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Abstract—FEnergy constitutes a strategic area
for cost reduction. A well done energy audit
will always help owners to understand more
about the ways energy is used in their
organizations, and help to identify areas
where waste can occur and where scope for
improvement exists. The energy audit would
give a positive orientation to the energy cost
reduction, preventive maintenance, and
quality control programs which are vital for
production and utility activities. Such an audit
program will help to keep focus on variations
that occur in the energy costs, availability,
and reliability of supply of energy, help
decide on the appropriate energy mix, identify
energy conservation technologies, retrofit for
energy conservation equipment, etc. In
general, the energy audit is the translation of
conservation ideas and hopes into reality, by
lending technically feasible solutions with
economic and other organizational
considerations within a specified time frame.

Keywords:— Generator, Turbine, Boiler,
Condenser, Cooling Tower, Furnace, Coal,
Oil, Water, Grinder, Chimney, Fans, Super
heater, Air pre-heater, Economizer, Ash
Handling Plant.

1. INTRODUCTION

About 70% of energy generation
capacity is from fossil fuels in India. Coal
consumption is 40% of India's total energy
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consumption which followed by crude oil and
natural gas at 24% and 6% respectively. India
is dependent on fossil fuel import to fulfill its
energy demands. The energy imports are
expected to exceed 53% of the India's total
energy consumption. In 2009-10, 159.26
million tones of the crude oil is imported
which amounts to 80% of its domestic crude
oil consumption. The percentage of oil
imports are 31% of the country's total imports.
The demand of electricity has been hindered
by domestic coal shortages. Cause of this,
India's coal imports is increased by 18% for
electricity generation in 2010.

India has one of the world's fastest
growing energy markets due to rapid
economic expansion. It is expected to be the
second largest contributor to the increase in
global energy demand by 2035. Energy
demand of India is increasing and limited
domestic fossil fuel reserves. The country has
ambitious plans to expand its renewable
energy resources and plans to install the
nuclear power industries. India has the world's
fifth largest wind power market and plans to
add about 20GW of solar power capacity.
India increases the contribution of nuclear
power to overall -electricity generation
capacity from 4.2% to 9%. The country has
five nuclear reactors under construction. Now,
India became third highest in the world who is
generating the electricity by nuclear and plans
to construct 18 additional nuclear reactors by
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2025, then India will become second highest
in the world.

Power Capacity in India

The energy generates by different
resources in the given table. This table also
shows the growth of installed power capacity
in India.

Table 1: Growth of Installed Power

Capacity in India
Thermal Mydro Nudewr | Renewable
Time
ol | oy pm | o) |8 @ | o) Power
0 0 N "
| oy o)

LAJ0Y | 7085% 74429 | 2% | 262609 | 2.39% | 2700 | L3% | 1628
LA2007 | 64.06% 87015 | 20.90% | 34634 | 287% | 3900 | 7.5% | 10258
3192010 | 6393% 106318 | 2241% | 37328 | 270% | 4360 | 1090% | 18,15
i
m

SLO3.2012 | 63.84% 131603 | 19.30% | 38990 | 2.39% | 4780 | 1225% | 24303

30-06-2014 | 69.0% 172286 | 16.32% | 40730 | 191% | 4780 | 12.70% | 31692

(Source: Ministry of New and Renewable
Energy, Government of India)

Total Installed Capacity (June2014)

The installed capacity in respect of
various resources is as on 30.06.2014 from
the Ministry of Renewable Energy. Note: The
Hydro generating stations with installed
capacity less than or equal to 25 MW are

Author(s) : Rahul Trele, Pramod Dubey | TIET, Jabalpur

Table 3: Sector wise Generation Total

Capacity
Sector Total Capacity (MW) | Percentage
State Sector | 90,836.70 38.83%
Central 1 66 097 94 28 64%
Sector
Private 1 76 095 30 .53%
Sector
Total 233,929.94 100.00%

(Source: Ministry of Renewable Energy
Government of India)

Conventional Energy Sources

India is not endowed with large primary
energy reserves in keeping with large
geographical growing population which
increase final energy indeed.

Table 4: Region Wise Energy generation

in India
Region Totzfl in % of N ationa!

- MW Installed Capacity
Northern 62670.12 26.79%
Western 81117.99 34.68%
Southern 57679.96 24.66%
Eastern 32381.5 13.84%
Total 233849.57 99.97%

indicated under RES.

