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HEATRATE IMPROVEMENT

THE PRESENTATION COYVERS

t DEFINITIONNANDOTYPESS OHHEATIRATEE

u IMPORTANCE OF HEATIRATEIMRROVEMENNT
t CALCULATIONN\OFHEATIRAREE

U CYCLE EFFICIENCYVANDOHEATIRALEE

U DIFFERENT TYRES OF HEAT LOSSES

U PARAMETERS AFFECTING; HEATIRATEE

i PERFORMANCE OF EQUIPMENTS
ACONDENSER PERFORMANCE

AHP/LP HEATERS PERFORMANCE
ATURBINE PERFORMANCE
ACOOLING TOWHR PERFORWANGH
ABOILER PERFORMANCH.

ARAPH PERFORMANCE




HEATRATE IMPROVEMENT
HEAT RATE

HEAT REQUIRED IN KCAL FOR UNIT ( KWH)
GENERATION OF ELECTRICITY

LEL

UNIT OF HEAT RATE
KCAL / KWH

DESIGN UNIT HEAT RATE : 2274 KCAL/KWH
ACTUAL UNIT HEAT RATE : 2400 KCAL/KWH
DEVIATION : 126 KCAL/KWH




HEATRATE IMPROVEMENT

GROSSUNIT HEAT RATIE +

The ratio heatinput to the lbailer imdluding &l
forms of chemical energyssupplieécandithe
Aggoss’OeBcsrioal genkeretiont r 1 cal gen

For most functions ((€&ily/manthly/annual
reporting, comparison/ benchmarking of wmnits)
unit or plant heat rate is used.



HEATRATE IMPROVEMENT

NET UNIT HEATHOYHE +

A “ufiit? heat rate indludea 41l heatdnpué to then C
boiler. The heatimput to the Hoilerindlucieall
foxons afichemdc4l enardy supplied @nd thee‘met® r
eleatrical genetationiie, pauXibarypoweriis ddhbe
sulbtracted from grosscélectiicalenergy.



HEATRATE IMPROVEMENT

Gross Turbine Cyde IedatRaate I TEHR -
A “ @rosAnrbise Cycl¢théabratenieludesy c |
only heatimput to the turbine cydle.

GTCHR is the ratio of total heat input to the

turbine cycle and the gross generatos output.
Tusrbine Cycle : Starting fiom ESV to final

HP heater outlat

It includes HPT , IPT , LPT, condenser,
GSC ., @rain codlerILLPH 1,22 33 ,
deaerator, HP lIneaterbaand-Hhheatet 6



HEATRATE IMPROVEMENT
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HEATRATE IMPROVEMENT

EFFECT OF DEVIATION OF HEAT RATE BY ONE KCAL/ KWH

Description Unit value
COAL COST Rs / Kg 2.33
Cost of 1 K Cal Rs/ kcal 0.000597436

o |

Generation / day considering 95 % PLF MU 4.788
Generation / year considering 95 % PLF |MU 1747.62
Generation Capacity of One Unit / year [kwh 1747620000




IMPACT OF PARAMETERS ON HEAT RATE

No. [ Parameter Unit Deviation H R Dev ( Kcal/kwh)
1 | HPT efficiency % + 1% -4.5
2 | IPT efficiency % + 1% -4.5
3 | LPT efficiency % + 1% -11.4
4 | Condenser Back Pressure mm Hg | +1mmHgC +2.0
+1.0
5 |MSPrbefore ESV Kg/cm 2 Kg/cm2 -1.8
6 M.S. Temp Deg. C +1.0 Deg C -1.6
7 HRH Temp Deg. C +1.0 Deg C -0.68
8 | RH Spray T/Hr +1 T/H +0.53
9 | DM Make-Up % MCR + 1% + 20
10 |Boiler efficiency % +1% -26
HP Heater -TTD Deg. C +1.0 Deg C +1.8
HP Heater - DCA Deg. C +1.0 Deg C +0.25
11 | Excess Oxygen % + 1% +6.6
12 | Flue Gas Temp. Deqg. C +1.0 Deg C +1.3




COMPUTATION OF HEAT RATE
DIRECT METHOD (coaAL BASED)

RATIO OF HEAT INPUT TO GROSS GENERATION

COAL CONSUMPTION X COAL GCV

HEAT RATE =
GROSS GENERATION

A EASY CALCULATION
A FEW PARAMETERS

ANALYSIS OF DEVIATION OF HEAT RATE NOT POSSIBLE

UNCERTAINTY IS VERY HIGH




COMPUTATION OF HEAT RATE
LOSS METHOD (PARAMETERS BASED)

