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Abstract-- Now a days, in the development of any nation, the 

availability of Electrical Energy plays an important role. Energy 

crisis is increasing day by day. The major consumer of electrical 

energy is industry and in most of industrial units, a big portion of 

electrical energy is wasted because of improper and unplanned 

consumption. The energy which has been wasted by these 

industries is also paid. One of the solutions to overcome the 

energy crisis problem is energy conservation that can be 

achieved by auditing of energy. Implementation of energy audit 

can improve the plant efficiency and thereby reduce the energy 

wastages. So, there should be an energy saving cell in every 

industrial unit for continuous survey and to provide remedial 

steps for energy conservation.  

The present research work aims at analysis, evaluation and 

implementation of Energy Audit in the industry which will help 

in avoiding the energy wastage. The work presented in the thesis 

explores the possibilities to identify and then to minimize the 

energy wastages area in the industry. In case study of Vardhman 

Special Steels, in which the major electrical energy is consumed 

in motors, furnaces, compressed air system etc. study of 

instantaneous load analysis of motor has been done. The study 

shows the loading status of the motor, which helps in keeping a 

check as to which motors are consuming more power than they 

ought to be consuming. Hence the loop holes for higher power 

consumption have been pointed out and steps are recommended 

to avoid them. The work presented here also pertains to explore 

the possibilities of electrical energy saving in compressors, 

furnaces. It was observed that there is a potential for energy 

saving for which corrective measures have been suggested. 

Similarly, other energy porous related to various component of 

the industrial unit viz transformers, capacitors, water pumps etc. 

are considered. The analysis of each of these factors has been 

done and recommendations have been given accordingly. If 

suggestions and recommendations in this thesis are applied 

properly, the unit will save a large amount of electrical energy 

and hence electrical bills can be cut to certain amount. 

Keywords-- Small Scaled Industries, Trillion-watt hours, 

Preliminary Energy Audit, Electric Arc Furnace, Killo-watt. 

I.  INTRODUCTION 

/s Vardhman special steels is situated in focal point, 

Ludhiana. It is a unit of M/s Mahavir Spinning Mills 

Limited, Hoshiarpur a part of international renowned 

Vardhman Group. This group, founded in 1965 under the able 

leadership of Sri Rattan Chand Oswal, is today one of the 

largest business houses in India. The mill manufactures 

quality steel alloys. Their products have found wide 

acceptance in national and international market. Maintenance 

and energy conservation of the equipments is regularly carried 

out in the mill as mill management is very conscious 

regarding this. Mill engineers are fully aware of importance of 

energy conservation and they have introduced a number of 

modifications with purpose of energy conservation. 

1.1 Energy Consumption 

           The sanctioned load of mill is 30430.64 KW and 

contact demand is 33MVA.Also one DG set of 1250 KVA is 

installed for emergency purposes, when PSEB supply fails. 

The mill gets supply from PSEB at 66 KV. 

1.2 Basic Process 

      In this mill, steel is produced by secondary steel 

making process. Steel scrap is melted in electrical arc furnace, 

refined in ladle refining furnace. Then it is processed at 

vacuum degassing unit and casted in a continuous casting 

machine. The casted product obtained is rolled in different 

size in rolling mill. 

1.3 Components Used 

           To obtain desired production, the unit uses following 

utilities: 

 Transformers 

 Motors 

 Compressors 

 Capacitors 

 Arc Furnace 

 Cooling Tower 

All the absove components are reviewed and wherever 

possibility of energy saving has been found out, suitable 

measures are pointed out. 

II. COMPONENTS INSTALLED 

Total 10 transformers are installed in the factory .There are 

two power transformers, two furnace transformers and four 

distribution transformers. The details of transformers are as 

follows. 

M 
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Table 1: Capacity & Voltage Rating of Transformers 

Installed 

Sr. 

No. 

Location 

 

 

Make 

Capacity 

(KVA) 

 

Voltage  Rating 

Primary 

KV 

Secondary 

KV 

1. 
Substation NGEF 25000 66 11 

2. 
Substation 

Bhart 

Bijlee 
12000/15000 66 11 

3. Rolling 

Mill 

Bhart 

Bijlee 
1500 11 0.440 

4. Rolling 

Mill 
BBL 1500 11 0.440 

5. Oxygen 

Plant 
Kirloskar 750 11 0.415 

6. Oxygen 

Plant 
Kirloskar 750 11 0.415 

7. LT Room 

Tr1 
BBL 2000 11 0.415 

8. LT Room 

Tr2 
BBL 2000 11 0.415 

9. 
Electric  

arc 

furnace 

GEC 20,000 11 200-460 

10. 
Ladle 

refining 

furnace 

EMCO 5000 11 130-260 

2.1 Division of Load 

The unit purchases power from PSEB at 66KV and 

steps down to 440 or 415 V for distribution in plant. 

