
developed certain constraints restricting loadability and efficient operation of the plant.  

 

As compared with the plant load factor and availability of Stage – 1 plant, the following graphic gives a broad view of last 
few years: 
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The loadability of Units 1 to 4 can be further understood with he following curve: 

 

Performance of Stage-I
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One pertinent problem with all units is the poor quality of coal being made available for the power station. The following 
graphic shows the actual coal quality with respect to design quality for stage-1 units. If the same is compared with 
respect to design quality of coal for stage-2 units, the deviation becomes more wider. 

Loadability (%) of Stage-I Units
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The salient features of the condition of major plant and facilities are described here under: 

 

2.1  BOILER & AUXILIARIES 

 

STAGE-1 

 

In general the condition of pressure parts of boilers of all the units is bad. The 
frequency of tube failures is high which affects the overall availability of the 
boilers. Due to prolonged and continuous operation, boiler pressure parts 
have become weak. As noted from the previous table performance levels for 
last five years, the forced outages have varied from 5 to 20%. 

 

The boilers are front fired supplied by ABL. The water walls of the boiler 

are of conventional type and not of membrane wall construction. The 
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present condition of the air and flue gas system is not satisfactory. Ingress 

of air has been observed at various locations affecting the draft system 

adversely. It has been observed that the loading on ID fan is increased by 

almost 30% due to these leakages and other reasons like air heater 

leakages. 

  

Although at present the coal milling and firing system along with oil firing 

system are in working condition, the system is undersized due to 

deteriorated coal quality as compared to the designed coal quality. As per 

the quality of coal available for the plant, about 15% extra coal firing need 

to be done because of poor quality of coal. This additional coal firing not 

only increases load on the mills but also affects the performance of the 

fans.  

 

The efficiency of the boilers has also reduced from 86.15% to about 83% 

causing less economic operation of the boilers. The boilers of stage-1 have 

five damper control system whose effectiveness due to prolonged 

operation is vary erratic causing rise in flue gas temperature at air pre 

heater outlet.  

 

As per the history of major overhauls, it has been noted that the same has 

been carried out for Units 1, 2 & 3 during last five years and for Unit 4, it 

is under progress. As such, it can be inferred from the above that though 

MSPGCL is trying its best to improve the performance, there are certain 

issues like original design conditions, ageing of the plant, poor coal quality 

etc. which can not be compensated without a comprehensive R&M 

programme for the units. 
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STAGE-2 

 
The boilers of Units 5, 6 & 7 are supplied by BHEL. Units 5 & 6 boilers are 

fitted with bag filters which are the major concern for plant loadability. It 

has been noticed that due to poor coal quality, high differential pressure 

across the bag filters and ID fan constraints, the boilers are under 

performing causing resultant load restriction on the turbines. This is giving 

rise to an overall inefficient operation of these units. The installation of 

bag filters has not only caused above load restriction but also added few 

additional auxiliaries like compressor, higher size of ID fan etc. As such, 

the net output from these units is further reduced due to increased 

auxiliary power consumption. 

 

The designed GCV of coal in case of Stage-2 boilers has been considered as 

5000 kcal/kg whereas the actual GCV of coal being presently supplied 

varies from 3000 kcal/kg to 4000 kcal/kg. This resulting into loading of 

mills and fans as such there hardly remains any margin on these equipment 

which is detrimental to the health of these equipments in long run. The 

boilers are designed to run with 4 mills operation and one mill as standby. 

Due to poor quality of coal, all five mills are taken into service. As such, 

the fans will also be overloaded to take care of additional coal firing. This 

results to increased heat rate as well as increased auxiliary power 

consumption of the units. 

 

 

2.2 TURBINE AND AUXILIARIES 

STAGE - 1 
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The turbo generators are AEI design, TK – 120 ZAMECH, 3 Cylinder 

Horizontal reheat and nozzle Governing designed. The turbines have 

already been operated for more than thirty years. As such, load 

restriction, reduction in efficiency etc. are bound to occur due to ageing 

of the machines unless and until a comprehensive renovation and 

modernization is carried out.  

 

Following typical problems have been noticed with respect to the turbines: 

  

Vibration – Turbine vibrations are a real cause of concern for all four 

units. As per the O&M log books, the vibration has varied from 50 micron 

to as high as 100 micron during certain unstable conditions. The values are 

alarming as compared to normative upper limit of 25 micron. The reason 

for such a erratic vibration associated with all four units owes to the 

inherent design defect right from the inception of the plant. The units 

were designed as per Polish norms of frequency variations. In Indian 

conditions where frequency variations are higher, the scenario leads to a 

poor rotor dynamics as IP shaft first critical speed is @ 3079 RPM and 

Generator rotor second harmonics is 2949 which lie in the operating range. 

This causes resonance and resulting into higher vibration levels. 

 

Gland sealing – The gland sealing of stage –1 turbines have been provided 

with water as per original design. This causes negative expansion of IP 

casing, uneven temperature along the rotor length, water ingress in oil 

system etc. The above result into number of operational problems like 

higher eccentricity of the turbines, long start up time etc. As per the O&M 

log books, the eccentricity increase to as high as 120-130 mm. As such the 

units are operated at lower loads in order to avoid any eventuality and 

unsafe operation of the plant.  
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Operation of heaters - As per the operating behaviour of turbines, it has 

been observed that in some cases if heaters are taken into the process 

circuit, vibration level of machines increases to alarming levels. Contrary 

to this, some units behave just opposite to this i.e. in case of outage of 

heaters, the vibration level increases. In both the cases, the turbines are 

operated at controlled loads. 

 

Absence of LP/HP bypass system – As per the original design, the turbines 

have been supplied to operate without LP/HP bypass operation. This 

causes reduced flexibility of operation and also controlled load.  

 

Condenser vacuum: The plant is designed to operate with two vacuum 

pumps but due to various constraints, all three pumps are normally 

operated causing increase in auxiliary power consumption. 

 

Governors- The turbines are provided with mechanical type low speed 

governors. Due to  prolonged operation, the same have become further 

inefficient giving rise to  a less precise control of the turbine operation. 

  

Design CW inlet temperature - The design cooling water inlet 

temperature of the plant is 28.5 deg. C whereas the actual temperature is 

never less than 33 deg. C except winter. This causes load restriction on 

the units and higher operating heat rate. 

 

Limitation in Boiler Feed Pump capacity – The operating temperature of 

feed water being high, at low system frequency pump margins are 

consumed resulting in load restriction on the units.  
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STAGE – 2 

 
The stage-2 turbines have been supplied by BHEL. Following typical 

problems have been noticed with respect to the turbines: 

 
Open cycle cooling for Unit #5 – Unit # 5 is designed to operate with  

open cycle cooling system with natural cooling. As such, there is no 

effective control over the cooling water temperature. Further the water 

from condenser is pumped from power house to water pond and then 

through CW pumps, the same is brought back to the condenser. This two 

stage pumping of cooling water, the auxiliary power consumption of this 

unit increases. 

 

Aux. Cooling water system – Conventionally, a common cooling tower is 

provided for both CW and ACW system. However, in these units, separate 

cooling towers are provided for ACW system . This gives rise to increased 

auxiliary power consumption of the units. 

 

Cooling water system for Units 6 & 7  - The cooling water for Units 6 & 7 

is also re-circulated in two stages i.e. from ground reservoir to cooling 

towers by lift pumps ( 2 Nos. per unit) and from cooling towers to 

condenser by CW pumps (2 Nos.). As such, similar to Unit NO. 5, these two 

units are also having two stage pumping of cooling water, which increases 

the auxiliary power consumption of the units. 

 

2.3 ASH HANDLING SYSTEM 

 

Presently, all units of Koradi power station are  provided with 

conventional ash slurry system which as per prevalent guidelines are to be 

retrofitted with dry ash storage system. As such, in case the units are to 
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be operated on long term basis, retrofitting for dry ash collection and 

storage will be required. 

 

2.4 COAL HANDLING SYSTEM 

 

It is noticed that approx. 33% belts are underground. Further, walkway is 

provided at one side of the belts only. Maintenance & cleanliness of the 

belts is difficult due to inapproachability & suffocation, wastage of coal 

occurs and availability of CHP is reduced.  Structures are also required to 

be strengthened and aligned.  

 

In case of stage – 1 units, it has been noticed that even if the coal is 

crushed to desired size and stacked, the feeding to boilers of stacked coal 

will be always through crushers only. This causes un-necessary loading on 

the crushers and adding to the auxiliary power consumption. 

 

The bunkering problem arises in rainy season mainly because of improper 

design of ground storage facility.  

 

Another constraint in optimal operation of the coal handling plant is 

absence of a blending facility. As the plant receives coal from multiple 

sources including imported coal and washed coal, a blending facility would 

have been of great use for facilitating a more optimum feeding of coal 

with less variations in terms of quality. 

 

2.5 OTHER PLANT AND EQUIPMENT 

 

The overall condition of balance facilities is in general not upto mark 

because of natural ageing of the plant. The control systems are of 
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obsolete design as compared to present day DCS systems. Selective 

replacements have been made periodically based on needs but no 

comprehensive replacements have been carried out so far. 
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3. HEAT RATE CALCULATION 

 

As indicated in the foregoing chapters, the condition of plant and 

equipment is really bad because of various constraints. As such, it is well 

expected that the plant performance level is bound to show deteriorated 

values with less efficiency. The following table shows, the average 

performance levels as  achieved by Stage – 1 units  during last five years: 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As evident from the above table, the plant has a deteriorating trend in 

terms of heat rate which calls for in-depth review.  If the heat rate 

achieved during last five years is compared to the design heat rate of the 

units, the trend shows about 20% to 25% deviation from the design values. 

 

 

Sl. 

No.
Description

2006-

07

2005-

06

2004-

05

2003-

04

2002-

03

1 Max. load (MW) 110 112 113 117 120

2 Av. Load (MW) 85 90 92 91 86

4
Sp. Coal Cons. 

(kg/kWH)
0.82 0.769 0.786 0.766 0.75

5 Sp. Oil Cons. (ml/kWH) 3.60 2.34 2.74 4.25 4.39

6
PLF (%)

(As per CEA definition)
62.74 61.28 65.3 54.08 59.69

7
Availability (%)

(As per CEA definition)
84.66 77.58 81.6 68.63 77.37

8 Heat rate, kCal/kWh 3044 3005 3010 2982 2833

9
Design Heat Rate, 

kcal/kWh
2442 2442 2442 2442 2442

10 % deviation from design 25 23 23 22 16
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The heat rate of a plant is affected by the following factors: 

• Ageing of the plant 

• Operating load of the plant 

• Quality of fuel as compared to design quality 

• Operating parameters like Main Steam Pressure, Main Steam Temp., 

Reheat Steam Pressure, Reheat Steam Temp. etc. 

• Condenser vacuum as compared to design vacuum 

• Feed water inlet temperature as compared to original heat balance 

• Flue gas outlet temperature as compared to design values 

• Improper combustion in boiler causing more velocity of flue gas, 

increased metal temperatures of  reheater tubes  which calls for 

increased reheater spray, increased unburnt coal in ash, erosion of 

tubes resulting into more number of tube leakages etc. 

• Leakages in boiler area due to improper sealing etc. 

• In crease in DM water make-up 

• Higher number of start-ups  

 

The above parameters are analysed in the following table with respect 

to Stage – 1 units of Koradi TPS (4 x 120 MW): 

 

 

Sl. No. Description Remarks 

1. Ageing of the plant The average age of the units is 31 years. As 

such, natural  deterioration because of wear 

& tear, different temp. regimes etc. is 

expected. As per ASME PTC – 6R (1985) an 

average increase of 0.4% in heat rate is 

expected for every year. As such, the 
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achievable heat rate owing to the age of the 

units comes out to be 2764 kcal/kWh, 2755 

kcal/kWh, 2745 kcal/kWh and 2745 

kcal/kWh respectively.  

2. Operating load of 

the plant 

As evident from the above table, the 

maximum load and average load on these 

units is of the order of 90 MW to 110 MW 

only due to constraints such as vibration, 

eccentricity, CW temp. etc. Considering the 

fact that the effect of these constraints is 

bound to increase in coming days because of 

no concrete plans for a comprehensive R&M 

of these units, the achievable load for 

performance evaluation of these units will 

be of the order of 85 MW. As such, the 

increase in heat rate due to partial loading 

@ 1.2 kcal/kWH per MW loss works out to be 

42 kcal/kWh for each .  

3. Quality of coal The units are designed to operate with coal 

of GCV  4445 kcal/kg whereas the available 

coal is having GCV of about 3700 kcal/kg. 

Also, the designed constituents of coal like 

moisture and ash are 10% and 25% whereas 

the same for actual coal are 15% and 35% 

respectively. As per the furnace 

performance monitored in terms of boiler 

efficiency, these deviations result into heat 

rate increase of about 140 kcal/kWh for 

each unit. 
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4. Operating 

parameters of the 

units  

Because of inadequate boiler sizing and 

obsolete front fired boilers, the combustion 

of coal is not proper in these units. This 

causes increased metal temperature in 

reheater zones resulting into higher sprays 

which are loss to the heat rate of the units. 

As per the operating regime of the units 

under such inherent deficient conditions, 

the loss due to reheater spray accounts to 

loss of about 50 kCal/Kwh heat rate for 

each unit   

5. Condenser vacuum 

and CW inlet temp. 

Historically, the units are designed to 

operate with CW inlet temperature of 28.5 

deg.C whereas the actual temperature of 

cooling water is of the order of 34 deg. C. 

This causes inadequate vacuum in the 

condenser as compared to the design value. 

The increase in heat rate due to this factor 

works out to be 58 kcal/kWh.  

6. Feed Water inlet 

temp. 

As per the erratic operation of HP heaters 

because of turbine vibration problem, the 

units are difficult to be operated with HP 

heaters which is causing loss of efficiency 

on sustained basis. Heat rate  loss of about 

78 kcal/kWh is expected due to this factor.  

7. Flue gas outlet 

temperature, 

Unburnt coal in 

ash, Leakages in 

As explained, the boilers of stage-1 are 

front fired boilers without membrane wall 

construction of water tubes. Due to poor 

coal quality, more coal is being fired as 
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boiler area compared to the designed value. This 

causes more temperature of flue gas at air 

pre-heater outlet as well as increase in un-

burnt coal particles in both fly ash and 

bottom ash. Further, in order to have a 

sustained flame stabilization in the boiler, 

oil firing is more rampant in the boilers. 

Above conditions lead to further inefficient 

operation of the boiler causing increase in 

heat rate to the order of about 23 kcal/kWh 

per unit.  

8. Unaccounted losses Due to loss in the coal handling plant area, 

radiation loss etc., an increase of about 1% 

i.e. 32 kcal/kWh is expected 

  

 

HR DEVIATIONS 

ALL FIGURES ARE IN KCAL/KWH 

Sl. No. Description Unit -1 Unit -2 Unit -3 Unit -4 

1.  Design heat rate 2442 2442 2442 2442 

2.  Due to ageing 322 313 303 303 

3.  Reheater Spray 50 50 50 50 

4.  Increase in coal mill 

reject 

0 0 0 0 

5.  Partial loading 42 42 42 42 

6.  Decrease in condenser 

vacuum 

58 58 57 57 

7.  Increase in Moisture in 26 26 26 26 
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coal 

8.  Increase in Hydrogen in 

coal  

114 114 114 114 

9.  Increase in APH outlet 

temp..  

23 23 23 23 

10.  Unaccounted like CHP. 

Forced outages, frequent 

start/stops etc. 

32 32 32 32 

11.  Decrease in FW inlet 

temp. 

78 78 78 78 

12.  TOTAL HR 3187 3178 3167 3167 

 

As such, the average station heat rate of Koradi power station, Stage -1  

will be = (3187+3178+3167+3167)/4 = 3175 kcal/kWh 

 

 

The following table shows, the heat rate achieved by Stage – 2 units during 

last five years: 

 

 

 

 

 

 

 

 

 

 

 

Sl. 

No.
Description

2006-

07

2005-

06

2004-

05

2003-

04

2002-

03

1 Max. load (MW) 215 220 215 220 220

2 Av. Load (MW) 183 191 181 179 174

4
Sp. Coal Cons. 

(kg/kWH)
0.798 0.756 0.761 0.723 0.73

5 Sp. Oil Cons. (ml/kWH) 2.27 3.05 2.44 3.29 4.75

6 PLF (%) 78.64 73.36 69.79 75.07 69.27

7 Availability (%) 89 79.5 79.79 86.88 82.18

8 Heat rate, kCal/kWh 2970 2962 2919 2838 2799

9
Design Heat Rate, 

kcal/kWh
2397 2397 2397 2397 2397

10 % deviation from design 24 24 22 18 17
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The parameters affecting heat rate are further analysed in the 

following table with respect to increase in heat rate  of  Stage – 2 units 

of Koradi TPS (1 x 200 MW + 2 x 210 MW): 

Sl. 

No. 

Description Remarks 

1. Ageing of the plant The average age of the units is 25 years. 

As such, natural  deterioration because of 

wear & tear, different temp. regimes etc. 

is expected. As per ASME PTC – 6R (1985) 

an average increase of 0.4% in heat rate is 

expected for every year.  As such, the 

achievable heat rate owing to the age of 

the units comes out to be 2498 kcal/kWh, 

2462 kcal/kWh and 2427 kcal/kWh 

respectively.  
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2. Operating load of 

the plant 

Due to constraints such as no control on 

CW temperature in case of Unit No. 5, 

poor quality of coal as compared to design 

coal, higher DP across bag filters in case of 

Units 5 & 6  etc. and considering the fact 

that the effect of these constraints is 

bound to increase in coming days because 

of no concrete plans for a comprehensive 

R&M of these units, the achievable load 

for performance evaluation of these units 

will be of the order of 180 MW. As such, 

the increase in heat rate due to partial 

loading @ 1.2 kcal/kWh per MW loss works 

out to be 36 kcal/kWh.   

3. Quality of coal The units are designed to operate with 

coal of GCV  5000 kcal/kg whereas the 

available coal is having GCV of about 3700 

kcal/kg. Also, the designed constituents of 

coal like moisture and ash are 10% and 25% 

whereas the same for actual coal are 15% 

and 35% respectively. As per the furnace 

performance monitored in terms of boiler 

efficiency, these deviations result into 

heat rate increase of about 140 kcal/kWh 

including losses due to coal rejects also.  

4. Operating 

parameters of the 

Because of poor coal quality, more coal is 

being fired. This causes increased metal 
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units  temperature in reheater zones resulting 

into higher sprays which are loss to the 

heat rate of the units. As per the 

operating regime of the units the loss due 

to reheater spray accounts to loss of about 

71 kcal/Kwh heat rate. 

5. Condenser vacuum 

and CW inlet temp. 

The units are designed to operate with CW 

inlet temperature of 33 deg.C whereas the 

actual temperature of cooling water is of 

the order of 34 deg. C. Also, as per the 

present condition, vacuum is the 

condenser is not maintained as per design. 

This causes a cumulative increase in heat 

rate of the order of 35 kcal/kWh for all 

units. 

6. Flue gas outlet 

temperature, 

Unburnt coal in ash, 

Leakages in boiler 

area 

Due to poor coal quality, more coal is 

being fired as compared to the designed 

value. This causes more loading of all 

related systems like mills, fans etc. 

Further, in order to have a sustained 

flame stabilization in the boiler, oil firing 

is more frequent in the boilers. Above 

conditions lead to further inefficient 

operation of the boiler causing increase in 

heat rate in the order of 32 kcal/kWh for 

each units.  

7. Unaccounted losses Due to loss in the coal handling plant area, 

radiation loss etc., an increase of about 

1% i.e. 28 kcal/kWh is expected 
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   HR DEVIATIONS 

ALL FIGURES ARE IN KCAL/KWH 

Sl. No. Description Unit -1 Unit -2 Unit -3 

1. Design heat rate 2238 2238 2214 

2. Due to ageing 260 224 213 

3. Reheater Spray 71 71 71 

4. Increase in coal mill 

reject 

0 0 0 

5. Partial loading 36 36 36 

6. Decrease in condenser 

vacuum 

35 35 34 

7. Increase in Moisture in 

coal 

25 25 25 

8. Increase in Hydrogen in 

coal  

114 114 114 

      9. Increase in APH outlet 

temp..  

32 32 32 

      10. Unaccounted like CHP. 

Forced outages, 

frequent start/stops 

etc. 

28 28 28 

     11. Decrease in FW inlet 

temp. 

0 0 0 

      12. TOTAL HR 2839 2803 2767 
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As such, the average station heat rate of Koradi power station, Stage -2  

will be = ((2839*200)+(2803*210)+(2767*210))/620 = 2802 kcal/kWh 

 

Considering the above factors, the achievable heat rate in case of both 

stages works out to be as follows: 

 

Stage – 1  : 3175 kcal/kWh 

Stage – 2 : 2802 kcal/kWh 

 

Taking the weighted average of both stages, the achievable station heat 

rate for Koradi Thermal Power Station comes out to be as follows: 

 

((3175 x 420MW) + (2802 x 620))/ 1040  = 2953 kcal/kWh.  

 

This heat rate has been predicted for the year for the year 2007-08. Since, 

there is no Renovation & Modernisation planned for this power station, it is 

predicted that the heat rate of the station will further increase by 0.4% of 

normative heat rate i.e. 0.4% of 2500 kcal/kWh per annum which comes to 

be about 10 kcal/kWh per annum.  

 

As such the achievable heat rate of Koradi Power Station  for next three 

years will be as follows: 

 

Sl. No. Year Heat rate, kcal/kWh 

1 2007-08 2953 

2 2008-09 2963 

3 2009-10 2973 
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Further, if the heat rate of last six months for this power station is 

considered which is of the order of about 3067 kcal/kWh, it is observed 

that the same is not falling within the recommended range. As such, 

Koradi TPS has to put all possible efforts to improve upon the performance 

and try to catch up with the projected heat rate. 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHAPTER No. 4 
 

AUXILIARY POWER CONSUMPTION 

CALCULATION 
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4. AUXILIARY POWER CONSUMPTION CALCULATION 

 

As per the O&M records of the power station, the average auxiliary power 

consumption as achieved by the station during last five years is noted as 

follows: 

 

Year Aux. Power cons. (%) 

for Stage-1  

Aux. Power cons. (%) 

for Stage-2 

2002-03 9.55 10.37 

2003-04 10.01 10.5 

2004-05 9.3 10.76 

2005-06 9.48 10.01 

2006-07 9.7 10.11 

 

The auxiliary power consumption of any unit is based on the operating conditions 

of the plant like; 

 

- No. of drives in actual operation as compared to designed drives 

- Unique drives typical to a particular power plant as compared to other 

similar units 

- Ageing of the units 

 

If the above parameters are applied to Koradi Thermal Power Station, the 

following additonality is noted: 

 

- Due to poor coal quality of coal, one additional coal mill as compared to 

designed number of operating mills, is being operated in all the seven 
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units. This causes not only overloading of mills but also enhanced loads on 

the fans. Due to ageing of the Stage – 1 units and in absence of membrane 

wall construction, the leakages in case of these boilers is more resulting 

into further overloading of ID fans. Presently, there is hardly any margin in 

operation of ID fans. It is worth noting that due to poor quality,  coal firing 

in boilers is increased by almost 15-20% resulting into increase in the 

auxiliary power consumption of  all seven units.  

 

- Unit No. 5 is designed with open cycle condenser cooling system and the 

water circulation system as designed calls for two stage pumping of water 

which adds to the working drives to the extent of about 1240 kW. Units 6 

& 7 are also designed with two stage cooling water pumping system adding 

to auxiliary power consumption of these units by about 1240 kW i.e. 

increase of about 0.6% for all Stage –2 units. 

 

- Units 5 & 6 are fitted with bag filters which have added compressors for 

bag filters, spray etc. into the circuit. Over and above these, the ID fans 

are of higher design to take care of  higher DP across the bag filters adding 

about 1800 kW of auxiliary power consumption of these units.  This adds to 

about 0.9% increase in auxiliary power consumption of these two units. 

