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INTRODUCTION


CHAPTER - I
INTRODUCTION

1.1 ENERGY 



    Energy is an important input in all sectors of a country’s economy. Today every country draws its energy needs from a variety of sources. We can broadly categorize these sources as commercial and noncommercial. The commercial sources include the fossil fuels (coal, oil and natural gas), hydroelectric power and nuclear power, while the non-commercial sources include wood, animal waste and agricultural waste. Energy is an important factor in our civilization which is associate in various forms such as.

· Solar energy

· Wind energy 

· Biomass energy 

· Hydro electrical power

· Electrical energy

· Mechanical energy 

· Tide energy – wave energy 

· Geothermal energy 

1.2. ELECTRICAL ENERGY



Electrical energy is widely used for heating and lighting in commercial and industrial premises. Electrical energy is mostly used in the industrial sector. A knowledge of basic circuit theory is essential in understanding the use of electricity in industry. In general electrical loss is due to the transmission between the power station and the consumer.

1.3. ENERGY CONSERVATION 


Energy conservation means reduction in energy consumption but without making any sacrifice of quantity and quality of production. In other words, for the same energy consumption, higher production. Electricity should be utilized efficiently and the areas where the energy is wasted are to be identified and corrective measures are searched for adoption. This could be done by “Energy Audit”.

As per the energy conservation Act, 2001, energy audit is defined as “the verification, monitoring and analysis of use of energy including submission of technical report containing recommendations for improving energy efficiency with cost benefit analysis and on an action plan to reduce energy consumption.” A well conducted energy audit could reveal the areas of wastage of energy and it would be possible to suggest saving of energy. Energy audit identifies and evaluates energy management and energy consumption measures in the company.

1.4 ENERGY AUDIT



Energy audit is a technical survey of a plant in which the machine wise/ section wise/ department wise pattern of energy consumption is studied and attempts to balance the total energy input correlating with production. Energy audit is an integral part of energy management. Energy audit is likely to generate sufficient data both in quantitative and qualitative term and in qualitative term for management action for reduction or control of energy cost.


      Energy audit is a tool for energy conservation. Energy audit is a vital role in the entire management chain. It is an effective tool in defining and pursuing comprehensive energy management programmes. Energy audit acts as an instrument in energy cost optimization, pollution reduction, and safety and identifies methods for improving operating performance and maintenance practices in an organization.


     As a result of the study, the areas where the energy is wasted and the improvements are felt, are identified and corrective measures are recommended for adoption on short term/ long term basis, giving priorities, so that the overall plant efficiency could be improved.

· Energy audit can be considered as the first step towards understanding how energy is being used in a given facility.

· It also indicates the ways in which different forms of energy are being used.

· It quantifies the energy use according to discrete functions.

     Therefore energy audits do not provide the final answer to the problem. But they identify where the potential for improvement lies and where the energy management efforts must be concentrated.

1.4.1. CONTENTS OF AN AUDIT 


An energy audit seeks to document things that are sometimes ignored in the plant, such as the energy being used on site per year, which processes use the energy, and the opportunities for savings. In doing so, it assesses the effectiveness of management structure for controlling energy use and implementing changes. The energy audit report establishes the needs for plant metering and monitoring, which  save money for the years to come. The energy audit action plan lists the steps and sets the preliminary budget for the energy management program.

Function of the Energy Auditor

· The energy audit quantifies the energy costs. 

· Energy audit correlates trends of production or activity to energy costs.

· Devises energy database formats to ensure that they depict the correct picture of product, department, consumer etc.

· Advises and checks the compliance of the organization for policy and regulation aspects. 

1.4.2 TYPES OF ENERGY AUDIT


There are two type of Energy Audit and they are.
1. Preliminary Energy Audit

2. Detailed Energy Audit
Shown in Fig (1.1)
1.4.3 PRELIMINARY ENERGY AUDIT



In a preliminary energy audit, the entire audit exercise can be divided into three steps.

Step 1: Identifies the quantity and cost of the various energy forms used in the plant.

Step 2: Identifies energy consumption at the department.

Step 3: Relates energy input to production thereby highlighting energy wastage in major 
equipment.

A preliminary energy audit study typically involves two or three days of plant visit. In such studies which are at times also referred to as walk- through audits, one basically relies on the data supplied by the unit or personal readings from meters installed in the industry. Practical experience shows that, in many instances, the meters installed in the industry do not show accurate readings, primarily because these instruments are not calibrated regularly. Ideally, the energy auditor must carry properly calibrated portable instruments and make recommendations based on measurements taken at the site during the time of the audit. Due to the drawbacks of this method, more and more plants are getting interested in a detailed or comprehensive energy audit.

1.4.4 DETAILED ENERGY AUDIT 



Detailed Energy Audit includes, engineering recommendations and well defined projects with priorities. It involves detailed engineering for options to reduce cost / consumption. The duration for the visit would be 1 to 10 weeks. It requires advance notice to the departmental head arranging for office and secretarial support. The final report would be prepared within three months of audit. 

The Short Term Action



This plan requires no capital investment or least investment to avoid energy wastages and minimizing non- essential energy uses and improving the system, efficiency through improved maintenance programme.

The Medium Term Action



Plan requires a little investment to achieve efficiency improvement through modifications of existing equipments and other operations.

The Long Term Action 



Plan is aimed to achieve economy through latest energy saving techniques and innovations. The capital investments are required to be studied thoroughly while finalising the long term action plan.
Detailed energy audit includes 
· Primary data collection.

· Conducting survey and monitoring.

· Conducting detailed trials and experiments.

· Analysis of energy use.

· Identification and development of energy conservation opportunities.

· Cost benefit analysis.

· Report  preparation and  presentation to the plant personnel and management

1.4.5 MAJOR SECTIONS OF ENERGY AUDIT 

The three main aspects of monitoring the mill is 

1. Electrical Engineering

2. Textile Engineering 

3. Mechanical Engineering 

Presently most of the mills have concentrated on electrical energy input to machines and their mechanical maintenance by predictive and performance monitoring, through which  maximum productivity can be derived

To understand the pattern of use, an energy audit is necessary. This will establish where and how much energy is used, how it is measured and controlled, and where and how much can be saved.

1.4.6 AREAS OF ENERGY AUDIT


In the study of Energy Audit of the running equipment, we first see the visible abnormal symptoms in the inefficient transfer of energy in the system. Using the II law of thermodynamics smooth energy transfer from one form to other like electricity to the output shaft speed, belt transmission etc. Does not produce abnormal heating, heavy noise, spark etc…. where as 

Lighting  
- 
Sparks, in case of contact switching, loose joints etc..

Heating 
-
In motors, other load equipment coupled to motor due to friction, 



metal – to- metal contact, poor lubrication, misalignment.

Sound 

-
From the equipment in form of vibration, mounting on bed, Noise  

                                     from belts, bearings, metal-to-metal contact etc..

During the transfer of energy in the running equipment; if it is perfect and smooth accepting unavoidable losses, then the productive output is more and the wasted output is less. If the transfer is not rightly done that is done with more avoidable losses, then productive output reduces, and waste output increases and dissipated in the form of heat, light, sound which is assign of visible loss in the equipment operating  parameters.

1.4.7 IMPORTANTANCE OF AN ENERGY AUDIT 



In the factory, conducting an energy audit increases awareness of energy issues among plant personnel, making them more knowledgeable about proper practices that will make the plant more productive. An energy audit in effect, gauges the energy efficiency of the plant against “best practices” when used as a “base line” for tracking yearly progress against targets. An energy audit becomes the best first step towards saving money in the production plant.

1.5 STATUS OF INDIAN TEXTILE INDUSTRY

The textile industry is the largest sector among all the industrial sectors in India. Textile industry comes in the heavy engineering segment and undoubtedly it is the most important sector that has contributed significantly to the country.



As per the Indian data, the textile industry directly employs about 50,000 workers with its annual installed capacity of around Rs. 40,000 million per annum. In value terms, it has capital investment in the range of 24 million dollar. In terms of numbers, there are over 700 units that manufactures various textile machinery and equipments out of which 250 units produce complete machinery and the remaining 450 units produce spare parts, components and accessories. Average capacity utilization of the sector stood at 79% in 2007-08 which has improved from 74% in the preceding year 2006-07 is shown  in figure(1.2)

1.5.1 ENERGY AUDIT IN TEXTILE INDUSTRY


Practically we find today, that electricity consumption is increasing in textile mills, due to prolonged use of the equipments and inefficient operating parameters. Textile process comes with a large design safety factor, which has to be optimized after process stabilization for optimum power consumption. The energy cost to production cost is around 15 to 20% and this comes second to raw material. So our focus area now is energy consumption at load end and by optimizing the energy usage of textile machines, we can have multiple benefits of less units per Kg of yarn and health of machine enhance.

1.5.2 THE IMPLEMENTATION OF ENERGY CONSERVATION PROGRAMMES IN SPINNING MILLS.



The implementation of energy conservation programmes in spinning mills has gained wide acceptance in the back ground of the rising cost of energy. With more utilization of electrical energy and faster growth of industry, the impetus on energy conservation is increasing by leaps and bounds. The pressure of energy bill and pressure on the total available energy is very much needed for further development. The most important thing is conversion of electrical energy into mechanical energy. Today 85% of the industrial loads are driven by electric motors.
The three major factors for energy conservation are

· High capacity utilization.

· Fine- tuning of equipment

· Technology up gradation.

1.6 USE OF ENERGY AUDITING AND MONITORING 



An audit must be conducted to find out exactly what energy is being used, how it is used and where it is used .Each energy use must be investigated to ascertain whether there is excessive wastage and if so how it can be corrected or if there is less wasteful way of doing the job. In most cases elimination or even reduction of losses will produce a substantial saving in the total use of energy. By carrying out regular audits it is possible to compare, both in total and for individual areas, how consumption of energy is rising or falling. Identifying where energy is used because it identifies which areas the audit should focus on and raises awareness of energy use and cost. The results of the analysis can be used in the review of management structures and procedures for controlling energy use. 

Analysis of energy use can be done by installing sub meters in different plant locations to pinpoint actual energy usage per area. This is a good source data for allocating energy use.

1.7   ObjectiveS of the study 

· The objective of this study is to understand about energy audit and to identify the importance of energy audit in textile industry. 

· To identify various types of machine for manufacturing of yarn in a selected spinning mill.

· To assess the current pattern of energy consumption in different machines of the mill.

· To calculate value of capacitor required at each service to meet out the required power factor in order to reduce cost.

· To find and reduce wastages of electrical energy in major areas of the mill.

