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Abstract: An energy audit is a study of a plant or facility to determine how and where energy is used and to 
identify methods for energy savings. There is now a universal recognition of the fact that new technologies and 
much greater use of some that already exist provide the most hopeful prospects for the future. The opportunities 
lie in the use of existing renewable energy technologies, greater efforts at energy efficiency and the spreading of 
these technologies and options.

Energy audit is considered as one of the comprehensive methods in checking the energy usage and wastage in 
buildings. The case study presents the preliminary learning of energy audit that has been done in Degree campus 
of Guru Nanak Dev Engineering College, Ludhiana. The Energy audit of the entire institution was carried out to 
find the possible energy saving potential. The study revealed that there was an annual energy saving potential of 
1,82,085 kwh and saving in annual cost `12.74 lakhs. Total Investment required for the up gradation of proposed 
equipments was `99.28 Lakhs with a payback period of 8 years.
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The per capita energy consumption in India is 
very low as compared to that in advanced countries. 
Our energy resources are getting depleted at a fast 
rate. Thus, energy saving is essential in developed 
as well in developing countries. Even a 5% saving 
in electricity will prevent the need to install power 
plants of a few thousand MW.

A. salient features of the energy conservation 
Act 2001

An Act to provide for efficient use of energy and its 
conservation and for matters connected therewith 
or incidental there to:

 ∑ Specify energy consumption standards for 
notified equipment and appliances;

 ∑ Direct mandatory display of label on notified 
equipment and appliances;

 ∑ Prohibit manufacture, sale, purchase and 
import of notified equipment and appliances 
not conforming to energy consumption 
standards;

introdUction1. 

Energy resources and their availability are 
enormously significant for every country. Energy 
is measured to be an important component in the 
social, industrial, technological, economic, and 
sustainable development of any country. Among 
all forms of energy, electrical energy is regarded as 
high grade energy and has been the major driver 
for technological and economic development. In all 
developed countries, extensive programs for energy 
conservation, efficiency, and load management are 
planned and implemented for decades. The impact 
of these programs on energy and demand reduction 
is tremendous.

In today’s power scenario, India is in front of 
a major power crunch. Due to demand and supply 
imbalance, transmission and distribution losses go 
on increasing, grid frequency decreased as well as 
plant load factor decreases. Fluctuation in state 
grid frequency is harmful to plant equipment’s. Due 
to peak demand, strain on power generation and 
utilization equipment increases which result into 
increases in energy cost.
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 ∑ Notify energy intensive industries, other 
establishments, and commercial buildings 
as designated consumers;

 ∑ Establish and prescribe energy consumption 
norms and standards for designated 
consumers;

 ∑ Prescribe energy conservation building 
codes for efficient use of energy and its 
conservation in new commercial buildings 
having a connected load of 500 kW or a 
contract demand of 600 kVA and above.

The primary objective of Bureau of Energy 
Efficiency (BEE) is to reduce energy intensity in the 
Indian economy through adoption of result oriented 
approach. The broad objectives of the BEE are:

 ∑ To assume leadership and provide policy 
framework and direction to national energy 
efficiency and conservation efforts and 
programmes;

 ∑ To coordinate policies and programmes on 
efficient use of energy and its conservation 
with the involvement of stakeholders;

 ∑ To establish systems and procedures to 
measure, monitor and verify energy efficiency 
results in individual sectors as well as at 
national level;

 ∑ To influence multi-lateral, bi-lateral and 
private sector support in implementation 
of the Energy Conservation Act and 
programmes for efficient use of energy and 
its conservation;

 ∑ To demonstrate energy efficiency delivery 
mechanisms, through private-public 
partnership,

 ∑ To plan, manage and implement energy 
conservation programmes as imagined in 
the Energy Conservation Act.

B. energy Auditing

Energy audit is a process of examine the way energy 
is used and identify areas where wastage can be 
minimize if not totally eradicate. Energy audit 
consists of several tasks which can be carried out 
depending on the type of audit and the function of 
audited facility. It started with review the historical 
data of energy consumption which can be compiled 

from the electricity bills. These data is important in 
order to understand the patterns of energy used and 
their trend. After obtaining the information on energy 
consumption, the next step is to set up an energy 
audit program. This program should start with site 
survey in order to obtain information on present 
energy used. The energy utilization such as running 
hours of air-conditioning, lighting levels, locations 
of unnecessary air-conditioning and lighting due 
to unoccupied areas, temperature and humidity, 
efficiencies of equipment’s and machine and the 
areas of high energy consumption and the possibility 
to reduce consumption should be record for further 
analysis. Lean Manufacturing in simple words is 
defined as steady or continuous improvement. The 
main function of lean manufacturing is to eliminate 
non added value activities. This word was originated 
in Toyota Company coined.

literAtUre review2. 

