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Abstract--- Energy conservation has now become a 

necessity. Considerable energy saving is possible through 

proper choice of equipments, and their effective use. The-

only feasible way to handle energy crisis, apart from 

capacity addition, is the efficient use of available energy. 

For this there is a need of optimizing energy, using standard 

systems and procedures so as to reduce energy requirements 

per unit of output .In this paper a case study of industry for 

energy audit is presented. Energy audits don't save money 

and energy for companies unless the recommendations are 

implemented.  Audit reports should be designed to encourage 

implementation, but often they impede it instead.  The goal in 

writing an audit report should not be the report itself; rather, it 

should be to achieve implementation of the report 

recommendations and thus achieve increased energy 

efficiency and energy cost savings for the customer. Energy 

audit is an important tool in transforming the fortunes of any 

organization. This is highly relevant to the industry as it 

deals with a renewable energy source and looked upon as 

rural power house. The scope for conservation is immense 

and if properly harnessed can take the organization to the 

path of prosperity. Energy audit becomes all the more 

important in view of the energy conservation Act 2001 

enacted by Government of India and the proposed New 

provisions. 

The Result from the Energy audit of a textile 

industry located in Kim, surat. The Scope of Energy audit in 

a textile plant should include the study of Improve the 

Power factor of electrical utilities, replace the faulty 

capacitor, power saving by lighting management, install 

voltage stabilizer to reduce power consumption, improve 

Compressor & Pump efficiency and performance of Steam 

boiler. This paper consists the details of primary 

observations along with appropriate recommendation with 

supporting calculations. Certain areas are identified where 

there is a potential for saving in energy and measures have 

also been found for increasing plant productivity. Energy 

Conservation has been identified as a prime measure for cost 

reduction. Accordingly, the company has taken several in-

house measures for energy savings and achieved substantial 

energy savings. 

Keywords :- Energy use, Energy efficient technology, 

Energy Conservation, Energy Audit, Textile Industry 

I.  INTRODUCTION 

The textile industry in India is one of the largest process 

industries in terms of its production and employment. 

Modern textile units are energy intensive requiring both 

thermal and electrical energy for their operation. The energy 

cost accounts for about 15-20 % of the manufacturing cost. 

The Textile industry is one of the most complicated 

manufacturing industries because of the wide variety of 

substrates, processes, machinery and components used. 

Different types of fibers or yarns, methods of fabric 

production, and finishing processes, all interrelate in 

producing a finished fabric. 

Energy audit is a systematic and scientific approach 

to identify energy conservation opportunities and aware 

about energy cost and waste with applicable 

recommendations for reducing specific energy consumption 

with financial benefits. Energy Audit is the key to a 

systematic approach for decision-making in the area of 

energy management. It attempts to balance the total energy 

inputs with its use, and serves to identify all the energy 

streams in a facility. It quantifies energy usage according to 

its discrete functions. Industrial energy audit is an effective 

tool in defining and pursuing comprehensive energy 

management programme. 

Energy is one of the main cost factors in the textile 

industry. Especially in times of high energy price volatility. 

Improving energy-efficiency should be a primary concern 

for textile plants. There are various energy-efficiency 

opportunities that exist in every textile plant, many of which 

are cost effective. However, cost effective options are not 

often implemented in textile plants mostly because of 

limited information on how to implement such energy 

efficiency measures, especially given the fact that a majority 

of textile plants are categorized as SMEs and hence they 

have limited resources to acquire this information. Know-

how on energy efficient technologies and practices should, 

therefore, be prepared and disseminated to textile plants. An 

extensive literature review was conducted in this study to 

collect information on the energy use in and energy 

efficiency measures/technologies for the textile industry. 