	Regular Re-Check



[image: image1]
Fig 1.1 Types of Energy Auditing

REVIEW OF LITERATURE


CHAPTER  - II
REVIEW OF LITERATURE
2.1 INTRODUCTION


Energy audit is a preliminary activity towards instituting the energy control programms in an establishment. Energy audit increases awareness of energy related issues among plant personnel, making them more knowledgeable about proper practices that lead to cost reduction. Energy audit is to reduce energy use in areas where energy is wasted and it helps improving efficiency of energy conversion equipment and to reduce energy use by proper operations and maintenance.


This chapter reviews the various energy audit programs carried out. The study pertaining to the energy audit program is categorized under the following topics.

· Energy Audit 

· Electrical energy Audit 

· Machinery Maintenance Audit 

· Cost and Product Quality Audit

· Light energy Audit

2.2 ENERGY AUDIT


Peter Chapman (1976) emphasized the role of energy audit as a complement to conventional financial analysis and it provides an useful insight into the applications such as forecasting price rise due to fuel price and calculated the net costs fuel obtained from unconventional sources.


 Dr. Shivalingaiah (2006) reviewed that the Karnataka government has introduced energy audit for those having a connect load of more than 500 kW which was not mandatory till 2006. After2006 it was made mandatory for those having a connect load of more than 500 kW and urged the need to conserve at least 10 % of the total energy consumed.


Perera.N (2006) in his paper overviewed the general energy conservation measures that can be commonly recommended for an industrial facility and indicated some of the options that energy auditor can consider when performing an analysis of an industry. In this paper he presented the details on energy consumption on savings assessed in term of equipments used, functional areas occupied and investment to improve the energy efficiency of a textile industry. 

Prof.Bannergee (2008) narrated that an energy audit is a continuous process and compiled a list of all possible actions to conserve next step to prioritize their implementation.


M.A.Mujeebu (2009) analyzed various cogeneration option for a plywood industry in south India with power export. It was found that the industry has a good potential for cogeneration. Three schemes such as steam turbine, gas turbine and combined cycle are evaluated on the basis of Annualized Life Cycle Cost (ALCC). The steam turbine based cogeneration is found to the best options as it has the least ALCC. The comparison was based on lean gas as fuel but the industry can save the fuel cost by utilizing the waste wood available which enhances the scope and economic feasibility of cogeneration. It was found that the proposed scheme could provide a tremendous saving in the annual operating cost compared to the existing facility with a payback period of 2.6 years.


V.oiknomou (2009) examined the implementation of a combined policy scheme that consisted of a traditional instrument, the voluntary agreements (Vas) and an innovative one, the white certificates (Whc). The basic structure of this scheme was that energy suppliers who undertake an energy efficiency obligation under a white certificate scheme can make use of voluntary actions to enhance investments in innovative energy savings projects. Energy suppliers and other market parties can additionally or in parallel participate in voluntary agreements and set energy efficiency targets. For fulfilling their voluntary agreement target, these market parties can receive tax exemptions or receive white certificates that they can sell in the market. Transaction cost and base line definition for demonstrating energy efficiency improvement deserve special attention.

Raul Perez – Reyes (2009)  analyzed the evolution of productivity of the electricity distribution companies in peru, to assess whether reforms have improved the efficiency  in this sector. They also identified potential sources of productivity changes, based on market restructuring the electricity sector and changes in property. To do this they rely on a set of data 14 distribution companies, for the period 1996 -2006. This analysis suggests. That improvements in the efficiency and productivity of electricity distribution in Peru had occurred  and that there was a relationship between the restructuring of distribution sector and the enhancement of productivity.

B. Saerens (2009) discussed the minimization of the fuel consumption of a gasoline engine through dynamic optimization. The minimization used a mean value model of the power train and vehicle. That model has two state variables the pressure in the engine intake manifold and the engine speed the control input is the throttle valve angle. The model was identified on a universal engine dynamometer. The developed approach was illustrated both in simulation and experimentally for a generic test case where a vehicle accelerates from 1100 rpm to 3700 rpm in 30s. The optimized trajectories yield minimal fuel consumption. The experiments showed that a linear engine speed trajectory yields an extra fuel consumption of 13% when compared to the optimal trajectory. It was shown that, with a simple model, a significant amount of fuel can be saved without loss of the fun to drive. 

Guisseppi Forgionne et al., (2009) presented an analysis of the electric utility’s decision problem based on an optimal control model in a competitive market environment.Optimal production and inventory policies are developed for a centralized supply chain under full information sharing. The model and policies were tested with electric utility industry data, and performance implications were discussed for electric utility managers and public regulators. 

2.2.1 ENERGY AUDIT PROGRAM RELATED TO ELECTRICAL ENERGY 
A.R Kalyana Raman (1986) highlighted that power audit in a spinning mill and in power house audit was performed for one of their member mills and he compared the actual power consumed against energy calculated from UKG (units per kilogram) and total production. 

L.S Ganapathi (1988) carried out the energy auditing in the industrial sector of electrical energy audit and accounted for over 50% of the total energy produced. He found that the electric motors concerns the poly phase induction motor dominated the energy spectrum and reported an significant effect in reducing the energy bills. He further estimated that over 60% of industrial consumption of energy is by electric motors and electric drives constituted approximately 30% of the industrial load and also conducted electric motors are estimated to account for consumption of over 35% of the total electrical energy produced. 

R.Saidur et al., (2004) said that largest consumer of energy in Malaysia. In their energy audit, the most important parameters such as power rating source energy, consuming equipments, power factor etc., were collected. These data were then analyzed to investigate the breakdown of end - use equipments. The results showed that the highest an electrical energy using equipment was an electric motor followed by pumps and air compressors. The average power factor ranged from 0.88 to 0.92. The study also estimated energy and bill savings using highly efficient electric motors along with the payback period.

N.Vasantha Kumar (2005) described that energy auditing is also used for the analysis of electrical parameters. That means proper loading of transformers. Maintaining 0.99 pf at power house, about unit’s pf transformer terminals, use of voltage correcting equipment such as OLTC maintenance of capacitors and intelligent use of voltage stabilizers for machines are essential to minimize energy loss in the electrical network. Motor burnout depends on motor load factor, voltage conditions at motor terminal, secondary voltage rating of transformers. Motor  maintenance and harmonics in electrical network.

2.2.2 ENERGY AUDIT PROGRAM RELATED TO MACHINERY MAINTENANCE 

Diane Pemberton (1992) said that as part of the energy audit, it is advisable to visit all populated areas within the site to evaluate current energy use. He conducted energy audit in vibration readings taken from all rotating plant and machinery and narrated that variable speed drives fitted to pumps and fans are a cost effective method of reducing electrical energy use, noise levels and maintenance costs. He conferred that 20% reduction in the speed of the pump or fan can reduce electrical consumption by 50% .

Balasubramanian (1995) gave a sensitive analysis of the power with respects to the various parameters namely, spindle seed, ring radius, Count, tape width, tap thickness, tin roller diameter, misalignment of motor pulley is possible source of power loss and made measurements in actual cases and he pointed out that misalignment has resulted in a reduction of power consumption of 24% and the proper maintenance, over heating and proper oil level in the bolster reduces the power consumption.

Dr.S.S.Verma (2003) said that during the transfer of power from the prime mover to the machine shaft a considerable quantum of power is expected to be lost pulley misalignment, improper mounting, vibrating, and bed. Energy auditing conducting area is to be maintained properly.


Mr.G.Vijaya Kumar (2008) pointed out the high energy consuming area in ring frames which consume power up to 50 to 70% of the total energy. He emphasized the importance of the maintenance of the ring frames would perhaps reduce the power consumption. 

2.2.3 ENERGY AUDIT PROGRAM RELATED TO COST AND PRODUCT QUALITY 

S.David Hu and  Iraj Zandi (1979) estimated the costs and benefits of three major potential energy conserving process in US primary copper firms. The costs production associated with energy savings were calculated and the energy price changes necessary for the adoption of the measures were considered. It was concluded that, assuming 1974 prices for non-energy factors, energy prices need to be 110% greater than 1974 levels before energy saving investment become attractive. 

R.Aburas (1989)   In Jordan to alleviate the burden of the energy bill on the economy, the Ministry of energy has adopted a policy aimed at securing sufficient energy supplies at minimum cost to the economy.

That policy has focused on improving the efficiency of energy use and encouraging energy conservation in order to reduce the effect of oil  imports on foreign reserves, reduce the impact of emissions of toxic gases on the environment, and cost of additional investment in production facilities. The energy conservation programmed was put into application in yearly 1985.The energy income elasticity during the period 1985-1988 has dropped from (1.4) to (1), which indicated substantial improvement in overall energy utilization    

K.R Chandran (1990) said that the energy audit in the starting point of an energy management plan to reduce the overall cost of production. He found that South Indian Textile Research Association is regularly conducting energy audit in textile mills and has so far covered 250 textile mills within the country and abroad, while implementing the mills have experienced certain problems in the area of electrical system energy efficient components and ancillaries. He made an analysis during the past 3 years and provided the implementation strategies with solution for each problem. The audited textile realized an energy saving of about 30% of projected savings. 

Geoffrey Greenhalgh (1990) proposed an increased efficiency of energy use, often equated with increased conservation, is widely believed to be an important factor in constraining consumption of fossil fuels in the light of fears of global warming. This mistaken belief is founded on the fall in energy ratios observed since 1973, interpreted as a decoupling of energy from economic growth  Energy conservation is only one of a numbers of factors contributing to this fall. In general, increasing efficiency of use will lead to reduced costs, which in turn promotes a greater usage. 

Mohan Munasinghe (1992) examined the power requirement of third world countries given their growth prospects. It examines the financial implications of these requirements. It also considers the potential for better energy management together with the financial mechanisms and policies that can improve the performance of developing countries power utilities and the treatment of environment impacts. He concludes that in the short to medium term there is considerable scope to practice better energy management and stresses the importance of integrated national energy planning and policy analysis.

S.Barathan et al., (1995) conducted a has study based on policies to stimulate improvement of energy efficiency in the industrial sector in developing countries. It begins to outline some salient features of energy and technology use in four-intensive industries subsequently, recent policy initiatives and institutional development in support of rational use of energy in industry are considered. Finally he concludes that national policy priorities in developing countries on industrial energy conservation.

Dr. R.Rundramoorthy et al., (2000) in their survey of energy audit attempted to identify the operations in a spinning mill where significant energy savings can be achieved. Final decision regarding the desirability of implementation based upon the analysis of all the costs required to achieve the anticipates savings. He further inferred in the spinning mill, that humidification plant, lighting and motors consumed most of the energy and hence all efforts have to be concentrated in these areas to save energy, evaluation of demand pattern, properly scheduling the operations for various department result in considerable energy saving energy use base to be monitored continuously with the help of an on-line information system.