Fu et. al., [1] discussed that different types of 
Fluorescent Lamps (FL) play an important role 
in lighting, since they can provide significant 
energy saving and last longer than incandescent 
lamps. However although the voltage waveform 
of an electrical power source is considered to be 
purely sinusoidal at the stage of the circuit design, 
there appear to be ever-increasing system voltage 
problems of amplitude variation and harmonic 
distortion, it is therefore important to realize the 
effects on the performances of FL under problematic 
utility voltage. Tests were conducted on a developed 
harmonic generating system to realize the electrical 
and illumination characteristics of two popular types 
of FL.

Bellarmine and Arokiaswamy [2] mentioned that 
electrical energy is the most important and critical 
of all resources for economic growth and human 
comfort. India continues to suffer from shortages 
of energy in spite of substantial investment in 
the power sector. Due to serious constraints on 
adequate availability of conventional energy sources 
in India, non-conventional energy sources must be 
developed to the fullest extent. Energy audits can 
bring down both demand and energy consumption 
in industry. By modifying the electricity tariff, the 
State Electricity Boards can become financially 
stable. Transmission losses can be brought down 
systematically by improving the transmission and 
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distribution systems. It is quite possible to avoid 
power shortage problems even in the worst monsoon 
years.

Trostl A [3] reviewed the importance of dimmable 
electronic ballasts for Fluorescent Lamps is 
increasing rapidly because customers identify a high 
potential concerning energy saving and the positive 
influence of comfort lighting to health, and through 
that, to the performance of people. Due to the 
diversity of such applications, ballast manufacturers 
have to think about an appropriate specification 
of their dimming products. Author lists the most 
common applications with their control possibilities 
and describes how the different requirements can be 
fulfilled by one and the same ballast. By illustrating 
the different input signals, it is figured out how 
intelligent electronic ballast is able to recognize 
the connected control unit and to select the proper 
operating mode automatically.

Ganji and Gilleland [4] studied that walk-through 
audits are usually done by utility representatives or 
equipment vendors. In an ideal case a person or 
a team knowledgeable in energy efficiency issues 
walks through the facility along with facility 
personnel and identifies simple and standard energy 
efficiency measures such as lighting replacement, 
light and occupancy sensors, and high efficiency 
motors. The measures may be reported to the facility 
management with little substantiation and back-up 
information. Milan (2002) has prepared a guidebook 
for walk-through audits. Although the guide is for 
industrial facilities, it equally applies to commercial 
and institutional facilities.

Department of the Environment, Water, Heritage 
and the Arts [5] explored that it is important to 
choose the most energy efficient machines when 
making purchases; particularly for a commercial 
environment where it is likely that many machines 
will be acquired simultaneously. A useful indicator 
of efficiency is the Energy Star label found on many 
office appliances. Energy Star is an international 
energy efficiency standard for electronic equipment, 
that has been adopted by many countries. When 
enabled, Energy Star reduces power consumption 
in compliant machines by reducing power use in 
standby mode and activating a sleep mode when 
the machine is not in use. The key is to make sure 
the Energy Star functions are enabled on each piece 

of equipment, or there will be no energy or cost 
benefits.

Shareef et. al., [6] mentioned that convenience 
store generally consume energy higher than other 
retailing merchants. As the problem of energy 
shortage becomes more serious during summer, 
almost all convenience stores sign a contract with 
power plants, which provides for fines if demand 
limiting occurs Energy consumption can thus 
be reasonably managed with demand limits by 
measuring and analyzing the power consumption 
sources in four major subsystems of convenience 
stores namely (1) air-conditioning, (2) lighting, 
(3) heating and (4) refrigeration. By applying the 
proposed demand prediction and control method, the 
demand limiting condition can be properly predicted, 
and the possible peak load can thus be eliminated 
via the network control mechanism [7-8].

Discussed the design and construction of voltage 
acceptability curves for fluorescent lighting systems. 
It is derived from mathematical representation 
of actual light output variations of Fluorescent 
Lamps (FLs) during voltage sags and a predefined 
malfunction criterion called the light standard. Light 
standard may be thought of a standard based on a 
minimum acceptable light output, below which the 
operation of the lighting system is unacceptable. The 
effect of voltage sag on the light intensity is obtained 
by extensive tests conducted for three 18 Watt FLs 
with different ballast types. The experiments were 
conducted on the basis of testing standards and 
utilization of a modern industrial power corrupter. 
The experimental results of tested FLs show that the 
lamp with electromagnetic ballast is more sensitive 
to voltage sags than that of the lamps equipped with 
electronic ballasts.

reseArch methodology3. 

