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Abstract: 

The energy audit would give a positive orientation for implementing the energy cost reduction, preventive maintenance and qua lity 

control programs which are vital for production and utility activities. Energy audit is the trans lation of conservation ideas into realities, 

by leading technically feasible solutions with economic and other organizational considerations within a specified time frame.  This 

paper deals with the energy auditing of JCB Block, DCR University of Science and Technology Murthal, SONEPAT. The energy 

accounting with the use of measuring instruments like lux-meter, harmonic analyser etc. help to record and analyse data of energy 

usage. With the help of this data, energy wastage and losses of two divisions  i.e lighting and HVAC system of DCR University of 

Science and Technology MURTHAL, are calculated and recommendations are given to reduce these losses and improve saving. 

 

Index Terms:  Energy audit, Illuminance, Lux meters, Power analyser. 

 

I. INTRO DUCTIO N 

Energy audit [1] is a method of checking the way energy is used 

and identify areas where wastage can be minimize if not totally 

eliminate. Energy audit consists of several tasks performed in 

the energy audit which can be performed based on the type of 

audit facility and the type of audit. It started with review the 

historical data of energy consumption which can be bring 

together from the electricity bills. These data is  

important in order to understand the patterns of energy used 

and their trend. Carried out the information on energy 

consumption, the next step is to set up an energy audit 

programme. This programme must start with site survey in order 

to obtain information on present energy used. The energy 

consumption such as running hours of air-conditioning, 

lighting levels, locations of unnecessary air-conditioning and 

lighting due to unused areas, temperature and humidity, 

efficiencies of equipment, machine, the areas of high energy 

consumption and the possibility to decrease consumption 

should be record for further analysis  [2]. Energy audit is a 

useful technique to find out the best options    for energy 

conservation. Energy audits provide an analysis of the quantity 

of energy consumed during a given period in the form of 

electricity, gas, fuel, oil or steam. By the energy audit, it is also 

possible to know how the energy was consumed according to 

the various processes in a plant or building. After that we 

identify the potential for energy savings accurately. An energy 

audit is a study of a plant or ability to determine how and where 

energy is used and to  classify methods for energy savings. 

Now days there are new technologies and equipment’s  are 

greater use by replacing of some that already exist, and serves 

to classify all the energy streams in a facility. It counts energy 

usage according to its discrete functions. Industrial energy 

audit is an effective tool in Significant and pursuing 

comprehensive energy management programmed. It 

consequently, a complete  examination  of  facility‘s  energy  

usage  and costs and give  suggestions to  reduce energy  

losses  which required  no  financial effect and further generates 

recommendations to reduce those uses and costs by applying 

energy efficient technologies and operational changes. Peoples  

at the present time  are  more  worried  about  energy  efficiency  

and  conservation Energy  Audit  is  careful  as  one of  the  

comprehensive  methods  in  read-through  the  energy usage 

and wastage in  commercial buildings, educational  institutes,  

universities  and industries etc [1]. 

 

II. PRO CESS O F ENERGY AUDITING 

The methodology/procedure used for finding the output 

parameter and performance of the lighting system [2]. Following 

steps that are needed to determine the lighting parameters and 

performance of the lighting system are as: 

1
st
 Step Floor Area= L.W       (1.1) 

2
nd

 Step  Room Index (RI) =     L *W         (1.2) 

                            Hm (L + W)       

Where      L = Length of the interior 

                      W = Width of the interior 

                     Hm= Mounting height (Which is the height of the 

lighting equipment fittings above the horizontal Working 

plane.) 

3
rd 

Step Total Circuit Watts: Total circuit watts measure the 

power consumption of lamps.  If  all  lamps  are supplied  from  a  

single  source  of  power,  total  of  all  light  fittings  can  be  

measured. If total power is not measurable, try to measure 

power consumption of at least one or two lamps  and calculate 

the total power consumption. 

 

Total Circuit Watts = Number of lamps (Wattage of lamp+ 

Circuit loss)           (1.3) 
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4
th 

Step  

Watts per square meter = (Total Circuit Watts / Area) W/m 

 (1.4) 

5
th

 Step Average Illuminance: Average illuminance measure  

illuminance  using  a  calibrated  lux  meter  at  each point;  

calculate  the average value  of  measured Illuminance at all  

points.  If E1, E2… are Illuminance measurement at points 1, 2… 

n 

Average Illuminance, Eav = E1+E2+E3+……+En   (1.5) 

                        N 

6
th

 Step Correction Factor value: Usually lux meter are 

calibrated under the “standard light tungsten source of 2856 K” 

precisely. If these are used in different type of light source, the 

following correction factors shown in table 1.1 are used. 