Table 2: Load on Transformers 

Sr. 

No

. 

Transfor

mer 

Location 

 

Rate of Capacity 

 

Actual 

Current 

% 

age 

Hrs. 

Under 

Opera

tion 

 

 

KVA 

 

Current 66K

V 

11

K

V 66KV 11

K

V 

1. Substation 25000 218.7  120- 

230 

 80.6 24 

2. Substation 15000 131  10- 

32 

 20 24 

3. Rolling 

Mill 

1500  78  26

-

30 

35 16-20 

4. Rolling 

Mill 

1500  78  24

-

28 

33 16-20 

5. Oxygen 

Plant 

750  39  15

-

18 

42 16-24 

6. Oxygen 

Plant 

750  39  15

-

18 

42 16-24 

i) The maximum demand normally remains 22000 

KVA which is 66% of sanctioned load. 

ii) The load on most of distribution transformers is 

about 40% of rated capacity. 

 The rolling mill remains in operation for about 16-20 hrs 

and arc furnace for about 14 hrs in a day. In oxygen plant, 

168 KW motor works continuously and 300KW motor for 

10-12 hrs. 

2.2 Losses on the Transformers 

Table 3: Losses on the Transformers Assumed 

Sr.No. 
Transformer 

KVA Rating 

No load 

losses(KW) 
Copper losses(KW) 

1. 25000 2.5 158 

2. 12000/15000 2 98 

3. 1500 2.5 14.2 

4. 1500 2.5 14.2 

5. 750 1.3 9.8 

6. 750 1.3 9.8 

2.3 Power Transformers: 

a) Losses of power transformers under existing 

circumstances: 

    2.5+ (0.8)
2
 ×158+2+ (0.2)

2
 ×98 

     =2.5+101.12+3.92 

     =109.54 KW 
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b) Losses if LRF is shifted to 12/15 MVA transformer: 

By shifting LRF to 12/15 MVA transformer, shifting 

of 5 MVA load on 12/15 MVA transformer so that load on 25 

MVA becomes 64% and load on 12/15 MVA transform 

become about 45% 

     Losses will be   

     2.5 + (0.64)
2
 ×158 +2+(0.45)

2
 ×98 

      =2.5 +64.72 +2 +19.84 

      =89.02 KW 

Decrease in losses will be approx 20 KW. 

If approx 18 work hours are taken for 350 days, losses will be 

equal to 20×18×350= 1,26,000 KWH. 

Amount saved =Rs. 3.25/KWH 

                        =Rs. 4.10 Lacs 

So considerable amount is saved by shifting of the load but 

this proposal was not implemented as it caused fluctuation of 

voltage on 11 KV bus of 12/15 MVA transformer. 

2.4 Distribution Transformers: 

The oxygen plant is in operation for almost 16-24 

hrs. In this plant 168 KW motor runs regularly and 300 KW 

motor runs only for 10-12 hrs. During a day, for about 5 hrs, 

average load remains less than 50%. Similarly in rolling mill 

also load on 1500 KVA transformer remains less than 50% for 

about 5 hrs.If one transformer in oxygen plant and rolling mill 

is switched off during these 5 hrs. Saving in no load will be : 

           =2.5 ×5+1.3×5 

           =12.5+6.5 

           =19 KWH in a day 

Total units saved annually =19×365=6935 units 

Amount saved             = Rs. 3.25×6935 = Rs. 22,538 

However, this saving is not large. 

2.5 Tap Changer 

In this mill, there are two on load tap changers which 

are installed on each of the main transformer and there are 

four off load tap changers which are installed an distribution 

transformer. 

Electric motors play a major role in the working of 

an industrial unit. These are operated individually and also 

found as components of large systems in the industries like air 

compressors, pumps. If their operation is satisfactory i.e. they 

are working with good efficiency, nothing can be done with 

existing motors. 