 

- In case of stage – 1 units, it has been noticed that even if the power plant 

receives coal of desired size, the feeding to boilers will be always through 

crushers only. This causes un-necessary loading on the crushers and adding 

to the auxiliary power consumption 

 

If the above additional loads are added, it is noted that at about 10% to 

15% increase in aux. power consumption is expected as compared to the 

normative value of 9% as prescribed by CERC.  
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Taking the average value of increase in auxiliary power consumption i.e. 

about 12.% % increase, the achievable station aux. consumption of Koradi 

thermal power station will be of the order of 10.12%. 
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5. RECOMMENDATION 

 

As discussed in the foregoing chapters, as per the present conditions of 

Koradi Thermal power plant the achievable heat rate and auxiliary power 

consumption will be as follows: 

 

Sl. No. Year Heat rate, 

kcal/kWh 

Aux. power 

consumption (%) 

1 2007-08 2953 10.12 

2 2008-09 2963 10.12 

3 2009-10 2973 10.12 

 

Though the recommended heat rate is in no way justified in terms of 

national thrust on energy conservation, but given the condition constraints 

pertinent with Koradi power station, this should be treated as a 

benchmark value for this power plant unless a comprehensive R&M 

programme coupled with de-bottlenecking of operating problems causing 

reduced loadability of the units is carried out. It has also been noticed in 

respect of Units 1 to 4 that overloading of these units further may be 

detrimental to the safety of men and machines.  

 

However, in the overall interest of utilization of fossil fuels in an efficient 

manner, following broad recommendations are proposed for improvement 

of performance level of the power station: 

 

 

1. The boilers of Units 1 to 4 have become uneconomical for operation 

on long term basis. Either comprehensive R&M or replacing the boiler 
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with new should be thought of in right earnest to improve 

performance level of the power station. 

 

2. Arrangements may be done to get washed coal /imported coal for the 

plant 

 

3. Stage – 1 turbines are being operated under restricted load condition 

due to vibration, eccentricity, mechanical governors, IPH problems 

etc. A detailed study should be conducted for a long term solution of 

these problems. 

 

4. Closed cycle cooling system should be provided for Unit # 5 to 

improve performance of this unit. 

 

5. Proper storage facility for coal alongwith blending facility will 

improve the quality of coal being fed into the boilers 

 

6. Improved control systems with state of the art facilities should be 

provided in order to achieve better performance levels and accuracy 

of measurements 

 

7. Dry ash handling and storage facility should be provided to meet 

CPCB/MoEF stipulations of 100% ash utilization. 

 

8. For calculation of heat rate on annual basis, the stock measurement 

system gives almost believable values with some margin of errors. But 

considering strict stipulations from regulatory authorities, it would be 

in the overall interest of the organization to install gravimetric 

feeders for new units. Installation of gravimetric coal feeders for 
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existing units may incur considerable investment for which a 

convincing justification may be difficult. 
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1. INTRODUCTION 

1.3 Paras Thermal Power Station of Maharashtra Power Generation Company Limited is 

located at Paras in Akola district of Maharashtra. There is only one power generating 

unit of installed capacity 62.5 MW. A summary of the installed unit is as indicated 

below in Table 1. 

 

1.4 As evident from the above table, the unit is about 40 years old and has outlived its 

normal life span.  As compared to its contemporary units like 3 x 62.5 MW capacity 

Indraprastha Power Station of Delhi, it is felt that the performance of this unit is far 

more superior.  However, as compared to the design performance level, the unit shows 

a decline trend because of various factors. The design parameters of the power plant 

are as indicated below: 

Table-

2 
SALIENT DATA ON PLANT DESIGN 

 

 

 

 

 

 

Sl. No. Description Unit 2 

1.  Capacity, MW 62.5 

2. Steam Pr. At boiler SH outlet, Kg/cm2 87.9 

3. Steam Temp. at boiler SH outlet, deg.C 510 

4. Design GCV of coal, kCal/kg 3600 

5. CW inlet tem., deg.C 32 

6. Heat rate, kCal/kWh (Gross) 2686 

Original 20/04/200

7 till date

2 25/10/1967 62.5 55

Boilers - CEKOP, 

Poland                                  

Turbines - GE, USA

Under 

operation
12501.786 292032.3

Table-1
Capacity (MW)Unit 

No.

Year of 

Install.

Supplier Present 

condition

Units gen. 

till March 

2007 (MU)

Hours 

run till 

March 

2007
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One positive aspect for Paras Thermal Power Station is the availability of good 

quality of coal. In fact, this coupled with the dedicated work force of the power 

station has resulted into a sustained performance of this power station which is 

considered to be one of the vintage power stations of Maharashtra. Few key 

performance indices for last five years are indicated below in Table 3a to 3e. 

 

Table-3a 

                                    KEY PERFORMANCE INDICES (YEAR 

2006-07) 
 

Sl. 
No. 

Description 
Unit 2 

1.  Max. load (MW) 57 

2.  Av. Load (MW) 52.81 

3. Aux. Power Cons. (%) 10.22 

4. Sp. Coal Cons. (kg/kWH) 0.823 

5. Sp. Oil Cons. (ml/kWH) 1.41 

6. PLF (%) 
(As per CEA definition) 

83.65 

7. Availability (%) 
(As per CEA definition) 

91.405 

8. Heat rate, kCal/kWh 3260 

9. Running Hrs. 7994.79 

10. Planned outages (%) 6.87 

11. Forced outages (%) 1.82 

 

 

Table-3b 

KEY PERFORMANCE INDICES (YEAR 2005-06) 
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Sl. 
No. 

Description 
Unit 2 

1.  Max. load (MW) 58.62 

2.  Av. Load (MW) 55.36 

3. Aux. Power Cons. (%) 9.58 

4. Sp. Coal Cons. (kg/kWH) 0.81 

5. Sp. Oil Cons. (ml/kWH) 1.54 

6. PLF (%) 
(As per CEA definition) 

94.39 

7. Availability (%) 
(As per CEA definition) 

98.91 

8. Heat rate, kCal/kWh 3197 

9. Running Hrs. 8664.3 

10. Planned outages (%) 0.118 

11. Forced outages (%) 0.97 

 

Table-3c 

           KEY PERFORMANCE INDICES (YEAR 2004-

05) 
 

Sl. 
No. 

Description 
Unit 2 

1.  Max. load (MW) 54.93 

2.  Av. Load (MW) 51.5 

3. Aux. Power Cons. (%) 10.5 

4. Sp. Coal Cons. (kg/kWH) 0.826 

5. Sp. Oil Cons. (ml/kWH) 3.62 

6. PLF (%) 
(As per CEA definition) 

77.37 

7. Availability (%) 
(As per CEA definition) 

86.86 

8. Heat rate, kCal/kWh 3340 

9. Running Hrs. 7608.74 

10. Planned outages (%) 8.32 

11. Forced outages (%) 4.82 
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Table-3d 

KEY PERFORMANCE INDICES (YEAR 2003-04) 
 

Sl. 
No. 

Description 
Unit 2 

1.  Max. load (MW) 62 

2.  Av. Load (MW) 53.28 

3. Aux. Power Cons. (%) 10.32 

4. Sp. Coal Cons. (kg/kWH) 0.76 

5. Sp. Oil Cons. (ml/kWH) 3.03 

6. PLF (%) 
(As per CEA definition) 

82.23 

7. Availability (%) 
(As per CEA definition) 

89.51 

8. Heat rate, kCal/kWh 3121 

9. Running Hrs. 7862.16 

10. Planned outages (%) 9.31 

11. Forced outages (%) 1.18 
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Table-3e 

 

                       KEY PERFORMANCE INDICES (YEAR 2002-03) 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

The performance data for the total station since last seven years is further compiled below 

in Table-4:  

 

 

 

 

 

 

 

 

 

 

Sl. 
No. 

Description Unit 2 

1.  Max. load (MW) 60 

2.  Av. Load (MW) 47.09 

3. Aux. Power Cons. (%) 10.10 

4. Sp. Coal Cons. (kg/kWH) 0.76 

5. Sp. Oil Cons. (ml/kWH) 4.96 

6. PLF (%) 
(As per CEA definition) 

58.65 

7. Availability (%) 
(As per CEA definition) 

72.25 

8. Heat rate, kCal/kWh 3271 

9. Running Hrs. 6328.9 

10. Planned outages (%) 7.77 

11. Forced outages (%) 2.99 
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Table - 4 

STATION PERFORMANCE DATA 

SL. 
NO. 

PARTICULARS UNIT YEAR 

      
2000-
01 

2001-
02 

2002-
03 

2003-
04 

2004-
05 

2005-
06 

2006-
07                

1 
Station 
Capacity 

MW 58 58 58 58 58 58 58 

2 
Station Heat 
Rate 

Kcal/Kwh 3177.4 3366 3271 3121 3340 3197 3260 

5 
Generation 
Target 

MU 340 340 328 398 383 448 410 

6 
Actual 
Generation 

MU 382.784 364.19 298.13 418.91 393.102 479.57 425.026 

7 
Actual PLF 
(As per CEA 
definition) 

% 75.34 71.68 58.65 82.23 77.37 94.39 83.65 

8 
Avail. Factor 
(As per CEA 
definition) 

% 90.90 89.54 72.25 89.51 86.86 98.91 91.405 

9 
Oil 
Consumption  
- LDO 

KL 67.50 66.5 103.5 67.5 98 23.5 45 

10 
Sp. Coal 
Consumption 

Kg/Kwh 0.78 0.77 0.76 0.76 0.826 0.81 0.823 

11 
Sp. oil 
Consumption 

ml/kwh 3.68 4.437 4.96 3.03 3.62 1.539 1.41 

12 GCV of Coal Kcal/KG 4031 4315 4248 4058 4004 3927 3945 

13 GCV of Oil Kcal/Ltr. 10307 10300 10300 10300 10300 10300 10300 

14 Aux. Cons. MU 38.05 37.65 30.106 43.23 41.27 45.934 43.45 

    % 9.94 10.34 10.8 10.32 10.5 9.58 10.22 

15 
Planned 
Outages 

Nos. 1 1 1 2 2 2 1 

    Hrs. 71.17 256.5 2168.75 818.09 729.34 10.363 602.66 

    % 0.81 2.93 24.96 9.31 8.32 0.118 6.87 

16 
Forced 
Outages  

Nos. 12 15 12 19 19 13 9 

    Hrs. 731.34 660.34 262.34 103.74 406.92 85.32 159.55 

    % 8.29 7.53 2.99 1.18 4.65 0.97 1.82 

17 
Due to Boiler 
Tube Leakage 

Nos. 5 6 5 2 12 9 12 
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    Hrs. 447.46 520.54 452.31 118.00 698.00 504.50 690.45 

    % 5.1 5.94 5.15 1.34 7.96 5.75 7.87 

1.5 As evident from the above tables the performance of the unit is not upto the designed 

levels.  

 

1.6  Further, the plant was designed in the sixties based on the prevailing technology and 

norms of those days. Due to high concern for power generating utilities because of 

decisive role of the regulators, it has become imperative for them to improvise the 

performance level with respect to fuel efficiency and auxiliary power consumption. 

Paras Power Station has developed some teething problems in the milling system, air 

pre-heaters, cooling tower, condenser tubes etc. which have constantly deteriorated the 

performance of the plant.  
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2. CONDITION ASSESSMENT OF PLANT AND EQUIPMENT  

 

  OVERALL PERFORMANCE LEVEL 

 

The overall performance of the plant is comparable to any other plant of this 
age so far as the availability, PLF and forced outages. However, the heat rate 
and auxiliary power consumption are on higher side. 

   

The salient constraints inherent with major plant and facilities are described here under: 

 

2.1 BOILER AND AUXILIARIES 

 

PRESSURE PARTS 

 

Due to prolonged and continuous operation, boiler pressure parts have 

become weak causing frequent failures due to tube leakages. In order to 

minimise failures due to this, the main steam pressure of steam is always 

being kept low as compared to the design value. 

 

COAL MILLS 

 

The OEM of present coal mills is no more in this business and as such 

availability of genuine spares for these mills is not possible. The 

maintenance of mills is being carried out with the help of local contractors 

causing gross compromise with the quality of work. As per the present 

condition of mills, it is difficult for operation. 

 

AIR HEATERS 

 

Performance of air heaters of both boilers is very poor. Its total 

replacement is suggested by RLA study report. 
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FURNACE  

 

Condition of boiler furnace is deteriorated and air ingress is observed in 

the furnace affecting heat transfer, ID fan loading and draft control. Boiler 

efficiency is 80 % as against design efficiency of 86 % due to eroded 

condition of pressure parts, air ingress in furnace, coal mill, air heater 

problems and absence of feed water heater etc. 

 

2.2 TURBINE AND AUXILIARIES 

 

TURBINE 

 

As such, there in no constraint on turbine proper apart from manual 

control systems. Turbine vibration etc. are under limit and there is no 

restriction on loadability. 

 

CONDENSER 

 

Due to poor quality of water available for the plant, a permanent hard 

scale of 0.5 mm is formed in condenser tubes, which is affecting effective 

heat transfer and thus condenser vacuum. Number of plugged tubes are 

gradually increasing causing further deterioration in condenser 

performance. 

 

HEATERS 

 

The turbine is designed to operate with two LP heaters and two HP 

heaters. However, as per present condition, only two LP heaters and one 

HP heater are being operated. One HP heater has developed problems and 
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the high cost of the replacement is not justified. One no. of LP heater has 

considerable no. of tubes plugged. 

 

       COOLING TOWER 

 

The physical condition of cooling towers is certainly a cause of concern for 

the O&M personnel. Also, there is difference in design temperature of the 

cooling towers and the actual temperature conditions prevailing at Paras. 

Wide variations have been observed in the performance of cooling towers. 

 

As per the RLA study of the power plant, following broad recommendations 

have been put forth by the RLA agency: 

 

a) Complete replacement of HP heaters. 

b) Retrofitting of Coal mills with new improved quality mills. 

c) Complete replacement of air heaters. 

d) Replacement of eroded boiler tubes and economizer coils. 

 

However, due to techno-economic reasons, the cost of R&M is not justified 
and only few bare minimum services have been undertaken to run the 
plant for limited period.
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3. HEAT RATE CALCULATION 

 

As indicated in the foregoing chapters, the condition of plant and 

equipment is really bad because of various constraints. The following table 

shows, the heat rate achieved by  the plant  during last five years: 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

As evident from the above table, the plant has a deteriorating trend in 

terms of heat rate which calls for a in-depth review.  If the heat rate 

achieved during last five years is compared to the design heat rate of the 

units, the trend shows  about 10% to 20% deviation from the design values. 

 

 

The heat rate of a plant is affected by the  following factors: 

• Ageing of the plant 

Sl. 

No.
Description

2006-

07

2005-

06

2004-

05

2003-

04

2002-

03

1 Max. load (MW) 57 58.62 54.93 62 60

2 Av. Load (MW) 53 55.36 51.5 53.28 47.09

4
Sp. Coal Cons. 

(kg/kWH)
0.823 0.81 0.826 0.76 0.76

5 Sp. Oil Cons. (ml/kWH) 1.41 1.54 3.62 3.03 4.96

6 PLF (%) 83.65 94.39 77.37 82.23 58.65

7 Availability (%) 91.4 98.91 86.86 89.51 72.25

8 Heat rate, kCal/kWh 3260 2945 2950 3121 3271

9
Design Heat Rate, 

kcal/kWh
2686 2686 2686 2686 2686

10 % deviation from design 21 10 10 16 22
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• Operating load of the plant 

• Quality of fuel as compared to design quality 

• Operating parameters like Main Steam Pressure, Main Steam Temp., 

Reheat Steam Pressure, Reheat Steam Temp. etc. 

• Condenser vacuum as compared to design vacuum 

• Feed water inlet temperature as compared to original heat balance 

• Flue gas outlet temperature as compared to design values 

• Improper combustion in boiler causing more velocity of flue gas, 

increased metal temperatures of  reheater tubes  which calls for 

increased reheater spray, increased unburnt coal in ash, erosion of 

tubes resulting into more number of tube leakages etc. 

• Leakages in boiler area due to improper sealing etc. 

• In crease in DM water make-up  

• Higher number of start/stops 

 

The above parameters are analysed in the following table with respect to 

Paras TPS (62.5  MW): 

 

Sl. 

No. 

Description Remarks 

1. Ageing of the 

plant 

The average age of the plant is 40 years. As 

such, due to natural deterioration because of 

wear & tear, etc., an increase of about 16 % is 

expected. As such, the achievable heat rate 

owing to the age of the unit comes out to be 

3115 kcal/kWh  

2. Operating load 

of the plant 

As evident from the above table, the maximum 

load and average load on these units is of the 
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order of 55 MW only due to various constraints 

in boiler and turbine areas. As such, the 

increase in heat rate due to partial loading 

@1.2 kcal/kWH per MW loss works out to be 

about 9 kcal/kWh. This adds to achievable heat 

rate of the order of  3124 kcal/kWh.  

3. Operating 

parameters of 

the units  

Because of decrease in main steam pressure 

from the boilers of the order of about 5 

kg/cm2, the increase in heat rate of 10 

kcal/lkWh is expected. This increases the 

achievable heat rate to 3134 kcal/kWh.   

5. Condenser 

vacuum and CW 

inlet temp. 

Historically, the units are designed to operate 

with CW inlet temperature of 32 deg.C whereas 

the actual temperature of cooling water is of 

the order of 36 deg. C. This causes inadequate 

vacuum in the condenser as compared to the 

design value. .As per correction curves of OEM, 

the increase in heat rate due to this factor 

works out to be 44 kcal/kWh. As such the 

achievable heat rate works out to be 3178 

kCal/kWh. 

6. Feed Water inlet 

temp. 

As per the availability of  heaters, only two 

heaters out of four are in normal operation. 

This gives rise to reduced feed water 

temperature causing loss of about 47 kcal/kwh. 

Thus , the heat rate of the units comes out to 

be 3225 kcal/kWh.  

7. Flue gas outlet 

temperature, 

As explained, the boiler condition is very poor  

because of ageing. The  temperature of flue 
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Unburnt coal in 

ash, Leakages in 

boiler area and 

moisture content 

in coal etc. 

gas at air pre-heater outlet as well as % of  un-

burnt coal particles in both fly ash and bottom 

ash. Above conditions lead to further 

inefficient operation of the boiler causing 

increase in heat rate to the order of about 18 

kcal/kWh. As such, the achievable heat rate of 

the plant owing to all above factors works out 

to be 3243 kcal/kWh .  

  

Considering all the factors as explained above, the achievable heat rate in case 

of Paras TPS works out to be  about 3250 kcal/kWh. However due to age old and 

outdated auxiliaries & constraints, the heat rate becomes unpredictable and may 

deteriorate fast. 

 

This heat rate has been predicted for the year for the year 2007-08. Since, there 

is no Renovation & Modernisation planned for this power station, it is predicted 

that the heat rate of the station will further increase by 0.4% of normative heat 

rate i.e. 0.4% of 2500 kcal/kWh per annum which comes to be about 10 kcal/kWh 

per annum.  

 

As such the achievable heat rate of Paras Power Station  for next three years will 

be as follows: 

 

Sl. No. Year Heat rate, kcal/kWh 

1 2007-08 3250 

2 2008-09 3260 

3 2009-10 3270 
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Further, if the heat rate of last six months for this power station is considered 

which is of the order of about 3331 kcal/kWh, it is observed that the same is not 

falling within the recommended range. As such, Paras TPS has to put all possible 

efforts to improve upon the performance and try to catch up with the projected 

heat rate. 
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4. AUXILIARY POWER CONSUMPTION CALCULATION 

 

As per the O&M records of the power station, the average auxiliary power 

consumption as achieved by the station during last five years is noted as 

follows: 

 

Year Station aux. Power cons. (%) 

2002-03 10.1 

2003-04 10.32 

2004-05 10.5 

2005-06 9.58 

2006-07 10.22 

 

The auxiliary power consumption of any unit is based on the operating conditions 

of the plant like; 

 

- No. of drives in actual operation as compared to designed drives 

- Unique drives typical to a particular power plant as compared to other 

similar units 

- Ageing of the units 

 

If the above parameters are applied to Paras Thermal Power Station, the 

following additonality is noted: 

 

- The unit is supplied with two boilers as against single boiler as per present 

design. This gives rise to additional loads. 
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- The plant is 40 years  old. As such, there was hardly any concern for 

energy efficient designs during those days. 

 

Even though, as per the figures of auxiliary power consumption for last five 

years, it can be observed that an average value of 10% consumption has been 

maintained. Since the plant has been  de-rated to 55 MW from its designed 

capacity of 62.5 MW i.e. deration by 12%, an increase of at least 10% can be 

expected in terms of auxiliary power consumption.  

 

Further, as per norms of CERC, for 200 MW series power stations, 9% auxiliary 

power consumption has been prescribed which may not be applicable with 

small sets like that of Paras TPS. Considering minimum 5 % increase due to 

units size, the norm for this power plant works out to be 9.45%.   

 

As such considering 10% increase from the normative value due to deration of 

the unit, the achievable auxiliary power consumption for Paras TPS works out 

to be 10.4%. 
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5. RECOMMENDATION 

 

As discussed in the foregoing chapters, as per the present conditions of 

Paras Thermal power plant the achievable heat rate and auxiliary power 

consumption will be as follows: 

 

Sl. No. Year Heat rate, kcal/kWh Aux. power cons. % 

1 2007-08 3250 10.4 

2 2008-09 3260 10.4 

3 2009-10 3270 10.4 

 

Though the recommended heat rate is grossly on higher side, the same is 

the best possible in the prevailing condition of the plant and equipment of 

Paras power station. However, in case a comprehensive R&M programme is 

implemented for the said power plant, the heat rate is bound to show 

improvements. 
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1. INTRODUCTION 

1.1 Khaparkheda Thermal Power Station of Maharashtra Power Generation Company 

Limited  is located in Nagpur district of Maharashtra. There are four power generating 

units installed during years 1989 – 2001 in two stages. Units 1 & 2 (210 MW each) 

were installed in the year 1989-90 whereas Units 3 & 4 (210 MW each) were installed 

in the year 2000-01. A brief description on total number of installed units is as indicated  

below in Table 1. 

TABLE-1 

Unit 

No. 

Date/Year 

 of Install. 

Capacit

y (MW) Supplie

r 

Conditio

n as on 

date 

Units gen. 

till March 

2007 (MU) 

Hours 

run  

Till 

 March 

2007 

1 
26-03-
1989 

210 BHEL / 
KWU 

In Service 23382.891 
124169.5
6 

2 
08-01-
1990 

210 BHEL / 
KWU 

In Service 23434.644 
128327.4
8 

3 
31-05-
2000 

210 BHEL / 
KWU 

In Service 9647.721 49108.49 

4 
07-01-
2001 

210 BHEL / 
KWU 

In Service 9295.567 47043.05 

 

1.2 As evident from the above table, the first stage units have become old and have been 

operated for more than 1,00,000 Hrs.  
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 Few design parameters of the power plant are as indicated below: 

Table-

2 
SALIENT DATA ON PLANT DESIGN 

 

S. 
N. 

Description Unit 1 Unit 2 Unit 3 Unit 4 

1.  Capacity, MW 210 210 210 210 

2.  Aux. Power Cons. (%) -- -- -- -- 

3. 
Steam Pr. At boiler SH 
outlet, Kg/cm2 

155 155 155 155 

4. 
Steam Temp. at boiler 
SH outlet, deg.C 

540 540 540 540 

5. 
Design GCV of coal, 
kCal/kg 

4400 4400 3500 3500 

6. CW inlet tem., deg.C 30.5 30.5 30.5 30.5 

7. Heat rate, kCal/kWh 2275 2275 2234 2234 

 

The design GCV of coal in case of stage – 1 units is never achieved except in case when 

imported coal or washed is made available. Few key performance indices for these units for 

last five years are indicated below in Table 3a to 3e. 