II. OVERVIEW OF THE TEXTILE INDUSTRY 

The textile industry has played an important role in the 

development of human civilization. First starting in the U.K. 

and later spreading to other European countries. The 

production of synthetic fibers that started at the beginning of 

the twentieth century also grew exponentially. The textile 

industry in India traditionally, after agricultures, is the only 

industry that has generated huge employment for both 

skilled and unskilled labor in textiles. The textile industry 

continues to be the second largest employment generating 

sector in India. The share of textiles in total exports was 

11.04% during April-july 2010, as per the ministry of 

Textiles. There are 2500 textile weaving factories and 4135 

textile finishing factories in all of India. 

III. TEXTILE MANUFACTURING PROCESSES 

Fig. 1 is a generalized flow diagram depicting the various 

textile processes that are involved in converting raw 

materials into a finished product. Due to variety of the 

processes involved in the textile industry, there are too many 

processes to be explained within the space constraints of this 

paper. Thus, brief descriptions only for the major textile 

processes for which the energy-efficiency measures are 
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given here can be found in. The major textile processes are 

discussed below. 

1. Spinning and weaving process 

2. Wet process 

3. Garment Manufacturing 

 
Fig. 1: Textile process 

 Spinning and Weaving A.

a) Yarn Fabrication 

Yarn fabrication is the process, which converts raw fiber 

into yarn or thread (in fig.2).The fibers are prepared and 

then drawn out and twisted to form the yarn, which is then 

wound onto a bobbin or cone. The yarn fabrication is 

entirely dry, although some yarns may be dyed and finished 

as a final customer product. 
b) Opening / Blending:  

Raw materials (cotton & synthetic) are received in compact 

bales. The travelling type machine removes and separates 

the compressed fibers from each bale and open into the 

smallest flock gently. More bales can be processed at a time 

by this type and thus have long term blending. 
c) Cleaning:  

Cotton is passed through a series of machines (beaters) 

where opening and cleaning takes place simultaneously to 

remove strange matters such as plant parts, seed hulls, dirt 

etc from the fibers. Speed of beaters and clearance setting 

may be varied to achieve the desired level of cleaning. 

 
Fig. 2: Main steps yarn production 

d) Carding:  

The fibers are formed into a mat by passing through two 

press rollers. This mat is continuously fed into the card. The 

sheet of carded fibers is removed through a funnel into a 

loose rope like strand called sliver. 
e) Combing:  

Processing cotton or wool stock through a series of 

needles/combs, to remove short fibers and strange matters 

and to form a sliver of maximum possible evenness. 
f) Drawing:  

The drawing frame contains number of strands of card silver 

and passes them through a set of rollers that rotate at 

successively faster speed. These rollers combine fibers into 

a single and more uniform strand. They draw out and 

lengthen fibers (5-6 times). 
g) Roving:  

The drawn frame sliver is fed into the drafting arrangement, 

which attenuate the sliver. The yarn is stretched and slightly 

twisted to strengthen the strand (8 times the length and 1/8 

the diameter). 
h) Spinning:  

The rove fed into the drafting arrangement is further 

attenuated and twisted to the desired size to spin into the 

final yarn. The twist is generated by the spindle, which 

rotates at a higher speed. Each revolution of spindle imports 

one turn of twist to the strand) is wound on bobbin mounted 

on spindle with the help of traveler. 

It uses four types of technologies: Ring spinning, 

rotor spinning, air jet spinning and friction spinning. Ring 

spinning is the most used in India due its wide adaptability 

for spinning different types of yarn. Rotor spinning is also 

widely used. 

2) Fabric Production 

Fabric production, the second step, involves weaving / 

knitting. 
a) Weaving: 

 Weaving is the most common method used to produce 

fabrics. The process is carried out of two sets of threads, 

which interlaces lengthwise yarns (warp yarns) with 

widthwise ones (weft or filing yarns). To prevent the warp 

yarns from braking during weaving, the warp threads are 

coated with a size at 80-90’c before weaving, to increase 

their tensile strength and smoothness. Natural starches are 

the most commonly used sizes, although compounds such as 

polyvinyl alcohol (PVA), resins, alkali-soluble cellulose 

derivatives, and gelatin glue have been used. The sizing 

compound is dried at 100-130’c on the threads and remains 

a part of the cloth until it is removed in the subsequent 

processes. 
b) Knitting:  

In knitting fabric is formed through interlocking series of 

yarn loops by using hooked needles. Rows of stitches are 

formed so that each row hangs on the row behind it, usually 

using sophisticated, high-speed machinery. 
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  Plant Layout B.

