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ERDA’s Energy Audit Credentials




OVERVIEW OF ORGANIZATION

AN OVERVIEW

« Established in 1974

» Spread over 25 acres at Vadodara,
Guijarat, India

« Total laboratory build up area of
more than 14,000 sq.m.

« Customer base of more than
10,000




ENERGY MANAGEMENT SERVICES

+ Energy Audit under PAT » Gassous amission
» M&V of Industries and ESCO R
Projects » Water Balance
* Steam Generator « Technical assistance to
* Air Pre Heater industry, Municipal and Urban
* Condenser, Cooling Tower as per Local Bodies on energy saving
- projects
-_ |
* Seminar

* Training
» Webinar

! * Solar PV Performance Evaluation




RECOGNITIONS




Energy & Water Audit Credentials
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Energy Audit Credentials
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ERDA’'S CONTRIBUTION FOR ENERGY
SAVING OF NATION

Energy Management Cell of ERDA established in 1998

No. of Industries Audited More than 500
Approx. Cumulative Energy Saving 408 Million Units
Total Amount Saved @ INR 4.0/kWh INR 1630 Million
Saving Potential without Investment INR 290 Million (18%)
Equivalent to Load of House holds 3,80,000
e {37200 on




Case Studies




Case Study-1: Throttling Loss Boiler Feed

oA

Problem Statement:

The discharge pressure of Boiler Feed Water Pumps was observed to be
183 kg/cm?g, while the drum pressure was only 155 kg/cm?g. The power
consumption of BFP was around 3 MW.

Data Collected:

Power Flow Pump
Pump No. Consumed (T/hr) Head (m) Efficiency
(kW) (%)
BFP -3 3,020 320 1745 58.3
Design Parameters : Flow : 350 T/hr
Head: 2087 m

Pump Efficiency: 80.5%
Motor Rating : 3500 kW




Thermal Power Plant Cycle
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Case Study-1: Throttling Loss Boiler Feed

155 kg/cm?
Boiler [ Deaerator }
|_‘ Feed J,
X X Control
‘ r\ Valve
I 183 kg/cm?8.5 kg/cm?
-« Xe E )<___v
HP Heater
BFP

Single Line Diagram of Boiler Feed Water System



Case Study-1: Throttling Loss Boiler Feed

Analysis and Evaluation:

» Around 25 kg/cm?g loss was occurring across Feed Control Valve.
» This loss can be reduced by changing the speed of the pump .

= Recommendation:

= Suggested to control the speed of BFP with scoop control (available
mechanical speed control) as per the requirement and keeping feed control
valves fully open




Case Study-1: Throttling Loss Boiler Feed

Results after implementation:

BFP -3

Operating Parameters

: After
Earlier .
Implementation

Suction Pressure (kg/cm?) 8.5 8.5
Discharge Pressure (kg/cm?) 183 168
Flow (T/hr) 320 360
Flow (m3/hr) 352 396
Head (m) 1745 1595
Input (kW) 3020 2707
Efficiency 58.3 66.8
kW Saved 313 kW

Amount Saved

Rs. 33.1 Lakh/year
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MOTOR CASE STUDY
STEEL PLANT




Case Study-2: Motors Under Loaded

Exhausters Motor Under Loaded

= Normally Six Fans are kept in operation out of Six

Flow Differential | Average Fan
(m3/s) Pressure Power Efficiency
(mm WC) | Input (kW) (%)
135-150| 670-690 2000 40-59

» Design Parameters :

Flow : 200 m3/s

Head: 1200 mm WC

Motor Rating : 3300 kW

oA




Case Study-2: Motors Under Loaded

Exhauster V‘Z:(t\a,?e Fl>r<l)|3vuetr Efficiency
1 9.46 2045 48
2 9.45 1836 52
3 9.45 1921 o1
4 9.27 1573 59
3) 9.65 2626 40
6 9.67 2045 49




Case Study-2: Motors Under Loaded

Effects of reduction in voltage by 10%,
Starting and Running Torque : 19% reduction

Slip : 23% increase
Full Load speed : 1.5% reduction
Full Load current : 11% increase
Maximum overall capacity : 19% reduction
Opportunity:

Maintain voltage level to 11 kV by rescheduling
of distribution network, setting tap position of
transformer. This will increase torque developed
by motor, so flow will increase.