Table 2: Installed capacity in respect of
various resources

Source Total Capacity (MW) | Percentage
Coal 148,478 3951
Hydroelectricity 40,730 1632
i‘;“;‘:"‘b"* mergy 131 602 127

Gas 22,608 9.06
Nuclear 4,780 1.91

Oil 1,200 048

Total 249,488 99.98

(Source: Ministry of Renewable Energy,
Government of India)

Source: Central Electricity Authority (CEA)

Energy audit throughout the India
indicates that coal is the main energy resource
of the country. The coal is contributing 70%
of the total energy production. The region
wise energy generation is indicated in table.
The generation is compared with initiative
target in the given table.

Renewable Power

The Government has been promoting
private investment for the setting up of
projects for power generation from renewable
energy sources and to the special tariffs being
provided at the State level.
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Table 5: Share of Different Renewable
Sources in India

Upto | Upio Upto Target 12th Flan
L
nmulaiive Profection

Achievement ann

W
Resomee LV ag [ i Upte

(MW}

Plai Plaii Plain J0.09.10
Wind
2wl
Power e e [sa oo |47 [12408 27300
Small
Hyilro
Pawer 15000 |I436 |53 A0 |78 |aen |3,000
BioPawer 23700 390|793 017|208 |3,110
Solar 20:30
power MW/gkm 2 1 50 [ 18 |1.000

Tatal o, () 13,497 6,761 12230 (6,50 8155 141,400

Tanget 13th Flan
Upta 3| Upto [t e (mulative -
Frojection

P | 100 P | 1 Pn | P | Achievmnt
] | Flan I Flan J"HM” Aclilevemen m”.,)

Resomrce | Potentlal (MW)

Wind Pawer | 48500 1667 54119000 47| 12800 7300
Small Hydio
Fer 15000 43|53 L T 3 3000
Bio Pawer* | 23700 B 98 1780 1079|2503 5100
2-30MWisq

Al

Solar Fower l 1 i H It 4000

Total 00 WA 66 (10 [ 6%60 | I81%E 1400

(Source: Ministry of New and
Renewable Energy, Government of India)

* Includes biomass, urban and industrial
waste to energy

These include capital subsidies,
accelerated depreciation and customs duties.
The capital subsidy being provided depends
on region and the renewable resources. The
capital subsidies vary from 10% to 90% of
project cost. The higher level of capital
subsidies are given for projects in the North-
Eastern Region or Special category States.
Generation Based incentives have been
introduced recently for Wind Power to attract
private investment by Independent Power
Producers. There are not availing Accelerated
Depreciation benefit and feed in tariffs for
solar power.

Off-Grid Renewable Power Programs

Most importantly, it provides energy
access to large rural populations in which
including those in unreachable areas. Those
meet the un-obtained demand in many other
areas.

Achievement in Off Grid Power System

Install Capacity in

Technology (MW)
Bagasse Cogeneration 517.34
SPV Systems (>1 kW) 159.77
Biomass Gasifiers - Industrial 146.4
Waste to Power 119.63
Biomass Gasifiers - Rural 17.63
Water Mills/Micro Hydel 10.18
Aerogenerator/Hybrid
Systems 2.18
Total 973.13

(Source: Ministry of New and Renewable
Energy, Government of India)

Perhaps the outmost areas can get
electricity only through renewable sources.
Secondly, very important, unrecognized
consequence attributed to off-grid
applications. In this way or the other, they
replace fossil fuels. These can make a
significant contribution to reduction in their
consumption which is most important from
the point of view of energy security. For
instance, solar PV replaces diesel or furnace
oil in various areas, rural lighting replaces
kerosene, a biogas plant or solar cooking
system replace cooking gas. Renewable
energy can also meet the requirement of
process heat in small enterprises and replace
small diesel generator sets which consume
diesel oil. It has a giant strength in its ability
to supply power in a decentralized and
distributed mode which has the advantage of
consumption at the production point and so
reduces land and environmental concerns.