Methodology used for the present work is given 
below:

A. selection of organization

Most of the energy auditing has been done on 
industries while very less has been reported in 
the field of institutions. Hence taking this point of 
view one educational institute (Guru Nanak Dev 
Engineering College) is selected.
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B. data collection

Institution previous and current data has been 
collected. Data collection is based on two ways, 
Primary data collection and Secondary data 
collection.

c. Primary data collection

Data regarding the topic is collected directly by walk 
through audit. College Data was collected, like count 
up lights, AC’s, motors, computers, scanners, fans, 
plugs, MCB’s, printers, photo machines, etc. Table 1, 
2 & 3 shows the description of place of work, area 
wise connected load and current connected load 
respectively.

table 1 
description of place of work

Place of work Guru Nanak Dev Engineering 
College, Ludhiana.

Transformer Rating 750KVA, delta-star connection 

Connected Lighting, fans, Air 
Conditioner, Computers Load

557.71 KW

Annual Electricity Bill `39 lacs approximately.

Energy Charges `7/KWh

Type of Consumers Bulk supply

Peak Load Hours 8AM to 6PM (10 hours 
approximately)

Energy consumption 60,000KWh (average)

table 2 
Area wise connected load

S.No. Departments Connected Load

1. PG Block 142.53 KW

2. MBA Block 133.88 KW

3. Workshops 122.33 KW

4. Production Department 76.19 KW

5. Mechanical Department 131.85 KW

6. Ground Floor-Electrical, Civil and 
Electronics Department

187.2 KW

7. Administrative Office and Auditorium 49.06 KW

8. Consultancy, civil labs and Library 82.44 KW

9. Drawing Halls and First Floor- 
Electrical, Civil, ECE and Applied 
Science Departments

90.48 KW

d. secondary data collection

Collected previous as well as current data of an 
institution, like electricity bills and peak demand 
period. Data was collected from research papers, 

magazines, Internet and generals. Data was 
gathered from Bureau of Energy Efficiency (BEE).

table 3 
current connected load

S.No. Energy consumption pattern Connected Load

1. AC and Water Cooler 59.30%

2. Fan Load 14.16%

3. Lighting and Office load (Photostat 
machines, printers, etc)

12.43%

4. Computer load 14.10%

e. data Analysis and validation

Identification of Technology/Equipment requirement 
according to Bureau of energy efficiency (BEE) 
standards. Evaluate the cost effectiveness of current 
and proposed equipment’s.

f. results and discussion

Results were taken from collected data and further 
discussed.

g. conclusion

Finally with the help of results and discussions, 
overall work is concluded.

dAtA AnAlysis And discUssions4. 

A. Block wise savings by replacing 
old equipment’s with energy efficient 
equipment’s

1. Post-Graduation Block: Table IV, V, VI and VII 
shows the current and proposed Fan load, Lighting 
load, computer load and Air conditioner load 
respectively for Post-Graduation Block.

table 4 
current and proposed fan load

Detail Current Proposed

Exist Fitting 2old Fans 31 New Fans 33 Fans

Rating Fan = 80w,70w 5 Star, 50w

Per Annum Potential 
160 Days And 8 Hours 
Of Working Per Day

2982.4kwh 2048kwh

Annual Cost `20,876.8 `14,336

Payback Period For 33 Fittings ≈8years

Saving in annual cost and annual consumption 
is `6,540.8 and 934.4kwh respectively.
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table 5 
current and proposed lighting load

Detail Current Proposed

Exist Fitting 34 T12 Tubes T8 Tubes

Rating 40w 28w

Per Annum Potential 
240 Days And 8 Hours 
Of Working Per Day

2611.2kwh 1728kwh

Annual Cost `18278.4 `12,096

Payback Period For 34 Fittings 1year

Saving in annual cost and annual consumption 
is `6182.4 and 883.2kwh respectively.

table 6 
current and proposed computer load

Detail Current Proposed

Exist Fitting 173 Crt and 73 
Lcd Monitors

Lcd Monitors

Rating Crt = 150w
Lcd = 70w

70w

Per Annum Potential 
240 Days and 8 Hours 
Per Day

59635.2kwh 33024kwh

Annual Cost `4,17,446.4 `2,31,168

Payback Period For 246 Lcd’s ≈5 Years

Saving in annual cost and annual consumption 
is `1, 86,278.4 and 26,611.2kwh respectively.

table 7 
current and proposed air conditioner load

Detail Current Proposed

Exist Fitting Window Ac 2 Tonne
Old Ac- 24 2 Star Ac- 9

5 Star Ac

Rating Old Ac- 2545 W
2 Star Ac- 2412 W

1890 W

Per Annum Potential 
110 Days And 8 Hours 
Per Day

72846.4kwh 54560kwh

Annual Cost `5,09,974.08 `3,81,920

Payback Period For 33 Ac’s ≈10years

Saving in annual cost and annual consumption 
is `128054.08 and 18286.4kwh respectively.