RATIO OF TURBINE CYCLE HEAT RATE TO BOILER EFFICIENCY
TURBINE CYCLE HEAT RATE *100

HEAT RATE =
BOILER EFFICIENCY

DETAILED ANALYSIS OF DEVIATION OF HEAT RATE POSSIBLE

MEASUREMENT OF MANY PARAMETERS IS REQUIRED

LONG CALCULATION




COMPUTATION OF HEAT RATE
GROSS TURBINE CYCLE HEAT RATE

TURBINE CYCLE HEAT RATE (KCAL/KWH) =

Qms (Hms - Hfwo) + Qhrh (Hhrh-Herh)+Qrh (Hhrh - Hrhs)

GROSS LOAD




COMPUTATION OF HEAT RATE
HEAT RATE & EFFICIENCY

OUT PUT
EFFICIENCY =

860 X 100
EFFICIENCY (%) = --ee--nnnnmmmmmmee-
HEAT RATE




COMPUTATION OF HEAT RATE

EXAMPLE OF HEAT RATE & EFFICIENCY

DESIGN GROSS TURBINE CYCLE HR = 1985 KCAL / KWH

860 X 100

DESIGN EFFICIENCY OF TURBINE CYCLE = ------------ =43.3%
1985

ACTUAL GROSS TURBINE CYCLE HR = 2050 KCAL /KWH

860 X 100
ACTUAL EFFICIENCY OF TURBINE CYCLE = =41.95 %




COMPUTATION OF HEAT RATE
EXAMPLE OF HEAT RATE & EFFICIENCY

DESIGN UNIT HEAT RATE = 2274 KCAL / KWH

860 X 100

DESIGN EFFICIENCY OF UNIT = -------m---- =37.8%
2274

ACTUAL UNIT HEAT RATE = 2400 KCAL/ KWH

860 X 100
ACTUAL EFFICIENCY OF UNIT =

MAXIMUM LOSS IN CONDENSER APPROXIMATE 58 %




- HEAT LOSS
HEAT LOSS DUE
TO OPERATING

HEAT LOSS DUE

TO EQUIPMENT
PERFORMANCE

PARAMETERS

DRAIN VALVE PASSING
: /IRADIATION LOSS

CONTROLABLE 4 UN-CONTROLABLE
HEAT LOSS * HEAT LOSS

_ ‘ " ‘_




HEAT LOSS DUE TO OPERATING PARAMETER

1. LOAD (PARTIAL LOADING ) ACCOUNTABLE/ CONTROLABLE

2. MS PR. BEFORE ESV ACCOUNTABLE / CONTROLABLE
3.MS TEMP. BEFORE ESV ACCOUNTABLE / CONTROLABLE
4. HRH TEMP. BEFORE IV ACCOUNTABLE / CONTROLABLE
5.RE HEATER SPRAY ACCOUNTABLE / CONTROLABLE
6. COND VACUUM ACCOUNTABLE / CONTROLABLE
7.CW INLET TEMP ACCOUNTABLE / UN-CONTROLABLE
8.CW FLOW ACCOUNTABLE / CONTROLABLE
9.DM MAKE T UP ACCOUNTABLE / CONTROLABLE

10.FW TEMP. AT HPH 6 O/L ACCOUNTABLE / CONTROLABLE
11. APH EXIT FLUE GAS TEMP ACCOUNTABLE/ CONTROLABLE
12.EXCESS 02 ACCOUNTABLE / CONTROLABLE



MONITORING

|

AREAL TIME HEAT RATE
DEVIATION

MAILY HEAT RATE
DEVIATION

REMEDIAL ACTION

\ \

PERFORMANCE TESTING

BOILER EFFICIENCY TEST

ATURBINE CYCLE HEAT RATE
ACONDENSER PERFORMANCE
AMEATER PERFORMANCE

ATURBINE EFFICIENCY

AELIUM LEAK DETECTION TEST
APRESSURE SURVEY

AOXYGEN SURVEY

ARAPH PERFORMANCE

AVIILL CLEAN AIR FLOW TEST

AVIILL DIRTY AIR FLOW TEST

AOT PA TRAVERSE TEST

MAIGH VELOCITY THERMOCOUPLE TEST
ACOOLING TOWER PERFORMANCE TEST

ANALYSIS OF TEST RESULT AND
REMEDIALACTION

TRENDING

TRENDING
OF
KEY PARAMETERS
AND
EFFICIENCY TEST
RESULTS
FOR MONITORING
OF
RATE OF
DETORIATION



DADRI THERMAL PLANT-ON LINE HEAT RATE DEVIATION
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FARAMETERS UMIT/DESIGHN LMNIT A1 LNITZ UMHITZ UMHITA