To increase the Efficiency of the Power
System: Energy Audit a Tool

Energy audit is a powerful tool for
exposure operational and equipment
improvements that will reduce energy costs,
lead to higher performance and save energy.
Sometimes, the energy audit is also called an
“energy assessment” or “energy study”.
Energy audits can be done as a stand-alone
effort but may be conducted as part of a larger
analysis across an owner’s entire group. The
purpose of an energy audit is to find out how,
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when, where and why energy is used. The
energy audit is also used to identify
opportunities to improve efficiency. Energy
auditing services are offered by engineering
firms, energy services companies and energy
consultants.

The energy auditors do the audit
process. The first thing energy auditor needs
to be aware of end user expectations and then
audit starts with an analysis of historical and
current utility data. This sets the stage for an
onsite inspection. The most important
outcome of an energy audit is a list of
recommended energy efficiency measures
(EEMs). Energy audit serves the purpose of
identifying energy usage within a facility,
process or equipment, and then identifies
opportunities for conservation, called energy
conservation measures (ECMs). Audit
provides the most accurate picture of energy
savings opportunities. Energy audits can be
targeted to specific systems 1i.e. boiler,
turbine, generator and any motor etc.

All audits should include the following:

(a) Data acquisition
(b) Data analysis
(c) Recommendations

The complication and documentation
required will usually read out the type of audit
performed along with the available budget.
Most audits will generally fall the following
three categories:

i. Data Collection:

(@) Meeting with Key Facility
Personnel: Set up a meeting with
all key operating personnel and to
go over audit objectives and roles
and responsibilities of project
team members, facility rules and
regulations, scope of work and a
description of scheduled project
activities.

(b) Site and Facility Walk-through:

Conduct a walk-through of the
facility to study the various
operations and focusing on the
main energy consuming systems.

(c) Existing Available Document
Review: Review existing facility
documentation with facility
engineering representatives. This
documentation should include all
existing architectural and
engineering plans; facility
operation and maintenance
procedures and utility bills for the
previous three years.

(d) Facility Inspection: After a
thorough analysis of the
construction and operating
documentation, the main energy

consuming equipment and
processes in the facility should be
further investigated.

(ii) Analysis Steps

(a) Utility Analysis: The utility
analysis 1s a detailed analysis of
energy bills from the previous 12
to 36 months. This should include
all purchased energy agreements
and including liquefied petroleum
gas, electricity, fuel oil, natural
gas, and purchased steam.

(b) Calculate Feasible ECMs: Energy
audits should expose both minor
operation modifications and major
facility modifications requiring
detailed economic analysis
offering simple or quick
paybacks. Develop a list of most
important ECMs for each of the
major energy-consuming systems
i.e. envelope, lighting, HVAC,
process and power.

(c) Economic Analysis: Within the
calculation, 1include the
implementation cost, energy
savings and simple payback for
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each of the ECMs. A lot of the
detail and complexity is
unnecessary or unjustified for
many applications.

(iii) Report Preparation

(a)

(b)

Prepare Audit Report: Go over the
results of findings and
recommendations in a final report.
The report should include a
description of the facilities and
their operation. It should also
include a debate of all major
energy-consuming systems and an
explanation of all recommended
ECMs with their specific energy
impact implementation costs and
benefits.

Present and Review Report with
Facility Management: Clarify the
process and all activities
performed to confirm the report’s
conclusions. Provide economic
results as a formal presentation of
the final recommendations.
Explain the data on the benefits
and costs which make a decision
or set priorities on implementation
of ECMs. After the audit: Read
the report and understand the
contents and give the prioritize
improvements according to choice
i.e. Energy reduction, Cost, Need
(equipment failure) etc.

2. METHODOLOGY USED

Energy audit of thermal power plant is
carried out on 80% and 100% MCR load. The
measured values and calculated values are
compared. To compare loads options, a
simple approach is to increase the efficiency
of plant by check and repair periodically of
the equipments of plant and replacement of
less efficient or damage equipments with
more efficient or new equipments.

To undertake the detailed energy audit
of (GHTP) situated at Panjab.

The basic objective of the detailed
energy audit was to:

1.

Boiler

Study the load consumption/
distribution pattern in the plant.

Study the operations of energy
concentrated systems/equipments
to identify potential area wherein
savings are practically

energy
feasible.

/
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Figure 1: Single Line Diagram of Thermal Power

Plant

2.1 Single Line Diagram of Thermal Power

plant.