G.Anandalingam (2003) examined the most energy intensive industries and methods by which fuel efficiency can be improved. He analyzed the economics of energy conservation using specific case studies drawn from India. It is shown that economical, and also assesses changes in the economics of conservation for private firms when there are government incentives. 

Patric Thollander (2008) evaluated the energy audit in Sweden and revealed that it is chiefly low cost measures that are undertaken as a result of an audit more over these audits which tends to focus on support process such as ventilation, lighting, air compressors etc., 

For obtaining information, such as the energy management effectiveness of a building, Wen-Shing Lee and Kuei-penglee (2008) proposed an adjustment to the traditional approach by using data envelopment analysis. Factors related to the evaluation of building energy performance were divided into scale factors and management factors; the effect of scale factors is then removed to focus on the performance of management factors that may provide an optional indicator to refine the traditional focus on energy consumption per unit floor area.

2.2.4 ENERGY AUDIT PROGRAM RELATED TO LIGHT ENERGY 
             John Chesshire and Christopher Buckley (1976) presented the results of a series of interviews with large industrial energy users in the UK held between October 1975 and January 1976, and is part of an ongoing study on industrial energy use. The aim is to cast light on the factors affecting current and future patterns of industrial energy use, and the medium term prospects of the individual fuels oil will probably remain the residual industrial fuel in the medium term but natural gas will continue to increase its share of the market, perhaps leading to an absolute decline in the consumption of other fuels unless there is government intervention in depletion policy.


Mohammad Awad Momani et al., (2009) examined the impact of Day Light Saving Time (DST) on  electricity consumption in Jordan. The types of analysis were done. The first analysis examined the impact of DST on the lighting loads based on a survey study made for residential and commercial sectors. The second examined the impact of DST on the overall electricity generation through analyzing the daily load curves (DLCs) before and after the DST onset and removal in 2000 and 2007.The results showed that the application of DST during the year 2000 saved the electricity used for illumination by 0.73% but it increased the overall generation at the onset and removal of DST by 0.5% and 1.4% due to increase in the heating and cooling loads. The analysis of DCLs during the year 2007 showed similar effects as in the year 2000 except during the early morning period at the DST decreased the electricity demand at DST onset by 0.2% and increased it at DST removal by 0.3%. It was quoted that possible decreased in the electricity consumption might take place if the DST is implemented from April to end of august.

METHODOLOGY

           CHAPTER  - III

METHODOLOGY
3.1   INTRODUCTION 


The methodology for the audit include field study of manufacturing process, daily and yearly operations and type and pattern of energy consumption. Historical data on cardinal parameters like volume of production and consumption of energy of various forms and types are required to be collected. An analysis is required to identify correlation between actual output of the manufacturing unit/ manufacturing process/ equipment and usage of various forms of energy. This analysis will establish usage pattern of various forms of energy for the unit/ process/ equipment.


The manufacturing process and the manufacturing cycles are required to be studied to understand and identify the type of energy utilized/ consumed as the raw material are converted into finished goods. This will reflect upon the diversity factor of energy being used in various forms and in various stages of conversion process.

3.2 COMPANY PROFILE

Before carrying out the conservation study, energy utilisation and process operation data that are essential for the study are requested from the plant management. Some important information needed are
(i) Monthly energy consumption profile.

(ii) Section wise equipment list. 

(iii) Individual equipment and overall plant production rate.

(iv) Specification of process equipment. 

(v) Energy consumption for individual equipments and  the overall plant.

(vi) Operating hours for each equipment.

Sri Murugar spinning mill located at Pattanampudur, Coimbatore is selected for the study to carryout the energy audit in a systematic manner. Some important aspects of this company are as follows: 

· Yarn manufactures using textile equipment.

· Operating hours per day is 23 hours for 360 days per year.

· Daily spinning capacity is 2500 kg but achieve 2200 kg of yarn and there are 10,248 spindles.

· Electrical energy and liquid fuels are used for the operation.

· Major energy sources are electricity and high speed diesel.

· Diesel consumed per hour is 38 lt. which costs around Rs. 35.30 per litre.

· Generator power production is not separated and the calculations are done on units of energy consumed.

· Capacitors are installed in power house.

· There are three services with three phases they are SC.No: 274, 375,415.

Table 3.1
Information based on three services
	SC.No
	Capacitor installed at services.
kVAr
	Average demand for electricity
kW
	Energy consumption per month units
	Sanctioned demand by TNEB

	274
	92.5
	112
	65260
	54492

	375
	112.5
	112
	114658
	55904

	415
	110
	112
	63716
	55096


3.3 MAJOR CONSUMPTION POINTS 
· Blow room

· Carding 

· Drawing 


· Simplex 

· Spinning


· Cone winding


· OHTC

· Compressor 

· Lighting 

· Doubling
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FIG: 3.1 PROCESS FLOW CHART OF A SPINNING MILL

3.4 PROCESS FLOW IN THE INDUSTRY

Figure .3.1 shows the various processes involved in the manufacturing of yarn in the spinning mill.

Blow room operation 


Initially the material is received in the form of bale. It is opened manually and it is mixed as per our requirement. Polyester and cotton are mixed in the ratio 80:20. After mixing the material is fed into the machine.

Blow Room


B
-
Beating



L
-
Lint



O
-
Opening



W
-
Waste

Through the vertical lattice it is transformed to the evener roller by means of horizontal lattice. The material flows down to the pipe. Inside, the duct air will be blown present by fan. The material goes to condenser cag and is controlled by gear motor. Then the material enters into the feed roller and sensor is attached to this. If the material is sufficient, sensor will be in OFF condition, otherwise ON condition sensor will be in this stage the waste materials goes to Krishna beater. In this part we have to adjust the quality by grid bars and the material passed through trunk by fan goes to breaking condenser cag. This condenser cag has feed roller. It is used so that the material goes to finishing condenser cag. The air inside will automatically go out. This finishing condenser cag has feed roller. It is controlled by cone drum. Cone drum is driven by PIV gear box. Finally the material enters into the delivery roll and calendar roll. Calendar roll give the pressure for pressing the material to reach lap roller PIV is adjusted manually with respect to the count. The material is to be evenly controlled by pieno feed and chain link to cone drum. It is automatically adjusted. Fans and beater are continuously run. The ratio of speed between the fan and beater is 1:2 Basic operations in Blow room is to convert the bale into the lap.

Carding


The material for carding operation comes from Blow room in the form of lap. It is fed into the lap roller. Then the material enter into the lickering process and there the material will be opened in the form of piece (fibre) after which the material is sent to combining segment which is used to remove micro dust. This process is done when the material is opened. Then the material goes to cylinder. Where it is covered with flat. After which the material is passed through doffer, directing roll, grooved roll, calendar roll and delivering roll. Finally the lap will be in the form of web. This web is condensed by condensed unit and is given the form of sliver. This sliver is collected by a can coiler. This sliver is then sent for drawing process.

Drawing


The objective of drawing is to nullify the irregularities. There are two types of drawing.


1. Breaker drawing
-
54s count and 61s count


2. Finisher drawing
-
54s count and 61s count


Drawing consists of creel table, plate, weight roll, rod, drum belt, calendar roll, coiler roll. Drawing contains two sides. One side contains 8 cans and other side also contains 8 cans. Carding sliver is fed into the breaker drawing through drafting roll, to which is then sent to the first plate. The first plate does the function of receiving sliver from can. This sliver is passed through the weight roller which makes the sliver even  and it is sent to second plate. The second plate does the function of cutting off the sliver if there is any fault, which in turn will immediately light the signal lamp. This process is called stop motion or machine earth. This sliver is then sent to delivery side cots, which is used to open the light sliver cans deeply to form a web. This web is condensed by coiler calendar roll to form single drafted sliver. A similar process is done in finisher drawing too, which is then forwarded for simplex process.

Simplex

The objective of simplex is to twist the web output from the drawing unit. The slivers from finisher drawing machine are sent through drafting zone to flyer. The delivery material is collected in bobbins as roving is  the next process in spinning.

Spinning

This is a conventional process for our requirement counts i.e. 54s count or 61s count. Simplex bobbin pumps the material to the front roll, middle roll and back roll passing through the ring. This ring is attached to the rotating traveller. Finally the yarn is obtained by rounding on an empty cop.

Cone winding

The objective of cone winding is to eliminate the fault in the yarn and to get increased yarn. Cops are set into the cop holder. This yarn passes through a sensing device. This device consists of slup cag. If there is a fault in the yarn, it will be cut to remove the fault. Finally this yarn will be sent to a cone.

3.5 METHODOLOGY


Energy audit in a textile mill consists of the following steps.

· Basic data collection.

· Identification of machines.

· Collect the data about machines.

· Analysis of collected data.

3.5.1 BASIC DATA COLLECTION.


The data to be collected in preliminary audit can normally be classified into three categories:

1. Factory’s general information 

2. Thermal energy data

3. Electrical data

General factory information

· Factory age

· Number of employees

· Type of product 

· Installed capacity and actual capacity for production

· Energy consumption statistics

· Operating hours.

· Flow chart of production process

Thermal energy data

· Type of equipment and service years

· Number of units and capacity

· Type and amount of fuel consumed

· Assess the status of insulation of heating and cooling equipment.

Electrical energy data
· Electricity bills for the last 12 months and source of electricity.

· List of the major pieces of electrical equipment and their capacities. The list should include  kW, Volts, Amps and power factor (PF)

· Details (kW, volts, power factor) of the three phase electrical system. To find out line capacity and distance between the power house and distribution box.

· Capacity of the installed capacitor. 

· Details (kw, volts, PF) of the three phase electrical equipment

· Motor

· Lighting

· Blow room, Carding, Drawing, Simplex, Spinning, Cone winding, Doubling, OHTC, Compressor.

· Electricity consumption in each production process.

· Electricity consumed per hour in each department.

3.5.2 IDENTIFICATION OF MACHINE 


    Identified the machines name from starting section to the ending section. The power rating of the load on the name plate, type of load transmission, basic condition of each machine and the process of each machines are identified. The actual operating conditions are to be recorded and analyzed to compare the actual energy consumption with manufactures recommended ratings. Possible energy losses from each machine are identified. The regular work done by each machine in various departments is studied. The machines which work on generator and the conditions followed during the operation of generator is  also observed.