2.6 Efficiency of motors 

Efficiency of an electric motor mainly depends upon 

the percentage loading of motor. Motor operate at maximum 

efficiency between 75 of 100 percent of rated capacity. The 

load depends upon the size and type of billets produced in the 

rolling mill. As these factors depend upon customer’s demand 

so it varies throughout the year, hence percentage loading of 

motor varies. If the percentage loading of motor increases, 

accordingly the efficiency of motor will increase. If the 

percentage loading decreases below 50% then the losses in the 

motor increase very sharply which will lead to almost 10% 

higher power consumption. Overloading of the motors also 

results in decrease in efficiency and increase in losses. 

Increase in losses directly affects the insulation of the motor 

which will decrease life of the motor and also increase 

consumption of electrical power. The inherent internal 

resistance losses because of stator and rotor conductors cannot 

be reduced unless motor is replaced with new one or 

rewinding of motor is done. Expenditure involved in this is 

very large. So amount saved by adopting this will not be 

considerable. 

However by reviewing the losses occurring in the 

electrical motors, use of motors can be optimized. 

2.7 Motive Load Analysis   

Total motive load of the plant is 8680 KW. Most of 

the motors are squirrel cage type. About 23 nos. motor were 

checked for current, voltage, KW, power factor, frequency 

with the help of device known as load master or load analyzer 

which is an imported electronic based instrument. About 40% 

motors are loaded between 76 and 100 % which is considered 

as good loading. Efficiency of the motors is supposed to be 

optimum in this range. Another 44% of motors considered 

have loading between 61 and 75 % 

Two rolling mill motors of rating 750 KW are cause of 

concern. The load of these two motors was measured for 14 

times after every one minute. Average value was only 23 

percent. It was due to rolling of 125 mm square bullet as rest 

of the equipment through out the plant was operating at 

optimum load. The losses of these motors at existing load: 

Motor rating                                       =750KW 

Efficiency at optimum load                =approx 95% 

Present load                                        =23% 

Efficiency at existing load                 =approx 65% 

Fall in efficiency                                 =30% 

Losses (if 10 working hrs and 350 working days are assumed  

=    2(nos.) × 750 (motor rating) ×0.23 

(load) × 10(hrs) ×   

       350(days) × 0.3 (efficiency fall) 
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=    4 Lac KWH. 

Tentative financial loss @RS. 3.25/KWH= Rs. 12.8 Lac. 

One No. 18.5KW water pump was operating at 121% load. 

Equipment is never designed so as to cause overloading of 

motor. This overloading of motors can be due to actual excess 

load in some case, due to bad bearing or lubrication, repeated  

rewound or unsatisfactory maintenance of driven equipment. 

For motor whose load remains less than 50%, they may be run 

on star mode. In the plant, there are only rolling mill motors 

whose load varies in this range. The unit has two main 66/11 

KV transformers with on load tap changer. Similarly both arc 

furnaces are with on load tape changer. All remaining 

transformers are with off load tap changer so it is possible to 

get the voltage within own requirement. The motors are 

designed for a rated voltage of 415 volts. For rolling mills it 

be kept at 380 volts, it would increase the efficiency of main 

motor. 

III. LITERATURE REVIEW 

M.S. Bhalla et al. [1] studied that almost all State Electricity 

Boards/Distribution Companies in India are facing financial 

crises and continue to be plagued by energy shortages and 

poor quality of supply. One of the main reasons for this 

precarious situation is the high level of T&D losses. 

According to the CEA, the electricity lost in transformation, 

transmission and distribution systems, and electricity 

unaccounted for, has been estimated to be around 27% during 

the year 2007-08. Out of this about 7% can be safely assumed 

as transmission loss. From the balance 20% distribution losses 

in the country, about 60% are losses due to commercial 

reasons, and the remaining losses are due to technical reasons. 

However, the total system loss level in India varies in the 

range of 14% to 70% in various states/distribution companies 

whereas losses reported in other developed and developing 

countries range from 4% to 15%. 

R. A. Sharma et al. [2] presents that Energy cost is a 

significant factor in economic activity, on par with factors of 

production like capital, land and labour. The imperatives of 

energy shortage call for energy conservation measures, which 

essentially mean using less energy for the same level of 

activity. In this paper the author discusses the Conservation, 

Efficiency, Audit, Fundamentals, Differences and methods, 

the Objectives of Energy Conservation, Definition of Energy 

Audit, Scope, short term, medium term and long term 

measures to be taken for Conservation are discussed. The 

audit programs, methodology of Saving energy through 

various means namely: Audit, House Keeping, Lighting, 

Personnel, Capital Investment, Monitoring are elaborated.  