 
 KEY PERFORMANCE INDICES (YEAR 2006-07)   Table-3a 

     

S. 
N. 

Description Unit 1 Unit 2 Unit 3 Unit 4 

1. Max. load (MW) 215 217 218 223 

2. Av. Load (MW) 194 172 195 190 

3. Aux. Power Cons. (%) 9.373 9.100 8.927 8.612 
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4. Sp. Coal Cons. (kg/kWH) 0.750 0.752 0.756 0.750 

5. Sp. Oil Cons. (ml/kWH) 0.487 0.949 0.656 0.753 

6. PLF (%) 92.347 82.048 92.781 90.620 

7. Availability (%) 95.433 89.267 94.116 92.822 

8. Heat rate, kCal/kWh 2604 2614 2625 2607 

9. Running Hrs. 8359.5 7819.49 8244.33 8131.13 

10. Planned outages (%) 3.064 9.347 2.091 5.031 

11. Forced outages (%) 1.503 1.385 3.793 2.147 

 
KEY PERFORMANCE INDICES (YEAR 2005-06)  Table-3b 

 

S. 
N. 

Description Unit 1 Unit 2 Unit 3 Unit 4 

1. Max. load (MW) 215 215 217 221 

2. Av. Load (MW) 172 154 148 177 

3. Aux. Power Cons. (%) 10.413 9.396 9.518 8.973 

4. Sp. Coal Cons. (kg/kWH) 0.780 0.775 0.785 0.782 

5. Sp. Oil Cons. (ml/kWH) 3.652 3.104 2.612 2.080 

6. PLF (%) 81.940 73.249 70.378 84.503 

7. Availability (%) 91.860 83.434 74.994 91.250 

8. Heat rate, kCal/kWh 2601 2582 2609 2596 

9. Running Hrs. 8046.56 7308.47 6569.30 7993.29 

10. Planned outages (%) 3.790 12.501 20.645 7.064 

11. Forced outages (%) 4.350 4.065 4.360 1.686 

 
KEY PERFORMANCE INDICES (YEAR 2004-05)  Table-3c 

S. 
N. 

Description Unit 1 Unit 2 Unit 3 Unit 4 

1.  Max. load (MW) 225 215 231 221 

2.  Av. Load (MW) 186 178 183 171 

3. Aux. Power Cons. (%) 8.155 9.641 9.208 8.542 

4. Sp. Coal Cons. (kg/kWH) 0.780 0.780 0.781 0.780 

5. Sp. Oil Cons. (ml/kWH) 2.119 3.504 1.743 0.921 

6. PLF (%) 88.676 84.756 87.171 81.253 

7. Availability (%) 96.990 97.382 90.789 83.063 

8. Heat rate, kCal/kWh 2642 2656 2641 2629 

9. Running Hrs. 8496.57 
8530.4
1 

7952.59 7278.46 
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Tab 

 KEY PERFORMANCE INDICES (YEAR 2003-04)  

 Table-3c  
 

S. 
N. 

Description Unit 1 Unit 2 Unit 3 Unit 4 

1. Max. load (MW) -- -- -- -- 

2. Av. Load (MW) 157 156 173 195 

3. Aux. Power Cons. (%) 8.265 9.272 9.130 8.425 

4. Sp. Coal Cons. (kg/kWH) 0.753 0.762 0.736 0.733 

5. Sp. Oil Cons. (ml/kWH) 2.693 2.525 1.714 0.758 

6. PLF (%) 74.877 74.498 82.599 92.912 

7. Availability (%) 83.130 84.465 83.927 93.952 

8. Heat rate, kCal/kWh 2678 2705 2607 2590 

9. Running Hrs. 7302.06 7419.24 7372.08 8252.45 

10. Planned outages (%) 13.523 12.916 7.445 0 

11. Forced outages (%) 3.348 2.619 8.265 6.048 

10. Planned outages (%) 1.975 0 0 13.628 

11. Forced outages (%) 1.035 2.618 9.211 3.308 
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 KEY PERFORMANCE INDICES (YEAR 2002-03)   Table-

3e 
 

S. 
N. 

Description Unit 1 Unit 2 Unit 3 Unit 4 

1. Max. load (MW) -- -- -- -- 

2. Av. Load (MW) -- -- -- -- 

3. Aux. Power Cons. (%) 6.849 10.297 8.650 8.815 

4. Sp. Coal Cons. (kg/kwh) -- -- -- -- 

5. Sp. Oil Cons. (ml/kwh) 3.279 2.816 1.390 2.610 

6. PLF (%) 76.579 81.460 95.532 80.897 

7. Availability (%) 84.548 95.524 97.978 85.075 

8. Heat rate, kCal/kwh -- -- -- -- 

9. Running Hrs. 7406.24 8367.55 8582.53 7452.25 

10. Planned outages (%) 11.947 0.386 0.662 11.676 

11. Forced outages (%) 3.505 4.090 1.360 3.251 

 

  

The performance data for the total station since last seven years is further compiled below 

in Table-4:  
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S.N. PARTICULARS UNIT 
2002-
03 

2003-
04 

2004-
05 

2005-
06 

2006-
07 

1 Station Capacity MW 840 840 840 840 840 

2 
Station Heat 
Rate 

Kcal/Kw
h 

2486 2641 2642 2597 2612 

5a 
Generation 
Target 
 ( CEA ) 

6000 5570 6000 5887 6200 

5b 

Generation 
Target 
(Planning 
Comm.) 

MU 

5625 5400 6220 5840 6141 

6 
Actual 
Generation 

MU 
6152.8
83 

5992.9
75 

6288.7
89 

5704.0
45 

6582.0
10 

7 Actual PLF % 83.617 81.221 85.464 77.517 89.449 

8 Avail. factor % 90.781 86.368 92.056 85.384 92.909 

9 
Oil 
Consumption  - 
LDO & FO 

KL 15165 11100 13091 16304 4635 

10 
Sp. Coal 
Consumption 

Kg/Kwh 0.796 0.745 0.780 0.781 0.752 

11 
Sp. oil 
Consumption 

ml/kwh 2.465 1.852 2.082 2.858 0.704 

12 GCV of Coal Kcal/KG 3096 3522 3362 3293 3465 

13 
GCV of Oil 
(Avg) 

Kcal/Ltr. 9371 9195 9187 9210 9245 

MU 
533.97
9 

525.08
0 

558.70
2 

546.28
5 

592.52
6 

14 
  

Aux. Cons. 
  

% 8.679 8.762 8.884 9.577 9.002 

Nos. 7 5 2 4 6 

Hrs. 
2161.1
5 

2976.2
1 

1366.5
2 

3854.2
7 

1711.0
7 

15 
  
  

Planned 
Outages 
  
  % 6.168 8.471 3.901 11.00 4.833 

Nos. 53 50 56 51 30 

Hrs. 
1009.0
8 

1813.1
6 

1416.4
2 

1266.5
1 

773.24 
16 
  
  

Forced Outages  
  
  

% 3.051 5.161 4.043 3.615 2.207 

Nos. 13 15 16 14 10 

Hrs. 782.53 987.22 
1022.2
6 

914.08 550.0 
17 
  
  

Due to Boiler 
Tube Leakage 
  
  % 2.234 2.810 2.918 2.609 1.570 
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1.3 As evident from the above tables though the performance of the units in terms of PLF 

and availability is reasonably good, the heat rate is on the higher side.  

1.4 Further, the first two units were designed based on GCV of coal as 4400 kcal/kg 

whereas the actual coal quality is of inferior grade causing increased firing of coal to 

maintain the load and causing resultant increase in heat rate.
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2. CONDITION ASSESSMENT OF PLANT AND EQUIPMENT  

 

  OVERALL PERFORMANCE LEVEL 

 

The salient features of the condition of major plant and facilities are described there under: 

 

2.1.  BOILER & AUXILIARIES 

 

In general the condition of pressure parts of boilers of all the units is good. 
However, as per OEM’s recommendation, the boiler and duct insulations are 
required to be changed after 15 years which has not been done in case of 
Units 1 & 2.  

 

The boilers are corner fired supplied by BHEL. Although at present the coal 

milling and firing system along with oil firing system are in working 

condition, the system is undersized due to deteriorated coal quality as 

compared to the designed coal quality, for Units 1 & 2. As per the quality 

of coal available for the plant, about 15% extra coal firing need to be done 

because of poor quality of coal. This additional coal firing not only 

increases load on the mills but also affects the performance of the fans.  

 

The efficiency of the boilers has also reduced causing less economic 

operation of the boilers. The flue gas outlet temperature at air heater 

outlet in case of Unit 2 has increased by almost 8 deg. C.  

 

As per the history of major overhauls, it has been noted that the same has 

been carried out for all four Units during last five years. As such, it can be 

inferred from the above that though MSPGCL is trying their best to 

improve the performance, there are certain issues like original design 
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conditions, ageing of the plant, poor coal quality  etc. which can not be 

compensated in terms of efficiency of the plant . 

 

2.2 TURBINE AND AUXILIARIES 

 
The turbo generators are of BHEL design. Following typical problems have 

been noticed with respect to the turbines: 

  

Unit – 1:  

 

1. Turbine steam flow requirement is more due to increase in internal 

clearances of HPT resulting in drop in efficiency. The gland clearances are 

increased and leak off flow is maintaining more.  

 

Unit - 3: 

 

1) High shaft vibrations at HPT Front & Rear bearings has been observed since 

commissioning. In order to resolve this problem, HPT rotor was sent to 

BHEL, Hardwar in Aug. 2005, for full speed balancing as per 

recommendations of BHEL, SAS, Nagpur, but the problem is still persisting. 

 

2) Heavy shaft seal leakage from HPT Front glands. It is learnt that it will be 

attended in overhaul. 

 

 

3) Due to vibrations at HPT Rear HPH -6 can not be taken into service. 

 

Unit -4: 
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1) High shaft vibrations at HPT Front & Rear remains since commissioning. In 

order to resolve this problem, slow speed balancing of HPT rotor was 

carried out in July 2004, but the problem remains unsolved. 

 

2) Failure of LPT rear compensator is faced during the year 2005 due to high 

vibrations. 

 

2.3 CONDENSER AND FEED WATER SYSTEM 

 

Unit 1   

 

1) Around 100 condenser tubes in each pass are plugged due to which vacuum 

is maintaining on lower side resulting in rise in heat rate. Also, online 

condenser cleaning system is not functioning properly. It was given to 

understand that the work is planned in the ensuing overhaul. 

 

2) Less availability of HPH – 6 due to frequent tube leakage resulting in rise in 

heat rate. Replacement of HPH may take about two years. 

 

3) BFP 1 C performance is reduced due to aging due to which the energy 

consumption by this pump is more. 

 

Unit – 2 

 

1) Around 150 condenser tubes in each pass are plugged due to which vacuum 

is maintaining on lower side, resulting in rise in unit heat rate. Also, online 

condenser cleaning system is not functioning properly. The work is planned in 

ensuing overhaul. 
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2) Less availability of HPH – 6 due to frequent tube leakage resulting in rise in 

heat rate. As informed,  indent is placed for replacement which may take 

about two years. 

 

Unit – 3&4: 

 

Scaling on Heat Exchangers due to Turbidity. Turbidity is carried because 

of ash due to plying of vehicles from adjacent roads & carbon particles 

from D-point coal handling system near Cooling Towers & ponds. Plant 

authorities have indicated that necessary action is being taken to resolve 

the problem. 

 

 

 

 

 

 

 

2.4 ASH HANDLING SYSTEM 

 

1) Fly Ash Evacuation : Stage – 1 ash handling system is conventional Hydro 

Ejectors System  whereas the same for Stage – 2 is a  Dry Fly Ash 

Evacuation by Air Pressurization system  

 

2) Fly Ash Disposal : For Stage-1 plant, a conventional lean slurry disposal 

System    (30% Ash + 70% Water ) has been provided. For  Stage-II plant a  

High Concentration Slurry Disposal  System  ( 30% Water + 70% Ash) has 

been provided. 
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 3) Bottom Ash system for both  Stage- I&II  is based on  Jet Pumps upto 

slurry sump and further disposal to ash pond  through  Ash Slurry Pumps. 

 

2.5 COAL HANDLING SYSTEM 

 

Spontaneous combustion has been observed in the stockpile coal leading to 

reduced heat content of fired coal. Following facilities would of great help 

to improve the performance of CHP. 

• Provision of suitable compactor to keep the stack coal intact so as to 

reduce the spontaneous combustion of coal and moisture content  

• Provision of tarpaulins to cover all coal pile shall help for reducing wet 

coal problems during rainy season. This practice is being followed. 

• Regular supply of washed coal. As informed, efforts are being taken to 

enhance the amount of washed coal. 

Also, to reduce the down time of CHP, following auxiliary drives are required 

to be upgraded due to obsolescence of existing drives of following system. 

• Apron Feeder No. 1 & 2. 

• Stacker Reclaimer No. 1 & 2 and 

• Wagon marshalling system No. 1 & 2. 
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3. HEAT RATE CALCULATION 

 

The following table shows, the heat rate achieved by the plant during last 

five years: 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

As evident from the above table, the plant has a deteriorating trend in 

terms of heat rate which calls for a in-depth review.  If the heat rate 

achieved during last five years is compared to the design heat rate of the 

units, the trend shows  about 15% to 17% deviation from the design values. 

 

 

 

The heat rate of a plant is affected by the  following factors: 

• Ageing of the plant 

• Operating load of the plant 

Sl. No. Description 2006-07 2005-06 2004-05 2003-04 2002-03

1 Max. load (MW) 220 218 220 210 210

2 Av. Load (MW) 188 163 180 170 170

4 Sp. Coal Cons. (kg/kWH) 0.75 0.78 0.78 0.75 0.75

5 Sp. Oil Cons. (ml/kWH) 0.80 3.00 2.00 2.00 2.00

6 PLF (%) 90 75 85 80 82

7 Availability (%) 93 86 92 85 87

8 Heat rate, kCal/kWh 2613 2597 2642 2645 2645

9 Design Heat Rate, kcal/kWh 2255 2255 2255 2255 2255

10 % deviation from design 16 15 17 17 17
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• Quality of fuel as compared to design quality 

• Operating parameters like Main Steam Pressure, Main Steam Temp., 

Reheat Steam Pressure, Reheat Steam Temp. etc. 

• Condenser vacuum as compared to design vacuum 

• Feed water inlet temperature as compared to original heat balance 

• Flue gas outlet temperature as compared to design values 

• Improper combustion in boiler causing more velocity of flue gas, 

increased metal temperatures of  reheater tubes  which calls for 

increased reheater spray, increased unburnt coal in ash, erosion of 

tubes resulting into more number of tube leakages etc. 

• Leakages in boiler area due to improper sealing etc. 

• In crease in DM water make-up 

• Frequent starts/stops  

 

The parameters which are affecting the heat rate of Khaparkheda TPS 

(4 x 210 MW) are further analysed in the following table: 

 

Sl. 

No. 

Description Remarks 

1. Ageing of the plant The average age of the units ranges from 8 

years to 18 years. As such, due to natural  

deterioration because of wear & tear, 

different temp. regimes etc., an increase in 

heat rate is well expected. As per ASME PTC 

– 6R (1985) an average increase of 0.4% in 

heat rate is expected for every year. As per 

this provision, the corrected heat rates of 

the four units become  2439 kcal/kWh , 
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2430 kcal/kWh, 2297 kcal/kWh and 2288 

kcal/kWh respectively. 

2. Operating load of 

the plant 

As per the operating record of the units, 

there is an average load restriction to the 

extent of 25 MW , 40 MW and 10 MW for 

Units 1, 2 & 4 respectively. As per the 

correction curves of OEM, the increase in 

heat rate due to partial loading @ 1.2 

kcal/kWH per MW loss is expected. As such 

HR deviation to the extent of 30 kcal/kWh, 

48 kcal/kWh and 12 kcal/kWh will be there 

for Units 1, 2 & 4 respectively. 

3. Quality of coal The first two units are designed to operate 

with coal of GCV  4400 kcal/kg whereas the 

available coal is having GCV of about 3700 

kcal/kg. Also, the designed constituents of 

coal like moisture, Hydrogen and ash show a 

wide variation as compared to the actual 

coal quality. It is observed that difference 

in moisture content and Hydrogen content 

are of the order of 5 % and 1.5% 

respectively. Considering the fact that these 

constituents have a resulting effect in heat 

transfer in boiler. As per the furnace 

performance monitored in terms of boiler 

efficiency, these deviations result into heat 

rate increase of about 138 kcal/kWh for 

each unit.   

4. Operating Because of poor quality of coal, higher 
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parameters of the 

units  

quantity of coal is being fired in the boilers. 

This results into increased metal 

temperature in reheater zones resulting into 

reheater sprays which are loss to the heat 

rate of the units. As per the operating 

regime of the units, about 40 t/h reheater 

sprays are being done in all the four units. 

The loss due to reheater spray accounts to 

loss of about 52 kCal/Kwh to 53 kcal/kWh.   

5. Condenser vacuum 

and CW inlet temp. 

The on line condenser cleaning system in 

case of Units 1 & 2 is not working properly. 

This causes drop in condenser vacuum which 

results into increase in heat rate of these 

units. As per correction curves of OEM, an 

increase in plant heat rate by 0.7% is 

expected due to loss of 0.01 bar vacuum in 

condenser. An increase in heat rate due to 

this factor works out to be 34 kcal/kWh for 

Units 1 & 2.  

6. Increase in coal mill 

reject 

Due to deterioration in the coal quality, it is 

observed that against designed value of 0.5 

%, the coal mill rejects from Units 1 &2 are 

of the order of 1.5% whereas the same for 

Units 3 & 4 are about 1%. This increase in 

reject quantity causes rise in heat rate by 

about  6 to 11 kcal/kWh. 

7. Flue gas outlet 

temperature, 

Leakages in boiler 

Because of the poor coal quality, more coal 

is being fired as compared to the designed 

value. This causes more temperature of flue 
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area gas at air pre-heater outlet. Further, in 

order to have a sustained flame stabilization 

in the boiler, oil firing is more rampant in 

the boilers. Above conditions lead to further 

inefficient operation of the boiler causing 

increase in heat rate to the order of 1% i.e. 

a loss of about 7 to 18 kcal/kWh.  

  

Keeping all the above factors into account, the achievable heat rate for different 

units of Khaparkheda power station works out to be as under: 

 

HEAT RATE DEVATIONS 

ALL FIGURES ARE IN KCAL/KWH 

Sl. 

No. 

Description Unit -1 Unit -2 Unit -3 Unit -4 

1. Design heat 

rate 

2275 2275 2234 2234 

2. Due to ageing 164 155 63 54 

3. Reheater Spray 53 53 52 52 

4. Increase in coal 

mill reject 

11 11 6 6 

5. Partial loading 30 48 0 12 

6. Decrease in 

condenser 

vacuum 

34 34 0 0 

7. Increase in 

Moisture in 

coal 

24 24 24 24 
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8. Increase in 

Hydrogen in 

coal  

114 114 114 114 

9. Increase in APH 

outlet temp..  

7 18 7 7 

10. Unaccounted 

like CHP. 

Forced 

outages, 

frequent 

start/stops etc. 

24 

 
 
 

 

24 23 23 

11. TOTAL  

Heat Rate 

2736 2756 2523 2526 

 

As such, the average station heat rate of Khaparkheda power station 

will be = (2736+2756+2523+2526)/4 = 2635 kcal/kWh 

 

This heat rate has been predicted for the year for the year 2007-08. 

Since, there is no Renovation & Modernisation planned for this power 

station, it is predicted that the heat rate of the station will further 

increase by 0.4% of normative heat rate i.e. 0.4% of 2500 kcal/kWh per 

annum which comes to be about 10 kcal/kWh per annum.  

 

 

As such the achievable heat rate of Khaparkheda Power Station  for 

next three years will be as follows: 

 

Sl. No. Year Heat rate, kcal/kWh 



 

 

 
MAHARASHTRA STATE POWER GENERATION CO. LTD. 

 
ASSESSMENT OF HEAT RATE & AUX. POWER 

CONSUMPTION OF KHAPARKHEDA THERMAL POWER  
STATIONS 

   

 

 

 

 
“© 2007 MECON Limited. All right reserved.” 
 Page 112 of 288 

1 2007-08 2635 

2 2008-09 2645 

3 2009-10 2655 

 

 Further, if the heat rate of last six months for this power station is 

considered which is of the order of about 2612 kcal/kWh, it is observed 

that the same is falling within the recommended range. 
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4.  AUXILIARY POWER CONSUMPTION CALCULATION 

 

As per the O&M records of the power station, the average auxiliary power 

consumption as achieved by the station during last five years is noted as 

follows: 

 

Year Station aux. Power cons. (%) 

2002-03 8.68 

2003-04 8.76 

2004-05 8.88 

2005-06 9.58 

2006-07 9.0 

 

The auxiliary power consumption of any unit is based on the operating conditions 

of the plant like; 

 

- No. of drives in actual operation as compared to designed drives 

- Unique drives typical to a particular power plant as compared to other 

similar units 

- Ageing of the units 

 

If the above parameters are applied to Khaparkheda Thermal Power Station, 

the following additonality is noted: 

 

���� In the year 2005, most of the Old Analog Energy Meters were replaced 

with Digital Energy Meters which are more accurate. Earlier meters 

were observed to be sluggish and slower. More ever in Feb 2005 PT 
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fuses of unit -1 UAT bus were found Blown & same were replaced. 

Energy consumption readings of Unit -1 from this date onward has 

increased.   

 

Poor Coal Quality & Moisture in Coal : 

              

  Sometimes the coal received from WCL mines is of low grade & 

muddy with Higher Moisture content. Due to this, loadability of units 

drop resulting into less generation & increase in percentage auxiliary 

power  consumption. Also during rainy seasons PLF of units drops 

leading to less generation. 

 

 Generally, the Units are supposed to run with 4 coal cycles with 

designed GCV Coal but practically due to Poor Quality of Coal 

Khaperkheda TPS has to run with 5 coal cycles for full load operation. 

 

% Aux. Consumption is always in inverse proportion with generation.  

Even though every effort is being made by this power station to 

maintain the PLF, it is difficult to reduce aux consumption below the 

normative value of 9%.  

               

 Addition in Plant Load  

 

There is increase in plant auxiliary Load due to commissioning of 

Ammonia Plant in 2005 by 30 kW & in 2006 Ozone Dosing plant by 500 

kW.  
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If the above additional loads are added, it is noted that with some 

energy conservation measures, 9% aux. power consumption can be 

achieved.  
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5. RECOMMENDATION 

 

As discussed in the foregoing chapters, as per the present conditions 

of Khaparkheda Thermal power plant the achievable heat rate and 

auxiliary power consumption will be  as follows: 

 

Sl. 

No. 

Year Heat rate, 

kcal/kWh 

Aux. power cons. % 

1 2007-08 2635 9 

2 2008-09 2645 9 

3 2009-10 2655 9 

 

The heat rate as projected above can be further improvised in case 

de-bottlenecking of operating problems causing reduced loadability of 

the units is carried out.  

 

In order to improve the performance of the power station, following 

broad measures are suggested: 

 

1. Arrangements may be done to get washed coal /imported coal 

for the plant to the maximum possible extent 

 

2. Provision of suitable compactor to keep the stacked coal intact 

and thus not losing the coal quality  

 

 

3. For calculation of heat rate on annual basis, the stock 

measurement system gives almost believable values with some 

margin of errors. But considering strict stipulations from 



 

 

 
MAHARASHTRA STATE POWER GENERATION CO. LTD. 

 
ASSESSMENT OF HEAT RATE & AUX. POWER 

CONSUMPTION OF KHAPARKHEDA THERMAL POWER  
STATIONS 

   

 

 

 

 
“© 2007 MECON Limited. All right reserved.” 
 Page 119 of 288 

regulatory authorities, it would be in the overall interest of the 

organization to install gravimetric feeders for new units. Such 

provision already exists in case of two units. Installation of 

gravimetric coal feeders for other two units may be taken up in 

case the investment on this account is justifiable. 
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1.   INTRODUCTION 

1.1 Chandrapur Thermal Power Station of Maharashtra Power Generation Company 

Limited is located at Chandrapur in Chandrapur district of Maharashtra. There are seven 

power generating units installed during years 1983 – 1997 in two stages. Units 1 to 4 

(210 MW each capacity) were installed in the year 1983-86 by M/s BHEL. Unit 1 & 2 

boilers are of ABL design. Unit 5 & 6 (500 MW each capacity) were installed by BHEL 

during 1991-92 whereas Unit No. 7 of 500 MW capacity was installed by BHEL in 

1997. A brief description on total number of installed units is as indicated below in 

Table 1.        Table 1 

SALIENT DATA ON OVERALL OPERATION 

Unit 

No. 

Year of 

Install. 