3.5.3 MACHINERY DETAILS 


    Information about the machines of loading sequence such as connected load, actual load, line voltage, line current, power factor ,frequency of the machines etc. are measured using load manager. Connected load of each motor is noted down. Each machine consists of many types of motors like, main motor, fan motor, brush motor etc. To find the actual load during the time of operation by the machine along with the load manager is used. Actual load, pf, frequency, line voltage are also measured. They use 3-Phase line. Each line consists of current value. The average of all the three lines gives the line current. The total energy consumed in different departments per hour is measured separately. Using all the above information’s the power losses through the cables during the transmission of power from the power house to the distribution box is calculated. Because of the low tension feature of the company there is no power loss from distribution box to machine. There is no separate feeder is provided for drawing, winding, chess winding, compressor, OHTC divisions.
The production per hour for each machines is  calculated, along with the light consumption energy.


3.5.4 ANALYSIS OF COLLECTED DATA 
       The energy flow in machines are computed and the energy losses are identified. Data collected from individual equipment are used to perform energy balance for the sections of the process under study. It shows that electrical energy consumes per day, correlate between the average energy input to the existing and efficient motor.

3.5.5 CREATION OF METHODS FOR REDUCING ENERGY CONSUMPTION 
         Installing capacitors with appropriate capacity at the load end to maintain the power factor near unity which may reduce the line losses during transmission. The major factor for energy conservation is high capacity utilisation. In the textile sector electrical motors consume about 90 to 95% of total electrical power. Good energy management is the application of the motor and its components that results in the least consumption of energy.
3.5.6 POWER COST ANALYSIS 

        Power cost accounts is minimized by implementing energy conservation measures on one hand and by using the most economic source of power / fuel on the other hand. The pay back period for the invested cost is analyzed at various departments. Some analysis used the average cost of electricity to calculate energy savings.

3.6 POWER FACTOR 
                  Power factor is a measurement of how efficiently a facility uses electrical energy. A high power factor means that electrical power is being utilized effectively, while a low power factor indicates poor utilization of electric power. Power factor involves the relationship between these two types of power 

1. Active power 

2. Reactive power 

  3.6.1   ACTIVE POWER

  Active power is the current and voltage actually consumed. It performs the actual work. Such as creating heat, light and motion. Active power is expressed in kilowatts (kW).

P = VI cos Ø

  3.6.2   REACTIVE POWER 

      Reactive power is not useful work, but it is needed to sustain the electromagnetic field associated with many industrial loads. It is measured in kilovolt-amperes reactive (kVAr). 
Q = VI sin Ø

3.6.3   APPARENT POWER 
Active power and reactive power together makeup apparent power which is measured in kilo volt-amperes (kVA) 

S = VI

Definition

Power factor is the ratio between active power and apparent power.
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Phase angle between V and I the other important relationship for power is 


P =
√3 x VL  x  IL cos Ø  watt 

Power factor take  values can carry from 0 to 1.00. Typically value ranges from 0.80 to 0.98.

3.6.4   POWER FACTOR CORRECTION
                If the power factor of the plant is low, it uses more power than it needs to do the work. Poor power factor should be corrected as it substantially increases costs. Capacitors generally are the most economical means to improve power factors.

3.6.5   POWER FACTOR IMPROVEMENT 

                To obtain maximum efficiency of the driven machine and ensure minimum costs of equipment, electrical energy and maintenance of it is important to select motors of correct power rating and performance characteristics. 


Most industrial electric loads like motors, welding, sets, light sources using ballasts etc.. are inductive in nature and the overall power factor of the plant is low and lagging. The poor power factor results in increased reactive current that, in turn, increases the total current drawn by the system. The I2R losses in the line increases, which also results in greater voltage drop across the line leading to poor voltage regulation.

3.6.6 METHODS OF IMPROVING POWER FACTOR 

Poor power factor can be improved either by 

· Using shunt capacitors.

· Using synchronous motors.


Synchronous motors are very expensive and are used in very few industries. Therefore, the use of shunt capacitors is most suitable and widely acceptable for power factor improvement.


Installation of capacitors results in leading current and thus, compensates for the lagging current drawn by the load. To determine the rating of a capacitor required for a particular load, it is necessary to determine the reactive power of the load. The capacitor rating required to improve the power factor from an existing values to a desired value can be computed using the equation. 

CkVAr  =  kW   x    ( tan Ø1 – tan Ø2)

Where 

CkVAr = Capacitor kVAr required 

Ø1 = Cos-1(existing power factor) and 

Ø2 = Cos-1 (desired power factor)


The supply power factor in phase controlled converters is low when the output voltage is less than the maximum that is when the firing angle is large. The displacement angle between the supply voltage and current increases as the firing angle increases and the converter draws more lagging reactive power, there by decreasing the power factor. The poor power factor operation is a major concern in variable speed drives and in high power applications. The various techniques to improve power factor in phase controlled converters are phase angle control, semi converter operation of full converters and asymmetrical firing.


At a few places, industries have to pay a penalty to the power supply utility if the average power factor on a monthly basis is less than the specified level. An additional monetary saving could be achieved by avoiding this penalty if the power factor is improved by the concerned unit, resulting in a higher return on investment as a result of the capacitor installation.

3.6.7 POWER FACTOR CONTROLLERS 

        Automatic electric manufactures offers power factor controllers that measure system power factor and automatically switch the capacitor banks on / off as required by the plant load to maintain desired power factor. Target power factor range is programmable from 0.8 (lag) to unity and dead band setting is provided to avoid over - correction and hunting. Capacitor switching is in sequential method.This method is applicable for equal value capacitor banks and can be changed to ascending order or decending   order wherever needed. The power factor controllers can be used to eliminate power factor penalty fees from power utility bills by automatically maintaining system power factor with in a set range.

Features

· 4 Digit LED display.

· Display of power factor and set power factor.

· Display of dead band setting in degrees.

· Auto / Manual operation.

· Power Factor setting range of (0.8) to unity.

3.6.8   AVOIDING LOW POWER FACTOR
             Low power factor results when induction motors are operated at less than full load. It reduces the efficiency of the electrical distribution system, both within and outside our facility. To address low power factor problems capacitors can be installed either in the motor or motor control centers

      3.6.9 AVOIDING POOR VOLTAGE PROBLEMS 

           Good voltage at the utilisation point is essential for proper performance and the efficient use of energy. Poor voltage problems are avoided by,

· Matching the equipment voltage rating with service voltage.

· Selecting the highest practical voltage available.

· Selecting proper conductor sizing.


3.6.10   BENEFITS OF POWER FACTOR CORRECTION


The advantages that can be achieved by applying the correct power factor                correction are,

· Reduction of electricity bills.

· Extra kVA available from the existing supply.

· Reduction of I2R losses in transformers and distribution equipment.

· Reduction of voltage drops in long cables.

· Extended equipment life, reduced electrical burden on cables and electrical components.

3.7 LOCATION OF CAPACITOR INSTALLATION 

                   Capacitors may be installed at a substation, at distribution boards, at individual loads, or at all these locations to improve the power factor at different stages and avoid the high cost of installing low rating capacitors. Ideally, capacitors should be connected as near to the load as possible to get the maximum benefit, therefore, by providing capacitors only at the substation, the consumer would avoid the penalty for poor pf but would loss out on other benefits such as reduced line losses, reduced loading of cables, improved voltage regulation, and increased system efficiency.


While installing capacitors, care should be taken that the capacitor rating is properly selected. Over compensation is equally harmful and may also give rise to excessive voltage build up when the motor is switched off. To provide capacitor compensation at the motor’s terminals, it should be ensured that the capacitor current is not greater than the no-load current of the motor or the capacitor kVAr is not greater than about 90% of the no-load kVAr of the motor.

3.7.1   CAPACITOR AT DISTRIBUTION PANELS  
                       When capacitor is installed at distribution panels, it must be ensured that loads are not switched off with  all capacitors connected in  the circuit. Since there are load fluctuations in the plant, it would be extremely difficult to switch the capacitors on and off manually in order to keep the overall power factor high at all loads. To avoid the over compensation, the power factor correction controller (relay) can be connected to the main panel that will automatically control the switching of capacitors from the capacitor bank, delivering high power factor at all loads. 

Power capacitor


Power capacitor plays a vital role not only in saving power, but also improves the quality of power. The ordinary capacitor normally available in the Indian market is mainly in the range of 1 to 25 kVAr as single unit, which can be increased to any rating by way of parallel connecting these capacitors.

MPP Capacitor 


With advanced industrialization, MPP type capacitor is the best option for improving power quality. It also acts as a major component for optimum utilisation of electrical energy. The entire range of MPP capacitor provides consumers the best and consistent performance. 
3.8   ENERGY CONSERVATION UNDER NON-PRODUCTIVE LOADS

 3.8.1 COMPRESSED AIR


          Compressed air constitutes one of the main sources of energy in an industrial establishment requiring pneumatic operation of machines, tools, instrumentation and control system. Compressed air generating plant consists of motor driven rotary / reciprocating compressor, air receivers and associated pipelines. Both unit type compressor plant and common compressed air generating plants are used. Generally compressed air is distributed at a pressure of 5 kg per square cm. In case of common compressed air generating plant, large pipeline are laid out for distribution of compressed air to various equipment.Study of industrial plant has shown leakage in pipelines and consequent lost of air. The compressed air plants along with the associated pipelines, valves and instruments are needed to be studied to identify leakage area.

· Compressor is like a submersible pump working in air.

· Compressor needs air to suck in, and to surround, to deliver more air.

· Cool compressor delivers more air.

· Tune compressor cut in / cut out to deliver more cool air.

3.8.2   LIGHTING CONSERVATION

        Conservation in lighting can be separated in terms of immediate, intermediate and long range. At least 10% immediate reduction in energy could be obtained by better lighting control, de-lamping and re-lamping. Improvement in lighting control indicates shutting of lights / portion of light when not required for work function or safety. De-lamping refuses to actual removal of unnecessary lamps. Re lamping refuses to either reduction in size of lamp or reduction in number of lamps or both without reducing light output.