 

Fig. 3: Plant Layout  

IV. ENERGY USE IN THE TEXTILE INDUSTRY 

The textile industry, in general, is not considered an energy 

intensive industry. However, the textile industry comprises 

a large number of plants which together consume a 

significant amount of energy. The textile industry uses large 

quantities of both electricity and fuels. For example, in spun 

yarn spinning, electricity is the dominant energy source, 

whereas in wet processing the major energy source is fuels. 

 Electricity Consumption & Bill Analysis A.

There are mainly four nos. of LTMD service available in 

A1, A2, B1 and B2 plants with present contact demand are 

97KW, 94 KW, 94 KW, and 98 KW respectively. 

Approximate annual power consumption of all the services 

are around Rs. 60.69 lacs. The complete premises consists 

different plant machinery for different section/ areas like 

twisting, beaming, Weaving, Steaming etc. Each section has 

its own panel boards. The Figure shows the monthly 

Electricity Consumption from May-2013 to Jan-2014 of 

Electricity generated on site. 

 

Fig. 4:  Monthly Energy Consumption of A1 Plant 

 

Fig. 5:  Monthly Energy Consumption of A2 Plant 

 
Fig. 6: Monthly Energy Consumption of B1 Plant 

 
Fig. 7: Monthly Energy Consumption of B2 Plant 

Analysis of electricity bill of plant A1, A2, B1, B2 

for May-2013 to Jan-2014 is given in the table 
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Table 1 Analysis Of Electricity Bill (Nevitex-A1)

Sr No Month & Year Maximum 

Demand 

Energy 

Consumed 

Power 

Factor 

Total Billed 

Amount 

Unit cost of 

Power 

  KW KWH PF Rs Rs./KWH 

1 May-13 80 9000 1 67220.5 7.47 

2 Jun-13 79 5340 1 44473.6 8.33 

3 Jul-13 83 4315 1 38124.2 8.84 

4 Sep-13 83 1250 0.99 19003.5 15.20 

5 Oct-13 80 1534 0.97 20166.4 13.15 

6 Dec-13 80 1130 1 18373.3 16.26 

7 Jan-14 79 661 1 15527.2 23.49 

 AVERAGE 80.6 3319 0.99 31841.2 13.25 

Table 2. Analysis Of Ele. Bill (Satin Weaves Pvt. Ltd.-A2) 

Sr 

No 

Month & 

Year 

Maximum 

Demand 

Energy 

Consumed 

Power 

Factor 

Total Billed 

Amount 

Unit cost of 

Power 

  KW KWH PF Rs Rs./KWH 

1 Apr-13 53 12215 0.65 84628 6.93 

2 May-13 58 35280 0.95 231077 6.55 

3 Jun-13 58 13250 0.93 93550 7.06 

4 Jul-13 40 15005 0.93 104516 6.97 

5 Aug-13 37 18285 0.91 124151 6.79 

6 Sep-13 80 20990 0.90 141080 6.72 

7 Oct-13 80 13813 0.90 96494 6.99 

8 Dec-13 34 24610 0.90 166197 6.75 

9 Jan-14 36 14080 0.90 101642 7.22 

 AVERAGE 52.9 18614 0.89 127037 6.89 

Table 3. Analysis Of Electricity Bill (Hooks Synthetics-B1) 