Capacity 

(MW) 
Supplier 

Condition 

as on 

date 

Units gen. 

till March 

2007 

(MU) 

Hours run 

till March 

2007 

   
Boiler Turbine  

  

 
1 

15-
Aug-
1983 

210 ABL BHEL Under 
operation 

27681.679 165440 
 

2 11-Jul-
1984 

210 ABL BHEL Under 
operation 

25587.718 
 

152682 
 

3 3-May-
1985 

210 BHEL BHEL Under 
operation 

27298.599 
 

153333 
 

4 8-Mar-
1986 

210 BHEL BHEL Under 
operation 

28150.801 
 

155790 
 

5 1991 500 BHEL Under 
operation 

Under 
operation 

99303.42 

 
6 
 

1992 500 BHEL Under 
operation 

Under 
operation 

101570.06 

 
7 
 

1997 500 BHEL Under 
operation 

Under 
operation 

67260.45 

1.3 As evident from the above table, the stage – 1 units have already been operated for 

more than 20 years.  Also, the boilers of stage-I  are front fired boilers of ABL design 
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which is an obsolete design as of now. Few design parameters of the power plant are as 

indicated below:       

    Table-2 

SALIENT DATA ON PLANT DESIGN 

 

 

The design GCV of coal in case of all units is never achieved as the plant is located 

in the heart of WCL coalfields and whatever coal is available at a particular time, 

the same is made available for this power station. Few key performance indices for 

these units for last five years are indicated below in Table 3a to 3e. 

 

Table-3a 

KEY PERFORMANCE INDICES (YEAR 2006-07) 

 

Sr. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 
5 

Unit 
6 

Unit 7 

1. Capacity, 
MW 

210 210 210 210 500 500 500 

2. Steam Pr. At 
boiler SH 
outlet, 
Kg/cm2 

130 130 130 130 170 170 169 

3. Steam 
Temp. at 
boiler SH 
outlet, 
deg.C 

535 535 535 535 537 537 537 

4. Design GCV 
of coal, 
kCal/kg 

4313 4313 4445 4445 3750 3750 3500 

5. CW inlet 
temp., 
deg.C 

30.5 30.5 30.5 30.5 30 30 34 

6. Heat rate, 
kCal/kWh 

2363 2363 2363 2363 2238 2238 2214 
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Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 

1. Max. load 
(MW) 

204 201 214 217 510 517 520 

2. Av. Load 
(MW) 

171.05 168.79 201.52 200.83 466.52 454.63 459.69 

3. Aux. Power 
Cons. (%) 

10.19 9.85 8.63 7.90 7.94 7.10 7.18 

4. Sp. Coal 
Cons. 
(kg/kWH) 

0.808 0.796 0.785 0.799 0.77 0.764 0.781 

5. Sp. Oil Cons. 
(ml/kWH) 

0.668 0.751 0.649 0.699 1.942 0.666 1.641 

6. PLF (%) 
 

79.86 77.56 88.69 90.34 25.61 78.32 55.23 

7. Availability 
(%) 
 

98.05 96.50 92.42 94.46 27.45 86.14 60.08 

8. Heat rate, 
kCal/kWh 

2673 2658 2589 2631 2568 2606 2517 

9. Running Hrs. 
 

8588:4
9 

8453:2
1 
 

8095:4
9 
 

8274:5
8 
 

2404.5
3 

7545.33 5262.41 

10. Planned 
outages (%) 

0 1.60 
 

0.05 
 

0 0 10.23 34.87 

11. Forced 
outages (%) 
 

1.95 
 

1.90 
 

7.53 
 

5.54 
 

72.55 3.63 5.05 

 

 

 

 

 

Table-3b 

             KEY PERFORMANCE INDICES (YEAR 2005-06) 

 
Sr. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 
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1. Max. load 
(MW) 

203 192 216 220 520 525 526 

2. Av. Load 
(MW) 

177.58 163.76 197.07 205.48 466.96 446.01 453.09 

3. Aux. Power 
Cons. (%) 

10.47 10.00 8.30 7.70 7.49 6.6 7.05 

4. Sp. Coal 
Cons. 
(kg/kWH) 

0.754 0.758 0.738 0.741 0.735 0.724 0.728 

5. Sp. Oil Cons. 
(ml/kWH) 

0.885 1.432 1.345 0.939 0.491 1.121 1.412 

6. PLF (%) 
 

80.04 64.32 83.96 87.91 22.60 81.27 82.66 

7. Availability 
(%) 
 

94.65 82.47 89.47 89.84 24.2 91.11 91.21 

8. Heat rate, 
kCal/kWh 

2717 2769 2657 2671 2584 2553 2539 

9. Running Hrs. 
 

8291:4
4 

7224:4
7 
 

7837:4
3 
 

7870:0
9 
 

2119:5
0 
 

7981:07 
 

7990:1
8 
 

10. Planned 
outages (%) 

0 13.03 
 

9.29 
 

7.99 
 

8.49 0.07 0 

11. Forced 
outages (%) 
 

5.35 
 

4.50 
 

1.23 
 

2.16 
 

67.31 8.83 8.79 
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Table-3c 

KEY PERFORMANCE INDICES (YEAR 2004-05) 

 
Sr. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 

1. Max. load 
(MW) 

194 206 210 216 528 518 523 

2. Av. Load 
(MW) 

168.05 177.94 190.28 201.91 469.61 429.15 450.30 

3. Aux. Power 
Cons. (%) 

9.70 8.84 8.36 8.04 6.94 7.10 7.37 

4. Sp. Coal 
Cons. 
(kg/kWH) 

0.771 0.769 0.769 0.769 0.768 0.769 0.767 

5. Sp. Oil Cons. 
(ml/kWH) 

1.419 0.637 0.863 0.632 0.318 1.118 1.184 

6. PLF (%) 
 

69.09 80.01 88.34 92.87 85.26 62.48 77.08 

7. Availability 
(%) 
 

86.34 94.42 97.50 96.59 90.78 72.80 85.59 

8. Heat rate, 
kCal/kWh 

2725 2750 2714 2628 2574 2544 2504 

9. Running Hrs. 
 

7563:2
2 
 

8271:2
3 
 

8540:5
2 
 

8484:3
8 
 

7951:5
9 
 

6377:0
2 
 

7497:
51 
 

10. Planned 
outages (%) 

9.40 
 

0.00 
 

0.18 
 

0.00 
 

0.04 18.79 8.18 

11. Forced 
outages (%) 
 

4.26 
 

5.58 
 

2.32 
 

3.41 
 

9.19 8.42 6.23 
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Table-3d 

KEY PERFORMANCE INDICES (YEAR 2003-04) 

 
 

Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 
5 

Unit 
6 

Unit 7 

1. Max. load 
(MW) 

209 202 210 215 524 500 528 

2. Av. Load 
(MW) 

171.11 168.65 189.36 201.34 454.0
3 

420.5
3 

472.04 

3. Aux. Power 
Cons. (%) 

10.00 8.53 8.90 8.47 6.96 6.93 6.98 

4. Sp. Coal 
Cons. 

(kg/kWH) 

0.718 0.719 0.719 0.718 0.718 0.718 0.718 

5. Sp. Oil Cons. 
(ml/kWH) 

1.424 1.716 1.166 0.867 0.648 0.899 1.116 

6. PLF (%) 74.52 67.77 76.22 86.07 75.94 75.89 89.73 

7. Availability 
(%) 

91.46 84.38 84.52 89.77 83.62 90.23 95.04 

8. Heat rate, 
kCal/kWh 

2694 2723 2619 2636 2504 2508 2427 

9. Running Hrs. 8033:3
1 

7412:1
6 

7424:3
9 

7885:4
6 

7345:
37 

7926:
13 

8348:2
9 

10. Planned 
outages (%) 

2.73 8.87 12.29 6.96 13.39 3.76 0.28 

11. Forced 
outages (%) 

5.81 6.75 3.18 3.27 2.98 6.00 4.68 
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Table-3e 

KEY PERFORMANCE INDICES (YEAR 2002-03) 

 
Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 
5 

Unit 
6 

Unit 7 

1. Max. load 
(MW) 

190 203 210 215 502 494 512 

2. Av. Load 
(MW) 

160.89 171.84 188.75 202.74 428.3
1 

420.2
2 

456.16 

3. Aux. Power 
Cons. (%) 

10.16 8.40 9.01 8.33 6.75 6.99 7.21 

4. Sp. Coal 
Cons. 

(kg/kWH) 

0.719 0.719 0.719 0.717 0.719 0.714 0.719 

5. Sp. Oil Cons. 
(ml/kWH) 

1.973 1.103 1.647 1.138 0.451 1.012 1.659 

6. PLF (%) 66.58 75.64 82.28 81.67 79.76 63.76 74.46 

7. Availability 
(%) 

86.90 92.43 91.55 84.60 93.11 75.86 81.61 

8. Heat rate, 
kCal/kWh 

2681 2748 2704 2662 2548 2494 2457 

9. Running Hrs. 7612:2
8 

8097:0
6 

8019:4
7 

7411:0
2 

8156:
18 

6645:
29 

7149:1
2 

10. Planned 
outages (%) 

6.85 0.00 0.00 12.16 0.00 18.77 9.82 

11. Forced 
outages (%) 

5.32 7.45 5.07 3.24 6.70 5.07 8.42 

 

 

 

 

 

The performance data for the total station since last seven years is further compiled below 

in Table-4:  

 
Table – 4 
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Sr
No 

PARTICULA
RS 

UNIT YEAR 

   2000-01 2001-02 2002-03 2003-04 2004-05 2005-06 2006-
07 

1 Station 
Capacity 

MW 2340 2340 2340 2340 2340 2340 2340 

2 Station 
Heat Rate 

Kcal/
Kwh 

2630 2776 2571 2544 2600 2611 2600 

5 Generation 
Target 

MU        

6 Actual 
Generation 

MU 15555.5
86 

16227.27
6 

15179.486 16227.41
6 

15923.74
0 

13987.1
94 

13160.8
81 

7 Actual PLF % 75.89 79.16 74.05 78.95 77.68 68.24 64.20 
8 Avail. 

factor 
% 87.44 90.25 85.45 88.88 86.88 76.12 71.34 

9 Oil 
Consumpti
on  - LDO 

KL   7955 8092 7260 7746 5995 

10 Sp. Coal 
Consumpti

on 

Kg/K
wh 

0.710 0.743 0.718 0.718 0.768 0.735 0.783 

11 Sp. oil 
Consumpti

on 

ml/k
wh 

1.350 1.473 1.184 1.028 0.846 1.157 0.966 

12 GCV of Coal Kcal/
KG 

3684 3716 3566 3528 3374 3536 3310 

13 GCV of Oil Kcal/
Ltr. 

9498 9402 9270 9239 9140 9206 9238 

14 Aux. Cons. MU 1187.67
88 

1240.825
1 

1168.8033 1241.780
5 

1229.106
3 

1089.45
13 

1066.76
97 

  % 7.64 7.65 7.70 7.65 7.72 7.79 8.11 

15 Planned 
Outages 

Nos.        

  Hrs.  402.43 684.40 570.36 580.73 398.56 857.20 
  % 5.34 4.59 7.81 6.49 6.63 4.55 9.79 

16 Forced 
Outages 

Nos.        

  Hrs.  451.60 543.80 406.39 568.49 1693.60 1653.5
3 

  % 7.22 5.16 6.21 4.63 6.49 19.33 18.88 
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17 Due to 
Boiler Tube 
Leakage 

Nos. 71 46 47 33 34 28 27 

  Hrs. 3958:45 2638:58 2664:15 1842:17 2374:52 1926:12 1343:13 
  % 6.59 

 
4.36 
 

4.53 
 

2.69 
 

4.28 
 

3.38 
 

2.28 
 

1.3 As evident from the above tables the performance of the units are not upto the desired 

levels. Few broad reasons which pose problems in meeting the desired performance 

level of the  units are i) poor quality of coal ii) increase in CW inlet temp. as compared 

to design value iii) obsolete design of first two boilers and iv) ageing of the units .  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHAPTER No. 2 
 

PRESENT CONDITION OF PLANT & EQUIPMENT 
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2. CONDITION ASSESSMENT OF PLANT AND EQUIPMENT  

 

  OVERALL PERFORMANCE LEVEL 

 

The salient features of the condition of major plant and facilities are described here under: 

 

2.1  BOILER & AUXILIARIES 

 

STAGE-1 
 

In general the condition of pressure parts of boilers of all the units is bad. The 
frequency of tube failures is high which affects the overall availability of the 
boilers. Due to prolonged and continuous operation, boiler pressure parts 
have become weak.  

 

The boilers of first two units are front fired supplied by ABL. The water 

walls of the boiler are of conventional type and not of membrane wall 

construction. The present condition of the air and flue gas system is not 

satisfactory. Ingress of air has been observed at various locations affecting 

the draft system adversely. It  has been observed that the loading on ID 

fan is increased due to these leakages and other reasons. 

   

As per the design data comparison of boilers in case of ABL make boilers of 

Units 1 & 2 and that of BHEL boilers for Units 3 & 4, following differences 

are noted: 
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Comparision of ABL/ BHEL boilers , 210 MW at CSTPS 

Particulars
ABL Boiler (Unit-1 & 2) BHEL Boiler (Unit-3 & 4)

FurnaceVolume 3622 CUM 5200 CUM

Heating surface of furnace 1832 Sqr Mtr 2380 Sqr Mtr

Coal Calorific Value 4313 Kcal / Kg 4445 Kcal/Kg

Boiler Type Front Fired Corner Fired

Air Heater Tubular Rotary Regenerative

Secondary Air Control Air Registors Secondary Air Damper Control

Coal Mill
Ball & Ring

No Reject

Bowl Type

Regular Reject evacuation

Mill Capacity 30.1 T/ Hr 36.8 T/Hr

Mill Fineness 70% through 200 mesh 70% through 200 mesh

Unburnt Coal

Slag Ash 8% 3 to 4 %

Fly Ash 2.5 to 3% Below 1 %

ID Fan capacity 194 CUM / Sec 230 CUM/Sec

ID / FD Fans
Backword aero-foil blades, 

Double inlet, Radial Flow

Vertical Suction, Horizontal 

disharge axial flow

FD Fan capacity 105 CUM / Sec 105 CUM / Sec

Metal temp of Final S/H & 

Pendenr R/H coils

Due to secondary combustion, 

metal temp. execeed design 

temp. This causes BTL due to 

overheating and load restriction.

Generally remains normal

Constraints in loading of Units 1 & 2 (210 MW capacity each) 
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I) Design constraints : Both units are having ABL make front fired boilers. At present on 

both units, an average load of 180 MW is possible. The constraints in achieving the design 

load are  

 

1. Small furnace volume (3622 M
3
) as compared to BHEL boilers (5200 m

3
). 

2. Coal mill capacity is less (30.1 TPH ) as against 36.8 TPH of BHEL, corner fired boilers. 

3 .Boiler is designed to operate at design CV of 4313  Kcal/kg but actually coal received is 

of less calorific value i.e. 3400 to 3500 Kcal/kg 

 

II) Reheater metal temp restriction. :- Both units have run for more than 22 years. The 

creep life of the Superheater & Reheater tubes is reduced and overheating failures are more. 

Hence, load is restricted so as not to allow metal temperature more than 560 Deg.C. to 

avoid forced outages due to boiler tube leakage. The SH and RH steam temps are also 

maintained less for this reason.  

 

III) ID overloading :- ID fan is loaded up to full capacity. There is no further margin even 

if other parameters allow better loading on the unit. This is because – a) Reheat metal temp 

is controlled by dampers. Reheat dampers close to control RH steam temp. This increases 

path-resistance   b) Air ingress.in air heaters due to tube leakages (Tubular type air heaters 

).  

 

Moreover, ID capacity is less ( 194 M
3
/sec) as against 230 M

3
/sec in BHEL boilers.  

 

iv) Combustion problem : Being a front fired boiler with less volume, unburnt in 

ash is on higher side. Average unburnt in fly ash is 2.5 to 3.0 % where as in bottom 
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ash, it is around 8 to 10%. Carried over unburnt indulge in secondary combustion 

leading to high metal temp & consequently tube failure. 

 

v)Average load since commissioning : Performance statistics of the units since 

commissioning indicates that these units have been operated at an average load on 

monthly basis in the range of 160 to 180 MW only.  

 

vi) Availability : When it is tried to load the unit above 190 MW, there are chances 

of boiler tube failures due to overheating. If average load on the unit is maintained 

around 180-185 MW or less, availability of the units improve.  

 

The average load on Units 1  since commissioning can be better viewed 

with the help of following graphics: 

 

U-1_Yearly Average Load since commissioning
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Similarly, for Unit No. 2, the average load since commissioning is indicated 

below: 
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U-2_Yearly Average Load since commissioning
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As per the above graphics and various constraints explained above, it can 

be very well concluded that the above load achievable by Units 1 & 2 can 

not be more than 180 MW. 

 

The boilers of Units 3 & 4 do not have major problems except due to 

anticipated problems owing to poor coal quality and ageing of the units. 

 

STAGE-2 
 

The boilers of Units 5, 6 & 7 are badly affected due to clinker problems. 

Salient features of this problem are further elaborated hereunder: 

 

GENERATION LOSS (MUS) DUE TO CLINKERS PROBLEM SINCE 

COMMISSIONING . THE VALUES IN BRACKET SHOW NUMBER OF 

TRIPPING/OUTAGE DUE TO CLINKERING PROBLEM 

Year Unit-5 Unit-6 Unit-7 Total 

1993-94 0.75 (1) 157.871 (1)   157.871 
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 The primary causes for above problem are the following: 

 

• Lower ash fusion temp of the fired coal than furnace temp maximizes 

shrinkage rate causing slagging and clinkering in furnace  

 

•  The sand content in coal is primarily the cause for slagging and clinkering. 

The sand has Iron impurities to the tune of 15% alongwith calcium 

impurities because of which ash fusion temperature decreases to 1187 

deg. C and shrinkage rate is maximized at temp above 1250 deg. C.   

 

•  Firing of lower CV coal than design results into more quantity of coal 

firing, which in turn increases the furnace ash load and temperature.  

 

The clinkering problem gives rise to more frequent soot blowing as well as 

frequent bottom ash evacuation. 

 

1995-96 5.234 (1) 1.341 (1)   6.575 

1996-97 2.442 (1) N I L   2.442 

1997-98 2.984 (1) 2.222 (1) N I L 5.206 

1998-99 3.084 0.901 0.252 4.237 

1999-00 1.032 (1) 16.456  (3) 6.598 (1) 24.086 

2000-01 5.973 (1) 5.794 7.708  (2) 19.475 

2001-02 8.520 5.313 (1)  25.184 (3) 39.017 

2002-03 0.100 28.085 (2) 3.276 31.461 

2003-04 58.149 (1) 4.222 (1) 2.990 65.361 

2004-05 60.880 (1) 27.184 (1) 3.974 92.038 

2005-06 1.962 20.322 *(1) 1.306 23.590 

2006-07 0.564 9.682 0.499 10.745 

2007-08 
(till 25-06-
07) 

136.116 (1) 34.377 (1) 0.364 170.857 

Total 287.790 313.770 52.151 652.961 
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There is a problem of encountering high reheater metal temperature. This 

problem is continued even though the material of reheater has been 

changed once. Accordingly, the reheater temperature set point has been 

changed from 537 deg.C to 530 deg. C. 

 

Units 5 & 6 have been provided with bowl mills which produce higher 

percentage of rejects as compared to design values. Similarly, in case of 

Unit No. 7, tube mills are provided. Though tube mills are considered to 

be of robust design, there performance deteriorates in case of higher 

moisture content in coal. As per the quality of coal available for 

Chandrapur TPS, it has been observed that moisture content in coal goes 

as high as 16% as compared to the design value of  8 % to 10%.  

   

2.2 TURBINE AND AUXILIARIES 

 
Few problems in TG area are as described below:  

  

Cooling water temperature: The cooling water system for Units 5 & 6 are 

designed based on a temperature of 30 deg. C whereas the design of 

cooling towers is based on 34 deg. C temperature. This causes inadequate 

cooling particularly during summer season resulting into loss of condenser 

vacuum. 

 

Availability of turbine driven boiler feed pumps (TDBFP): Due to 

problems in the governing system, the TDBFPs in case of Units 5 & 6 are 

not in constant operation. This causes frequent running with motor driven 

BFPs causing higher auxiliary power consumption. 
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Vibration: Bearing vibration has been observed in case of Unit # 7. The 

vibration level goes as high as 100 micron which results into load 

restriction on this unit to the extent of 40-50 MW.  

 

LPT blade Failure: Failure of LPT blades is generic problem of 500MW 

units. Such failures have occurred number of .times in both unit no. 5 and 

unit no. 6. 

 

 

 

2.3 ASH HANDLING SYSTEM 

 

The ash handling system for the units is a conventional ash slurry disposal 

system.  In Unit-5&6 there are total 5 lines against the 6 series. As such, 

one line is always short in either unit. 

 

Recently Cement manufactures have installed dry ash system / dense 

phase ash evacuation system in ESP of U- 3 to 7. 

 

In stage -2 units, due to Clinkering tendency and piling up Clinkers at 9 

mtr level manholes, bottom ash evacuation frequency is increased at every 

2 hrs as against designed frequency of once in a shift. This has imposed 

constraints on fly ash evacuation causing rat holing in fly ash hopper. 

 

 

2.4 COAL HANDLING SYSTEM 

 

As such, there are no noticeable constraints in coal handling system 

except for it being located far away from the plant. This causes increased 
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distance of conveying of coal resulting into increase in auxiliary power 

consumption. 

 

Wet Coal Problem: Coal is supplied mostly from nearby open cast mines 

having large overburden of high ash content. Therefore frequent choke up 

takes place in CHP bunkers and milling system. Many times there is load 

reduction and unit tripping owing to above problem in coal quality. 

 

 

2.5 OTHER PLANT AND EQUIPMENT 

 

The overall condition of balance facilities is in general upto mark because of 
relatively less age of the Stage –2 plant as compared to other power stations of 
MSPGCL .



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHAPTER No. 3 
 

HEAT RATE CALCULATION 
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3. HEAT RATE CALCULATION 

 

As indicated in the foregoing chapters, the performance condition of plant 

and equipment has deteriorated over a period of time. The following table 

shows, the heat rate achieved by the station  units during last five years: 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

As evident from the above table, the plant has a deteriorating trend in 

terms of heat rate which calls for a in-depth review.  If the heat rate 

achieved during last five years is compared to the design heat rate of the 

units, the trend shows about 16% to 19% deviation from the design values. 

 

The heat rate of a plant is affected by the following factors: 

• Ageing of the plant 

• Operating load of the plant 

Sl. No. Description 2006-07 2005-06 2004-05 2003-04 2002-03

Stage-1 210 210 210 210 210

Stage-2 515 520 520 520 510

Stage-1 186 186 185 183 181

2 Stage-2 461 455 450 449 435

4
Sp. Coal Cons. 

(kg/kWH)
0.797 0.7478 0.7695 0.7185 0.7185

5
Sp. Oil Cons. 

(ml/kWH)
0.69 1.15 0.89 1.29 1.47

6 PLF (%) 84.11 79.058 82.578 76.145 76.543

7 Availability (%) 95.36 89.108 93.713 87.533 88.87

8
Heat rate, 

kCal/kWh
2637.8 2703.5 2704.3 2668 2698.8

9
Design Heat 

Rate, kcal/kWh
2278 2278 2278 2278 2278

10
% deviation from 

design
16 19 19 17 18

Av. Load (MW)

1 Max. load (MW)
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• Quality of fuel as compared to design quality 

• Operating parameters like Main Steam Pressure, Main Steam Temp., 

Reheat Steam Pressure, Reheat Steam Temp. etc. 

• Condenser vacuum as compared to design vacuum 

• Feed water inlet temperature as compared to original heat balance 

• Flue gas outlet temperature as compared to design values 

• Improper combustion in boiler causing more velocity of flue gas, 

increased metal temperatures of  reheater tubes  which calls for 

increased reheater spray, increased unburnt coal in ash, erosion of 

tubes resulting into more number of tube leakages etc. 

• Leakages in boiler area due to improper sealing etc. 

• In crease in DM water make-up 

• Frequent starts / stops  

 

The above parameters are analysed in the following table with respect 

to Stage – 1 units of Chandrapur TPS (4 x 210 MW): 

 

Sl. 

No. 

Description Remarks 

1. Ageing of the plant The age of the units ranges from 21 years to 

24 years. As such, due to natural  

deterioration because of wear & tear, 

different temp. regimes etc., an increase in 

heat rate is well expected. As per ASME PTC – 

6R (1985) an average increase of 0.4% in heat 

rate is estimated for every year. As per this 

provision, the corrected heat rates of the 

four units become  2590 kcal/kWh , 2580 
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kcal/kWh, 2571 kcal/kWh and 2561 kcal/kWh 

respectively. 

