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Optimizing Heat Rate: Enhancing Efficiency in
Indian Thermal Power Plants
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Climate change :Changeinthe _
average surface temperature on CL'MAT[ CHANGE

A s Canses

Earth. The average temp. on our
planet has been 15°C, but the past
few years have seen drastic
variations in the same, both up
and down

REASON :Overexploitation of
fossil fuels by humans and
deforestation

RESULT: Release of carbon
dioxide & other greenhouse
gases, such as methane and
nitrous oxide, into the atmosphere

1. Riseinthe sea level

2. Extreme weather conditions
3. Melting polarice

4. Floods

5. Droughts causing wildfires




What is Heat Rate?

The heat rate is defined as the total
amount of energy required to produce ‘
one kilowatt-hour (kWh) of electricity Heal Rale =

by an electric generator or power Eleelrie Euerg! nulpu[
plant | " "

oY

Relation between efficiency and heat rate

Thermal Energy Inpul

Efficiency =— 1/ Heat Rate

If a power plant converted 100% of the chemical energy in
the fuel into electricity, the plant would have a heat rate
of 860 kcal/kWh.



Coal Based Thermal Power Plant Schematic Diagram
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Important Components of Typical Coal Based Thermal Power Plant

1 Bailer
Main Steam

il 2 HF Turbime
ot Rehaat steam T
O M. Wter 4 IP Turbine

A LP Turbine
5 Generator
0 Condenser
T Cooling Tower
B Deaerator
8 LP Healera
10 HP Heatlers
Subsiatian *I 11 Coal Burners

Chimney

A Conl Conveyor

12 Coal Pulveriser
13 ES Precipitator

id Gen X'Mer

HJL_

i

______

Ash Hopper [J=*

C.E.P. Condenser




Heat & Mass Balance Diagram

Turbine Cycle Heat Rate

MLE LEFT 8 FESHT LHEE

'ﬂ-iwﬂr:‘

L

v ‘."”Iﬁ'
He= |—.

EFH |.l1|I:.- l\.lh-ll_l||-|

Soukig:

FHEHLELE LW=R i

Pt
]
=

T

HE HELTFFE

. N
s -
i l—J |'
oy < FaA
-.E'L'“".J z R L
3 34 X
A Ll
r-ll--l | |
Dl R i = |
Tax -..;._,q"u
P &
Eal
hegrend” takgie
1 ax" !:,‘;.,""
TR @ lm i TET e =it
Lo
ama ¥ e
(dud 5
'-!|Fnl l.'r-i
— it SRR
—— 0T FOWEAT ST
- —— OLED STLAM

MCATER TP

FEED #hTER COMIENSATE

AR

e

.
s
Bk e

_.luulu =t ]

R HeflnFE

o
I :'I.-rﬂ:
aia"r
| LN
% TP LT
- J |
L‘\-MI:I-E o
lFerracnme
Foia
L Pc ey |
!ll b CE _._&_"\l._
£
| 1Y
T
"'i__.' b . | GLAMD T Eh
dfigigrl” IWITL:: A
Il i
i R Hirilw |:.1|..;|u:|-||:I :
ﬂ-h:r
.:n-.=.-. -|.|..-|'_-. iﬂ'l-"'ﬂ
= 7 . §
Il.hu."'h-ll



Typical Auxiliary Power consumption in Thermal

Power Plant

Eq“ﬁ’iﬁ'““t 500 MW 210 MW 110 MW
% Gen | % APC | % Gen | % APC | % Gen | % APC
BFP | 000* | 000 | 270 | 3360 | 294 24.50)
CEP | 040 | 570 | 027 | 334 | 036 | 3.00
CWP 1.00) 14.20 (.66 831 | 1.26 10.50
IDF 1.30 18.70 1.26 15.80 1.71 14.23
PAF 060 | 850 (.68 6.50 | 1.78 14.46
FDF 0.30 4.10 0.440) 5.00) 0.26 2.13
Mills 060 | 820 | 058 723 |  0.83 6.92
CTfans | 0.23 3.20 0.32 3.54 | 048 4.00
Air Comp. 0.08 1.20 0.12 1.56 0.24 2.00
A/C Plant 0.04 0.50 0.08 094 | 0.1 0.92
CHP 0.12 | 1.70 | o0.14 .70 | 0.29 2.41
AHP 0.09 1.20 0.13 |.66 0.31 2.54
Lighting 006 | 0.80 0.08 .00 | 0.08 0.68
others 223 | 3190 060 | 744 | 1.36 11.32
CAPC | 700 | 100,00 | 8.0 100,00 | 1200 |  100.00

BFP — Boiler feed pump, (I*P — Condensate extraction pump, CWP - (nnlma water
pump, IDF - Induced draft fan, PAF — Primary air fan, FDF - Forced draft fan, CT fans -
Cooling tower fans, CHP — Coal handling plant, AHP — Ash handling plant, APC —
Auxiliary power consumption and % Gen - % Generation.