Sr No Month & Year Maximum 

Demand 

Energy 

Consumed 

Power 

Factor 

Total Billed 

Amount 

Unit cost of 

Power 

  KW KWH PF Rs Rs./KWH 

1 Apr-13 52 11340 1.00 77896 6.87 

2 May-13 74 19390 1.00 131244 6.77 

3 Jun-13 74 13550 1.00 94909 7.00 

4 Jul-13 80 18032 1.00 122751 6.81 

5 Aug-13 74 21430 1.00 142719 6.66 

6 Sep-13 80 25970 1.00 170723 6.57 

7 Oct-13 80 16777 1.00 114073 6.80 

8 Dec-13 74 26640 1.00 177762 6.67 

9 Jan-14 74 13212 1.00 95414 7.22 

 AVERAGE 73.6 18482 1.00 125277 6.82 

Table 4. Analysis Of Electricity Bill (Well Weave Healda & Hooks-B2) 

Sr No Month & Year Maximum 

Demand 

Energy 

Consumed 

Power 

Factor 

Total Billed 

Amount 

Unit cost of 

Power 

  KW KWH PF Rs Rs./KWH 

1 Apr-13 52 33940 0.86 217362 6.40 

2 May-13 48 22440 0.89 151263 6.74 

3 Jun-13 51 18840 0.93 128509 6.82 

4 Jul-13 84 26065 0.91 174774 6.71 

5 Aug-13 53 30050 0.88 198191 6.60 

6 Sep-13 52 34010 0.88 223013 6.56 

7 Oct-13 80 20752 0.90 139643 6.73 

8 Dec-13 60 37735 0.89 250054 6.63 

9 Jan-14 61 23523 0.85 163800 6.96 

 AVERAGE 61.1 27484 0.89 182957 6.68 
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V. ENERGY EFFICIENCY IMPROVEMENT OPPORTUNITY IN 

THE TEXTILE INDUSTRY 

This analysis of energy efficiency improvement opportunities 

in the textile industry includes both opportunities for 

retrofit/process optimization as well as the complete 

replacement of the current machinery with state of the art 

new technology. However, special attention is paid to retrofit 

measures new technologies have high upfront capital costs, 

and therefore the energy savings which result from the 

replacement of current equipment with new equipment alone 

in many cases may not justify the cost. Furthermore, we have 

tried to present measures for which we could find quantitative 

values for energy savings and cost. Also, It should be noted 

that the energy saving and cost data provided in this paper are 

either typical saving/cost or plant/case specific data. The 

saving from and cost of the measures can vary depending on 

various factors such as plant and process-specific factors, the 

type of fiber, yarn, or fabric, and the quantity of raw 

materials. 

 Improve Power Factor A.

TABLE 5 IMPROVE POWER FACTOR OF A2 

Existing Avg. power factor 89.00 

Improve power factor up to 1 

Existing Avg. Reactive Unit per month 8958.0

0 Reactive Unit charges in Rs. 0.1 

Hence Total Reactive Charges in Rs. Per month 895.80 

Annual Reactive Charges of Bill in Rs. 10749.

60 Required KVAR for Improve PF up to Unity 27.08 

Investment in Rs. For APP or Super Heavy 

Duty Capacitor 

9477.6

89 Simple payback in Months 10.58 

TABLE 6 IMPROVE POWER FACTOR OF B2 

Existing Avg. power factor 89.00 

Improve power factor up to 1 

Existing Avg. Reactive Unit per month 14361.

00 Reactive Unit charges in Rs. 0.1 

Hence Total Reactive Charges in Rs. Per month 1436.1

0 Annual Reactive Charges of Bill in Rs. 17233.

20 Required KVAR for Improve PF up to Unity 31.30 

Investment in Rs. For APP or Super Heavy Duty 

Capacitor 

10953.

6 Simple payback in Months 7.63 

 Lighting Survey B.

Lighting accounts for less than 10 % of the electricity 

consumption in this industry. 