Table 1.1 Correction factors for lux meters [4] 

Light Source Correction Factor 

Mercury Lamp 1.14 

Fluorescent Lamp 1.08 

Sodium Lamp 1.22 

Day Light 1.00 

Metal Halide Lamp 1.00 

7
th

 Step Net Illuminance value = Average Illuminance * 

Correction Factor         (1.6) 

8
th

 Step Lux/watt square meter = Net Illuminance value / Watts 

per square meter        (1.7) 

9
th

 Step Target Lux =Target lux value is obtain from the table 1.2  

Table 1.2 Illuminance for different-2 applications [4]  

Room 

index 

Commercial 

Lighting 

Industrial 

Lighting 

IL Colour rendering 

index not important 

5 53 49 67 

4 52 48 66 

3 50 46 65 

2.5 48 44 64 

2 46 42 61 

1.5 43 39 58 

1.25 40 36 55 

1 36 33 52 

10
th 

Step Installed Load Efficacy Ratio = Lux per watt square 

meter / Target Lux          (1.8) 

11
th 

Step Result/ Suggestion:  Table 1.3 used to qualify 

comments based on the ILER Ratio. 

Table 1.3 Indicators of performance based on ILER 

 ILER Assessment 

0.75 or above Satisfactory  or  good 

0.51 to 0.74 Review suggested 

0.5 or less Urgent action required 

12
th

 Step Annual Energy Wastage: (1 - ILER)*Watts*No. of 

operating hours * No. Working Day     (1.9) 

 

III. INSTRUMENT USED 

Lux meters are used for measurement of Illuminance. The 

accuracy of 5% and suitable range up to 10000 lux should be 

used. Lux meters are used to measure illumination (light) levels. 

Maximum lux meters consist of a body, a sensor with a photo 

cell & a display panel [12]. 

 
Figure : 1. Instrument Used 

 

B. Power analyzer 

Simple power analysis  (SPA) is a side-channel attack which 

involves visual examination of graphs of the current used by a 

device over time. Variations in power consumption occur as the 

device performs different operations. For example, different 

instructions performed by a microprocessor will have differing 

power consumption profiles. As a result, in a power trace from a 

smart card performing a DES encryption, the sixteen rounds can 

be seen clearly. Similarly, squaring and multiplication operations 

in RSA implementations can often be distinguished, enabling an 

adversary to compute the secret key [12]. 

 
Figure :2. Power  analyzer 

 

IV. ANALYSIS 

Implementation of Lighting Parameters : 

This  paper  deals  with  the  energy  efficiency  of  the  lighting  

system  of  the JCB Block, DCR University of Science and 

Technology Murthal, Sonepat. For the sake of the simplicity for 

manual calculation of  lighting  performance  &  lighting  

parameters,  we  have  considered  only  eight condition  of  the 

JCB Block, DCR University of Science and Technology 

Murthal, Sonepat. These eight conditions are so chosen that 

they have difference in area, function, energy usage, lighting 

levels etc. & taken these eight condition as eight cases namely  

case A, Case B , Case C, Case D, Case E, Case F, Case G, Case 

H. chemistry room and physics room is considered  as  Case A, 

room no. 215, 214, 106, 107,  315, 316, 311, 312 is  considered  

Case B,  all wash room ,staff room and chairman dept. room  is  

taken as Case C, chairman room and modelling and simulation 

lab and bio-medical lab is as Case D, research lab, seminar hall 

and bio lab is taken as Case E, energy tech & chemical tech. lab 

https://en.wikipedia.org/wiki/Side-channel_attack
https://en.wikipedia.org/wiki/Electrical_current
https://en.wikipedia.org/wiki/Data_Encryption_Standard
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is considered as case F, unit operation lab considered as Case 

H. The input lighting data of these eight cases  are: 

 

Table.1.4 Input parameters information for different cases  

Case 

 

Mounting 

Height(M) 

No of CFL No of Fans 

Case A 3.3 85 36 

Case B 3.3 75 80 

Case C 3.3 88 24 

Case D 3.3 60 22 

Case E 3.3 97 26 

Case F 3.3 18 18 

Case G 3.3 72 45 

Case H 3.3 30 50 

V. DISCUSSION 

On the basis of the detail of power consumption, some step 

have been suggested for improving energy effectiveness of 

campus. 

A. Annual energy wastage 

(1 - ILER) * Watts * No. of operating hours * No. Working Day.  

The annual energy wastage is calculated based on the above 

equation as shown in below: 

We have assumed that lamps were ON for 8 hours per day & 

264 days in a year. In cases (C4, D3, E3, F1 and G3) light are 

switched off position and curtains are closed. 