Intermediate steps in lighting conservation include use of high energy lamps replacing and fluorescent lamps and use of low loss solid-state starters and fan regulators, use of efficient reflectors, etc. long range steps amongst other include use of automatic lighting control, high frequency supply, use of energy efficient low pressure sodium lamps, etc.
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CHAPTER -  IV

RESULTS AND DISCUSSION


The results on the study on Energy Audit in a selected spinning mill for the assessment of “Electrical energy consumption and saving “ in Sri Murugar spinning mill at Pattanampudur, Coimbatore are discussed in this chapter.
4.1 Electrical energy consumption pattern of the mill during the year 2007- 2008, at  the service   SC No: 274 is given in the table -4.1 

TABLE -4.1
Pattern of electrical energy consumption of SC.No:274

	S.No
	Month (Aug 2007-July 2008)
	Electricity Consumption

kWh / month
	Amount Spent

Rs / month

	1
	August
	76380
	359477

	2
	September
	73096
	278282

	3
	October 
	59152
	320393

	4
	November
	67036
	320393

	5
	December
	68668
	323131

	6
	January
	59340
	279169

	7
	February
	65784
	256339

	8
	March
	54496
	288165

	9
	April
	60784
	323319

	10
	May
	60784
	292861

	11
	June
	74504
	350635

	12
	July
	63096
	296870



It is found that the electricity consumption during the year 2007-2008. 7,83,120 units and the amount spent is Rs 33,68,641

4.1.1 Electrical energy consumption pattern of the mill during the year 2007-2008,

 at  the service SC No: 375 is given in the table-4.2

                                                             TABLE – 4.2

Pattern of electrical energy consumption of SC.No:375

	S.No
	Month (Aug 2007-July 2008)
	Electricity Consumption

kWh / month
	Amount Spent

Rs / month

	1
	August
	71648
	337175

	2
	September
	71344
	335742

	3
	October 
	60636
	285276

	4
	November
	652208
	307012

	5
	December
	70936
	333820

	6
	January
	69116
	279278

	7
	February
	65172
	306654

	8
	March
	52152
	245292

	9
	April
	66856
	314591

	10
	May
	61364
	288707

	11
	June
	74116
	348807

	12
	July
	60352
	283938



It is found that the electricity consumption during the year 2007-2008. 1,3,75,900 units and the amount spent is Rs.36, 66,292

4.1.2 
Electrical energy consumption pattern of the mill during the year 2007- 2008, at  the service SC No: 415 is given in the table-4.3
TABLE – 4.3

Pattern of electrical energy consumption of SC.No:415
	S.No
	Month (Aug 2007-July 2008)
	Electricity Consumption

kWh / month
	Amount Spent

Rs / month

	1
	August
	74240
	349391

	2
	September
	71200
	335064

	3
	October 
	58640
	275869

	4
	November
	64776
	307979

	5
	December
	63924
	300323

	6
	January
	55056
	2627401

	7
	February
	65432
	360788

	8
	March
	51880
	244010

	9
	April
	64772
	304769

	10
	May
	59900
	281808

	11
	June
	74036
	348430

	12
	July
	60740
	285767



It is found that the electricity consumption during the year 2007-2008. At
 SC No: 415    7, 64,596 units and the amount spent is Rs.60, 21,599.

4.2 Power Requirement of the Mill  

TABLE – 4.4

Power consumption in different departments
	S.No
	Department
	Units / hr
	Units / day

	1
	Blow Room
	10
	120

	2
	Carding 
	27
	621

	3
	Drawing
	12.4
	285

	4
	Simplex
	10.5
	241

	5
	Spinning
	210.4
	4830

	6
	Cone Winding
	15
	345

	7
	Doubling
	26.5
	598

	8
	Compressor
	9.5
	218

	9
	OHTC
	7.5
	172

	10
	Light 
	4.9
	118.7



Fig4.1 is based on power flow of the machineries. Each department has different

working  hours. 
4.3 Power measurements in different energy consuming machineries

The electrical parameters such as connected load, actual load, line current, line voltage, power factor, frequency are measured in different departments like blow room, carding, drawing, simplex, spinning, cone winding, doubling, cheeswinding. The recorded values are presented in the table 4.5.table 4.6,table 4.7.
4.3.1 POWER MEASUREMENT IN DIFFERENT MACHINES AT SC.NO274

TABLE -4.5
Power measurement in different machines at SC.No:274
	S.NO
	MachineName

And Number
	Actual Load

KW
	Line Current

A
	Line Voltage V
	Power Factor

PF
	Frequency

HZ

	1
	Carding-1
	3.5
	7.2
	355
	0.8
	49.6

	2
	Carding -2 
	3.48
	7.2
	355
	0.8
	49.06

	3
	Drawing-1
	3.94
	7.0
	414
	0.8
	49.05

	4
	Drawing-2
	2.8
	5.4
	355
	0.8
	49.1

	5
	Simplex-1
	2.96
	6.1
	357
	0.76
	49.46

	6
	Spinning -1
	9.77
	18.8
	355
	0.85
	49.84

	7
	Spinning -2
	7.87
	18.2
	354
	0.85
	50.1

	8
	Spinning -3
	8.51
	19.0
	358
	0.85
	49.75

	9
	Spinning -4
	8.6
	18.5
	358
	0.89
	49.0

	10
	Spinning -6
	8.7
	19.9
	351
	0.85
	48.0

	11
	Doubling-1
	4.0
	8.1
	376
	0.86
	49.0

	12
	Doubling-2
	4.76
	8.7
	375
	0.86
	49.1

	13
	Doubling-3
	4.6
	8.4
	376
	0.85
	50.2

	14
	Doubling-4
	5.1
	9.1
	374
	0.86
	48.0

	15
	Cone

Winding-1
	2.86
	8.6
	368
	0.56
	49.0

	16
	Chess

Winding-1
	2.68
	4.8
	414
	0.78
	49.5

	17
	OHTC (6)
	4.8
	17.0
	39
	0.8
	49.5

	18
	E Y C

Cone winding
	3.1
	10.2
	365
	0.65
	48.9


4.3.2 
POWER MEASUREMENT IN DIFFERENT MACHINES AT SC.NO: 415               

TABLE -4.6

Power measurement in different machines at SC.No:415
	S.No
	Machine Name

And Number
	Actual Load

KW
	Line Current

A
	Line Voltage

 V
	Power Factor

PF
	Frequency

HZ

	1
	Carding-3
	3.7
	7.8
	365
	0.8
	49

	2
	Carding -4 
	3.27
	6.9
	365
	0.78
	49

	3
	Carding-5
	3.48
	6.7
	370
	0.8
	49.3

	4
	Carding -6
	3.31
	6.5
	370
	0.79
	49.1

	5
	Carding-7
	4.37
	8.6
	400
	0.8
	49.2

	6
	Drawing-3
	3.54
	6.6
	400
	0.8
	49.1

	7
	Drawing-4
	3.57
	6.5
	400
	0.77
	49

	8
	Simplex-2
	4.1
	7.8
	352
	0.85
	49

	9
	Simplex-3
	3.7
	7.4
	360
	0.8
	49.7

	10
	Spinning -7
	7.62
	14.0
	393
	0.8
	48

	11
	Spinning -8
	6.84
	12.7
	393
	0.78
	48

	12
	Spinning -9
	7.08
	12.8
	397
	0.78
	50

	13
	Spinning -10
	7.93
	13.9
	394
	0.81
	49

	14
	Spinning -11
	7.6
	13.4
	397
	0.81
	50.1

	15
	Spinning -12
	7.79
	13.5
	394
	0.8
	50.1

	16
	Cone 

Winding-2
	3.0
	8.5
	369
	0.82
	48.9

	17
	Cone

Winding-3
	2.29
	5.9
	368
	0.82
	49

	18
	Compressor-1
	7.7
	12.5
	367
	0.78
	49

	19
	Compressor-2
	3.7
	6.2
	368
	0.8
	48

	20
	OHTC-2
	1.36
	16.2
	35
	0.7
	49


4.3.3 
POWER MEASUREMENT IN DIFFERENT MACHINES AT SC.NO: 375

TABLE-4.7

Power measurement in different machines at SC.No:375
	S.No
	Machine

Name

And Number
	Actual Load

KW
	Line Current

A
	Line Voltage 
V
	Power Factor

PF
	Frequency

HZ

	1
	Blow room
	10
	2.2
	365
	-452
	50.2

	2
	Spinning -13
	8.7
	15.2
	410
	0.797
	50.2

	3
	Spinning -14
	9.33
	15.5
	397
	0.817
	48

	4
	Spinning -15
	8.58
	15.4
	391
	0.81
	50.1

	5
	Spinning -16
	7.7
	13.6
	380
	0.81
	50.1

	6
	Spinning -17
	7.6
	13.3
	385
	0.82
	49.7

	7
	Spinning -18
	6.4
	11.5
	393
	0.81
	49.4

	8
	Spinning -19
	6.9
	12
	400
	0.81
	50.1

	9
	Spinning -20
	7.7
	14
	380
	0.81
	49.1

	10
	Spinning -21
	7.6
	11.5
	392
	0.85
	49.8

	11
	OHTC -2
	1.26
	13.7
	37
	0.7
	48.3


4.4 line loss 

Line loss is given as I²R Watts

Line loss = I²R                                       (1)
Where

I – Line current in Amperes

R – Resistance of the cables in ohms

By ohms law,


The ratio of potential difference (V) between any two points of a conductor to the current (I) flowing between them is constant.


In other words,


 V


 − = R


 I

If V is measured in volts

    I is measured in amperes

    R is measured in ohms

For calculation the following three forms of the ohms law should be remembered 

                                  V

i. I =  −                                             (2)


                    R

ii. V = I R                                            (3)



V

iii. R =   −                                             (4)


 I 

 Substitute (4) in eqn (1)

Line loss = I² x V
                                         I




= I V
Power is given by the product of voltage (V) and current (I).


W = V I Watt
4.4.1 
CALCULATION OF LINE LOSS FOR DIFFERENT DEPARTMENTS 



The transmission of power from the power house to the distribution box is calculated. Because of the low tension of the company there is no power loss from distribution box to machine. Therefore no separate feeder end is  provided for drawing, winding, cheeswinding, compressor, OHTC divisions. So line loss is not calculated for these departments.
i. Blow room
Voltage at power house = 393 V

Voltage at Blow room    =
 392 V

Drop in Voltage
         = 1 V

Line Current 
         = 2.2 A

Line Loss
                     = 1 x 2.2Watts = 2.2 Watts

= 0.0022 kW x 23 hr





= 0.0506 Units / day x 360

= 18.216 Units / year


Amount Spent @Rs.4.70     = Rs.85,615 / year

ii. Carding 

Voltage at power house = 384 V

Voltage at Carding DB   =383 V

Drop in Voltage
         = 1 V

Line Current 
         = 43.1 A

Line Loss
                     = 43.1 watts

= 0.0431 kW




= 0.991 Units / day 

= 356.8 Units / year


Amount Spent @Rs.4.70    = Rs. 1,677 / year

iii. Preparatory (Drawing  + Simplex)

Voltage at power house = 382 V

Voltage at Feeder end     = 380 V

Drop in Voltage
          = 2 V

Line Current 
          = 46.8 A

Line Loss
                      = 0.093 kW




 = 2.152 Units / day 

 = 775.0 Units / year


Amount Spent @Rs.4.70      = Rs. 3,642.5 / year

iv. Spinning 

Voltage at power house 
= 392 V

Voltage at Spinning DB
 = 386 V

Drop in Voltage
         
 = 6 V

Line Current 
             = 296.7 A

Line Loss
                         = 1.7 kW

    = 40.9 Units / day 

    = 14740 Units / year


Amount Spent @Rs.4.70         = Rs. 69,278.2 / year

v. Doubling 

Voltage at power house 
= 384 V

Voltage at Doubling DB
 = 377 V

Drop in Voltage
         
 = 7 V

Line Current 
        
 = 34.3 A

Line Loss
                    
 = 0.24 kW

 = 5.522 Units / day 

 = 1988.02 Units / year


Amount Spent @Rs.4.70         = Rs. 9,343.7 / year
TABLE – 4.8

Existing line loss in different departments
	S.No
	Feeder End Department
	Connected Load kW
	Existing

pf at

Feeder end
	Required

 pf at

 Feeder end
	Line loss/yr 
Units
	Amount spent / yr

Rs.