TABLE 7 REPLACE ELE. TUBELIGHT BY T5 

Power consumption of tube light with 24 W- 

T5 tube light in watts 

24 

Qty. of electronics tube light required to 

change 

339.00 

Daily power consumption with existing 

electronics tube light in Rs. 

1506.60 

Daily power consumption with 24W- T5 tube 

light in Rs. 

1205.28 

Hence Daily Power Saving by 24 W- T5 tube 

light in Rs. 

301.32 

Annual power saving in Rs. 94011.84 

Approx. Rate of T5-24 W tube light in Rs. 325 

Hence Total investment in Rs. 110175 

Simple Payback in Months 14.06 

  Performance of Air Compressor C.

Air compressor is required to produce air for pneumatic 

system used in plant. Two reciprocating air compressors are 

provided to cater the plant service, pneumatic valve operation 

& machine cleaning requirement. 

1) Reduce Pressure Setting in Air Compressor 

It is observed that compressor no. 1 is used for cleaning 

purposes only. As per the general norm for any cleaning 

purposes 2.0 bar pressure is enough. Existing pressure 

setting is too much high in reference to our use. So it 

should be required to reduce pressure setting in the range of 

2 to 3 Bar. Same way in Boiler air compressor, Pressure 

setting is very high compare to requirement   of 4.0 bar 

pressure for pneumatic function. It is also advisable to 

reduce pressure setting in the range of 4 to 5 bar in boiler 

air compressor to reduce power consumption in air 

compressed system. Per each kg pressure reduction in air 

compressor will reduce 6 to 10% of compressor power 

consumption. 

2) Arresting Air Leakages in Compressed Air Distribution 

Air leakage test of the compressors were conducted on 

weekly OFF. Air consuming equipment was kept OFF but 

valves were kept open.  Practically air leakages were 

found very negligible due to very small size of air 

distribution. But it advisable to check regular air leakages 

in air distribution line for avoids leakage losses in air 

compressor. 

 Performance of Pumps D.

Raw water coming from bore well delivers to overhead 

tank. There are 2 Nos. Of bore well pump, which deliver 

water to overhead tank. From Over head raw water tank, 

water is distributed to different area of process plant. Raw 

Water are used for steam boiler, toiletory, gardening, 

cleaning, washing and drinking purposes. 

1) Observation 

 A1 Plant bore well pump performance found poor. 

 B1 Plant bore well pump performance found poor and its 

working is very low. 

2) Recommendations 

 Advisable to replace A1 Plant bore well Pump only to 

improve pump Efficiency. 

 B1 Plant Bore well Pump Efficiency is poor but its 

working is low. So payback is high to replace, which is 

not advisable now. 

 Performance of Steam Boiler E.

It is observed that in M/s. Satin Weaves Pvt. Ltd. has one 

small Blue Moon make steam boiler of 500kg capacity for 

heating process. Steam boiler working is very low during 

the whole year. LPG gas used as input energy to steam 

boiler by convention burner. 

1) Observation 

 Boiler feed Water line has 8 Nos. Of elbow. 

 Boiler Steam line has 4 Nos. Of elbow. 

 Boiler Steam line has no insulation. 

 Boiler stack temp. Found 115 º C temperatures. 

 As per the measurement data steam consumption per 

batch is 140 Kg. Batch time is around 2.0 to 2.15 Hours. 
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In compare to boiler capacity, Steam consumption is very 

less. 

 Observe no trap in steam heating process equipment. 

2) Recommendations 

 Reconfigure boiler feed water distribution with 

minimum no. Of Bend. Must be use long bend in place 

of elbow in any distribution line, which will reduce the 

running cost of pump. 

 Remove elbow from steam line by use long bend, 

which will reduce pressure drop and can be run boiler 

with low pressure, which will reduce the operation cost of 

steam boiler. 

 Bar steam line without insulation has surface heat loss. 

Advisable to insulate steam line, which can reduce 

steam consumption. Generally bar steam line insulation 

project has less than two month payback. 