Case A.1 Annual Energy Wastage = 2478.015kWh/annum 

Case A.2 Annual Energy Wastage = 2903.347kWh/annum 

Case B.1 Annual Energy Wastage = 3072.52kWh/annum 

Case B.2 Annual Energy Wastage = 3337.75kWh/annum 

Case C.1 Annual Energy Wastage = 3985.369kWh/annum 

Case C.2 Annual Energy Wastage = 3981.19kWh/annum 

Case C.3 Annual Energy Wastage = 4031.32kWh/annum 

Case D.1 Annual Energy Wastage = 1828.607kWh/annum 

Case D.2 Annual Energy Wastage = 1654.361kWh/annum 

Case D.4 Annual Energy Wastage = 1720.927kWh/annum 

Case E.1 Annual Energy Wastage = 4048.434kWh/annum 

Case E.2 Annual Energy Wastage = 3621.623kWh/annum 

Case E.4 Annual Energy Wastage = 3692kWh/annum 

Case F.2 Annual Energy Wastage = 45.95kWh/annum 

Case G.1 Annual Energy Wastage = 3642.777kWh/annum 

Case G.2 Annual Energy Wastage = 3393.730kWh/annum 

Case G.4 Annual Energy Wastage = 289.935kWh/annum 

Case H.1 Annual Energy Wastage = 933.833kWh/annum 

Case H.2 Annual Energy Wastage = 675.886kWh/annum 

Case H.1* Annual Energy Wastage = 218.765kWh/annum 

Case H.2* Annual Energy Wastage = 267.742kWh/annum 

 

VI. Specific Recommendations 

 Optimum usage of day lighting. 

 Installation of "exclusive" transformer for lighting. 

 Lamps should be at proper mounting height. 

 Clean the tubes and lamps which also increase the 

luminosity. 

 Use of daylight where ever is possible. 

 

By Using Energy Saving Appliances :  

Replacing the 40 Watt i.e. Fluorescent Tube Lights in the 

Faculty Rooms, class rooms and Laboratory rooms  to 9 and 15 

Watt LED which gives almost same luminous flux. 

Existing Total Electrical Energy consumed by existing lights in 

faculty rooms are 3696 kWh per month. So total Energy spent 

on existing lights for those rooms are 3696 kWh. By new lights 

(LEDs) the Energy consumption will be 1134 kWh. 

 

By Replacing Resistance Regulator of Fan by Electronic 

Regulators: 

In the JCB Block, DCR University of Science and Technology 

almost all the fan are working with resistance regulator. 

According to the information gathered, there are 301 Fans are 

available with resistance regulators. On an average power 

saving of 8-10W for each fan can be obtained by electronic 

regulator in place of resistance regulators. We have assumed 

179 working days between 15 March to 10 November of annual 

year. 

Electronic analysis:  

 Total no. of resistance regulator fans in building= 301 

 Normal power spring for every fan=8W 

 Total power spared = total no of fans * Normal power 

spring for every fan = 301 *8W = 2408 W 

 Total utilization of fans in a year =179*8h=1432h 

 Total energy spared per year = Total use of fans in a year * 

Total power spared kw=1432*2408 =3448.256 KWh 

 Total investment funds in Rs per year = Total energy 

spared per year*cost per unit= 3448.256* 6=20689.536 Rs 

 Expenses to be spent for each electronic regulator of fan 

=200rs 

 Total expenditure in replacing all resistance regulator of 

fans = 301*200 = 60,200Rs 

 Payback period=(Total expenditure in replacing all 

resistance regulator of fans)/( Total investment funds in Rs per 

year)= 60,200/20689.536 = 2.90 year 

  

Better Practices for AC: 

In the JCB Block has in total 25 split AC’s which make a 

significant portioning total electricity usage of the department. 

But, at some places it was found that AC’s are not in 

appropriate way. Window panes were found broken at many 

places. Also in the no. of area AC’s have been located for being 

used without curtain. These ill practices account for 

enhancement in AC load and thus consumption. 

Some guidelines given below for most effective usage of ACs: 

 Proper insulation: Maintenance of good quality insulation 

is essential for the air conditioned rooms in order to abstain the 

flow of cool air outside the room and hot air inside the rooms. 

 Maintenance: For efficient working of ACs their proper 

maintenance and cleansing must be done at regular intervals. 

Filter dirt may reduce efficiency of ACs. 

 Curtain: Curtain should be put on the window all the time 

to abstain direct sunlight inside the room to loss of cooled air. 

This will reduce AC load significantly.  

 Functioning: The ACs must be started up quarter-hour 

ahead of true use and should be switched off ahead of leaving 

behind the area. 

 

VII. CONCLUSION 

The average power consumption of JCB Block, DCR University 

of Science and Technology of lightning is 44352 kw/year and if 
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the above recommendation are employed then there will be an 

avg. saving is about 30744 kw/year. Cost of replacing LED is 

around 75,000/-. So payback period is around four months  and 

by replacing all resistance-regulator of fans of the JCB Block, 

payback period is around 2.9 years. 
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