	1
	Blow room
	31.85
	0.45
	0.99
	18216
	85615

	2
	Carding
	46.38
	0.79
	0.99
	356.8
	1677.2

	3
	Preparatory
	41.04
	0.79
	0.99
	775
	3642.5

	4
	Doubling
	304.1
	0.78
	0.99
	14740
	69278.2

	5
	Spinning
	29.84
	0.85
	0.99
	1988
	9343.7


It is calculated that the line loss in the cables is 36,075 units / year. Excess amount spent is Rs. 1, 69,555.The power loss in cables can be minimized by the installation of capacitors at the load end.
4.5 CALCULATIONS TO FIND OUT THE CAPACITY OF THE CAPACITOR REQUIRED TO MAINTAIN THE ‘PF‘(POWER FACTOR) NEAR UNITY

Methods of improving power factor


Poor power factor can be improved either by using shunt capacitors or by using synchronous motors that can be operated at leading the power factor to compensate for loads with lagging power factor. Synchronous motors are very expensive and are used in very few industries. Therefore, the use of shunt capacitors is most suitable and widely acceptable for power factor improvement.


Installation of capacitors results in leading current and thus, compensates for the lagging current drawn by the load. To determine the rating of a capacitor required for a particular load, it is necessary to determine the reactive power of the load. The capacitor rating required to improve the power factor from an existing value to a desired value can be computed using the equation.


CkVAr =kW x (tanØ1 – tanØ2)

Where,


CkVAr = capacitor kVAr required


Ø1= cos-1 (existing power factor)


Ø2 = cos-1 (desired power factor)

     
kW = connected load in kW.
4.5.1 
TO FIND OUT THE CAPACITY OF THE CAPACITOR REQUIRED TO    SC.NO 274
i.Carding 

Connected load 

=  12.48 kW

Existing pf (cosØ1) 
=  0.8

Required pf (cosØ2)
=  0.99

Ø1= cos-1 (0.8)

=  63.86

Ø2 = cos-1 (0.99)

=  8.109

Capacitor Required


=
12.48 x  { tan (36.86)- tan(8.109)}






=
12.48 x  (0.7497 – 0.1424)






= 
12.48 x  0.6073






=
7 kVAr

ii. Preparatory (drawing + simplex) 

Connected load 

=
14.48 kW

Existing pf (cosØ1) 
=
0.78

Required pf (cosØ2)
= 
0.99

Ø1= cos-1 (0.8)

=
38.73

Ø2 = cos-1 (0.99)

=
8.109

Capacitor Required


=
14.43 x  { tan (38.73)- tan(8.109)}






=
14.43 x  (0.8020 – 0.1424)






= 
9 kVAr

iii.Spinning  

Connected load 

=
135.6 kW

Existing pf (cosØ1) 
=
0.71

Required pf (cosØ2)
= 
0.99

Ø1= cos-1 (0.71)

=
44.76

Ø2 = cos-1 (0.99)

=
8.109

Capacitor Required


=
135.6 x  { tan (44.76)- tan(8.109)}






=
115 kVAr.

 iv.   Cone winding

Connected load 

=
7.4 kW

Existing pf (cosØ1) 
=
0.56

Required pf (cosØ2)
= 
0.99

Ø1= cos-1 (0.56)

=
55.94

Ø2 = cos-1 (0.99)

=
8.109

Capacitor Required


=
7.4  x  { tan (55.94)- tan(8.109)}




                        =
9 kVAr

  v.      Cheeswinding

Connected load 

=
3 kW

Existing pf (cosØ1) 
=
0.78

Required pf (cosØ2)
= 
0.99

Ø1= cos-1 (0.78)

=
38.73

Ø2 = cos-1 (0.99)

=
8.109

Capacitor Required


=
3 x  { tan (38.73)- tan(8.109)}






=
1 kVAr

vi. Doubling 

Connected load 

=
7.46 kW

Existing pf (cosØ1) 
=
0.85

Required pf (cosØ2)
= 
0.99

Ø1= cos-1 (0.85)

=
38.73

Ø2 = cos-1 (0.99)

=
8.109

Capacitor Required


=
7.46 x  { tan (0.85)- tan(8.109)}






=
3 kVAr

vii. OHTC

Connected load 

=
2 kW

Existing pf (cosØ1) 
=
0.7

Required pf (cosØ2)
= 
0.99

Ø1= cos-1 (0.7)

=
45.57

Ø2 = cos-1 (0.99)

=
8.109

Capacitor Required


=
2  x  { tan (45.57)- tan(8.109)}






=
1.7 kVAr
4.5.2 TO FIND OUT THE CAPACITY OF THE CAPACITOR   REQUIRED FOR                     SC.NO:415

(i) Carding

Connected load 

=
33.9 kW

Existing pf (cosØ1) 
=
0.79

Required pf (cosØ2)
= 
0.99

Ø1= cos-1 (0.79)

=
37.81

Ø2 = cos-1 (0.99)

=
8.109

Capacitor Required


=
33.9 x  { tan (37.81)- tan(8.109)}






=
21 kVAr

 (ii) Preparatory (Drawing + simplex)

Connected load 

=
16.8 kW

Existing pf (cosØ1) 
=
0.8

Required pf (cosØ2)
= 
0.99

Ø1= cos-1 (0.8)

=
36.86

Ø2 = cos-1 (0.99)

=
8.109

Capacitor Required


=
16.8 x  { tan (36.86)- tan(8.109)}






=
10 kVAr

(iii) Spinning

Connected load 

=
78 kW

Existing pf (cosØ1) 
=
0.79

Required pf (cosØ2)
= 
0.99

Ø1= cos-1 (0.79)

=
37.81

Ø2 = cos-1 (0.99)

=
8.109

Capacitor Required


=
78  x  { tan (37.81)- tan(8.109)}






=
49 kVAr

 (iv) Cone winding

Connected load 

=
14.8 kW

Existing pf (cosØ1) 
=
0.82

Required pf (cosØ2)
= 
0.99

Ø1= cos-1 (0.82)

=
34.91

Ø2 = cos-1 (0.99)

=
8.109

Capacitor Required
=
14.8 x  { tan (34.91)- tan(8.109)}






=
8 kVAr

 (v) Compressor

Connected load 

=
11.2  kW

Existing pf (cosØ1) 
=
0.79

Required pf (cosØ2)
= 
0.99

Ø1= cos-1 (0.79)

=
37.81

Ø2 = cos-1 (0.99)

=
8.109

Capacitor Required


=
11.2 x  { tan (37.81)- tan(8.109)}






=
7 kVAr

(vi) OHTC

Connected load 

=
2  kW

Existing pf (cosØ1) 
=
0.7

Required pf (cosØ2)
= 
0.99

Ø1= cos-1 (0.7)

=
45.57

Ø2 = cos-1 (0.99)

=
8.109

Capacitor Required


=
2  x  { tan (45.57)- tan(8.109)}






=
1 kVAr
4.5.3 TO FIND OUT THE CAPACITY OF THE CAPACITOR REQUIRED FOR SC.NO:375

(i) Blow room

Connected load 

=
31.8 kW


Existing pf (cosØ1) 
=
0.45

Required pf (cosØ2)
= 
0.99

Ø1= cos-1 (0.45)

=
63.25

Ø2 = cos-1 (0.99)

=
8.109

Capacitor Required


=
31.8 x  { tan (63.25)- tan(8.109)}






=
58 kVAr

 (ii) Spinning 

Connected load 

=
90.5 kW

Existing pf (cosØ1) 
=
0.81

Required pf (cosØ2)
= 
0.99

Ø1= cos-1 (0.81)

=
35.90

Ø2 = cos-1 (0.99)

=
8.109

Capacitor Required


=
90.5 x {tan (35.90) - tan (8.109)} = 52 kVAr

(iii) OHTC 

Connected load 

=
2 kW

Existing pf (cosØ1) 
=
0.7

Required pf (cosØ2)
= 
0.99

Ø1= cos-1 (0.7)

=
45.57

Ø2 = cos-1 (0.99)

=
8.109

Capacitor Required


=
2  x  { tan (45.57)- tan(8.109)}






=
1.7 kVAr
4.6   Calculation to find the expected savings due to the reduction in reactive current


To calculate the expected savings by improving the pf near unity following formula is used 


Percentage of saving
=  {1-(existing pf/desired pf)1/2 }x100 

i. Blow Room   


    Existing pf

=  0.45


    Required pf

=  0.99
Percentage of saving               = {1-(0.45/0.99)1/2}  

                                                =
  32.5 %                                                

     Power consumed per hr
=   10 Units

     Power consumed per day   =   10 x 13   = 130 Units

        Units saved 

=   130 x 32.5/100





=   42.2Units/day x 360days


                                                 =  15,192 units / year



          