2. Operating load of 

the plant 

As per the operating record of the units, 

there is an average load restriction to the 

extent of  30 MW for Units 1 & 2, 20 MW for 

Unit 3 and about 10 MW for unit 4. As per the 

correction curves of OEM, the increase in 

heat rate due to partial loading @ 1.2 

kcal/kWH per MW loss i.e. about 12 to 36 

kcal/kWh loss is expected.  

3. Quality of coal The first two units are designed to operate 

with coal of GCV  4313 kcal/kg and units 3&4 

are designed for 4445 kcal/kg whereas the 

available coal is having GCV of about 3500 - 

3700 kcal/kg. Also, the designed constituents 

of coal like moisture, Hydrogen and ash show 

a wide variation as compared to the actual 

coal quality. It is observed that difference in 

moisture content and Hydrogen content are 

of the order of 2 % and 1% respectively. 

Considering the fact that these constituents 

have a resulting effect in heat transfer in 

boiler. As per the furnace performance 

monitored in terms of boiler efficiency, these 

deviations result into heat rate increase of 

about 67 kcal/kWh for each unit.   

4. Operating 

parameters of the 

units  

Because of poor quality of coal, higher 

quantity of coal is being fired in the boilers. 

This results into increased metal temperature 
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in reheater zones. Also due to mal - operation 

of reheater dampers and in absence of 

reheater spray, the control of reheater metal 

temp. becomes difficult. As per the operating 

regime of the units, the MS temp. and HRH 

temp. is kept low to avoid BTL. The decrease 

in MS temp. in case of Units 1 & 2 is about 20 

deg.C each and the decrease in HRH temp. is 

about 25 deg. C for each of Units 1 & 2. The 

HR deviation due to this comes at about 28 

kcal/kWh for each units 1 & 2.   

5. Increase in coal mill 

reject 

Due to deterioration in the coal quality, it is 

observed that against design value of 0.5 %, 

the coal mill rejects are of the order of 1%. 

This increase in reject quantity causes rise in 

heat rate by about 6 kcal/kWh for Units 3 & 

4. 

  

Keeping all the above factors into account, the achievable heat rate 

for different units of  Chandrapur power station (Stage -1 ) works out 

to be as under: 

 

 

 

 

HEAT RATE DEVIATIONS 

ALL FIGURES ARE IN KCAL/KWH 

Sl. Description Unit -1 Unit -2 Unit -3 Unit -4 
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No. 

1. Design heat 

rate 

2363 2363 2363 2363 

2. Due to ageing 227 217 208 198 

3. Increase in coal 

mill reject 

0 0 6 6 

4. Partial loading 36 36 24 12 

5. Increase in 

Moisture in 

coal 

10 10 10 10 

6. Increase in 

Hydrogen in 

coal  

57 57 57 57 

7. Decrease in MS 

and HRH temp. 

28 28 0 0 

8. TOTAL HR 2721 2711 2668 2646 

 

As such, the average station heat rate of  Stage – 1 units of Chandrapur 

power station will be = (2721+2711+2668+2646)/4 = 2686 kcal/kWh 

 

The parameters affecting heat rate are further analyzed in the 

following table with respect to increase in heat rate of Stage – 2 units 

of CSTPS: 

 

Sl. 

No. 

Description Remarks 

1. Ageing of the plant The average age of the units ranges from 10 

years to 16 years. As such, due to natural  
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deterioration because of wear & tear, 

different temp. regimes etc., an increase in 

heat rate is well expected. As per ASME PTC 

– 6R (1985) an average increase of 0.4% in 

heat rate is expected for every year. As per 

this provision, the corrected heat rates of 

the three units become  2381 kcal/kWh , 

2372 kcal/kWh and  2303 kcal/kWh 

respectively. 

2. Operating load of 

the plant 

As per the operating record of the units, 

there is an average load restriction to the 

extent of 40 MW for all units. As per the 

correction curves of OEM, the increase in 

heat rate due to partial loading @ 1.2 

kcal/kWH per MW loss i.e about 48 kcal/kWh 

loss is expected.  

3. Quality of coal The units are designed to operate with coal 

of GCV  3750 kcal/kg for Units 5 & 6 and 

3500 kcal/kg for Unit 7 whereas the 

available coal is having GCV of about 3000 - 

3300 kcal/kg. Also, the constituents of coal 

like moisture, Hydrogen and ash show a wide 

variation as compared to the designed coal 

quality. It is observed that difference in 

moisture content and Hydrogen content are 

of the order of 2 % and 1% respectively. 

Considering the fact that these constituents 

have a resulting effect in heat transfer in 

boiler. As per the furnace performance 
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monitored in terms of boiler efficiency, 

these deviations result into heat rate 

increase of about 67 kcal/kWh for each unit.   

4. Operating 

parameters of the 

units  

Because of poor quality of coal, higher 

quantity of coal is being fired in the boilers. 

Also, frequent clinkering problems result into 

increased metal temperature in reheater 

zones resulting into reheater sprays which 

are loss to the heat rate of the units. As per 

the operating regime of the units, about 25 

t/h reheater sprays are being done in Unit 5 

& 6 and the same for Unit 7 is about 10 t/h. 

The loss due to reheater spray accounts to 

loss of about 32 kCal/Kwh for Units 5 & 6 and 

about 13 kcal/kWh for Unit 7 .   

5. Condenser vacuum 

and CW inlet temp. 

Because of difference in design CW 

temperature of cooling towers and 

condenser, drop in condenser vacuum is 

caused in case of Units 5 & 6 which results 

into increase in heat rate of these units. As 

per correction curves of OEM, an increase in 

plant heat rate by 0.7% is expected due to 

loss of 0.01 bar vacuum in condenser. An 

increase in heat rate due to this factor works 

out to be 33 kcal/kWh for Units 5 & 6.  

6. Increase in coal mill 

reject 

Due to deterioration in the coal quality, it is 

observed that against design value of 0.5 %, 

the coal mill rejects from units 5 & 6 are of 

the order of 1%. This increase in reject 
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quantity causes rise in heat rate by about 6  

kcal/kWh for these units . 

7. Unaccounted losses 

due to CHP, unburnt 

etc. 

Because of the poor coal quality, more coal 

is being fired as compared to the design 

value. This causes more unburnt in both fly 

ash and bottom ash. Also, due to handling 

losses in CHP area, station heat rate gets 

increased. Considering the total loss on these 

accounts limited to 1%, the HR deviation 

works out to be about 22 kcal/kWh for each 

unit.  

  

Keeping all the above factors into account, the achievable heat rate 

for Stage -2 units of Chandrapur power station works out to be as 

under: 

 

HEAT RTAE DEVIATIONS 

ALL FIGURES ARE IN KCAL/KWH 

Sl. 

No. 

Description Unit -5 Unit -6 Unit -7 

1.  Design heat rate 2238 2238 2214 

2.  Due to ageing 143 134 89 

3.  Reheater Spray 32 32 13 

4.  Increase in coal mill 

reject 

6 6 0 

5.  Partial loading 48 48 48 

6.  Decrease in 

condenser vacuum 

33 33 0 
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7.  Increase in Moisture 

in coal 

10 10 10 

8.  Increase in Hydrogen 

in coal  

57 57 57 

9.  Unaccounted like 

CHP. Forced 

outages, frequent 

start/stops etc. 

22 22 22 

10. TOTAL HR 2589 2580 2453 

 

As such, the average heat rate of  Stage-2 power station of Chandrapur  

will be = (2589+2580+2453)/3 = 2541 kcal/kWh 

 

STATION HEAT RATE 

 

Considering the above factors, the achievable heat rate in case of both 

stages works out to be as follows: 

Stage – 1  : 2686 kcal/kWh 

Stage – 2 : 2541kcal/kWh 

 

Taking the weighted average of both stages, the achievable station 

heat rate for Chandrapur Thermal Power Station comes out to be : 

 

((2686 x 840MW) + (2541 x 1500))/ 2340  = 2593 kcal/kWh.  

 

This heat rate has been predicted for the year for the year 2007-08. 

Since, there is no Renovation & Modernisation planned for this power 

station, it is predicted that the heat rate of the station will further 

increase by 0.4% of normative heat rate i.e. 0.4% of 2500 kcal/kWh per 
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annum which comes to be about 10 kcal/kWh per annum. As such the 

achievable heat rate of Chandrapur Power Station  for next three years 

will be as follows: 

 

Sl. No. Year Heat rate, kcal/kWh 

1 2007-08 2593 

2 2008-09 2603 

3 2009-10 2613 

 

Further, if the heat rate of last six months for this power station is 

considered which is of the order of about 2597 kcal/kWh, it is observed 

that the same is well within the recommended range.  
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CALCULATION 
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4. AUXILIARY POWER CONSUMPTION CALCULATION 

 

As per the O&M records of the power station, the average auxiliary power 

consumption as achieved by the station during last five years is noted as 

follows: 

 

Year Stage-1 aux. Power cons. 

(%) 

Stage-2 aux. Power cons. 

(%) 

2002-03 8.975 6.98 

2003-04 8.975 6.96 

2004-05 8.73 7.13 

2005-06 9.11 7.04 

2006-07 9.14 7.4 

 

The auxiliary power consumption of any unit is based on the operating conditions 

of the plant like; 

 

- No. of drives in actual operation as compared to designed drives 

- Unique drives typical to a particular power plant as compared to other 

similar units 

- Ageing of the units 

 

If the above parameters are applied to Chandrapur Thermal Power Station, 

the following additonality is noted: 

 

- Due to poor coal quality of coal, one additional coal mill as compared to 

designed number of operating mills, is being operated in all the units. This 
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causes not only overloading of mills but also enhanced loads on the fans. 

Due to ageing of the  units and ABL design of Units 1 & 2, the leakages in 

case of these boilers is more resulting into further overloading of ID fans. 

Presently, there is hardly any margin in operation of ID fans.  

 

However, if the above figures of auxiliary power consumption are 

compared with CERC norms i.e. 9% in case of 210 MW units and 7.5 % in 

case of 500 MW units, it is observed that the power station is almost 

meeting the same even though the conditions are not fully ideal. The 

weighted average auxiliary power consumption of the station works out to 

be about 8% and it is expected  that the achievable auxiliary power 

consumption of Chandrapur thermal power station will be of the order of  

8% with additional plants like ETP, Recovery Pumps. 
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5. RECOMMENDATION 

 

As discussed in the foregoing chapters, as per the present conditions of 

Chandrapur Thermal power plant the achievable heat rate and auxiliary 

power consumption will be as follows: 

 

 

Sl. No. Year Heat rate, kcal/kWh Aux. power cons. % 

1 2007-08 2593 8 

2 2008-09 2603 8 

3 2009-10 2613 8 

 

 

Following broad recommendations are proposed for improvement of 

performance level of the power station: 

 

1. For calculation of heat rate on annual basis, the stock measurement 

system gives almost believable values with some margin of errors. But 

considering strict stipulations from regulatory authorities, it would be 

in the overall interest of the organization to install gravimetric 

feeders for new units. Installation of gravimetric coal feeders for 

existing units may incur considerable investment for which a 

convincing justification may be difficult. However ,same in case of 

Umit-7 is already provided. 

  

2. The boilers of Units 1 to 2 have become uneconomical for operation 

on long term basis. Either comprehensive R&M or replacing the boiler 

with new should be thought of in right earnest to improve 

performance level of the power station. 
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3. Arrangements may be done to get washed coal /imported coal for the 

plant 

 

4. The design defect in case of cooling towers for Units 5 & 6 may be 

rectified for improved performance of these units. 

 

5. Dry ash handling and storage facility should be provided to meet 

CPCB/MoEF stipulations of 100% ash utilization. 
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1. INTRODUCTION 

1.5 Nasik Thermal Power Station of Maharashtra State Power Generation Company 

Limited  is located at Eklahare in Nasik district of Maharashtra. There are five power 

generating units installed during years 1970 – 1981 in two stages. Units 1 & 2 (140 MW 

each) were installed in the year 1970-71 whereas Units 3, 4 & 5  (210 MW each) were 

installed in the year 1979-81. A brief description on total number of installed units is as 

indicated  below in Table 1. 

Unit 

No. 

Year of 

Install. 

Capacit

y (MW) 
Supplier 

Condition 

as on date 

Units gen. 

till March 

2007 (MU) 

Hours run 

till March 

2007 

 
1 

 

16.8.70 
 

140 MW 

 
CEM, France 

 

DERATED TO 
125 MW 

From 20 
Apr-07 

 

25791.354 

 

258060.52 

 

2 

 

24.3.71 
 

140 MW 
 

CEM, France 

DERATED TO 
125 MW 

From 20 
Apr-07 

 

24373.506 

 

241927.54 

 
3 

 

29.04.79 210 MW BHEL NIL 

 

32049.422 

 

185803.48 

 
4 
 

10.07.80 210 MW BHEL NIL 

 

34345.729 

 

194854.56 

5 30.01.81 210 MW BHEL NIL 

 

31922.369 

 

 

185572.07 

 

 

1.6 As evident from the above table, the first stage units have become old and have been 

operated for more than 2,00,000 Hrs.  Few design parameters of the power plant are as 

indicated below: 
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Table-2 
SALIENT DATA ON PLANT DESIGN 

Sl. No. Description Unit 1 
Unit 2 

Unit 3 Unit 4 Unit 5 

1. Capacity, MW 140 140 210 210 210 

2. Aux. Power Cons. (%) 8 8 9 9 9 

3. Steam Pr. At boiler SH outlet, 

Kg/cm2 
145 145 137 137 137 

4. Steam Temp. at boiler SH outlet, 

deg.C 
543 543 540 540 540 

5. Design GCV of coal, kCal/kg 5900 5900 5000 5000 5000 

6. CW inlet tem., deg.C 28.38 28.38 30 30 30 

7. Heat rate, kCal/kWh 2305 2305 2367 2367 2367 

 

The design GCV of coal is never achieved except in case imported coal or washed is made 

available. Few key performance indices for these units for last five years are indicated 

below in Table 3a to 3e. 

Table-3a 

KEY PERFORMANCE INDICES (YEAR 2006-07) 

 
Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 

1.  Max. load (MW) 132 131 220 215 215 

2.  Av. Load (MW) 109 110 195 193 198 

3. Aux. Power Cons. (%) 8.40 7.93 9.25 9.61 9.08 

4. Sp. Coal Cons. (kg/kWH) 0.710 0.711 0.713 0.708 0.707 

5. Sp. Oil Cons. (ml/kWH) 2.50 2.25 2.99 2.05 2.03 

6. PLF (%) 68.04 71.95 84.73 84.46 92.06 

7. Availability (%) 87.31 91.98 91.02 91.7 97.84 

8. Heat rate, kCal/kWh 2720 2742 2664 2645 2644 
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9. Running Hrs. 7647.10 8056.18 7973.32 8033.05 8570.22 

10. Planned outages (%) 6.18 0.95 6.07 2.93 0.86 

11. Forced outages (%) 6.53 7.08 2.91 5.37 1.30 
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Table-
3b 

KEY PERFORMANCE INDICES (YEAR 2005-06) 
 
Sl. 
No. 

Description Unit 1 
Unit 2 

Unit 3 Unit 4 Unit 5 

1.  Max. load (MW) 140 131 210 216 220 

2.  Av. Load (MW) 113 108 186 195 193 

3. Aux. Power Cons. (%) 8.11 8.01 9.49 9.16 9.46 

4. Sp. Coal Cons. (kg/kWH) 0.670 0.675 0.660 0.660 0.657 

5. Sp. Oil Cons. (ml/kWH) 2.95 2.12 2.42 1.86 2.86 

6. PLF (%) 60.09 47.38 84.42 83.06 73.60 

7. Availability (%) 74.14 61.55 95.11 89.53 80.27 

8. Heat rate, kCal/kWh 2703 2738 2604 2592 2612 

9. Running Hrs. 6494.30 5391.55 8331.27 7842.54 7031.44 

10. Planned outages (%) 21.74 36.29 0 8.05 17.84 

11. Forced outages (%) 4.17 2.16 4.74 2.42 1.88 

   Table-

3c 

KEY PERFORMANCE INDICES (YEAR 2004-05) 

 
Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 

1.  Max. load (MW) 139 140 215 219 220 

2.  Av. Load (MW) 108 108 197 192 177 

3. Aux. Power Cons. (%) 8.57 8.26 9.65 

4. Sp. Coal Cons. (kg/kWH) 0.652 0.656 0.641 0.638 0.642 

5. Sp. Oil Cons. (ml/kWH) 3.42 2.41 3.11 3.90 4.34 

6. PLF (%) 72.50 62.00 82.87 86.25 50.74 

7. Availability (%) 93.69 80.49 88.35 94.36 60.23 
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8. Heat rate, kCal/kWh 2589 2643 2579 2577 2565 

9. Running Hrs. 8207.00 7050.32 7739.38 8266.13 5276.30 

10. Planned outages (%) 2.58 4.49 6.24 0 34.73 

11. Forced outages (%) 3.73 15.02 5.41 4.43 5.03 
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Table-3d 

KEY PERFORMANCE INDICES (YEAR 2003-04) 

 
Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 

1.  Max. load (MW) 140 136 220 217 220 

2.  Av. Load (MW) 110 107 207 184 183 

3. Aux. Power Cons. (%) 8.15 8.99 

4. Sp. Coal Cons. (kg/kWH) 0.610 0.633 0.649 0.645 0.640 

5. Sp. Oil Cons. (ml/kWH) 3.72 6.36 1.73 1.98 1.81 

6. PLF (%) 65.54 35.36 93.40 65.32 79.73 

7. Availability (%) 83.52 46.16 94.98 74.42 91.39 

8. Heat rate, kCal/kWh 2528 2571 2543 2561 2545 

9. Running Hrs. 7336.35 4054.27 8343.05 6537.12 8027.29 

10. Planned outages (%) 8.37 47.22 0 18.99 2.28 

11. Forced outages (%) 8.11 6.63 5.02 6.59 6.34 

Table-3e 

KEY PERFORMANCE INDICES (YEAR 2002-03) 

 
Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 

1.  Max. load (MW) 138 135 225 210 210 

2.  Av. Load (MW) 101 108 193 190 190 

3. Aux. Power Cons. (%) 8.55 9.12 

4. Sp. Coal Cons. (kg/kWH) 0.615        
0.640 

0.669 0.655 0.657 

5. Sp. Oil Cons. (ml/kWH) 5.32 2.94 4.21 4.33 1.12 

6. PLF (%) 67.75 70.40 32.61 83.13 82.39 

7. Availability (%) 93.69 90.50 35.47 92.04 90.85 
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8. Heat rate, kCal/kWh 2497 2578 2571 2553 2558 

9. Running Hrs. 8207.32 7927.44 3106.47 8062.48 7958.20 

10. Planned outages (%) 0.00 0.00 63.21 0 0 

11. Forced outages (%) 6.31 9.50 1.33 7.96 9.15 

The performance data for the total station since last seven years is further compiled below 

in Table-4:            

           Table - 4 

STATION PERFORMANCE DATA 

SL 
NO 

PARTICULARS UNIT YEAR 

      2000-01 2001-02 2002-03 2003-04 2004-05 
2005-
06 

2006-07                

1 
Station 
Capacity 

MW 910 910 910 910 910 910 910 

2 
Station Heat 
Rate 

Kcal/
Kwh 

2528 2560 2552 2548 2586 2648 2671 

5 
CEA 
Generation 
Target 

MU 5500 4495 5010 5665 5010 5687 6270 

6 
Actual 
Generation 

MU 
5842.67

4 
 

5660.28
6 
 

5339.05
6 
 

5639.47
1 
 

5694.08
8 
 

5753.0
76 

6523.02
7 

7 Actual PLF % 73.29 71.01 66.98 70.55 71.43 72.17 81.82 
8 Avail. factor % 88.01 82.78 78.73 80.13 82.85 82.01 92.32 

9 
Oil 
Consumption  
- LDO 

KL 2251 2181 2254 3041 2449 1901 2268 

10 
Sp. Coal 
Consumption 

Kg/K
wh 

0.652 0.633 0.649 0.639 0.642 0.662 0.71 

11 
Sp. oil 
Consumption 

ml/k
wh 

3.31 3.41 3.33 3.30 3.49 2.42 2.35 

12 GCV of Coal 
Kcal/
KG 

3828 3993 3884 3937 3973 3977 3743 

13 GCV of Oil 
Kcal/
Ltr. 

10710 10710 10710 10710 10710 10710 10710 

14 Aux. Cons. MU 522.496 505.583 477.323 496.446 524.677 
521.53
5 

587.386 

    % 8.94 8.93 8.94 8.80 9.21 9.07 9.00 
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15 
Planned 
Outages 

Nos. 4 5 4 6 9 6 5 

    Hrs. 412.26 929.51 1277.45 1182.18 923.37 
1305.1
5 

295.50 

    % 4.71 10.61 14.59 13.46 10.54 14.90 3.37 

16 
Forced 
Outages  

Nos. 90 81 97 101 108 65 81 

    Hrs. 637.51 578.40 585.46 562.49 554.12 271.29 377.43 
    % 7.28 6.61 6.69 6.41 6.33 3.06 4.30 

17 
Due to Boiler 
Tube Leakage 

Nos. 33 35 37 31 45 19 27 

    Hrs. 365.13 297.93 309.34 313.02 406.37 164.21 245.15 
    % 4.63 4.47 3.82 3.73 5.07 1.90 2.71 

 
 
 

1.7 As evident from the above tables though the performance of the units in terms of PLF 

and availability is reasonably good, the heat rate is on the higher side.  

 

1.8  Further, the units were designed based on GCV of coal as 5000 kcal/kg to 5900 kcal/kg 

whereas the actual coal quality is of inferior grade causing increased firing of coal to 

maintain the load and causing resultant increase in heat rate.  
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EQUIPMENT 
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2. CONDITION ASSESSMENT OF PLANT AND EQUIPMENT  

 

  OVERALL PERFORMANCE LEVEL 

 

The salient features of the condition of major plant and facilities are described here under: 

 

2.1  BOILER & AUXILIARIES 

 

STAGE-1 
 

In general the condition of pressure parts of boilers of all the units is bad. The 
frequency of tube failures is high which affects the overall availability of the 
boilers. Due to prolonged and continuous operation, boiler pressure parts 
have become weak. 

 

The boilers are front fired supplied by B&W, France. The water walls of 

the boiler are of conventional type and not of membrane wall 

construction. The present condition of the air and flue gas system is not 

satisfactory. Ingress of air has been observed at various locations affecting 

the draft system adversely. It  has been observed that the loading on ID 

fan is increased by almost 20% due to these leakages and other reasons. 

  

Although at present the coal milling and firing system along with oil firing 

system are in working condition, the system is undersized due to 

deteriorated coal quality as compared to the designed coal quality. As per 

the quality of coal available for the plant, about 15% extra coal firing 

needs to be done because of poor quality of coal. This additional coal 

firing not only increases load on the mills but also affects the performance 

of the fans. Further, derating of the units to 125 MW has been done. Three  



 

 

 
MAHARASHTRA STATE POWER GENERATION CO. LTD. 

 
ASSESSMENT OF HEAT RATE & AUX. POWER 

CONSUMPTION OF NASIK THERMAL POWER  STATIONS 

   

 

 

 

 
“© 2007 MECON Limited. All right reserved.” 
 Page 173 of 288 

mills are in service and 1 mill is kept standby as per design. The mills are 

imported as such mill spares are required to be imported which results in 

high cost. High ash content in coal reduces radiant heat transfer and also 

results in low heat pick up in water wall excessive heat pick up in SH 

which further need to the checked using sprays causing rise in heat rate. 

 

As per the history of previous major overhauls, major work has been 

carried out for Units 1 & 2. Further, a lot of pending repair/replacement 

work need immediate attention. The SH & RH headers have reached to the 

creep level-III due to ageing. As such, it can be inferred from the above 

that though MSPGCL is trying their best to improve the performance, there 

are certain issues like original design conditions, ageing of the plant, poor 

coal quality etc. which can not be compensated without a comprehensive 

R&M programme for the units. 

 

The units have already served for more than 36 years which is more than 

any standard operational life. Before taking any decision to run the units 

for further 5 years, LE study of the units should be carried out and 

accordingly action to be taken. 

 

STAGE-2 
 

The boilers of Units 3, 4 & 5 are supplied by  BHEL.  