Calculations

GHTF, Unit- (T) 210MW at 160% MCR

Boiler E ficency Calmlatiom

1. Boiler Parameters:

Condition at Air Pre-Heater

C0: &t Airhester outlat (%) 144

0O at Air hastar outlat (3) 480

COin flus gas (%)

0.00

AH gas outlat tampararues °C 13700

1. Un-bumtCarbon in Ash

Eottem Ash 40
Fly a=sh % 138
Diry bl tamparstors at LI, inlt°C 3308
Wt bulb temparaturs °C 31.08
Kz moiztura’ Kz dry air 0.00
Steam flow 63400
Boilerevapomation e Kz's 18440
3. Analysis of Coal

Proximate Analysisof Coal

Ash (%)

Mloizturs (%a)

SHlpr ()

Gross Calorific Valus {GCV)

314
1426
0.3
15025 64K kg)
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4. Ultimate Analysi of Coal

Carbon (%) 41.M

Hydrogan (%) 208

Nitrogan {%0) LA

Cryzan (%) 10w

Sodelw %) o0

Nat Calorific Valua 142200000k

Boiler Efficiency Calculations (Table A-T)

Loz InETEz %

Wet Stack Loaz BoR.64 6.10

Diry Stack Losz T19.55 513

Moisture in combustion Adr | 61.44 0.40

Loz

Sensible Haat of Watar 0.43

Vapor LERY

Un-bumt Gas Loss 0.00 0.00

Fadistion And 151.68

Unacopuntshle Losz 158

Total (%) Loss 13.64

Bl Efficiancy 13.50

% o0 NCV only
GHTF, Unit- (T) 2100DW at 100% MCE
Air Heater Performance Test
1. Test Fuel Analysis %
Carbon 41H
Hydrogan 108
Omyzan 1.7
gt 0.3
Moizstume 1426
Aszh il44
Hitrogen 1.8l
2.Condition at Air Heater
AirInlat Temperaturs °C 4147
AirOutlst Temparsturs °C 330,00
G Inlet Tamparatues °C 35.00
Gz Inlat Tamparatues °C 140.00
3. AtInlet %%
i s
CO: 15.68
M 0.7
L. AtOudet ¥
0 510
CO: 14.20
M B0.7R
1. Combustible in ash keke fiisl 0.015
3.Thansetical Adr taquired Ex'lz fiel 5.70
4. Carbm bumt ke'kz fasl 0.3%

5. Wat product of combustim ke/kz fud

§. Dy products of combustion st A/H inlstke ke fiusl
7. Products of combustion at A'H owtlst keks fusl
8. Lagkazegirat AH

0. Haat givan to lazkass s KT ke fisel

10. Haat given up by dry products KTk fosl

11. Haat given up by wet products KTz fusl

12. Total hest given up KT'ke fisel

13. Haat raceivad by combustion air KT'kg sir

14, Airat A'Houtlst ke kg fosl

15. Excess girat AH outlst ks fisl

16. Exczss gir % of theorstical sir

17. Total aguivalant ir &t ka/ks foal

18, Airar A'H sirinlat gk fisel

19, Tramp ait from AH airoutlst to AH gas

20. Tramp air 2= % of theorstical sir

GHTP, Unit- (T) 210MW at 10004 MCR
Simplified Turbine Heat Rate - Rebeat Unit-1
Power Genaratad P

Turbina Stop Valve Stesm Prassue Py
Temparatue T

Enthlpy H,

Steam Flow Wy

Economizer Fasd Inld Tamparstue T
Enthalpy H:

1. Heat Flow From Turbine Stop Valve

HF;

Peabaat Steam Flow W,

W

Tutbina LP. Inlat Stesm Pressure P,
Temparatusz T,

Enthalpy Hy

Turbina H.P. Exhaust & tesmprassus By
Temparatuss T,

Enthalpy He

1. Heat Flow From Re-heater To Turbie
H.P. Exhaust Steam

HF:

3.To Calculate Reheat Spray water Heat Rate
Spray Watar Flow Actual Wy

TurbinzLP. Inlat 5team Enthalpy H,

0.45
640
L
1.2

1150
114010
15880
130748

15876

003
1401
5510

3405.06

634.0

1360

101857

=W {H,-H:)
=15135419

=5, Flow-E. Flow 0 HP
5B4.2

1%

2630

EnR

3380

M1

Ll

=W. (H-H:)
40BES

000

oy

1258

[

International Journal of Modern Engineering & Management Research | Vol 7 | Issue 1 | March 2019 |/58