2. Similarly by using same method, saving in energy 
consumption and annual cost of different areas/
blocks were collected. Which are shown in Table 8 
& 10.

B. overall result of the Prominent factors

On the basis of all the survey findings and further 
calculations and analysis done, the various 

prominent factors regarding energy audit in an 
organization can be given overall results as results 
in Table 10.

table 8 
Annual saving in energy consumption and energy bills 

due to proposed energy efficient equipment’s

Diff. Blocks

Fan Load Lighting Load

Annual 
Energy 

save 
(kwh)

Annual 
cost
save
(`)

Annual 
Energy 

save
(kwh)

Annual 
cost
save
(`)

MBA Block -- -- 3801.6 26611.2

Workshop 2956.8 20697.6 4684.8 32793.6

Production Dept. 5136.8 35958.6 2726.4 19084.8

Mechanical Dept. 2470.4 17292.8 1920 13440

Ground floor of EE, 
CE, ECE Dept.

2790.4 19532.8 2419.2 16934.4

Administrative office 
and auditorium

2304 16128 1612.8 11289.6

Consultancy, civil 
labs and library 

3545.6 24819.2 3456 24192

Drawing halls and 
first floor

5875.2 41126.4 4339.2 30374.4

Hence, we can notice the difference in exist 
fittings and proposed fittings from above table. The 
savings in annual energy consumption is about 
1,82,085 kwh and savings in annual cost is about 
`12,74,. 644.28.

conclUsions5. 

After study the following conclusions were made:

 1. Energy is not being used properly in various 
areas at Guru Nanak Dev Engineering 
College, Degree Campus, Ludhiana. It was 
planned to promote energy efficiency by 
phasing out equipment’s in which energy 
is wasted.

 2. The force is on replacing the inefficient ones 
with the new efficient ones.

 • Replaced 4’T12 Fluorescent Tube with 
4’T8 Fluorescent Tubes, CFLs

 • Replaced Old air conditioners with 5 
Star air conditioners

 • Replaced Old fans with 5 Star fans

 • Replaced Old CRT monitors with LCD 
monitors.
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table 9 
Annual saving in energy consumption and energy bills due to proposed energy efficient equipment’s

Place

Energy 
consumed with 

current fittings/
kwh

Energy 
consumed 

with proposed 
fittings/kwh

Annual cost 
with current 

fitting (`)

Annual cost 
with proposed 

fitting (`)

Pay Back 
Period 
(Years)

PG Block 1,38,075.2 91,360 9,66,575.68 6,39,520 7.5

MBA Block 97,795.2 76,152 6,84,566.4 5,33,064 7.5

Workshops 29,374.4 19,049.6 2,05,620.8 1,33,347.2 6

Production Dept. 46,028 29,340 3,22,196 2,05,380 6

Mechanical Dept. 29,724.8 19,744 2,08,073.6 1,38,208 6.5

Ground Floor EE, ECE and CE Dept. 46,733.6 30,736 3,27,135.2 2,15,152 7.5

Auditorium and Administrative Block 42,588.8 32,470 2,98,121.6 2,27,290 11.8

Consultancy, Library and Civil labs 68,378 49,081 4,78,646 3,43,567 9

Drawing halls and First Floor EE, CIVIL, 
ECE and Applied Science Dept.

91,189.6 59,870 6,38,327.2 4,19,090 6.5

Total 5,89,887.6 4,07,802.6 41,29,262.48 28,54,618.2

table 10 
overall saving in annual cost and annual consumption

Diff. Blocks
Computer AC 

Annual Energy 
save (kwh)

Annual cost save
(`)

Annual Energy 
save (kwh)

Annual cost save
(`)

MBA Block 3955.2 27686.4 8390.4 97204.8

Workshop 307.2 3225.6 2376 16632

Production Dept. 4627.2 32390.4 4197.6 29383.2

Mechanical Dept. 3091.2 21638.4 2499.2 17494.4

Ground floor of EE, CE, ECE Dept. 7987.2 55910.4 2472.8 19157.6

Administrative office and auditorium 691.2 4838.4 5420 37945

Consultancy, civil labs and library 2016 14112 9460 71332.8

Drawing halls and first floor 10060.8 70425.6 9424.8 65973.6

 3. Difference in exist fittings and proposed 
fittings indicate that savings in annual 
energy consumption is about 1,82,085 kwh 
and savings in annual cost is about `12,74, 
644.28.

 4. Total Investment required for the up 
gradation of proposed equipment’s is 
`99.28 Lakhs with a payback period of 8 
years.

 5. By reducing the cost of energy with load 
management techniques. Total annual 
energy saving can be achieved around 30% 
of total energy consumption.
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