Coal Fired Power Plant Boile
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AIR & FLUE GAS SYSTEM
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FEED WATER CYCLE
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TURBINE CYCLE & EXTRACTIONS
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ENERGY EFFICIENCY

Energy Audit : Methodology

Audit Step1: Data Collection

Audit Step 2 : Observation,
measurement & trials

Audit Step 3 : Data Analysis &
Findings

Audit Step 4 : Implementing some of
the measures and evaluation by trials
(Online at equipment)

Audit Step 5 : Recommendations &
Techno-economic evaluation

Audit Step 6 : Presentation to Top
management & Detailed report
preparation

Audit Step7 : Implementation
Action plan preparation & Periodic
Review

Electrical

Thermal

Collecting the information on
inventory of the electrical
equipment installed and its
operating parameters (like hours,
actual load in kW etc.)

Equipment / Sections
* Electrical Systems-Transformer

* Electric Motor & Drives
*Pump , Fan & Blower

Chiller compressor
« Compressed Air System

(Generation, Distribution &
Utilization)
* Lighting System

* Harmonic analysis

Review of Loading parameters /
reasons for deviations analyzed.

Collecting the information on
inventory of the thermal installed
and its operating parameters
(like hours, Capacity, etc.)

Equipment / Sections
* Boilers & Steam System

+ Steam Turbine
» Deareator

« Condenser

* LP Heaters

+ HP Heaters

» Refrigeration & Air-
conditioning

» Cooling Tower

Energy & Mass balances carried
out and user end requirements
matched with installed
capacities.




ENERGY EFFICIENCY

Online Measuring Instruments

Load Manager and Harmonic Analyzer
Anemometer
Ultrasonic Flow meter
Digital Thermometer
Infrared Thermometer
Flue Gas Analyzer
Pressure gauge

Digital manometer
Ultrasonic leak detector
Lux Meter, etc.




Heat Pump Working

Chiller
| Evaporator/ -
\ CT

12° C ,‘ Chilled water return

Hot water return
45° C

Hot water supply
at 50° C



WATER SOURCE HEAT PUMP

Chilled
S — COMPRESSOR
0 (temperature and

préssure increase)

Heat energy for heating boiler
feed water upto 80 °C

EXPANSION VALVE \ /
(temperature and
EVAPORATOR (low boiling point ~ Pressure crop) CONDENSER (heat
fluid evaporated by heat source) transferredto building

circulation|



Case Study - 1 Installation of Water source Heat Pump for
Boiler Feed water Preheating

BOILER FEED WATER DETAILS
Hot Process

Condensate from TG5 Condensate 85-90°C _____ Ambient DM
5 Water 25 °C

HP Heater | Condensate from HP Heater

Condensate

Hot DM Water to 'to WHRB 35"{:
28 m3*/H DM Water Through |  Feed water tank 70°C
BFP heat transfer 30°C ,

Steam (Approx
- 8 Tons), 8 Bar

Deaerator Tank

BFP I




Case Study - 1 Installation of Water source Heat Pump for
Boiler Feed water Preheating

Capacit Operating Pr.
(TpPH) y szg lchZ) Fuel Used
1 CVL 90 87 Coal
2 CVL 90 87 Coal
3 CVL 34 32 Coal
4 CVL 25 32 Coal

Table 1 List of Boilers

Existing Scenario
Two 90 TPH Boiler is running;

28 TPH of makeup water is supplied at ambient temperature to the deaerator, where it
is heated to 105°C using steam extracted by Steam Turbine.

Inlet Make up Water temperature =25°C 1o 30 °C

Outlet Make up Water temperature =80°C



UOM | Value _

Feed Water Temperature oC 25

- GCV of Fuel (Indian Coal) kCal/kg 3600
Make up Feed Water flow-rate TPH 28
Operating days per year days 324
Annual Steam consumption Tons/year 20160
Steam generation rate Rs/kg 2.2
Annual Energy spend for Boiler Make-up water Rs. Lakh 443.5
preheating
Heat pump Electricity consumption kWh /year 5503741
Heat pump Electricity consumption Cost Rs Lakh/year 220.15
Annual Chilling TRH production TRH/year 195668
Electricity consumption for Chilling TRH producing kWh/year 156534
Net Electricity Consumption by Heat pump kWh/year 5347207
Electricity Rate Rs/ kWh Rs/kWh 4
Net Electricity consumption cost by New Heat pump per Rs Lakh/year 213.9

year after Chilling as byproduct
Steam is passed through turbine , more kWh generation kWh/year 570000



Case Study - 1 Installation of Water source Heat Pump for
Boiler Feed water Preheating

Uow

Annual Monetary benefit with Electrical power generation =~ Rs Lakh/year 22.8

Net Monetary Benefit per year Rs Lakh/year 252.4

Investment for Heat pump installation & Integration with Rs Lakh 400
Chilled water system

Payback period Years 1.58

» Heating Output by Heat pump Coal Saved
» Chilling Output by Heat pump -Load on existing Chiller is reduced
» Steam reduction in Inefficient process of Deaerator

» Turbine more Electricity generation by saved steam

» GHG emission reduction 2250 Ton/year
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Case Study - 2 Energy Efficiency
Reduction of Air Ingress into Flue gas by arresting APH

Leakages

Air leakage occurs in the APH because of the pressure difference between the high-pressure
air and the low pressure exiting flue gases. The air leaks into the flue gas stream and exists
to the stack resulting as follows:

> Energy loss of hot air
> Pressure loss of hot air

» Additional load on the ID fan

Result:

The flue gas temperature at the APH outlet increases on account of this besides resulting in
reduced boiler efficiency and increased auxiliary power of the fans.