Laoad 210 hdin 219.375 215.25 216.313 216.75
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750 75 Efficiency

Total Coal Flow
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Bailer Load Index GG .5
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Throttle Pressure (L) 150k g cm2 147 1457 200 145 100

147 HT Drive Current

146,200
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Heat Rate Dew
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DAILY HEAT RATE DEVIATION REPORT

| bpATE: |28-Mmay-07 |

UNIT-1 UNIT-2 UNIT-3 UNIT-4
= NoIF’arameter | Unit Param Heat Param Heat Param Heat Parame| Heat
eter Rate eter Rate eter Rate ter Rate
(A) Accountable Heat Rate Dev Kcal/lkwh Design \value Dev. Value Dev. Value Dev. Vvalue Dev.
1 |Load ¢ Partial Ioading) ~NIRAY 210.0 | 211.9 -2.5 214.6 -6.0 216.3 -8.18 214.6 -6.0
> M S Pr before ES\V Kg/cm 2 150.0 150.9 -1.57 150.6 -1.01 150.6 -1.02 150.8 -1.38
= M.S.Temp before ES\V Deg. c | 537.0 | 538.1 -1.78 539.4 -3.77 538.1 -1.79 538.3 -2.09
a HRH Temp before I/ Deg. c | 537.0 | 538.6 -1.11 537.2 -0.10 536.6 0.31 535.4 1.14
5 Reheater Attemperation T/Hr 0.0 5.8 3.19 4.3 2.24 8.70 4.148 7.0 3.73
Condenser Back Pr (loss due
to CWw flow , load ,dirty tube 76.0 60.1 -2.04 55.1 -11.72 60.8 -2.25 67.9 13.56
(S and air ingress) mm_ Hg
- C W Inlet Temp. Deg. C 32.0 27.8 -29.76 27.8 -30.08 28.1 -28.15 27.8 -29.76
8 |bMm Make-Up S NIES= 0.0 0.000 3.61 0.00 0.00 3.24 0.00 5.73
o FW Temp at HPH O/L Deg. C | 247.0 243.2 3.1 242.0 4.5 244.1 3.3 242.3 4.3
2o | — o a.77 | a.so 3.06 5.1 o.04 s5.81 EERSE 25.39
Effect of coal quality on DFG S0 0.0 0.0 0.0 0.0
() Oxygen at eco outlet S0 3.54 2.62 2.35 2.57 2.86
(b)) APH exit flue gasTemp.(Corn| Deg. C 136.0 127.3 135.8 144.9 142.9
(c) APH -A Leakage %% 10.0 19.4 18.8 18.6 18.2
APH -B Leakage o6 10.0 16.8 14.5 19.3 16.3
11 |wWet Flue Gas Loss % 5.83 5.75 -2.03 5.78 -1.21 5.82 -0.24 5.82 -0.31
(2) Moisture in coal %% 12.0 10.18 10.18 10.18 10.18
(b)) 26 of Hydrogen in  Coal ) 2.26 2.76 2.76 2.76 2.76
PN, oLt Carbon loss o a2 o | 072 -2.24 0.76 -1.01 0.79 -0.16 0.69 -2.82
13 |Startup oil Consumption KL 0.0 0.00 0.0 0.00 0.0 0.0 0.0 0.00
14 HP T efficiency % 85.45 83.10 10.87 84.23 5.59 83.03 11.27 84.22 5.65
15 IPT efficiency %% 90.38 88.18 9.99 88.01 10.67 88.00 10.90 88.32 .28
Total (A) Kcal/kWh -9.13 -9.7 19.8 26.4
(B) Unaccountable H R Deviation Kcal/kw h 30.1 22.2 29.1 12.9
Total Heat Rate Deviation ( A+IKcal/kw h 21.0 12.5 48.8 39.3
(C) Design Heat Rate at Full Load Kcal/kw h 2274.0 2274.0 2274.0 2274.0
(D) Derived Unit Heat Rate (A+B+C) Kcal/kwh 2295.0 2286.5 2322.8 2313.3