 

The designed GCV of coal in case of Stage-2 boilers has been considered as 

5000 kcal/kg whereas the actual GCV of coal being presently supplied 

varies from 3700 kcal/kg to 3900 kcal/kg. This is resulting into extra 

loading of mills and fans. As such, there hardly remains any margin on 
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these equipments, which is detrimental to the health of these equipments 

in long run. The boilers are designed to run with 4 mills operation and two 

mills as standby. Due to poor quality of coal , five mills are taken into 

service at full load. As such, the fans will also be overloaded to take care 

of additional coal firing. This results to increased heat rate as well as 

increased auxiliary power consumption of the units. 

 

2.2 TURBINE AND AUXILIARIES 

 

STAGE - 1 
 

The turbo generators are CEM, France design, 3 Cylinder Horizontal reheat 

and nozzle Governing designed. The turbines have already been operated 

for more than thirty six years. As such, load restriction, reduction in 

efficiency etc. are bound to occur due to ageing of the machines unless 

and until a comprehensive renovation and modernization is carried out. 

The units have been derated to 125 MW from 20/04/2007. 

 

Following typical problems have been noticed with respect to the turbines: 

  

The increase in flow path clearances between turbine fixed and moving 

blades causes more than flow requirement and subsequently affects the 

condenser vacuum. This increase the heat rate as well as aux. power 

consumption. 

 

Operation of heaters – In Unit No.-2,  only one HP heater is in service 

while other  one HP heater is out of service and not possible to repair 
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.Hence regenerative cycle efficiency is not possible upto the desired 

value. 

 

Due to ageing and rise in clearance of the BFPs the rated feed water flow 

required for full load is not possible. 

 

Condenser vacuum: The plant is designed to operate with one vacuum 

pump but due to various constraints, both are normally operated causing 

increase in auxiliary consumption. Due to poor quality of raw water source 

from Godavari river in lean flow period the TDS goes as high as 300ppm 

and chlorides to 200ppm which in turn is deposited in condenser tubes 

affecting condenser vacuum. The problem has now been somewhat 

overcome by introducing online tube cleaning system for U-1. 

 

For ascertaining lower CW temp., all the CT fans are in operation causing 

more aux. power consumption.  

 

Governors- The turbines are provided with mechanical type low speed 

governors. Due to  prolonged operation, the same have become further 

inefficient giving rise to  a less precise control of the turbine operation. 

  

STAGE – 2 
 

The stage-2 turbines have been supplied by BHEL. Following typical 

problems have been noticed with respect to the turbines: 

 

Condenser vacuum: The plant is designed to operate with one steam 

ejector but due to various constraints, all are normally operated causing 



 

 

 
MAHARASHTRA STATE POWER GENERATION CO. LTD. 

 
ASSESSMENT OF HEAT RATE & AUX. POWER 

CONSUMPTION OF NASIK THERMAL POWER  STATIONS 

   

 

 

 

 
“© 2007 MECON Limited. All right reserved.” 
 Page 176 of 288 

reduced efficiency of the system. Due to poor quality of raw water source 

from Godavari river in lean flow period the TDS goes as high as 300ppm 

and chlorides to 200ppm which in turn is deposited in condenser tubes 

affecting condenser vacuum. The problem has now been somewhat 

overcome by introducing online tube cleaning system. 

 

For ascertaining lower CW temp., all the CT fans are in operation causing 

more aux. power consumption.  

 

Governors- The turbines are provided with mechanical type low speed 

governors. Due to  prolonged operation, the same have become further 

inefficient giving rise to  a less precise control of the turbine operation. 

 
 

2.3 ASH HANDLING SYSTEM 

 

Presently, all units of Nashik power station are  provided with 

conventional ash slurry system which as per prevalent guidelines are to be 

retrofitted with dry ash storage system. As such, in case the units are to 

be operated on long term basis, retrofitting for dry ash collection and 

storage will be required. 

 

2.4 COAL HANDLING SYSTEM 

 

The Coal handling plant is primarily having no major constraint in 

operation.  However, there are constraints if blending is warranted to 

improve coal quality with the help of imported coal or washed coal. 

2.5 OTHER PLANT AND EQUIPMENT 
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The overall condition of balance facilities is in general not upto mark 

because of natural ageing of the plant. The control systems for Units 1 & 2 

are of obsolete design as compared to present day DCS systems. Selective 

replacements have been made periodically based on needs but no 

comprehensive replacements have been carried out so far. 
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3. HEAT RATE CALCULATION 

 

The following table shows, the heat rate achieved by the plant during last 

five years: 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As evident from the above table, the plant has a deteriorating trend in 

terms of heat rate which calls for a in-depth review.  If the heat rate 

achieved during last five years is compared to the design heat rate of the 

units, the trend shows  about 8% to 16% deviation from the design values. 

 

The heat rate of a plant is affected by the  following factors: 

• Ageing of the plant 

Sl. 

No.
Description 2006-07 2005-06 2004-05 2003-04 2002-03

1 Max. load (MW)
130(St-1) 

217(St-2)

135(St-1) 

215(St-2)

139(St-1) 

218(St-2)

138(St-1) 

219(St-2)

136(St-1) 

217(St-2)

2 Av. Load (MW)
109(St-1) 

195(St-2)

111(St-1) 

190(St-2)

108(St-1) 

185(St-2)

109(St-1) 

190(St-2)

105(St-1) 

191(St-2)

4
Sp. Coal Cons. 

(kg/kWH)
0.71 0.662 0.642 0.639 0.649

5
Sp. Oil Cons. 

(ml/kWH)
2.36 2.42 3.49 3.30 3.30

6 PLF (%) 81.82 72.17 71.43 70.55 66.98

7 Availability (%) 92.3 82 82.85 80 78.73

8
Heat rate, 

kCal/kWh
2671 2648 2586 2548 2552

9
Design Heat Rate, 

kcal/kWh
2305 2305 2367 2367 2367

10
% deviation from 

design
16 15 9 8 8
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• Operating load of the plant 

• Quality of fuel as compared to design quality 

• Operating parameters like Main Steam Pressure, Main Steam Temp., 

Reheat Steam Pressure, Reheat Steam Temp. etc. 

• Condenser vacuum as compared to design vacuum 

• Feed water inlet temperature as compared to original heat balance 

• Flue gas outlet temperature as compared to design values 

• Improper combustion in boiler causing more velocity of flue gas, 

increased metal temperatures of  reheater tubes  which calls for 

increased reheater spray, increased unburnt coal in ash, erosion of 

tubes resulting into more number of tube leakages etc. 

• Leakages in boiler area due to improper sealing etc. 

• In crease in DM water make-up 

• Frequent starts / stops  

 

The parameters which are affecting the heat rate of Nasik TPS (2 x 125 MW + 3 x 

210 MW) are further analysed in the following table: 

 

Sl. 

No. 

Description Remarks 

1. Ageing of the plant The average age of the units ranges from 26 

years to 37 years. As such, due to natural 

deterioration because of wear & tear, 

different temp. regimes etc., an increase in 

heat rate is well expected. As per ASME PTC 

– 6R (1985) an average increase of 0.4% in 

heat rate is expected for every year. As per 

this provision, the corrected heat rates of 
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the four units become 2646 kcal/kWh, 2637 

kcal/kWh, 2632 kcal/kWh, 2623 kcal/kWh 

and 2613 kcal/kWh respectively. 

2. Operating load of 

the plant 

As per the operating record of the units, 

there is an average load restriction to the 

extent of 15 MW for Units 1 and 2. As per the 

correction curves of OEM, the increase in 

heat rate due to partial loading @ 1.2 

kcal/kWH per MW i.e. 18 kcal/kWh loss is 

expected for these units.  

3. Quality of coal The first two units are designed to operate 

with coal of GCV  5900 kcal/kg whereas the 

other three units are designed to operate 

with coal of GCV 5000 kcal/kg. The available 

coal is having average GCV of about 3850 

kcal/kg. Also, the constituents of coal like 

moisture, Hydrogen and ash show a wide 

variation as compared to the designed coal 

quality. It is observed that difference in 

moisture content and Hydrogen content are 

of the order of 1 % and 0.5% respectively. 

Considering the fact that these constituents 

have a resulting effect in heat transfer in 

boiler. As per the furnace performance 

monitored in terms of boiler efficiency, 

these deviations result into heat rate 

increase of about 33 kcal/kWh for  units 1 

and 2.   

4. Operating Because of poor quality of coal, higher 
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parameters of the 

units  

quantity of coal is being fired in the boilers. 

This results into increased metal 

temperature in reheater zones resulting into 

reheater sprays which are loss to the heat 

rate of the units. As per the operating 

regime of the units, about 6 t/h reheater 

sprays are being done in units 1 & 2. The loss 

due to reheater spray accounts to loss of 

about 8 kcal/kWh for each of the above two 

units.    

5. Condenser vacuum 

and CW inlet temp. 

Poor cooling tower performance causes drop 

in condenser vacuum resulting into further 

increase in heat rate of these units. As per 

correction curves of OEM, an increase in 

plant heat rate by 0.7% is expected due to 

loss of 0.01 bar vacuum in condenser. An 

increase in heat rate due to this factor works 

out to be 19 kcal/kWh for all units.  

6. Increase in  Flue gas 

temp. at APH outlet  

Because of the poor coal quality, more coal 

is being fired as compared to the design 

value. This causes more temperature of flue 

gas at air pre-heater outlet, predominantly  

in case of Units 1, 2 & 5 . This results into 

increase of heat rate by 28 kcal/kWh for 

Units 1 & 2  and 14 kcal/kWh in case of Unit 

5.  
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7. Decrease in feed 

water inlet temp. 

Due to prolonged outage of HPH in case of 

Unit 2 , the feed water inlet temperature is 

reduced by 40 deg. C as compared to the 

design value. This results into increase of 

heat rate by 46 kcal.kWh. 

  

Keeping all the above factors into account, the achievable heat rate for different 

units of Nasik power station works out to be as under: 

HEAT RATE DEVIATION 

       ALL FIGURES ARE IN KCAL/KWH 

Sl. 

No. 

Description Unit -1 Unit -2 Unit -3 Unit -4 Unit-

5 

1. Design heat rate 2305 2305 2367 2367 2367 

2. Due to ageing 341 332 265 256 246 

3. Reheater Spray 8 8 0 0 0 

4. Increase in coal mill 

reject 

0 0 0 0 0 

5. Partial loading 18 18 0 0 0 

6. Decrease in condenser 

vacuum 

19 37 0 18 18 

7. Increase in Moisture in 

coal 

4 4 0 0 0 

8. Increase in Hydrogen in 

coal  

25 25 0 0 0 

9. Increase in APH outlet 

temp..  

28 28 0 0 14 

10. FW Inlet temp. 0 46 0 0 0 

11. TOTAL HR 2748 2803 2632 2641 2645 
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As such, the average station heat rate of Nasik power station will be =  

((2748*125) + (2803*125) + (2632*210) + (2641*210) + (2645*210))/880 = 2678 

kcal/kWh 

 

This heat rate has been predicted for the year for the year 2007-08. As informed 

by MSPGCL, R & M of Units 1 & 2 is not envisaged due to prohibitive cost. 

However, the Renovation & Modernisation of one unit of 210 MW is planned for 

this power station during 2008-09.  

 

As such, it is predicted that the heat rate of the station will  increase by 0.4% of 

normative heat rate i.e. 0.4% of 2500 kcal/kWh per annum which comes to be 

about 10 kcal/kWh per annum till 2008-09. After implementation of R&M of one 

unit, it is expected that an overall gain in heat rate by 0.5% will be achieved 

during 2009-10.  

 

Accordingly, the achievable heat rate of Nasik Power Station  for next three 

years will be as follows: 

 

Sl. No. Year Heat rate, kcal/kWh 

1 2007-08 2678 

2 2008-09 2688 

3 2009-10 2675 

 

Further, if the heat rate of last few months for this power station is considered 

which is of the order of about 2659 kcal/kWh, it is observed that the same is 

falling within the recommended range. Since, reliability of units 1&2 is poor, the 

deterioration of the heat rate of these units can be more than predicted. 
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4.   AUXILIARY POWER CONSUMPTION CALCULATION 

 

As per the O&M records of the power station, the average auxiliary power 

consumption as achieved by the station during last five years is noted as 

follows: 

 

Year Stage – 1 unit aux. 

Power cons. (%) 

Stage – 2 units aux. 

Power cons. (%) 

2002-03 8.55 9.12 

2003-04 8.15 8.99 

2004-05 8.41 9.65 

2005-06 8.06 9.37 

2006-07 8.16 9.31 

Average of last 

five years 

8.27 9.29 

 

The auxiliary power consumption of any unit is based on the operating conditions 

of the plant like; 

 

- No. of drives in actual operation as compared to designed drives 

- Unique drives typical to a particular power plant as compared to other 

similar units 

- Ageing of the units 

 

If the above parameters are applied to Nasik Thermal Power Station, the 

following additonality is noted: 
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It is observed that  the quality of coal in terms of GCV, ash content, volatile 

matter and moisture as received from mines is inferior to that compared with 

designed quality of coal. This results into poor performance of the units in terms 

of improper heat transfer and reduced boiler efficiency. In order to meet the 

rated load of the units, one additional coal mill is always taken into service 

alongwith increase load on fans. This causes increase in percentage auxiliary 

power  consumption of the plant.  

 

Also, the first two units of Nasik power station are derated by 15 MW each. This 

will also have effect on percentage auxiliary power consumption of these units.  

 

If the above additional loads are taken into account, the following is observed: 

 

1. Aux. power consumption of first two units will be (140/125) x 9% 

= 10.08 %. 

2. Similarly, the auxiliary power consumption for Stage -2 units will 

be about 10% more than the normative value i.e. 1.1 x 9% = 9.9% 

 

Average station auxiliary power consumption = ((10.08*250) + (9.9*630) )/880 = 

9.95% 
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5. RECOMMENDATION 

 

As discussed in the foregoing chapters, as per the present conditions of 

Nasik Thermal power plant the achievable heat rate and auxiliary power 

consumption will be as follows: 

 

 

Sl. No. Year Heat rate, 

kcal/kWh 

Aux. power cons. % 

1 2007-08 2678 9.95 

2 2008-09 2688 9.95 

3 2009-10 2675 9.95 

 

 

The heat rate as projected above can be further improvised in case de-

bottlenecking of operating problems causing reduced loadability of the 

units is carried out. However, the action plan may extend beyond three 

years. Following broad suggestions are outlined for performance 

improvement of the power station: 

 

1. For calculation of heat rate on annual basis, the stock measurement 

system gives almost believable values with some margin of errors. But 

considering strict stipulations from regulatory authorities, it would be 

in the overall interest of the organization to install gravimetric 

feeders for new units. Installation of gravimetric coal feeders for 

existing units may incur considerable investment for which a 

convincing justification may be difficult. 
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2. Arrangements may be done to get washed coal /imported coal for the 

plant. 

 

3. De-bottlenecking of salient problems associated with the power 

station as indicated at Chapter -2 of this report. 

 

4. Dry ash handling and storage facility should be provided to meet 

CPCB/MoEF stipulations of 100% ash utilization. 
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1. INTRODUCTION 

1.1 Bhusawal Thermal Power Station of Maharashtra State Power Generation Company 

Limited is located at Deepnagar in Jalgaon district of Maharashtra. There are three 

power generating units installed during years 1968 – 1982 in two stages. Units 1 (62.5 

MW capacity) was installed in the year 1968 by M/s Rafako (CEKOP), Poland. Unit 2 

& 3 (210 MW each capacity) were installed subsequently by BHEL. A brief description 

on total number of installed units is as indicated below in Table 1. 

Unit 

No.

Year of 

Install.

Capacity 

(MW)

Supplier Condition 

as on date

Units gen. 

till March 

2007

(MU)

Hours run 

till March 

2007

1 Jul-1968 62.5 Boiler :- Rafako (cekop) 

Polish

Turbine :- Siemens 

55 MW 13149.052 289755.10

2 Aug-1979 210 Boiler :- BHEL

Turbine :- BHEL (LMW)

210 MW 30059.719 176974.34

3 May-1982 210 Boiler :- BHEL

Turbine :- BHEL (LMW)

210 MW 31470.307 172811.12

Table 1

 

1.2 As evident from the above table, the units have become old and have outlived their 

normal life span.  Few design parameters of the power plant are as indicated below: 
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Sl. No. Description Unit 1 Unit 2 Unit 3

1 Capacity, MW
62.5

derated 55
210 210

2 Aux. Power Cons. (%) 9.75 9.75 9.75

3 Steam Pr. At boiler SH outlet, Kg/cm2 92 137 137

4 Steam Temp. at boiler SH outlet, deg.C 510 540 540

5 Design GCV of coal, kCal/kg 3000-4500 5000 5000

6 CW inlet tem., deg.C 24 to 34 24 to 34 24 to 34

7 Heat rate, kCal/kWh 2726 2367 2367

SALIENT DATA ON PLANT DESIGN

Table 2

Unit-1 :- The design parameters are according to 62.5 MW.

 

The design GCV of coal in case of stage – 2 units is never achieved except in case imported 

coal is made available. Few key performance indices for these units for last five years are 

indicated below in Table 3a to 3e. 

KEY PERFORMANCE INDICES (YEAR 2006-07) 

Table 3a 

Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 

1 Max. load (MW) 63 221 220 

2 Av. Load (MW) 51 192 188 

3 Aux. Power Cons. (%) 9.73 9.68 9.81 

4 Sp. Coal Cons. (kg/kWH) 0.82 0.75 0.748 

5 Sp. Oil Cons. (ml/kWH) 2.78 4.32 4.02 

6 PLF (%) 61.25 79.73 77.11 

7 Availability (%) 69.97 87.29 86.20 
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KEY PERFORMANCE INDICES (YEAR 2004-05) 

8 Heat rate, kCal/kWh 2818 2646 2655 

9 Running Hrs. 6129.11 7646.21 7550.55 

10 Planned outages (%) 21.75 6.72 7.7 

11 Forced outages (%) 8.28 5.99 6.10 

KEY PERFORMANCE INDICES (YEAR 2005-06) 

Table 3b 

Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 

1 
Max. load (MW)       

2 
Av. Load (MW) 51 205 197 

3 
Aux. Power Cons. (%) 9.45 9.27 9.26 

4 
Sp. Coal Cons. (kg/kWH) 0.791 0.697 0.695 

5 
Sp. Oil Cons. (ml/kWH) 2.28 1.92 4.36 

6 
PLF (%) 84.48 90.18 70.30 

7 
Availability (%) 95.43 92.47 74.89 

8 
Heat rate, kCal/kWh 2894 2578 2624 

9 
Running Hrs. 8359.53 8100.22 6559.57 

10 
Planned outages (%) 1.06 0.14 21.06 

11 
Forced outages (%) 3.51 7.40 4.05 
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Table 3c 

Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 

1 Max. load (MW) 63 215 200 

2 Av. Load (MW) 49 200 188 

3 Aux. Power Cons. (%) 9.57 9.70 

4 Sp. Coal Cons. (kg/kWH) 0.772 0.705 0.702 

5 Sp. Oil Cons. (ml/kWH) 2.685 2.207 3.24 

6 PLF (%) 79.44 75.16 81.81 

7 Availability (%) 94.96 78.98 91.35 

8 Heat rate, kCal/kWh 2835 2639 2648 

9 Running Hrs. 8318.5 6918.52 8002.22 

10 Planned outages (%) 1.38 15.98 0.66 

11 Forced outages (%) 3.65 5.03 7.98 

 

 

 

 

 

 

 

 

 

 

KEY PERFORMANCE INDICES (YEAR 2003-04) 

Table 3d 

Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 
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1 Max. load (MW) 64 218 215 

2 Av. Load (MW) 52 195 191 

3 Aux. Power Cons. (%) 9.37 9.86 

4 Sp. Coal Cons. (kg/kWH) 0.723 0.679 0.680 

5 Sp. Oil Cons. (ml/kWH) 3.541 2.065 2.632 

6 PLF (%) 79.71 86.47 71.28 

7 Availability (%) 89.72 92.94 78.54 

8 Heat rate, kCal/kWh 2681 2525 2571 

9 Running Hrs. 7881.01 8164.15 6898.58 

10 Planned outages (%) 4.58 0.80 15.71 

11 Forced outages (%) 5.70 6.26 5.75 

 

 

 

 

 

 

 

 

 

 

KEY PERFORMANCE INDICES (YEAR 2002-03) 

Table 3e 

Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 

1 Max. load (MW) 63 215 210 
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2 Av. Load (MW) 48 175 182 

3 Aux. Power Cons. (%) 9.64 10.81 

4 Sp. Coal Cons. (kg/kWH) 0.74 0.696 0.686 

5 Sp. Oil Cons. (ml/kWH) 2.207 4.746 1.207 

6 PLF (%) 46.52 47.56 80.46 

7 Availability (%) 56.29 56.94 92.99 

8 Heat rate, kCal/kWh 2621 2455 2435 

9 Running Hrs. 4931.15 4987.53 8145.33 

10 Planned outages (%) 37.80 36.04 1.90 

11 Forced outages (%) 5.91 7.02 5.11 

 

 

The performance data for the total station since last seven years is further compiled below 

in Table-4:  
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Table 4

2000-01 2001-02 2002-03 2003-04 2004-05 2005-06 2006-07

1 Station Capacity MW 478 478 478 478 478 478 478

2 Station Heat Rate
Kcal/Kw

h
2454 2537 2459 2562 2667 2638 2666

5
Generation 

Target
MU 3195 3420 2801 3448 3266 3582

6
Actual 

Generation
MU 2931.204 3363.687 2591.383 3315.94 3291.306 3381.437 3196.401

7 Actual PLF % 70.00 80.33 61.89 78.97 78.6 80.75 76.34

8 Avail. factor % 81.58 93.01 72.7 86.22 86.35 85.10 84.71

9
Oil Consumption  

- LDO
KL 1247.722 719.93 1066 871.73 672.59 909.90 1150.5

Oil Consumption  

- FO
KL 9674.19 7401.28 6941 7320.23 8338 8895.70 11752

10
Sp. Coal 

Consumption
Kg/Kwh 0.696 0.702 0.694 0.685 0.712 0.708 0.756

11
Sp. oil 

Consumption
ml/kwh 3.726 2.414 2.885 2.47 2.738 2.9 4.04

12 GCV of Coal Kcal/KG 3473 3579 3502 3707 3709 3722 3487

13
GCV of Oil (FO / 

LDO)
Kcal/Ltr.

10333 / 

10831

10305 / 

10674

10590 / 

10640

10590 / 

10640

10590 / 

10640

10569 / 

10653

10508 / 

10867

MU 315.58798 352.79156 277.26044 324.90406 318.8417 314.1363 311.499

% 10.77 10.49 10.70 9.80 9.69 9.29 9.75

Nos. 8 2 5 9 5 7 8

Hrs. 778.07 49.56 1861.49 685.39 655.3 826.97 785.92

% 8.88 0.57 21.25 7.80 7.48 9.44 8.97

Nos. 71 67 62 64 57 74 69

Hrs. 835.29 562.31 529.55 524.21 539.45 477.45 553.23

% 9.54 6.42 6.05 5.97 6.16 5.54 6.32

Nos. 20 19 21 16 24 14 20

Hrs. 468.17 308.81 330.69 391.55 313.31 159.03 217.79

% 5.34 3.53 3.77 4.46 3.58 1.82 2.49

16 Forced Outages 

17
Due to Boiler 

Tube Leakage

STATION PERFORMANCE DATA

15 Planned Outages

Aux. Cons.14

YEARSL. 

NO.
PARTICULARS UNIT

 

 

1.3 As evident from the above tables the performance of the units are not upto the desired 

levels.  

1.4 Further, the plant was designed in the seventies based on prevailing pollution norms 

and technology of those days. Few broad reasons which pose problems in meeting the 

desired performance level of the  units are i) poor quality of coal ii) less availability of 

BFP in summer  , iii) problem of temperature rise in UAT  and iv) ageing of the units .
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2. CONDITION ASSESSMENT OF PLANT AND EQUIPMENT  

 

  OVERALL PERFORMANCE LEVEL 

 

The salient features of the condition of major plant and facilities are 
described here under: 

 

2.1.  BOILER & AUXILIARIES 

STAGE-1 

 

In general the condition of tubes of both the boilers of unit-# 1 is bad. The 
frequency of tube failures is high which affects the overall availability of the 
boilers. Due to prolonged and continuous operation, boiler pressure parts have 
become weak. Boiler Inspector recommended for total change of tubes of both 
the boilers. As noted from the previous table performance levels for last five 
years, the forced outages have varied from 3.51 to 8.28%. 