S. Ashok et al. [3] presents a physically based model and 

formulation for industrial load management. The formulation 

utilizes integer linear programming technique for minimizing 

the electricity costs by scheduling the loads satisfying the 

process, storage and production constraints. The proposed 

strategy is evaluated by a case study for a typical flour mill 

with different load management options. The results show that 

significant reductions in peak electricity consumption are 

possible under time of use tariffs. 

P. Naveen et al. [4] states that Conservation and efficient use 

of energy in industry has for a long time been a priority of the 

Government of India. The State Government of Tamil Nadu, 

Kerala, and other Southern States, made energy audits 

mandatory for large-scale energy-consuming industries. So 

among industrial consumers, the aspect of energy 

conservation is gaining due importance of the realization that 

“Energy Saved is Energy Produced and that too at Economical 

Cost.” This paper shares the experiences of the authors on 

Energy Conservation Projects carried out in a Textile Industry 

situated in Tamil Nadu State. Economic and efficient 

measures of Energy Conservation have been followed subject 

to budget constraint and the effect of such measures were 

realized through reduction in energy cost with the added 

advantage of environmental safety. 

Mehulkumar J. Panchal et al. [5] discussed that Energy is 

very much important input in all sectors of any country’s 

economy. The standard of living of any country can be 

directly related to per capita energy consumption. The ever 

increasing population on the world and increased standard of 

living of human being has no doubt put a tremendous pressure 

on Earth’s Resources. In this research paper, Study of Energy 

Conservation and Energy Audit in industry is carried out and 

very effectively tried to make systematic approach for the 

same. It is studied that results of energy conservation and 

energy audit point out possibilities of energy saving, by 

simple housekeeping measures as well as improved 

techniques, better instrumentation and more efficient 

machinery. A careful day to day monitoring of specific energy 

consumption can help in saving wastage of energy and raw 

materials. 

Barney L. Capehart et al. [6] states a frequent criticism of 

energy audits is that they overestimate the savings potential 

available to the customer. This paper addresses several problem 

areas which can result in over-optimistic savings projections, 

and suggests ways to prevent mistakes. Some analysts use the 

average cost of electricity to calculate energy savings. This can 

give a false picture of the actual savings and may result in 

over-optimistic savings predictions. This paper discusses how 

to calculate the correct values from the electricity bills, and 

when to use these values.  Finally, the authors discuss several 

common energy-savings measures which are frequently 

recommended by energy auditors. Some of these may not 

actually save as much energy or demand as expected, except in 

limited circumstances. Others have good energy saving 

potential but must be implemented carefully to avoid increasing 

energy use rather than decreasing it. 

Khan A.Z. et al. [7] presents that ECON becomes even more 

important for the third world, developing countries, where the 

rising energy costs and the use of efficient energy apparatus 
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are of significant concern to both the industry and the utility. 

In this paper, the application of the ECON techniques by 

which electrical energy can be saved and made cost efficient 

from the industrial perspective are presented for a sheet-glass 

industry in a developing country (Pakistan-Asia). The 

selection, in particular, of a sheet-glass industry was done 

because electrical energy constitutes only a small amount of 

the overall energy used. A complete energy conservation 

guideline is recommended. The load profile and its overall 

improvement in light of these recommendations is also 

illustrated along with the proposed utilization of the 

techniques and their applications. Electrical energy 

management (EEM) approach for motors, PF, and tariff 

control is outlined and the emphasis on energy conservation 

technology has been elaborated. More findings of the 

application of energy conservation techniques of high 

significance are presented in the paper. 

IV. CONCLUSION 

Considering all aspect of energy consumption and energy 

wastage area, it was observed that a lot of electrical energy 

units can be saved per year in the mill by implementing the 

suggestions and recommendations. It is recommended that the 

plant authorities without taking much time should build up an 

energy audit team comprising of plant employees to perform 

regular in-house energy audits as it is the plant personnel only 

who are aware of the type of processes done in the unit and 

the equipment required for the same. They can monitor 

equipment regularly for maintenances. 

Energy audits provide the information that energy managers 

need to identify energy consumption patterns and components 

of a facility. Energy conservation opportunities can be 

identified and prioritized. By taking an open minded and 

methodical approach to the audit process, it is possible to 

identify and avoid unnecessary expenditures in most facilities 

while improving their performance and operation. For 

successful energy audit program, auditors should be well 

versed with history and philosophy of the industry. The 

auditing team should also know the financial or economical 

state of the unit so that measures or steps recommended 

should be according the budget. 
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