 It is advisable to reconstruct in side cylinder of steam 

boiler to reduce gas consumption. 

VI. CONCLUSION 

Energy audit is very important for identifying energy loss 

and accordingly corrective action can be taken which will 

result in saving energy, improving efficiency and reliability 

of machine and also gaining benefit in terms of rupees. 
During the measurement and after the analysis it is 

observed that Power Factor of Some motors are poor. So 

Install Super heavy duty capacitor to improve power factor 

of satin Weaves Pvt (A2 plant) & Well Waves (B2 plant) 

and save Rs. 10749/Annum & Rs. 17233/annum 

respectively with 9 months payback period. 

At present in plant already installed capacitor for 

maintain power factor at LT side. However during field 

study we have measured some capacitor power consumption 

is high compare to norms. So Replace Faulty Capacitor by 

super heavy duty Capacitor and save Rs. 146122/Annum 

with investment of Rs. 10500 with 1 month Payback period. 

During Field study we also observed that in plant 

so many location we observed that in a day lights found on 

even there are sufficient day light available so there is a 

direct energy loss. So Reduce power consumption by proper 

Lighting Management, Rs. 98131/Annum will be saving.  

Retrofit the existing 40W/50W Tube Light by T5 

(24 watt), Rs. 94011/Annum will be save with simple 

payback of 14.06 months. 

Install Voltage stabilizer in lighting feeder (servo-

stabilizer) to regulate the voltage. Thus improves the 

performances of lamps & ballast. A small reduction in 

voltage level saves the significant amount of energy without 

any significant drop in the illumination level. Reduce the 

lighting voltage from 215 V to 205 V and save large amount 

of power consumption without any affect to illumination. So 

energy consumption will reduce by install voltage stabilizer 

and save Rs. 71032/Annum with 10.14 months payback 

period. 

It is observed that compressor no. 1 is used for 

cleaning purposes only. As per the general norm for any 

cleaning purposes 2.0 bar pressure is enough. Existing 

pressure setting is too much high in reference to our use. So 

it should be required to reduce pressure setting in the range 

of 2 to 3 Bar. Same way in Boiler air compressor, Pressure 

setting is very high compare to requirement   of 4.0 bar 

pressure for pneumatic function. It is also advisable to 

reduce pressure setting in the range of 2 to 3 bar in boiler air 

compressor to reduce power consumption in air compressed 

system. Per each kg pressure reduction in air compressor 

will reduce 6 to 10% of compressor power consumption and 

save Rs. 7709.24/Annum with immediate payback period 

(1.5 month). 

Advisable to replace A1 plant bore well pump to 

improve pump efficiency By replacing the existing lower 

efficiency pump with higher efficiency pump a huge amount 

of energy could be save around 23749 Rs./Annum with 

nominal payback period.(10 months) 

Improve Combustion Efficiency of Steam Boiler 

By providing online flue gas (O2) analyzer with O2 

trimming system to the Steam Boiler, the savings will be Rs. 

10579/Annum and if only 60% savings will be consider, the 

simple payback will be only 3.40 months. 

Install the Economiser in steam boiler Flue Gas 

Path, which exchange the heat between hot flue gas to feed 

water. Thus feed water captures the heat from flue gas and 

lowering the flue gas temperature. For clean fuel such as 

natural gas, LPG or gas oil exit flue gas temperature limit is 

lower about well below 200˚ C, hence recovery of heat from 

this flue gas is significantly more. For every 1 C increase in 

feed water temperature, there is an approximate 4˚ C drops 

in flue gas temperature and increasing thermal efficiency 5 

to 6 %. The saving potential of Rs. 8411/Annum while 

investing Rs. 10000 in economiser and having money back 

after 14 months.         

 OVERALL REMARKS DETAIL 

1 Avg.annual Electrical bill in Rs. 6069637.00 

2 Max. annual saving possible in Rs. 468738.52 

3 Overall percentage energy saving 7.7
2 
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