Improvement Measures during shut-down
> Replacement of worn out seals -radial, axial & bypass

» Adjustment of radial sector plates to maintain gap
» APH water washing



| Parameter

Unit

Reduction of Air Ingress into Flue gas by arresting

Oxygen level atInlet % 2.8 3.4
Oxygen level at Outlet % 4.6 5.1
Air Leakage % 10.98 10.69
Average Leakage % 10.83

Optimum Leakage % 6.00
Improvement in Boiler Efficiency % 0.55

Coal GCV kCal/kg 5400

Annual Coal saving Tonne 3334.3

Annual Monetary saving Rs. Lakh 166.7
Investment Rs. Lakh 75.0

Payback Period months 5.4




Case Study - 3 Energy Efficiency
Installation of Sonic soot blowers in place of Steam soot

blowers

Existing Condition : Air Pre-heater soot blowing is done by steam - Inefficient
system

Energy Saving Potential : APH Soot bowing by Sonic Soot Blower results in
reduction of steam consumption

Sonic soot blowing is cleaning of
fouled surfaces by compressed air
operated sonic soot blowers.

Sound waves sent inside boiler
propagate in all directions and
Impart energy to ash paﬂiEUIatEE Sonic soot blower Tube bundle
which fluidize and jump up from : O. o*

fouled surfaces to be carried away O "O

by the flue gas stream. i pas s {j C}'Og

Z _Cj. Q5 .
Cleaning is effective even deep g-@ :
into tube bundles leaving no dead - t}

corners unclean. ! D b



Parameters Unit Operating
' Steam consumption in APH Soot Blowing TPD 17
“|Steam enthalpy kCal/kg 766
Annual energy saving kCal 3904306
Coal GCV kCal/kg 3400
Annual Coal saving Tonne 1148
Annual Monetary saving Rs Lakh 24.1
Additional power consumption KW 60
with compressor
Annual Energy consumption due to K'Wh 150000
COMpressor
Annual Monetary for consumption due to Rs Lakh 1.5
COMpPressor
Annual Net Monetary Saving Rs Lakh 22.6
Investment for Sonic Soot Blowers Rs Lakh 15
Payback period months 8.0




Case Study - 4 Energy Efficiency
Stoppage of one Vacuum pump in Unit Normal operation

by arresting Air leakages in Condenser system

Existing Condition: In normal plant operation, both vacuum pumps are
found I operation to meet vacuum requirement of Condenser

Design Condition : The plant is designed for operating one vacuum
pump with one stand by pump.

Type of Condenser Surface Condenser
Mo. of Condenser 1

Water Quality Sea Water
Cooling ater Flow-rate 70000 TPH

Condense Back pressure 76 mmHg-a




erformance of Condenser

®Vacuum is deteriorated due to very high air ingress in

Condenser, plant is operating two vacuum pump instead of

one pump operation as per design.

680461505

Condenser Duty

Condenser Pressure
Terminal Temperature Difference
Energy Saving Potential

Power consumption by
Vacuum pump

Annual Energy consumption
Annual Monetary saving
Investment for Air arresting
Payback period

kCal/hr

mmHg
0C

kKW

kWh

Rs. Lakh
Rs. Lakh
months

75.98
4.06

210

315000

703212324

92.68
2.61

210 X 2

630000
6.93
10.0

11



Case Study - 5 Energy Efficiency
Proper insulation of Boiler, APH, Economiser & Steam
Distribution network ,LP Heaters, HP Heaters, Deaerator

IR Image Information

Visual Image Information

Fig. No. : A 6

Location: Economizer Outlet

IR Image Information

Visual Image Information

Fig. No. : A 10

Location: After Economizer (3™ Floor)

Hot Insulation Survey by

Thermography Camera based on

Infrared Radiation Principle
To
Estimate Heat loss




Case Study - 5 Energy Efficiency
Heat Loss Estimation of uninsulated or weak insulated

area of Boiler & Turbine area

Annual Insulation Heat Loss Lakh kCal 29200
Coal GCV kCal/kg 5400

Annual Coal saving Tonne 54100
Annual Monetary saving Rs. Lakh 27.0

Investment for proper Rs. Lakh 25.0

insulation

Payback period months 11

[RG: 3 - 0. 50 SC.OFF 11705531
Pl TS 4

162200

Location —Superheater owutlet