Rebeat Spray water Enthelpy Hy 101837
Hext Flow from Re-heter to spray water =W (HsHr)
HF; =000
Total Heat Flow to Turbine
HF=(HF, + HF: + HE3) =1T3900]
Total Heat Rate = HFIPsd 187)
=20014
GHIP, Unit- (T) 210MW at 100% MCR
Heat Balance for No.§ HP. Feed Heater to Determine Bled Steam Flow
H.P Hester - 6 Blad Steam Pressure Ps 3%
Temperature T M0
Enthalpy H; 310011
Feed Water [nlet Temperstwe Ty 198.00
Enthalpy Hs 84336
Feed Water Outlet Temperature Ty 25600
Enthalpy Hs 1018.37
Fead heater drain temperaure T 190.00
EnthapyH! 80733
Feed Flow Through Heater W' 63200
Bled Steam Flow W =WV (s -Hs ) (H; -HY)
=408

3. RESULT & CONCLUSIONS

Results and Conclusions of Boiler

SN, Resulfs

(onchusions

Wet stack loss (6.10%)
wd dry stack loss
(013%) ae occmed

due to moisture In coal.

The moisture of coal should  be educed before use
The moistwe can be removed by prmary air
The dry coel ieveases the boler effciency.

6% of radiation losses
gt noewsed I othe
fumace

[

The radiation loss occurs due to poor nsulaion. o,
isulation should be good i quaity eg Rock
woul isulation.

b
s md

Un-bumt
ottom
TeSpEctively.

[

There should be proper crshing of coal. The
dessifis 1 mils should be cleaned and
checked perodically.

Results and Conclusions of Air Pre Heater

5. No. Result Conclusions
Tramp air leakage was of | Airleakage should be controlled or minimized.
order of 2.09 kgkg at Air | Because it makes the major effect on boiler
1 Pre-Heater which comes efficiency.
around 35% of theoretical air.
It is indicated comosion in
heater elements.
The flue temperature was | This loss of temperature can be reduced by
) 1230C atoutlet against replacement of metallic joints with fabric joints.
designed value of 140 0C. | The leakage was found large through metallic
joints and this increased the loading on ID Fans.
02 contents were high This loss of 02 can be reduced byreplacement
being 3.10%in flue gasses. | of metallic joints with non metallic (fabric)
Itindicates that air isnot as | joints. Easy to handle, quickly installed, high
3 per requirement and makes | flexible, no transfer of vibration are advantages of
difficultly to complete non metallic joints over metallic joints.
combustion in fumace.

Results and Conclusions of Furnace

5. No.

Result

Conclusion

In the fumace, the radiation loss | This loss can be reduced by improving the
was observed mote than 6% | msulation of fumace. Rock woal msulation

during the test.

should be applied in place of glass woal
sulation.

Results and Conclusions of Turbine

S.No. Result Conclusion

The efficiency of turbine is Replacement of glass wool msulation by

1| reduced byleakage air and flue rock wool insulation toincrease efficiency of
gasses. turbine.

| Tts efficiency also depends upon | Reduced orminimized the steam leakage
steam generated by boiler.

3| Nosuch changes can be donein case | These can be minimized in the ovethauling
of blade and tip loss. after every § vears and replacement of

damaged one.

41 02 contents come to the turbine due | 02 should be minimized by use of dearator.
tomakeup water used in 02contentsreduce thelife of blade.
Tegenerative cycle.

Results and Conclusions of Condenser

8. No.

Result

Conclusion

fa—

Dueto dirty tubes and air leakage, the drop In
condenser vacuum was of order of 0023 kg/
an and substantiallosses were occured.

The condenser should be checked
periodically.

()

Drop In condenser vacuum due to incomect

quantity of cooling of water.

Condenser tubes and priming pumps
should be checked and repaired
periodically.

()

Actual hot well wes 330C but designed is
HC. Tt indicates under cooling of 110C.

Excessive water quantity of cooling
water being supplied.

.

Duetoar leakage, thevalue of air suction
depression was increased from optimum. The
optimum value is 30C but the actual value was
170C.

Checking and repairing the tubes
periodically.
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