Case Study-2: Motors Under Loaded

Exhauster Earlier Imple‘rond:taenrtation

1 2045 2310.85
2 1836 2074.68
3 1921 2170.73
4 1573 1777.49
5 2626 2967.38
6 2045 0

Total 12046 11301.13




Case Study-2: Motors Under Loaded

Net Power Saving Potential =744.87 kW
Energy can be saved/year = 58,99,370 kWh
(330 days/year and 24 hrs/day operation)

Amount saving/year = Rs. 117.9 Lakh
(@ Rs. 2.0/kWh)

Approx. investment required = Rs. 30.0 Lakh
Payback period = 3 months




Case Study-3: Motor at Full Load

Motor Case Study
Motor Running at Full Load

No. Input Power Flow Head | Pump Eff.
(kW) (m3/hr) (m) (%)
CWP 1550 15,100 24 67.7

Design Parameters:
Flow = 16,000 m3/hr, Head = 24.5 m, Speed = 490 rpm
Rating = 1550 kW




Case Study-3: Motor at Full Load

* Suggestion:

e Pump should be checked for any mechanical problem,
specifically bearings need to be checked and should be
repaired

* Action Taken:

e Complete overhauling work & spares replaced like S. S. liner,
Imp. Shaft Rubber bearing, Muff coupling of runner shaft,
Shaft sleeve, etc.




Case Study-3: Motor at Full Load

Parameters Before Improvement | After Improvement
Voltage (kV) 6.78 6.75
Load current (Amp.) 166 146
Power factor 0.80 0.82
Input power (kW) 1550 1400
Load (%) 94 85
Flow (m?3/hr) 15,100 15,680
Suc./ Disch. Pressure (kg/cm?,g) -0.6/1.8 -0.6/1.8
Pumping efficiency (%) 67.7 77.9
Improvement in efficiency 10.2
Power saved (kW) 158
Units Saved/Year (For 24 hrs/day,220 days/annum) 8,34,240
Amount Saved/year @ Rs. 2.0/kWh (Lakh) 16.7
Investment Required (Rs. Lakh) 8.48
Payback period (months) 6.0




CASE STUDY
NUCLEAR POWER PLANT




AIR COMPRESSOR

= Three compressors are provided in each Unit

= Normally two compressors of each Unit are kept in
operation

= Unloading time of the compressors was observed almost
50% of total duration which indicates present capacity of
the compressors is much higher than the requirement




Case Study-4: Compressed Air
Two Compressors in Operation for Each Generating Unit

s

Compressor 1

6.0 kg/cm?

@ B
Compressor 2 @
Receiver UNIT
ompressor 3 2

0

Compressor 4




AIR COMPRESSOR Cont...

"Suggested to interconnect the common header of
compressed air of Unit — 1 & 2 and switch off one
compressor out of four OR

=]nstall variable frequency drive
=Power Saving Potential

*Considering No Load power consumption of one
compressor will be saved on conservative basis,

"Power saving potential =27.0 KW
*Units Saved per year = 2,13,840 kWh
* Amount Saved per year = Rs. 4.27 Lakh

= Approximate Investment Required = Nil




Case Study-5: Heat Rate improvement by lowering cold

water temperature to Condenser

*** Problem Statement: Misconception about Energy Saving
*+ Equipment under consideration: Induced Draught Cooling Tower Fans

¢ Operation strategy: Maintain cold water temperature at 31°C by switching
off CT Fans during lower ambient temperature using ON-OFF Control in

sequence.

¢+ Temperature Set Points: ON at 31.5°C, OFF at 30.5°C

29




Case Study-5: Heat Rate improvement by lowering cold

water temperature to Condenser

Main Menu Firoi Steam Turbine

\ T
Cooling Tower .4

From
Condenzer

Coll
Cold Air from
Surrounding

Frovmi v
To Cooling Tower

., Condenser

INDUCED DRAFT COOLING TOWER

To Condensate Extraction Pump .
SHELL & TUBE TYPE CONDENSER
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Case Study-5: Heat Rate improvement by lowering cold

water temperature to Condenser
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Case Study-5: Heat Rate improvement by lowering cold

water temperature to Condenser

Analysis:

** Benefit of current Strategy: Reduction in Auxiliary power
consumption.

*» Limitation of current Strategy: the effect of low temperature of
Cooling Water could be used to get improvement in condenser vacuum
and effectively improving the heat-rate of the plant, especially during
winter months and cold nights.