Cost benefit Rs.4.70
=
71,402 / year 

ii. Carding 

Existing pf
=   0.75

Required pf
=   0.99
            

Percentage of saving 

=  {1-(0.75/0.99) ½} x 100             

                                                =
  12.96 %

      Power consumed per hr
=  27 units

      Power consumed per day  =  27 x 23  = 
621 units





        Units saved 

=
621 x 12.96






           100





=
80.48 Units / day x 360 days





=
28,973 Units / year

Cost benefit @Rs.4.70
=
1, 36,174 / year 

      iii.    Drawing  

Existing pf
=
0.75

Required pf
=
0.99
          

              Percentage of saving = 
{1-(0.75/0.99) ½} x 100             

                                                =

12.96 %

        Power consumed per hr
=
12.4 Units

      Power consumed per day  =
12.4 x 23 





= 
285.2 Units

        Units saved 

=
285.2 x 12.96






              100





=
13,306 units / year

Cost benefit @Rs.4.70
=
Rs.62,539 / year 

iv. Simplex   

Existing pf
=
0.78

Required pf
=
0.99
          

   Percentage of saving 
= 
{1-(0.78/0.99) ½} x 100             

                                                =

11.23 %

        Power consumed per hr
=
10.5 Units  

Power consumed per day        =
10.5 x 23   = 
241 Units/day

        Units saved 

=
241 x 11.23






            100





=
9,743 Units/ year

Cost benefit@ Rs.4.70
=
Rs.45,792 / year 
          v. Spinning    

Existing pf
=
0.85

Required pf
=
0.99


Percentage of saving 
            = 
{1-(0.85/0.99) ½} x 100         

                                                =

6.87 %

        Power consumed per hr
=
210.4 Units

       Power consumed per day =
210.4 x 23 = 
4839 Units


Units saved 

=
4839 x
 6.87

                                                                          100








=
1, 19, 683 Units / year

Cost benefit@ Rs.4.70
=
5, 62, 510 / year 

           vi. Cone winding     

Existing pf
=
0.70

Required pf
=
0.99


       Percentage of saving 
=     
{1-(0.70/0.99) ½} x 100         

                                                =

15.91 %

        Power consumed per hr
=
15 Units

       Power consumed per day
=
15 x 23       = 
345 Units


      Units saved 
=
345 x      15.91






                 100





=
19,760 Units / year

Cost benefit @Rs.4.70            =
Rs.92, 873 / year 

vii. Doubling 

Existing pf
=
0.78

Required pf
=
0.99
          

  Percentage of saving 
= 
{1-(0.78/0.99) ½} x 100         

                                                =

11.23 %

        Power consumed per hr
=
26 Units

      Power consumed per day  =
26 x 23     = 
598 Units

        Units saved 

=
345 x 11.23/100

                     


=
24,175 units / year


Cost benefit Rs.4.70
=
1, 13, 626 / year 
viii. Compressor  

Existing pf
=
0.85

Required pf
=
0.99
          

Percentage of saving 
            = 
{1-(0.85/0.99) ½} x 100         

                                                =

7.34 %

        Power consumed per hr
=
9.5 Units

        Power consumed per day=
9.5 x 23 





= 
218 Units

        Units saved 

=
218 x 7.34






           100





=
5,773 Units / year

Cost benefit@ Rs.4.70
=
27, 136 / year 

      ix OHTC  

Existing pf
=
0.70

Required pf
=
0.99
          

Percentage of saving    
= 
{1-(0.70/0.99) ½} x 100         

                                                =

15.91 %

        Power consumed per hr
=
7.5 Units

     Power consumed per day   =
7.5 x 23
 = 
172 Units


Units saved 

=
172 x 15.91






       100





=
9,880 Units / year

Cost benefit @Rs.4.70
=
46, 436 / year 

TABLE – 4.9

Units saved in each department per year

	S.

No
	Feeder end
	Power consumed per hr

kW
	Power consumed per day

kW
	Existing pf at feeder end
	Required pf at feeder end
	Units saved in cable/ yr
	Cost benefit @ Rs.4.70

	1
	Blow room
	10
	130
	0.45
	0.99
	15,192
	71,402

	2
	Carding
	27
	621
	0.75
	0.99
	28,973
	1,36,174

	3
	Drawing
	12.4
	285.2
	0.75
	0.99
	13,306
	62,539

	4
	Simplex

(Preparator)
	10.5
	241.5
	0.8
	0.99
	9743
	45,539

	5
	Spinning
	210.4
	4839
	0.85
	0.99
	1,19,683
	5,62,510

	6
	Cone winding
	15.0
	345
	0.70
	0.99
	19,760
	92,873

	7
	Doubling
	26
	598
	0.78
	0.99
	24,175
	1,13,626

	8
	Compressor
	9.5
	218
	0.85
	0.99
	5,773
	27,136

	9
	OHTC
	7.5
	172
	0.70
	0.99
	9,880
	46,436


4.7 Calculation of Specific Energy Consumption


To calculate the UKG (units consumed per KG on Yarn) the following formula is used.
Units consumed per Kg of yarn



=
No. of unit consumed by the machine / hr

                                          Production in Kgs/ machine / hr


There are two types of count  prepared i.e 54s count and 61s count. These count should be converted into 40s yarn count. It is done by using the following conversion factor.


40s conversion factor 
=
0.44

i. Blow room


Units consumed / hr

=
10 units

          61s count production / hr
=
11.5 (lap) x 19.1 =   219.65kg


40s converted production/hr
=
219.65 x 0.44
    =   96.646 kg


UKG for 61s count

=           10


    =
0.0455


                                    
        219.65

UKG for 40s converted  count
=
   10
                =        0.103


          96.646


54s (PC) count production / hr
=
11.5 (lap) x 17.5    =
201.25 kg

40s converted production / hr
    
=
201.25 x 0.44
=
88.55kg


UKG for 54s PC count 

=              10

=
0.0496


                                    
       
 219.65

UKG  for 40s converted count            =               10

             =  0.133     


                                                                            88.55

ii Carding 1


Units consumed / hr

  =
3.5 units


              54s count production / hr        =
1 x 17.5         =
17.5 kg

           40s converted production / hr
  =       17.5 x 0.44    =
 7.7kg


          UKG for 54s PC count 

   =       3.5/17.5        =  0.2                                          

  UKG for 40s converted count
   =      3.5
         =
 0.454 

                                                                        7.7

iii. Drawing 1


Units consumed / hr

  =
3.94 units


          54s count production / hr 
  =   11.75 (hank) x 5.68      =
66.74 kg

40sconverted count production / hr      =
66.74 x 0.44            =
29.365kg



UKG for 54s PC count 
  =
   3.94


        =  0.0590


                                    
       
  66.74

  UKG for 40’s converted count            =          3.94      =   0.133 

             29.365

iv. Simplex 1


Units consumed / hr

 =
2.96 units


              61s count production / hr   
 =
1.437 x 33        =   47.437 kg


40s converted production / hr              =
97.86 x 0.44     =  20.872 kg




UKG for 54s PC count 

 =
   2.96


=  0.0623


                                    
       
  47.737

  UKG for 40’s converted count          =           2.96

=  0.1418 

             20.872

v. Spinning 1


Units consumed / hr

=
9.77 units


              54s count production / hr      =
1.362 x 3.96
= 5.395 Kg

           40s converted production / hr
=
5.395 x 0.44    = 2.374 Kg

UKG for 54s PC count 

=
   9.77


= 1.810


                                    
       
  5.395

  UKG for 40s converted count          =            9.77

= 4.115 

             2.374

vi. Cone winding 1


Units consumed / hr

=
2.86 units


             38s count production /  hr      =
10.92 x 3.3    =  36.05 kg




40s converted production / hr  
=
36.05 x 0.44  = 15.86kg




UKG for 38s PC count 

=
   2.86

          =  0.079


                                    
       
  36.05

  UKG for 40s converted  count
=
   2.86
         =
 0.180 kg

       15.86

vii. Doubling 1


Units consumed / hr

=
4 units


             38s count production / hr       =          0.65 x 6.3        =  0.409 kg

40s converted production / hr
            =
0 .409 x 0.44   =  0.179 kg




UKG for 38s PC count 
            =
4/0.409
=  9.77                                           

UKG for 40s converted count             =         4 /0.179
=  22.34                                                                                                       

TABLE – 4.10
                                  UKG of   Different Machines for 54s count
	S. No
	Machine name and number
	Energy consumed

Units / hr
	54s count production per hour kg
	40s converted production per hour
	UKG for 54s count
	UKG for 40s converterd

count

	1
	Blow room
	10
	201.25
	88.55
	0.049
	0.133

	2
	Spinning 1
	9.77
	1.36
	2.37
	1.81
	4.115

	3
	Spinning 2
	7.87
	5.44
	2.39
	1.445
	3.286

	4
	Spinning 3
	8.5
	5.395
	2.374
	1.577
	3.584

	5
	Spinning 4
	8.6
	5.34
	2.35
	1.608
	3.656

	6
	Spinning 5
	7.5
	5.44
	2.39
	1.377
	3.131

	7
	Spinning 6
	7.5
	5.39
	2.37
	1.390
	3.159

	8
	Carding 1
	3.5
	17.5
	7.7
	0.2
	0.454

	9
	Carding 2
	3.48
	17.5
	1.6
	0.198
	0.451

	10
	Drawing 1
	3.94
	66.74
	29.36
	0.05
	0.134

	11
	Drawing 2
	2.8
	71.20
	31.33
	0.039
	0.089


TABLE – 4.11   

  UKG of   Different machines for 60s count

	S. No
	Machine Name and Number
	Energy consumed

Units / hr
	61s count production per hr kg
	40s converted production per hr
	UKG for 61s count
	UKG for 40s converted
count

	1
	Blow room
	10
	219.65
	96.6
	0.045
	0.103

	2
	Carding 3
	3.7
	29.93
	9.65
	0.125
	0.387

	3
	Carding 4
	3.27
	21.93
	9.65
	0.149
	0.338

	4
	Carding 5
	3.48
	21.93
	9.65
	0.158
	0.360

	5
	Carding 6
	3.31
	29.93
	13.16
	0.11
	0.251

	6
	Carding 7
	4.37
	21.93
	9.3
	0.199
	0.469

	7
	Drawing 3
	3.54
	103.84
	45.68
	0.034
	0.0774

	8
	Drawing 4
	3.57
	97.86
	43.05
	0.036
	0.082

	9
	Simplex 1
	2.96
	47.43
	20.87
	0.062
	0.141

	10
	Simplex 2
	4.1
	52.15
	22.94
	0.078
	0.181

	11
	Simplex 3
	3.7
	67.70
	29.78
	0.054
	0.124

	12
	Spinning 7
	7.6
	4.84
	2.13
	1.57
	3.57

	13
	Spinning 8
	6.84
	4.79
	2.11
	1.425
	3.241

	14
	Spinning 9
	7.08
	7.98
	2.19
	1.421
	3.231

	15
	Spinning 10
	7.93
	5.27
	2.32
	1.503
	3.416

	16
	Spinning 11
	7.6
	4.19
	1.84
	1.81
	4.117

	17
	Spinning 12
	7.5
	5.44
	2.39
	1.81
	4.11

	18
	Spinning 13
	8.7
	5.82
	2.56
	1.494
	3.39

	19
	Spinning 14
	9.33
	5.82
	2.56
	1.603
	3.644

	20
	Spinning 15
	8.58
	5.82
	2.56
	1.474
	3.351

	21
	Spinning 16
	7.7
	5.82
	1.47
	1.323
	5.223

	22
	Spinning 17
	7.69
	4.72
	2.07
	1.628
	3.7

	23
	Spinning 18
	6.4
	4.61
	2.02
	1.387
	3.165

	24
	Spinning 19
	6.9
	4.38
	1.92
	1.57
	3.57

	25
	Spinning 20
	7.7
	4.33
	1.90
	1.77
	4.03



The database of the present study given in tables 4.12 and 4.13 shows that the 40’s converter UKG of the mill varies substantially with standard given by SITRA norms.
TABLE – 4.12
Average UKG of 54s count