 

The boilers are corner fired supplied by Rafako, Poland. The present 

condition of the air and flue gas system is not satisfactory. Ingress of air has 

been observed at various locations affecting the draft system adversely. It has 

been observed that the loading on ID fan has increased due to these leakages 

and other reasons.  

 

The condition of boiler  furnace tubes needs to be checked due to ageing of 

the unit. Also  there is a history of condenser tube leakage & increased boiler 

water blow-down which need to be reviewed. 

  

Although at present the coal milling and firing system along with oil firing 

system are in working condition, the system is undersized due to deteriorated 

coal quality of GCV = 3500 kcal/kg as compared to the designed coal quality 

of CV ranging from 3000-4500 kcal/kg. As per the quality of coal available for 
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the plant, about 15% extra coal firing need to be done because of poor quality 

of coal. This additional coal firing not only increases load on the mills but also 

affects the performance of the fans.  

 

As per the history of major overhauls, it has been noted that ESP has been 

completely changed. As such, it can be inferred from the above that though 

MSPGCL is trying their best to improve the performance, there are certain 

issues like original design conditions, ageing of the plant, poor coal quality, 

original spare parts etc. which can not be compensated without a 

comprehensive R&M programme for  the unit. 

 

The Stage-I unit is the oldest unit of MSPGCL  has already crossed 39 years of 

operation which is much more than any standard operational life. LE study of 

the unit has been carried out and it is decided by MSPGCL that the unit will 

be replaced by new unit of about 300 MW capacity within 3 to 4 years.. 

 

STAGE-2 

 
The boilers of Units 2 & 3 are supplied by BHEL. The ID fans are axial flow 

type. Frequent damage of bearings is faced in the units. Sudden increase in 

bearing vibration caused the failures. 

 

Boiler of unit No-2 experienced explosion twice. Both the times the second 

pass of the boiler was affected. The boiler was brought back in service after 

repair. 

 

The design GCV of coal in case of Stage-2 boilers has been considered as 5000 

kcal/kg whereas the actual GCV of coal being presently supplied  varies from 

3000 kcal/kg to 4000 kcal/kg. This is resulting into loading of mills and fans 
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as such there hardly remains any margin on these equipment which is 

detrimental to the health of these equipments in long run. The boilers are 

designed to run with 4 mills operation and 2 mills as standby. Due to poor 

quality of coal, all 6 mills are taken into service. As such, the fans are also 

overloaded to take care of additional coal firing. This results in increased 

heat rate as well as increased auxiliary power consumption of the units. 

 

2.2  TURBINE AND AUXILIARIES 

STAGE - 1 

 

The turbo generator is Siemens design, 2 Cylinder nozzles Governing design. 

The turbines have already been operated for more than thirty nine years. As 

such, load restriction, reductions in efficiency etc. are bound to occur due to 

ageing of the machines unless and until a comprehensive renovation and 

modernization is carried out. The unit has been further de-rated to 55MW 

from 20-04-2007. 

 

Following typical problems have been noticed with respect to the turbines: 

  

Axial Shift -  The turbine has developed axial shift problem for the last 3-4 

years causing failures of thrust pads and load restrictions. 

 

Operation of heaters - As the unit is more than 39 years old, any 

maintenance work of  heaters  becoming a great problem due to the 

design/configuration of the internals. 

 

Only one electric motor driven BFP feeds feed water of both the boilers. The 

standby steam turbine driven BFP is not in operational condition due to 

ageing and non-availability of spare parts.  
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Condenser vacuum: The plant is designed to operate with one steam ejector 

but due to various constraints, both ejectors are normally operated causing 

less efficiency of the system. 

 

Open cooling water system is provided for condenser circulation & higher 

cooling water temperature is experienced in summer. 

 

Governors- The turbines are provided with mechanical type low speed 

governors. Due to  prolonged operation, the same have become further 

inefficient giving rise to  a less precise control of the turbine operation. 

  

STAGE – 2 

 
The stage-2 turbines have been supplied by BHEL. Following typical problems 

have been noticed with respect to the turbines: 

 
Unit #2 - The LP exhaust temp is more than 550 C in summer causing low 

vacuum in condenser. Simultaneously condenser cooling water outlet 

temperature is more. All CT fans put into service in cooling tower. These 

cause loss of heat as well as auxiliary power consumption. 

 

Generator stator tooth was  damaged and was repaired by BHEL. However, 

the same is still not working properly causing  load restriction  on generator. 

 

 Aux. Cooling water system – Conventionally, a common cooling tower is 

provided for CW & ACW. However, for unit #2 & #3 separate cooling tower is 

used for ACW. This causes increase in Aux. consumption. 
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2.3  ASH HANDLING SYSTEM 

 

Presently, all units of  Bhusawal power station are  provided with 

conventional ash slurry system which as per prevalent guidelines are to be 

retrofitted with dry ash storage system. As such, in case the units are to be 

operated on long term basis, retrofitting for dry ash collection and storage 

will be required. 

 

2.4  COAL HANDLING SYSTEM 

 

The Coal handling plant is primarily having no major constraint in operation.  

Also, due to improper ground storage facility, the stockpile losses especially 

during rainy seasons are high. Re-dressal of this problem will surely result into 

saving of precious coal in general and optimising on the fuel consumption of 

the station in particular. 
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3. HEAT RATE CALCULATION 

 

As indicated in the foregoing chapters, the condition of plant and 

equipment has deteriorated with time. As such, it is well expected that 

the plant performance level is bound to show deteriorated values with less 

efficiency. The following table shows, the heat rate achieved by Unit No. 1 

during last five years: 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

As evident from the above table, if the heat rate achieved during last five 

years is compared to the design heat rate of the unit, there appears to be 

slight deviation from the design values. 

 

The heat rate of a plant is affected by the following factors: 

• Ageing of the plant 

Sl. No. Description 2006-07 2005-06 2004-05 2003-04 2002-03

1 Max. load (MW) 63 63 64 63

2 Av. Load (MW) 51 51 49 52 48

4 Sp. Coal Cons. (kg/kWH) 0.82 0.791 0.772 0.723 0.74

5 Sp. Oil Cons. (ml/kWH) 2.78 2.28 2.69 3.54 2.21

6 PLF (%) 61.25 84.48 79.44 79.71 46.52

7 Availability (%) 69.97 95.43 94.96 89.72 56.29

8 Heat rate, kCal/kWh 2818 2894 2835 2681 2621

9 Design Heat Rate, kcal/kWh 2726 2726 2726 2726 2726

10 % deviation from design 3 6 4 -2 -4
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• Operating load of the plant 

• Quality of fuel as compared to design quality 

• Operating parameters like Main Steam Pressure, Main Steam Temp., 

Reheat Steam Pressure, Reheat Steam Temp. etc. 

• Condenser vacuum as compared to design vacuum 

• Feed water inlet temperature as compared to original heat balance 

• Flue gas outlet temperature as compared to design values 

• Improper combustion in boiler causing more velocity of flue gas, 

increased metal temperatures of  reheater tubes  which calls for 

increased reheater spray, increased unburnt coal in ash, erosion of 

tubes resulting into more number of tube leakages etc. 

• Leakages in boiler area due to improper sealing etc. 

• In crease in DM water make-up  

• Frequent starts / stops 

The above parameters are analysed in the following table with respect 

to Unit – 1 of Bhusawal TPS (62.5 MW, derated to 55 MW): 

Sl. 
No. 

Description Remarks 

1. Ageing of the plant 

 

The unit has already run for 39 years. As per 

ASME PTC-6R (1985), heat rate  deterioration @ 

0.4% per year is expected. As per this the total 

HR deviation works out to be about 425 

kcal/kWh. Thus, the achievable heat rate due 

to ageing comes out to be 3151 kcal/kWh.  

2. Operating load of the 

plant 

As evident from the above table, the average 

load on the unit is of the order of 55 MW only 

due to constraints explained in other chapters. 

As such, the increase in heat rate due to partial 

loading @ 1.2 kcal/kWH per MW loss works out 
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to be 9 kcal/kWh.  

 

There is a major constraint on the unit in terms of loadability and maintaining 

designed parameters due to axial shift problem. As such, the achievable heat 

rate for Unit – 1 will be of the order of Design heat rate + 434 kcal/kWh = 2726 + 

434 = 3160 kcal/kWh. 

 

The following table shows, the heat rate achieved by Stage – 2 units during last 

five years: 

 

 

 

 

 

 

 

 

 

 

 

 

 

The parameters affecting heat rate are further analysed in the following table 

with respect to increase in heat rate  of  Stage – 2 units of Bhusawal TPS ( 2 x 210 

MW): 

 

Sl. 

No. 

Description Remarks 

1. Ageing of the plant The average age of the units is 28 years and 25 

Sl. No. Description 2006-07 2005-06 2004-05 2003-04 2002-03

1 Max. load (MW) 220 208 216 212

2 Av. Load (MW) 190 201 194 193 178

4 Sp. Coal Cons. (kg/kWH) 0.749 0.696 0.703 0.68 0.691

5 Sp. Oil Cons. (ml/kWH) 4.17 3.14 2.72 2.35 2.98

6 PLF (%) 78.42 80.24 78.485 78.875 64.01

7 Availability (%) 86.745 83.68 85.165 85.74 74.965

8 Heat rate, kCal/kWh 2651 2601 2644 2548 2495

9 Design Heat Rate, kcal/kWh 2367 2367 2367 2367 2367

10 % deviation from design 12 10 12 8 5
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years respectively. As such, due to natural  

deterioration because of wear & tear, different 

temp. regimes etc., an increase of about 11.2 % 

(265 kcal/kWh) and 10 % (237 kcal/kWh) is  

expected (As per ASME PTC-6R. 0.4% increase in 

heat rate per year is estimated). As such, the 

achievable heat rate owing to the age of the 

units comes out to be 2632 kcal/kWh and 2604 

kcal/kWh respectively.  

2. Operating load of 

the plant 

Due to problems in the UATs, poor quality of coal 

as compared to design coal,  the achievable load 

for performance evaluation of these units will be 

of the  of 200 MW & 190 MW respectively. As 

such, the increase in heat rate due to partial 

loading @ 1.2 kcal/kWh per MW loss works out to 

be 12 kcal/kWh & 24 kcal/kWh respectively.  

 

Considering the above factors, the achievable heat rate in case of Stage -2 units 

will be as follows: 

Unit - 2 = 2367 (design HR) + 265 + 12 = 2644 kcal/kWh 

Unit - 3 = 2367 (design HR) + 237 + 24 = 2628 kcal/kWh 

Average heat rate of Units 2 & 3 = (2644 + 2628)/2 = 2636 kcal/kWh 

 

As such, considering the weighted average, the station heat rate of Bhusawal 

power station for the year 2007-08 will be as follows: 

 

((3160 x 55MW) + (2636 x420))/ 475 = 2696 kcal/kWh.  
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This heat rate has been predicted for the year for the year 2007-08. The 

Renovation & Modernisation of unit is planned for this power station during 2008-

09. As such, it is predicted that the heat rate of the station will  increase by 0.4% 

of normative heat rate i.e. 0.4% of 2500 kcal/kWh per annum which comes to be 

about 10 kcal/kWh per annum till 2008-09. After implementation of R&M of one 

unit, it is expected that an overall gain in heat rate by 0.5% will be achieved 

during 2009-10. As such the achievable heat rate of Bhusawal Power Station  for 

next three years will be as follows: 

 

Sl. No. Year Heat rate, kcal/kWh 

1 2007-08 2696 

2 2008-09 2706 

3 2009-10 2692 

 

Further, if the heat rate of last few months for this power station is considered 
which is of the order of about 2689 kcal/kWh, it is observed that the same is 
falling within the recommended range.
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4.  AUXILIARY POWER CONSUMPTION CALCULATION 

 

As per the O&M records of the power station, the average auxiliary power 

consumption as achieved by the station during last five years is noted as 

follows: 

 

The auxiliary power consumption of any unit is based on the operating conditions 

of the plant like; 

 

- No. of drives in actual operation as compared to designed drives 

- Unique drives typical to a particular power plant as compared to other 

similar units 

- Ageing of the units 

 

If the above parameters are applied to Bhusawal Thermal Power Station, the 

following additonality is noted: 

 

- Due to poor coal quality of coal, one additional coal mill as compared to 

designed number of operating mills, is being operated in all the three 

units. This causes not only overloading of mills but also enhanced loads on 

Year Stage – 1 unit aux. Power 

cons. (%) 

Stage – 2 units aux. Power 

cons. (%) 

2002-03 9.64 10.81 

2003-04 9.37 9.86 

2004-05 9.57 9.7 

2005-06 9.45 9.265 

2006-07 9.73 9.745 
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the fans. Due to ageing of the Stage – 1 unit, the leakages in case of these 

boilers is more resulting into further overloading of ID fans. Presently, 

there is hardly any margin in operation of ID fans. It is worth noting that 

due to poor quality,  coal firing in boilers is increased by almost 15-20% 

resulting into increase in the auxiliary power consumption of  all units.  

 

 

If the above additional loads are added, it is estimated that  about 10%  

increase in aux. power consumption is expected as compared to the 

normative value of 9% as prescribed by CERC.  

 

Thus, it is concluded that the achievable aux. cons. of Bhusawal thermal 

power station will be of the order of 9.9 %. 
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5. RECOMMENDATION 

 

As discussed in the foregoing chapters, as per the present conditions of 

Bhusawal Thermal power plant the achievable heat rate and auxiliary 

power consumption will be as follows: 

 

 

Sl. No. Year Heat rate, 

kcal/kWh 

Aux. power cons. 

% 

1 2007-08 2696 9.9 

2 2008-09 2706 9.9 

3 2009-10 2692 9.9 

 

 

Following broad recommendations are proposed for improvement of 

performance level of the power station: 

 

1. For calculation of heat rate on annual basis, the stock measurement 

system gives almost believable values with some margin of errors. But 

considering strict stipulations from regulatory authorities, it would be 

in the overall interest of the organization to install gravimetric 

feeders for new units. Installation of gravimetric coal feeders for 

existing units may incur considerable investment for which a 

convincing justification may be difficult. 

 

2. Arrangements may be done to get washed coal /imported coal for the 

plant. 
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3. Proper storage facility for coal alongwith blending facility will 

improve the quality of coal being fed into the boilers 

 

4. Improved control systems with state of the art facilities should be 

provided in order to achieve better performance levels and accuracy 

of measurements 

 

5. Dry ash handling and storage facility should be provided to meet 

CPCB/MoEF stipulations of 100% ash utilization. 



 

 

 

 

PARLI THERMAL POWER STATION 

(2 X 20MW) + (3 X 210MW) 

 

 

 



 

 

REPORT FOR ACHIEVABLE HEAT RATE AND AUX. POWER 

CONSUMPTION FOR 

PARLI THERMAL POWER STATION 

 

CONTENTS 

CHAPTER 

NO. 

DESCRIPTION 

NO. OF 

PAGES 

1. INTRODUCTION 9 

2. CONDITION ASSESSMENT OF PLANT & 

EQUIPMENT 

6 

3. 
HEAT RATE CALCULATION 

6 

4. AUXILIARY POWER CONSUMPTION 

CALCULATION 

3 

5. RECOMMENDATION         2 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHAPTER No. 1 
 

INTRODUCTION 



 

 

 
MAHARASHTRA STATE POWER GENERATION CO. LTD. 

 
ASSESSMENT OF HEAT RATE & AUX. POWER 

CONSUMPTION OF PARLI THERMAL POWER  STATIONS 

   

 

 

 

 
“© 2007 MECON Limited. All right reserved.” 
 Page 222 of 288 

1. INTRODUCTION 

1.7 Parli Thermal Power Station of Maharashtra State Power Generation Company Limited 

is located at Parli Vaijnath in Beed district of Maharashtra. There are five power 

generating units installed during years 1971 – 1987 in two stages. Units 1 & 2 (30 MW 

each) were installed in the year 1971-72 whereas Units 3, 4 & 5 (210 MW each) were 

installed in the year 1980-87. A brief description on total number of installed units is as 

indicated below in Table 1. 

Table 1 

SALIENT DATA ON OVERALL OPERATION 

Unit 

No. 

Year of 

Install. 

Capacity 

(MW) Supplier 

Condition 

as on date 

Units gen. 

till March 

2007(MU) 

Hours run 

till March 

2007 

1 15-11-1971 

 

30 MW 

 

HE, 
Bhopal 

Derated to 
20 MW from 
20.04.2007 

6862.646 246502.4 

2 17-05-1972 

 

30 MW 

 

HE, 
Bhopal 

Derated to 
20 MW from 
20.04.2007 

6423.221 232953.7 

3 10-10-1980 210 MW BHEL 
 

27107.276 161934.1 

 
4 
 

26-03-1985 210 MW BHEL 
 

25248.556 147751.9 

 
5 
 

31-12-1987 210 MW BHEL 

 

23776.412 

 

133427.1 

 

 

1.2 As evident from the above table, the first stage units have become old and have been 

operated for more than 2,00,000 Hrs.  Few design parameters of the power plant are as 

indicated below: 



 

 

 
MAHARASHTRA STATE POWER GENERATION CO. LTD. 

 
ASSESSMENT OF HEAT RATE & AUX. POWER 

CONSUMPTION OF PARLI THERMAL POWER  STATIONS 

   

 

 

 

 
“© 2007 MECON Limited. All right reserved.” 
 Page 223 of 288 

Table-

2 
SALIENT DATA ON PLANT DESIGN 

Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 

1. Capacity, MW 30 MW 30 MW 210 MW 210 MW 210 MW 

2. 
Aux. Power Cons. 
(%) 

N A N A N A N A N A 

3. 
Steam Pr. At boiler 
SH outlet, Kg/cm2 

61.5 61.5 135  135  135  

4. 
Steam Temp. at 
boiler SH outlet, 
deg.C 

486 486 5350 C 5350 C 5350 C 

5. 
Design GCV of coal, 
kCal/kg 

5000 5000 5000 4890 4445 

6. CW inlet tem., deg.C 30 30 30 30 30 

7. Heat rate, kCal/kWh 3038 3038 2385 2385 2385 

 

 

The design GCV of coal is never achieved except in case imported coal or washed is made 

available. Few key performance indices for these units for last five years are indicated 

below in Table 3a to 3e. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table-3a 
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KEY PERFORMANCE INDICES (YEAR 2006-07) 
 

Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 

1.  Max. load 
(MW) 

31 32 206 220 226 

2.  Av. Load 
(MW) 

26.00 26.28 146.17 142.48 181.36 

3. Aux. Power 
Cons. (%) 

9.13 9.50 

4. Sp. Coal 
Cons. 
(kg/kWH) 

0.901 0.901 0.731 0.733 0.729 

5. Sp. Oil Cons. 
(ml/kWH) 

5.81 6.67 3.52 3.38 1.50 

6. PLF (%) 86.67 87.58 69.60 67.85 86.36 

7. Availability 
(%) 

91.01 91.27 78.48 74.53 88.84 

8. Heat rate, 
kCal/kWh 

3264 3267 2631 2620 2589 

9. Running Hrs. 7972.5 7994.9 6874.9 6528.8 7782.5 

10. Planned 
outages (%) 

8.13 7.95 15.66 17.70 7.15 

11. Forced 
outages (%) 

0.86 0.78 5.86 7.77 4.00 
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Table-3b 

KEY PERFORMANCE INDICES (YEAR 2005-06) 
 

Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 

1.  Max. load 
(MW) 

32 32 211 220 220 

2.  Av. Load 
(MW) 

25.31 27.88 159.55 183.20 193.34 

3. Aux. Power 
Cons. (%) 

8.95 8.23 

4. Sp. Coal 
Cons. 
(kg/kWH) 

0.876 0.872 0.720 0.722 0.724 

5. Sp. Oil Cons. 
(ml/kWH) 

12.40 10.68 4.29 3.00 1.58 

6. PLF (%) 84.36 92.92 88.64 75.98 87.24 

7. Availability 
(%) 

88.71 96.97 83.83 94.47 96.23 

8. Heat rate, 
kCal/kWh 

3185 3187 2625 2610 2593 

9. Running Hrs. 7770.90 8493.80 7343.20 8275.10 8430.6 

10. Planned 
outages (%) 

8.05 0.69 8.42 1.96 0.59 

11. Forced 
outages (%) 

3.25 2.35 7.76 3.58 3.17 
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Table-3c 

KEY PERFORMANCE INDICES (YEAR 2004-05) 
 

Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 

1.  Max. load 
(MW) 

32 32 221 225 223 

2.  Av. Load 
(MW) 

27.64 10.17 169.01 173.71 178.22 

3. Aux. Power 
Cons. (%) 

9.20 8.98 

4. Sp. Coal 
Cons. 
(kg/kWH) 

0.824 0.824 0.665 0.665 0.665 

5. Sp. Oil Cons. 
(ml/kWH) 

12.21 1.52 2.33 1.27 

6. PLF (%) 92.13 33.91 80.48 82.72 84.86 

7. Availability 
(%) 

94.67 35.04 84.77 86.03 85.87 

8. Heat rate, 
kCal/kWh 

3312 3312 2597 2604 2594 

9. Running Hrs. 8293.26 3069.20 7425.90 7536.40 7522.09 

10. Planned 
outages (%) 

1.81 62.95 9.34 11.05 10.66 

11. Forced 
outages (%) 

3.52 2.02 5.89 2.92 3.47 
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Table-3d 

KEY PERFORMANCE INDICES (YEAR 2003-04) 
 

Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 

1.  Max. load 
(MW) 

32 30 219 218 215 

2.  Av. Load 
(MW) 

19.19 12.50 133.79 159.77 165.79 

3. Aux. Power 
Cons. (%) 

10.07 9.58 

4. Sp. Coal 
Cons. 
(kg/kWH) 

0.839 0.692 0.689 0.689 

5. Sp. Oil Cons. 
(ml/kWH) 

6.92 4.24 3.14 2.18 

6. PLF (%) 63.98 41.66 63.71 76.08 78.95 

7. Availability 
(%) 

70.61 46.06 73.76 87.30 89.46 

8. Heat rate, 
kCal/kWh 

3210 2634 2613 2602 

9. Running Hrs 6202.66 4046.10 6479.1 7668.5 7858.17 

10. Planned 
outages (%) 

10.60 34.68 21.15 6.20 0.68 

11. Forced 
outages (%) 

18.79 19.26 5.09 6.50 9.86 
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Table-3e 
 

KEY PERFORMANCE INDICES (YEAR 2002-03) 
 

Sl. 
No. 

Description Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 

1.  Max. load 
(MW) 

30 30 200 205 210 

2.  Av. Load 
(MW) 

27.21 26.48 152.24 168.84 147.88 

3. Aux. Power 
Cons. (%) 

9.25 9.74 

4. Sp. Coal 
Cons. 
(kg/kWH) 

0.817 0.660 0.660 0.659 

5. Sp. Oil Cons. 
(ml/kWH) 

3.60 5.73 3.22 3.68 

6. PLF (%) 90.70 88.27 72.50 80.40 70.42 

7. Availability 
(%) 

97.84 93.83 93.61 92.13 83.30 

8. Heat rate, 
kCal/kWh 

3194 2616 2588 2589 

9. Running Hrs. 8571.20 8219.10 8200.00 8070.30 7297.40 

10. Planned 
outages (%) 

0 1.56 2.26 5.09 9.82 

11. Forced 
outages (%) 

2.16 4.61 4.13 2.78 6.88 
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The performance data for the total station since last seven years is further compiled below 

in Table-4:           Table - 4 

STATION PERFORMANCE DATA 

SL. 
NO
. 