¢ Historical data: before limiting the cold water temperature to 31°C,

the cold water temperature used to remain between 27.5°C and 28.5°C

32




Case Study-5: Heat Rate improvement by lowering cold

water temperature to Condenser

Counter Measure ldentified

¢ Change in Operation Strategy : It was decided that, instead of
switching OFF the CT fans at 31°C, the set point was changed to 28°C.
Since, the plant is located in hot climate, there is no possibility of

Condenser sub-cooling as the temperature never goes sub-zero.

33



CASE STUDY-5: ENERGY SAVING ACHIEVED ﬁ

Parameters Units Value
Cold Water Temperature °C 31
Hot Water Temperature °C 39
Load on Generating Unit MW 100
Turbine cycle Heat Rate kcal/kWh 2127.5
Improved Heat Rate kcal/kWh 2117.1
Reduction in Heat Rate kcal/kWh 10.4
Gain in Vacuum mmHg 7.7
Increase in SEC kW 75
Effective improvement in Heat Rate kcal/kWh 2118.7
E(f)fsscl'jir\rl]itirce):uction in specific energy keal/kwh 3.8
Savings generated for winter months Lakh Rs. 58.8
Investment Lakh Rs. Nil

2128
2126
2124
2122
2120
2118
2116
2114
2112
2110

Heat Rate Improvement

Turbine cycle
Heat Rate
kcal/kWh

Improved
Heat Rate
kcal/kWh
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Case Study - 6 : Energy Utilization through Micro Turbine

oA

Problem Statement:

High Grade Energy of process steam is destroyed in Let down process (pressure
and temperature) at PRDS

Observation:

\/

** Pressure reduction and De-superheating cause loss of useful energy

\/

** Destruction of Exergy occurred in PRDS

Data Collected:

Steam and process side historical and current data were collected i.e. Pressure,
temperature, steam flow, variation in parameters etc.

35



Case Study - 6 : Energy Utilization through Micro Turbine

oA

Analysis:

o’

» Observing field data potential for electrical energy conversion were
analyzed.

NS

» Reliability and consistency in steam parameters and power generation
were also analyzed

Condensate Spray

8.5 kg/cm?, 178°C

{><} - 4 kg/cm?, 151°C
662.8 kcallkg

656.4 kcall/kg
9.6 TPH flow PRV 662.8 kcallkg  De-super heater

Counter Measure Identified: Installation of Back Pressure Turbine of 160 kW capacity to
use the energy lost in de-super heating. .

36



Screenshot of

Turbine Parameters
on DCS

Micro Turbine

0000226121

PREVIOUS HOME
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Case Study - 6 : Energy Utilization through

Micro Turbine

Result after implementation validated from plant data:

Power generated through Turbine (DCS Data) 97 kW

Energy Saving per annum 8,64,270 kWh
Monetary Saving per annum INR 60.5 Lakh
Implementation Cost INR 50 Lakh
Simple Payback 10 months

38




Case Study-7 - Arresting Air ingress in Secondary pass

of Flue gas of Boiler of Thermal power plant

Problem Statement:

¢ Air ingress in APH being 28%

s Air ingress in ESP being 62%

** Loading on plant was restricted due to
higher power consumption of ID Fans

Major Effect of Air ingress

¢ Reduced heat transfer in APH

** Higher loading on ID Fans

39



Case Study-7 - Arresting Air ingress in Secondary pass

of Flue gas of Boiler of Thermal power plant

Chimney —E— #% Coal Conveyor

V"-"“-‘ ‘ 17
= \/
=) £
. . 13
Boiler-Air Flue Gas Path SN
o e | \ G
i M L
'
qA.P.H. \
e -
| 1.D.Fan—\"2 {7 N 3
F.D.Fan” o=d | coal mill

Ash Hopper 12
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Case Study-7 - Arresting Air ingress in Secondary pass

of Flue gas of Boiler of Thermal power plant

Counter Measure Identified
*»* Replacing the seals, bellows, diaphragms, etc.