Accountable Heat Rate Deviation

: Parameter | Heat Rate
s No|Parameter Unit | pesicN  value B,
1 [Load ( Partial loading) MW 210.0 211.9 2.5
2 |MS Prbefore ESV Kglcm?2 | 150.0 150.9 -1.57
3 | M.S.Temp before ESV Deg. C 537.0 538.1 -1.78
4 | HRH Temp before IV Deqg. C 537.0 538.6 -1.11
5 |Reheater Attemperation T/Hr 0.0 5.8 3.19
_CW flow, load ,dirty tube and air 76.0 60 .1 204
6 |ingress) mm Hg
7/ |C W Inlet Temp. Deg. C 32.0 27.8 -29.76
8 [DM Make-Up % MCR 0.0 0.000 3.61
9 |FW Temp at HPH O/L Deg. C 247.0 243.2 3.1
10 [Dry Flue gas loss (DFG) % A77 4.89 3.06
11 |Wet Flue Gas Loss % 5.83 5.75 -2.03
12 |Unburnt Carbon loss % 1.2 0.72 -2.24
13 | Startup oil Consumption KL 0.0 0.00
| 14 [HPT efficiency % 85.45 83.10 10.87
15 |IPT efficiency % 90.38 88.18 9.99
Total (A) Kcal/kwh -9.13




Calculation of UnacoaurttéiileHieaiRate
1: Calculation of Unit Heat Rate "oy -monthly Turbine
Cycle Heat Rate Test and Boiler Efficiency Test

Turbine Cycle Heat Rate

2. Unit Heat Rate =---------=---mmmmmmmm oo x100
Boiler Efficiency

3: Total HR Deviation = Test Unit HR- Design Unit HR

4: Total HR Deviation = Accountable HR+ Unaccountable HF
5: Unaccountable HR= Total HR Deviation-- Accountable HR

X Accountable HR Is calculated taking parameters at the time of



HEAT LOSS DUE TO EQUIPMENT
PERFORMANCE

CONDENSER PERFORMANCE



CONDENSER PERFORMANCE

FACTOR AFFECTING CONDENSER BACK PR

1) C W inlet temperature

2) CW Flow

3 ) Condenser Heat Load

4 ) Alr Ingress

5) Scale inside Tube

6 ) Condenser Tube Choking
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EFFECT OF CW FLOW ON BACK PRESSURE
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EFFECT OF CONDENSER HEAT LOAD
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CONDENSER PERFORMANCE

EVALUATION OF CONDENSER PERFORMANCE

1. Deviation in condenser back pressure
2. TTD = Terminal Temperature Difference
= Tsat- CW outlet Temp
where
Tsat = Saturation Temp corresponding to back pressure
3: Under cooling = Tsat- Condensate temp in Hot well

4: Air Depression = Tsat T T air steam mixure
5: DISSOLVED O2 IN CONDENSATE IN HOT WELL
6 : DIFFERENTIAL PRESSURE OF CW IN/OUTLET



CONDENSER PERFORMANCE

Deviation in condenser back pressure
/ \

Dev. of corr condenser back pressure
From Design back pressure

LMTD Method

Dev. of test condenser back pressure
From expected back pressure

Primary Method LMTD Method




CALCULATION OF EXPECTED SATURATION TEMP AND
EXPECTED BACK PRESSURE AT VARIATION OF
DIFFERENT OPERATING PARAMETERS

The following equations are used
Expected Tsat = CW inlet temp + CW temp rise + TTD
( General Equation)

Expected back pressure = Pressure corresponding to
Expected saturation temp



1) Expected Tsat (d) = CW inlet temp (d) + CW temp
rise (d) + TTD (d)

32 (deg C)+ 10.8 (deg C)+ 3.2 (deg C) =46 (deg C)
Expected back pressure (d) = Pressure

corresponding to Expected saturation temp (d) =
76 mm HgC = Pd



2) Effect of CW inlet alone
Expected Tsat = CW inlet temp (a) + CW temp rise (d)
+ TTD (d)

Expected back pressure = Pressure corresponding

to Expected saturation temp = Pcwi

Variation due to CW inlet temp = Pd  Pcwi

Example:

C Winlet temperature (Avg) =17.7 Deg C

Design C W inlet temperature = 32.0 Deg C

Expected Tsat = 17.7+10.8+3.2 =31.7 Deg C

Expected back pressure = 35.12 mmHgc

Gain due to CW inlet temp = 76-35.12 = 40.88 mm
Hgc