PARTICULARS UNIT YEAR 

      
2000-
01 

2001-
02 

2002-
03 

2003-
04 

2004-
05 

2005-
06 

2006-
07                

1 Station Capacity MW 690 690 690 690 690 690 690 

2 Station Heat Rate 
Kcal/Kw

h 
2674 2620 2660 2653 2647 2661 2678 

5 Generation Target MU 4360 4336 4500 4398 4430 4966 5195 

6 Actual Generation MU 4545 4222 4578 4313 4895 5162 4575 

7 Actual PLF % 75.19 73.16 75.75 71.71 80.98 85.40 75.69 

8 Avail. factor % 88.14 86.19 90.22 81.31 83.76 91.63 81.93 

9 
Oil Consumption  - 
LDO 

KL 1003 1164 1853 2137 1014 2871 1973 

 
Oil Consumption  - 
FO 

KL 10707 13187 17018 12357 10810 15977 11997 

10 
Sp. Coal 
Consumption 

Kg/Kwh 0.712 0.696 0.676 0.699 0.676 0.736 0.748 

11 
Sp. oil 
Consumption 

ml/kwh 2.58 3.25 4.12 3.36 2.42 3.65 3.05 

12 GCV of Coal Kcal/KG 3723 3728 3877 3749 3882 3569 3541 

13 GCV of Oil (FO) Kcal/Ltr. 9860 10002 10474 10233 10116 9910 10164 

                   (LDO) Kcal/Ltr 10369 10558 10782 10786 10545 10238 10407 

14 Aux. Cons. MU 441 434 444 415 440 475 433 

    % 9.69 9.81 9.69 9.62 8.99 9.20 9.46 

15 Planned Outages Nos. 6 17 17 17 9 12 22 

    Hrs. 454 850 464 922 1074 326 1141 

    % 5.17 9.70 5.30 10.50 12.26 3.72 13.03 

16 Forced Outages  Nos. 77 61 91 84 68 99 69 

    Hrs. 586 360 392 719 346 407 477 

    % 6.69 4.11 4.48 8.19 3.95 4.65 5.44 

17 
Due to Boiler Tube 
Leakage 

Nos. 20 15 15 17 14 20 21 

    Hrs. 431 284 295 369 285 292 392 

    % 4.92 3.24 3.37 4.20 3.25 3.34 4.48 
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1.3 As evident from the above tables though the performance of the units in terms of PLF 

and availability is reasonably good, the heat rate is on the higher side. 

1.4 Further, the units were designed based on GCV of coal as 4450 kcal/kg-5000 kcal/kg 

whereas the actual coal quality is of inferior grade causing increased firing of coal to 

maintain the load and causing resultant increase in heat rate.
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2. CONDITION ASSESSMENT OF PLANT AND EQUIPMENT  

 

  OVERALL PERFORMANCE LEVEL 

 

The salient features of the condition of major plant and facilities are 
described here under: 

 

2.1.  BOILER & AUXILIARIES 

 

STAGE-1 

 

In general the condition of pressure parts of boilers of all the units is bad. 

The frequency of tube failures is high which affects the overall availability of 

the boilers. Due to prolonged and continuous operation, boiler pressure parts 

have become weak.  

 

The boilers are corner fired supplied by HE, Bhopal. Units 1&2 are of smaller 

capacity and are as per old technology. The present condition of the air and 

flue gas system is not satisfactory. Ingress of air has been observed at various 

locations affecting the draft system adversely. It  has been observed that the 

loading on ID fan is increased by almost 20% due to these leakages and other 

reasons. 

  

Although at present the coal milling and firing system along with oil firing 

system are in working condition, the system is undersized due to deteriorated 

coal quality as compared to the design coal quality. The design calorific value 

of coal is 5000kcal/ks, however the CV of coal being used in the range of 3600 

kcal/kg. For getting the rated output all the 3 Nos. coal mills are put into 

service with no standby coal mill. Due to increase in planned 
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maintenance/forced outage of mill partial load is shared. Partial load 

requires oil support for flame stabilization resulting in increased heat rate. 

 

The efficiency of the boilers has also reduced from 86% to 82 - 83% causing 

less economic operation of the boilers. The boilers of stage-1 have damper 

control system whose effectiveness due to prolonged operation is vary erratic 

causing rise in flue gas temperature at air pre heater outlet. ID fan inlet 

temp. is as high as 1700C due to 3 mill operation causing increased heat rate. 

 

The units have already served for more than 35 years which is more than any 

standard operational life. LE study of the units have been carried out by 

MSPGCL and was seen that rehabilitation/renovation & modernisation cost is 

prohibitive. Hence these units will be withdrawn after commissioning of new 

units of higher capacity in 3-4 years. 

 

As per the history of major overhauls, it has been noted that the same has 

been carried out for Units 1  &  2 during last five years. As such, it can be 

inferred from the above that though MSPGCL is trying their best to improve 

the performance, there are certain issues like original deign conditions, 

ageing of the plant, poor coal quality etc. which can not be compensated 

without a comprehensive R&M programme for the units. 

 

STAGE-2 

 
The boilers of Units 3, 4 & 5 are supplied by BHEL. The unit 3 has 3 Nos. ID 

fans whereas units 4 &5 have 2 Nos. ID fans each. This causes more aux. 

power consumption for unit No. 3. Unit No. 3 has also experienced explosion 

in boiler in past. As a result the verticality of water wall has been affected 
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causing shifting of fire column which has lead to uneven heat transfer in the 

radiant zone. 

 

The design GCV of coal in case of Stage-2 boilers has been considered as 5000 

to 4445 kcal/kg whereas the actual GCV of coal being presently supplied  with 

3541 kcal/kg. This has resulted into loading of mills and fans and as such 

there hardly remains any margin on these equipment which is detrimental to 

the health of these equipments in long run. The boilers are designed to run 

with 4 mills operation and two mills as standby. Due to poor quality of coal, 

five mills are taken into service at full load. As such, the fans are also 

overloaded to take care of additional coal firing. This results to increased 

heat rate as well as increased auxiliary power consumption of the units. 

 

In recent months coal supplied from a particular mine has very high sulphur 

content causing frequent coal mill fire in the mill reject chamber leading to 

damage to scrapper box, scrapper, lower & upper skirts & also mill bottom 

building & melting occurred. This has resulted in non-availability of coal 

mills. 

 

2.2 TURBINE AND AUXILIARIES 

 

STAGE - 1 

 

The turbo generators are HE, Bhopal design, Cylinder Horizontal nozzle 

Governing designed. The turbines have already been operated for more than 

thirty five years. As such, load restriction, reduction in efficiency etc. are 

bound to occur due to ageing of the machines unless and until a 
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comprehensive renovation and modernization is carried out. The units have 

been derated to 20 MW from 20/04/2007. 

 

Following typical problems have been noticed with respect to the turbines: 

  

Operation of heaters – One HP heater is out of service. 

 

Condenser vacuum: The plant is designed to operate with one steam ejector 

but due to various constraints, all two ejectors are normally operated causing 

increase in auxiliary consumption. The vacuum is a low as 610-630 mmHg. 

Due to leakage 5% condenser tubes are already plugged. 

 

Governors- The turbines are provided with mechanical type low speed 

governors. Due to  prolonged operation, the same have become further 

inefficient giving rise to  a less precise control of the turbine operation. 

  

STAGE – 2 

 
The stage-2 turbines have been supplied by BHEL. Following typical problems 

have been noticed with respect to the turbines: 

 
Open cycle cooling for Unit #3 – Unit # 3 is designed to operate with  two 

different flow circuits - cold & hot. Cold circuit having 3 pumps (2W + 1SB) of 

which two are 680 KW & third is 800 KW. Hot water circuit having 3 pumps 

(2W + 1 SB) each having 800 KW. With this arrangement it is very difficult to 

match the flow of cold & hot circuit. Now due to vacuum problem all the 

three pumps of both the circuits are running. Hot water channel overflows to 

cold water channel causing rise in cold water temp. which in turn affect 

condenser vacuum. To overcome this, condenser outlet valves have been 
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removed to allow more flow. Condenser vacuum ranges from 580 to 610 

mmHg. This two stage pumping of cooling water, the auxiliary power 

consumption of this unit increases.  

 

The plant is designed to operate with one steam ejector but due to various 

constraints, two ejectors are normally operated causing decrease in system 

efficiency. Further, to reduce the CW water temp. all the CT fans are kept 

running which causes more aux. power consumption.  

 

Unit 4 generator brg. No. 6 has developed very high vibration of 120 micron 

at a velocity of 19.2 mm/sec. This restricts loading on the unit. Further, due 

to  heavy gland sealing steam leakage in HP & IP turbines moisture contains in 

lube oil reaches as high as 800 ppm. The matter has been taken up with OEM 

for solution. 

 

2.3 ASH HANDLING SYSTEM 

 

Presently, all units of Parli power station are  provided with conventional ash 

slurry system which as per prevalent guidelines are to be retrofitted with dry 

ash storage system. As such, in case the units are to be operated on long term 

basis, retrofitting for dry ash collection and storage will be required. 

 

2.4 COAL HANDLING SYSTEM 

 

The Coal handling plant is primarily having no major constraint in operation. 

However, provision for blending is required, considering the use of imported 

coal & washed coal. 
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2.5 OTHER PLANT AND EQUIPMENT 

 

The overall condition of balance facilities is in general not upto mark because 

of natural ageing of the plant. The control systems of Stage -1 units are of 

obsolete design as compared to present day DCS systems. Selective 

replacements have been made periodically based on needs but no 

comprehensive replacements have been carried out so far. 
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3. HEAT RATE CALCULATION 

 

The following table shows, the heat rate achieved by the plant during last 

five years: 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As evident from the above table, the plant has a deteriorating trend in terms 

of heat rate for Stage -2 units.  If the heat rate achieved during last five 

years is compared to the design heat rate of the units, the trend shows about 

8% -10% deviation from the design values has been noticed in case of Stage-2 

units. 

 

 

Sl. 

No.
Description 2006-07 2005-06 2004-05 2003-04 2002-03

1 Max. load (MW)
31(St-1) 

217(St-2)

32(St-1) 

218(St-2)

32(St-1) 

175(St-2)

31(St-1) 

216(St-2)

30(St-1) 

205(St-2)

2 Av. Load (MW)
26(St-1) 

165(St-2)

26(St-1) 

180(St-2)

20(St-1) 

175(St-2)

16(St-1) 

160(St-2)

26(St-1) 

153(St-2)

4
Sp. Coal Cons. 

(kg/kWH)
0.748 0.736 0.676 0.699 0.676

5
Sp. Oil Cons. 

(ml/kWH)
3.05 3.65 2.42 3.36 4.12

6 PLF (%) 75.69 85.4 80.98 71.71 75.75

7 Availability (%) 81.93 91.63 83.76 81.31 90.22

8
Heat rate, 

kCal/kWh
2678 2661 2647 2653 2660

9
Design Heat 

Rate, kcal/kWh
2442 2442 2442 2442 2442

10
% deviation from 

design
10 9 8 9 9
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The heat rate of a plant is affected by the following factors: 

• Ageing of the plant 

• Operating load of the plant 

• Quality of fuel as compared to design quality 

• Operating parameters like Main Steam Pressure, Main Steam Temp., 

Reheat Steam Pressure, Reheat Steam Temp. etc. 

• Condenser vacuum as compared to design vacuum 

• Feed water inlet temperature as compared to original heat balance 

• Flue gas outlet temperature as compared to design values 

• Improper combustion in boiler causing more velocity of flue gas, 

increased metal temperatures of  reheater tubes  which calls for 

increased reheater spray, increased unburnt coal in ash, erosion of 

tubes resulting into more number of tube leakages etc. 

• Leakages in boiler area due to improper sealing etc. 

• In crease in DM water make-up  

• Frequent starts / stops 

 

The parameters which are affecting the heat rate of Parli TPS (2 x 20 MW 

+ 3 x 210 MW) are further analysed in the following table: 

 

Sl. 

No. 

Description Remarks 

1. Ageing of the plant The average age of the units ranges from 20 

years to 36 years. As such, due to natural 

deterioration because of wear & tear, different 

temp. regimes etc., an increase in heat rate is 

well expected. As per ASME PTC – 6R (1985) an 

average increase of 0.4% in heat rate is expected 
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for every year. As per above provisions, the 

corrected heat rates of the five units become 

3475 kcal/kWh, 3463 kcal/kWh, 2642 kcal/kWh, 

2595 kcal/kWh and 2576 kcal/kWh respectively. 

2. Operating load of 

the plant 

As per the operating record of the units, there is 

an average load restriction to the extent of 10 

MW for Units 1, 2 and 3. As per the correction 

curves of OEM, the increase in heat rate due to 

partial loading @ 1.2 kcal/kWh per MW i.e. 12 

kcal/kWh loss is expected for each of these 

units.  

3. Quality of coal The first two units are designed to operate with 

coal of GCV  5000 kcal/kg and for rest of the 

units the designed GCV of coal is in the range of 

4445 kcal/kg-5000 kcal/kg whereas the available 

coal is having average GCV of about 3850 

kcal/kg. Also, the constituents of coal like 

moisture, Hydrogen and ash show a wide 

variation as compared to the designed coal 

quality. It is observed that difference in moisture 

content and Hydrogen content are of the order 

of 1 % and 0.5% respectively. Considering the 

fact that these constituents have a resulting 

effect in heat transfer in boiler. As per the 

furnace performance monitored in terms of 

boiler efficiency, these deviations result into 

heat rate increase of about 34 kcal/kWh for  

units 1 and 2.   
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4. Condenser vacuum 

and CW inlet temp. 

Poor performance of cooling tower due to ageing 

of civil structure, damages and dislocation of 

splash bars & fill material results in poor 

condenser vacuum and further results into 

increase in heat rate of these units. As per 

correction curves of OEM, an increase in plant 

heat rate by 0.7% is expected due to loss of 0.01 

bar vacuum in condenser. An increase in heat 

rate due to this factor works out to be 18 - 22 

kcal/kWh for all units.  

5. Increase in Flue gas 

temp. at APH outlet  

Because of the poor coal quality, more coal is 

being fired as compared to the designed value. 

This causes more temperature of flue gas at air 

pre-heater outlet, This result into increase of 

heat rate by 9 kcal/kWh for Units 1 & 2 and 5 

kcal/kWh in case of Units 3, 4 and 5.  

6. Decrease in feed 

water inlet temp. 

Due to prolonged outage of HPH in case of Unit 

3, the feed water inlet temperature is reduced 

by 20 deg.C as compared to the design value. 

This results into increase of heat rate by 23 

kcal/.kWh for this unit. 
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Keeping all the above factors into account, the achievable heat rate for different 

units of Parli power station works out to be as under: 

    

   HEAT RATE DEVIATIONS 

       ALL FIGURES ARE IN KCAL/KWH 

Sl. 

No. 

Description Unit -1 Unit -2 Unit -3 Unit -4 Unit-5 

1.  Design heat rate 3038 3038 2385 2385 2385 

2.  Due to ageing 437 425 258 210 191 

3.  Partial loading 12 12 12 0 0 

4.  Decrease in 

condenser vacuum 

22 22 18 18 18 

5.  Increase in Moisture 

in coal 

6 6 4 4 4 

6.  Increase in Hydrogen 

in coal  

28 28 28 28 28 

7.  Increase in APH 

outlet temp..  

9 9 5 5 5 

8.  FW Inlet temp. 0 0 23 0 0 

9.  TOTAL HR 3552 3540 2733 2650 2631 

 

             As such, the average station heat rate of Parli power station will be =  

((3552*20) + (3540*20) + (2733*210) + (2650*210) + (2631*210))/670 = 2724 

kcal/kWh. 

 

This heat rate has been predicted for the year for the year 2007-08. Since, 

there is no Renovation & Modernisation planned for this power station, it is 

predicted that the heat rate of the station will further increase by 0.4% of 
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normative heat rate i.e. 0.4% of 2500 kcal/kWh per annum which comes to be 

about 10 kcal/kWh per annum.  

 

As such the achievable heat rate of Parli Power Station  for next three years 

will be as follows: 

 

Sl. No. Year Heat rate, kcal/kWh 

1 2007-08 2724 

2 2008-09 2734 

3 2009-10 2744 

 

Further, if the heat rate of recent few months for this power station is 

considered which is of the order of about 2821 kcal/kWh, it is observed that 

the same is not falling within the recommended range. As such, Parli TPS has 

to put all possible efforts to improve upon the performance and try to catch 

up with the projected heat rate. 

 

The heat rate of units 1&2 can deteriorate fast as their reliability is poor (Old 

age & prohibitive cost of renovation & modernization). Further, if the 

expected heat rate as projected above in case of Units 1 & 2 is compared 

with the actually achieved heat rates of previous years , there appears to be 

a wide variance i.e. the actual heat rate is much better than the projected 

values. The exact reason for such a variance need to be reviewed by MSPGCL
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4.  AUXILIARY POWER CONSUMPTION CALCULATION 

 

As per the O&M records of the power station, the average auxiliary power 

consumption as achieved by the station during last five years is noted as 

follows: 

 

Year Stage -1 aux. Power 

cons. (%) 

Stage -2 aux. Power cons. 

(%) 

2002-03 9.25 9.74 

2003-04 10.07 9.58 

2004-05 9.2 8.98 

2005-06 8.95 9.23 

2006-07 9.13 9.5 

 

The auxiliary power consumption of any unit is based on the operating conditions of 

the plant like; 

 

- No. of drives in actual operation as compared to designed drives 

- Unique drives typical to a particular power plant as compared to other similar 

units 

- Ageing of the units 

 

If the above parameters are applied to Parli Thermal Power Station, the 

following additonality is noted: 
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The main reasons for higher consumption are 

 

� The raw water source is situated about 22 km away from station which also 

consists of booster pump house at 10 kms besides raw water pump house at 

source point. 

 

� ETP recovery plants, Reject handling system, plant for ash removal 

Tokwadi / Dautpur ash water recovery scheme has been also envisaged and 

are additional plants as compared to conventional power stations. 

 

� The colony water supply is from the plant increasing the auxiliary 

consumption. 

 

� For unit 3, Hot & cold CW pumps are provided, which increases the 

auxiliary consumption.  

 

�     Poor Coal Quality & Moisture in Coal : 

              

 The coal received is of low grade as compared to design quality of coal.  

Due  to this, loadability of units drop resulting into less generation & 

increase in percentage auxiliary power  consumption. Also during rainy 

seasons PLF of units drops due to less generation. 

 

 Generally, the Units are being operated with one additional coal mill 

which not only adds to aux. power consumption against mills but also on 

the fans. 
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Considering 5% increase in aux. power consumption for all the above reasons, 

the achievable value comes out to be 9.45%. 

 

However, if the derating of the power station is considered, the achievable 

auxiliary power consumption will be (690/670) x 9.45% = 9.73 %.
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5. RECOMMENDATION 

 

As discussed in the foregoing chapters, as per the present conditions of Parli 

Thermal power plant the achievable heat rate and auxiliary power 

consumption will be as follows: 

 

Sl. No. Year Heat rate, 

kcal/kWh 

Aux. Power Cons. 

(%) 

1 2007-08 2724 9.73 

2 2008-09 2734 9.73 

3 2009-10 2744 9.73 

 

Following broad recommendations are proposed for improvement of 

performance level of the power station: 

 

1. For calculation of heat rate on annual basis, the stock measurement 

system gives almost believable values with some margin of errors. But 

considering strict stipulations from regulatory authorities, it would be in 

the overall interest of the organization to install gravimetric feeders for 

new units. Installation of gravimetric coal feeders for existing units may 

incur considerable investment for which a convincing justification may 

be difficult. 

 

2. Arrangements may be done to get washed coal /imported coal for the 

plant. 

 

3. Proper storage facility for coal alongwith blending facility will improve 

the quality of coal being fed into the boilers 
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4. Dry ash handling and storage facility should be provided to meet 

CPCB/MoEF stipulations of 100% ash utilization. 
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11. SUMMARY OF HEAT RATE & AUX. POWER CONSUMPTION OF ALL 

SEVEN STATIONS  

 

SUMMARY OF ACHIEVABLE HEAT RATE AND AUXILIARY POWER CONSUMPTION OF ALL 
SEVEN STATIONS 

 

 

SL.NO. STATION HEAT RATE kcal/kWh AUX. POWER CONS. % 

      2007-08 2008-09 2009-10 2007-08 2008-09 2009-10 

               

1 KORADI TPS 2953 2963 2973 10.12 10.12 10.12 

                

2 PARAS TPS 3250 3260 3270 10.4 10.4 10.4 

                

3 KHAPARKHEDA 
TPS 

2635 2645 2655 9 9 9 

                

4 CHANDRAPUR 
STPS 

2593 2603 2613 8 8 8 

                

5 NASIK TPS 2678 2688 2675 9.95 9.95 9.95 

                

6 BHUSAWAL TPS 2696 2706 2692 9.9 9.9 9.9 

                

7 PARLI TPS 2724 2734 2744 9.73 9.73 9.73 
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12. CONCLUSION  

 

12.1 Based on the detailed analysis of various factors / constraints as indicated in  previous 

chapters, the achievable heat rate and auxiliary power consumption for next three years 

are presented in the attached table.  

 

12.2 It would be prudent to note here that the figures of heat rate as indicated in the ensuing 

table has one major consideration in terms of deterioration in heat rate because of 

ageing. For estimation of achievable heat rate, the lowest of all available standards / 

literatures / reports i.e. 0.4% per year, has been considered. BHEL is the OEM of most 

of power stations in India. In case, we consider the ageing factor as per BHEL 

performance guarantee test procedure, deterioration at the rate of about 0.7% per year is 

recommended. If the value of achievable heat rates considering ageing factor 

recommended by BHEL is considered, the heat rate figures as arrived are indicated in 

the bottom of the same table.  

 

12.3 The recommended values in the report are with an assumption that no major R&M 

works will be taken up during next two years except for one unit each in case of Nasik 

& Bhusawal power stations. 

 

12.4 In almost all the power stations, poor quality of coal and few design defects have been 

observed. A detailed study of each power station is recommended to find out all areas 

of concern and remedial measures in terms of techno-economic analysis. 

 

 

 



 

 

 
MAHARASHTRA STATE POWER GENERATION CO. LTD. 

 
ASSESSMENT OF HEAT RATE & AUX. POWER 

CONSUMPTION OF THERMAL POWER  STATIONS 

   

 

 

 

 
“© 2007 MECON Limited. All right reserved.” 
 Page 256 of 288 

SUMMARY OF ACHIEVABLE HEAT RATE AND AUXILIARY POWER CONSUMPTION OF ALL 
SEVEN STATIONS 

 

 

SL.NO. STATION HEAT RATE kcal/kWh AUX. POWER CONS. % 

      2007-08 2008-09 2009-10 2007-08 2008-09 2009-10 

               

1 KORADI TPS 2953 2963 2973 10.12 10.12 10.12 

                

2 PARAS TPS 3250 3260 3270 10.4 10.4 10.4 

                

3 KHAPARKHEDA 
TPS 

2635 2645 2655 9 9 9 

                

4 CHANDRAPUR 
STPS 

2593 2603 2613 8 8 8 

                

5 NASIK TPS 2678 2688 2675 9.95 9.95 9.95 

                

6 BHUSAWAL TPS 2696 2706 2692 9.9 9.9 9.9 

                

7 PARLI TPS 2724 2734 2744 9.73 9.73 9.73 
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In case the ageing factor is considered as per BHEL  recommendation, the achievable 
heat rates will be as follows: 

     

SL.N
O. 

STATION HEAT RATE as per this 
report, kcal/kWh 

HEAT RATE as per BHEL 
recomm. Ageing factor, 

kcal/kWh 

      2007-08 2007-08 

          

1 KORADI TPS 2953 3128 

          

2 PARAS TPS 3250 3570 

          

3 KHAPARKHEDA 
TPS 

2635 2724 

          

4 CHANDRAPUR 
STPS 

2593 2704 

          

5 NASIK TPS 2678 2889 

          

6 BHUSAWAL TPS 2696 2900 

          

7 PARLI TPS 2724 2900 
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ANNEXURE - 2 
 

COPY OF AGEING CURVE AS PER  IEC – 60953 -2 



 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ANNEXURE – 3 

COPY OF BHEL TEST PROCEDURE 



 

 



 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ANNEXURE – 4 

COPY OF RELEVANT PAGES OF ASME  

PTC – 6(R) 1985 



 

 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

ANNEXURE – 5 

COPY OF RELEVANT PAGES OF CEA REPORT 



 

 

 



 

 



 

 



 

 

  



 

 



 

 

 

 

 

 

 

 

 

 

 

 

ANNEXURE – 6 

COPY OF RELEVANT PAGES OF REPORT OF 

EXPERT GROUP OF CERC 



 

 



 

 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

ANNEXURE – 7 

COPY OF TYPICAL PERFORMANCE CURVES 

OF STEAM TURBINES 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 