** Re-insulating the manholes, peep holes, etc.

Results after implementation:

¢ Air ingress in APH reduced to 12%
¢ Air ingress in ESP reduced to 20%
** Reduction in ID loading by 325 kW.

41



oA

CASE STUDY-/ - ENERGY SAVING ACHIEVED

ID Fan Flow Reduction ID Fan Power Consumption

350 2000

300 1500

250
1000

200

150 >00

100 0

50 Electrical power Electrical power
consumed by ID Fans  consumed by ID Fans
0 before maintenance after maintenance (kW)
Flue gas flow at ID Fan Flue gas flow at ID Fan (kW)
before maintenance after maintenance (kg/sec)
(kg/sec)
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CASE STUDY-/ - ENERGY SAVING ACHIEVED

Parameters Units Value
Flue gas flow at ID Fan before maintenance kg/s 310.85
Flue gas flow at ID Fan after maintenance kg/s 199.2
EIe.ctrlcaI power consumed by ID Fans before KW 1570
maintenance
Elef:trlcal power consumed by ID Fans after KW 1945
maintenance
Energy savings observed in terms of kWh for 1 year

kWh 231

(obtained through feedback from plant) 31660
Reduction in heat loss due to reduction in air ingress kcal/s 485.2
Reduction in lignite consumption kg/s 0.14
Annual reduction in lignite consumption allocated to air MT 3960
heater
Monetary savings realized per annum Lakh Rs. 498
Investment done by plant Lakh Rs. 200
Simple Payback Months 5

oA
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Case Study -8: Boiler Efficiency Improvement

 Problem Statement

» Higher flue gas temperature throughout convection zone and exit of
economizer resulting lower boiler efficiency.

» Boiler efficiency deteriorated due to change in coal quality (high VM
content) different from original designed coal (Low VM Content)

44



Case Study -8: Boiler Efficiency Improvement

Data Collection

operating data | pegjgn

Before | After Value

Parameters (only significant data)

Flue gas temperature at ECO inlet (°C) 587 588 560
Flue Gas Temperature at Economizer

outlet (OC) 431 401 409
Flue Gas temperature at exit of Air Pre

Heater (°C) 177 147 148
Flue gas analysis (Oxygen value in % at

APH Inlet) 3.42 3.2 3.5
Calculated boiler efficiency 84.8 85.8 85.4

Average GCV of the coal 5500 | 5500 4200
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Case Study-8: Boiler Efficiency Improvement Contd...

Analysis and Evaluation:

» Heat recovery across Air Heater is satisfactory & close to design

» Oxygen % at boiler outlet is almost equal to design value

» Flue gas temperature at Economizer outlet and APH outlet is on higher
side as compare to design

» Historical data suggest that increase in exit FG temperature were seen
after switching from Indian coal to imported superior coal of high VM

» Heat recovery potential identified and evaluated

» Possibility of inserting on economizer module in boiler downstream
were explored and discussed with OEM for space and technological
issues — like increase in draft, water side DP, increase in IF fan power.

» Estimated Heat Recovery potential approximately 17.3 MkCal/hr

Recommendation:

» It is recommended to install single economizer module in boiler
economizer vacant section.
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E Case Study-8: Boiler Efficiency Improvement

Results after implementation:

Exit flue gas temperature reduced by 30 °C

Boiler efficiency improved by 1%

Coal flow rate at full load before retrofitting 365 TPH

Coal flow rate at full load after implementation [361.3 TPH

Coal Saving for 7920 hours in a year 29,304 Tons/Year
Monetary Saving INR 15.8 Cr
Investment done INR 9.0 Cr
Simple Payback 7 months

Reduction in CO, emission

64,700 Tons/Year
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Case Study -8: Boiler Efficiency Improvement

Economizer Module installation process glimpse

!N"’II v ’I
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Thank You

Bhavesh Vasiyani

ELECTRICAL RESEARCH AND DEVELOPMENT ASSOCIATION
ERDA Road, Makarpura GIDC, Vadodara

M: 7574850913

Email: bhavesh.vasiyani@erda.org
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