	S.No
	Department
	Average UKG for 54s count
	Average UKG for 40s converterd count
	Standard UKG

	1
	Blow room
	0.049
	0.133
	0.116

	2
	Carding
	0.199
	0.453
	0.310

	3
	Drawing
	0.045
	0.112
	0.035

	4
	Spinning
	1.535
	3.489
	2.702


TABLE – 4.13

Average UKG of 61s count

	S.No
	Department
	Average UKG for 61s count
	Average UKG for 40s converter count
	Standard UKG

	1
	Blow room
	0.045
	0.103
	0.116

	2
	Carding
	0.148
	0.361
	0.310

	3
	Drawing
	0.035
	0.159
	0.035

	4
	Simplex 
	0.064
	0.148
	0.140

	5
	Spinning
	1.555
	3.694
	2.702


4.8 Replacement of old motors

Energy efficient motors are now readily available which are 2 to 8 percent more efficient than that of standard motors already in use.
TABLE –4.14

Efficiency of the motor detail

	HP rating
	Standard efficiency
	High efficiency

	.75
	0.740
	0.817

	1
	0.768
	0.840

	1.5
	0.780
	0.852

	2
	0.791
	0.864

	3
	0.814
	0.888

	5
	0.839
	0.890

	7.5
	0.846
	0.902

	10
	0.864
	0.910

	15
	0.875
	0.916

	20
	0.886
	0.923


4.8.1 CALCULATION OF AVERAGE ENERGY INPUT TO THE OLD MOTORS AND AN EFFICIENT MOTOR.

      Average energy input to the motor in one hour

                                  = kW x  %  of  working  load / 100
                                        % of efficiency of the motor / 100
kW = Rated power in the name plate

Carding 6

Existing motor 


Rated power


=
4 kW


Working load


=
60 %
= 0.60 %

    100


Efficiency of the motor
=
86 %
= 0.86 %

    100

Average energy input to the               =        0.6 x 4
 = 2.79 kW

Existing motor in one hour                             0.86

Efficient motor


Rated power


=
4 kW


Working load


=
60 %
= 0.60 %

    100

Efficiency of the motor
   
=
90 %
     =  0.9 %

                                                                         100
Average energy input to the                         

    Efficient motor in one hour              =
0.6 x 4
    =
2.6 kW







  0.9


Net energy saved in hr
  =
2.79 - 2.6    =
0.19 Units





Units saved / day

  =
0.19 x 23    =
4.37 Units





Units saved / yr

  =
4.37 x 360  =
1573 Units




Cost benefit / year @ Rs.4.70  
  =
Rs.7, 394

Spinning 7

Existing motor 


Rated power


  =
9.3 kW


Working load


  =
86 %
= 0.86 %

    100


Efficiency of the motor
 =
86 %
= 0.86 %

    100

Average energy input to the 

Existing motor in one hour 
  =     9.3 x 0.86   = 9.3 kW







   0.86

Efficient motor


Rated power


  =
9.3 kW


Working load


  =
86 %
=     0.86 %

    100


Efficiency of the motor
  =      90.5 %
 =     0. 905          

                                                                        100

Average energy input to the            =
 9.3 x 0.86   =
8.83 kW
Efficient motor in one hour

  0.905


Net energy saved in hr
=
9.3 – 8.83
 =
0.47 Units


Units saved / day

=
0.47 x 23
 =
17.02 Units




Units saved / yr

=
17.02 x 360
 =
6127 Units

Cost benefit / year @ Rs.4.70

=
Rs.28, 797





Spinning 17

Existing motor 


Rated power


=
7.5 kW


Working load


=
80 %
=   0.80 %

    100


Efficiency of the motor
=
86 %
=  0.86 %

    100


Average energy input to the 

Existing motor in one hour 
     =   7.5 x 0.8   =  6.9 kW







   0.86

Efficient motor


Rated power


=
7.5 kW


Working load


=
80 %
=    0.80 %

    100


Efficiency of the motor
=        91 %
=  0.91 %

    100


Average energy input to the 

Efficient motor in one hour       =   7.5  x 0.80 
 =
6.5 kW







 0.91


Net energy saved in hr
  =
6.9 – 6.5 
  =
0.4 Units


Units saved / day

  =
0.4 x 23
   =
9.2 Units


Units saved / yr

  =
9.2 x 360
   =
3312 Units

    Cost benefit / year @ Rs.4.70            =
Rs.15, 566

Blow Room (Feed Roll Motor)

Existing motor 


Rated power


=
0.55 kW


Working load


=
60 %
=   0.60 %

    100


Efficiency of the motor
=
74 %
=   0.74 %

    100


Average energy input to the 

Existing motor in one hour 
             =   0.5 x 0.60
 =0.40 kW







        0.74

Efficient motor


Rated power


=
0.55 kW


Working load


=
60 %
=  0.6 %

    100


Efficiency of the motor
=        82 %
=  0.82 %

    100


Average energy input to the 

Efficient motor in one hour
     =
0.55 x 0.6
=  0.36 kW







      0.91


Net energy saved in hr
=
0.40 – 0.36 
=
0.04 Units


Units saved / day

=
0.04 x 23 
=
0.92 Units


Units saved / yr

=
0.92 x 360 
=
331.2 Units


Cost benefit / year @ Rs.4.70
=
Rs.1, 556

Blow Room (Krishna Beater)

Existing motor 


Rated power


=
5.5 kW


Working load


=
60 %
=   0.60 %

 100

   Efficiency of the motor
   
=
83   %
= 0.83 %

 100


Average energy input to the 

Existing motor in one hour 
  =
5.5 x 0.60 
=  3.9 kW







      0.83

Efficient motor


Rated power


=
5.5 kW


Working load


=
60 %
=  0.60 %

    100


Efficiency of the motor
=        90 %
=   0.90 %

    100



Average energy input to the 

Efficient motor in one hour
   =
   0.55 x 0.60
=   3.6 kW







         0.90


Net energy saved in hr
=
3.9 – 3.6 
=
0.3 Units


Units saved / day

=
0.3 x 23
=
6.9 Units


Units saved / yr

=
6.9 x 360
=
2484 Units 




Cost benefit / year @ Rs.4.70
=
Rs.11, 674
TABLE – 4.15
Areas where efficiency motors could be replaced.
	S.No
	Area identified
	Name of the motor
	Rated power
	Working load in %

	1
	Carding 6
	Main motor
	4
	60

	2
	Spinning 7
	Main motor
	9.3
	86

	3
	Spinning 17
	Main motor
	7.5
	80

	4
	Blow room
	Feed roller motor
	0.55
	60

	5
	Blow room
	Krishna beater
	5.5
	60


TABLE – 4.16

Units saved in replacement of old motors with efficient motors

	S.No
	Identified old motor
	Average Energy Input to the old motor in / hr

Units /hr
	Average Energy input to the Energy Efficient  motor in / hr

Units /hr
	Net Energy Savings in one hour

Units / hr
	Net Energy savings in one year

Units / yr
	Cost benefit per year @ 

Rs. 4.70

	1
	Carding 6
	2.79
	2.6
	0.19
	1573
	7394

	2
	Spinning 7
	9.3
	8.83
	0.47
	6127
	28797

	3
	Spinning 17
	6.9
	6.5
	0.4
	3312
	15556

	4
	Blow room
	0.40
	0.36
	0.92
	331
	1556

	5
	Blow room
	3.9
	0.3
	0.3
	2784
	11674


4.9 Energy consumption in Lighting systems in different      
DEPARTMENTS
TABLE – 4. 17

Light details in different departments at SC No: 274

	S.No
	Departments 
	Number of light fitting 
	Lights using hours
	Energy consumed unit / day 

	1
	Spinning 1-6

Carding 1,2 

Drawing- 1,2 

Simplex-1 
	               41
	24
	2853

	2
	Doubling 1-4

C/W, E7C -1

Chess win -1
	24
	24
	16

	3
	Street light
	3
	12
	2.1

	4
	Canteen
	4
	15
	3.4

	5
	Store
	2
	10
	1.08

	6
	Power house
	1
	12
	0.6


4.9.1 CALCULATION TO FIND OUT THE ENERGY CONSUMED BY THE TUBE LIGHTS.

Choke consume


=
14W
Tube light consumes


=
40 +14W
=
54W

(ii) Total energy consumed by the tube light in canteen
=
4  x 54  x 16









=
3456 W









=
3.456 kW/day









=       1244 Units /yr

Total amount spent / year Rs. 4.70  
=
Rs. 5847
TABLE –4. 18
Light details in different departments at SC No: 415
	S.No
	Departments 
	Number of light fitting 
	Lights using hours
	Energy consumed unit / day 

	1
	Spinning
Cone winding
	22
	24
	15.31

	2
	Power house
	1
	24
	0.648

	3
	Street light
	7
	12
	4.5

	4
	Hostel
	8
	13
	5.6


Estimation of energy savings in lights by the replacement of existing copper choke with an energy efficient electronic choke

                  Electronic choke consume per hr  
=
29 W

1)
Total energy consumed by the tube light


(spinning, carding, drawing, simplex)
=
41  x 29  x 24








=
28536 W







=
28.53 kW / day








=
10272.9 Units /yr 

               Total amount spent/year @. 4.70

=
Rs.48,282

TABLE –4.19

Light details in different departments at SC No: 375
	S.No
	Departments 
	Number of light fitting 
	Lights using hours
	Energy consumed unit / day 

	1
	Blow room 
	8
	12
	4.1

	2
	Spinning
	31
	24
	27.57

	3
	Office
	4
	16
	1.85

	4
	Street light
	3
	13
	2.1

	5
	Gate
	1
	12
	0.6

	6
	Quality control
	2
	17
	1.83

	7
	Hostel
	2
	12
	1

	8
	Meeting hall
	3
	12
	1.94


4.10 Economic Analysis

   4.10.1 CALCULATION OF INVESTMENT REQUIRED INSTALLING THE   

   CAPACITOR AT FEEDER END AND ITS PAY BACK PERIOD.

   The capacitor bank lost per kVAr is Rs.310
i. Blow room 

Capacity of the required capacitor
=
58 kVAr
Investment required 


 =
58 x 310
=
17,980

Amount saved



=
Rs.1,26,788

                            Pay back period 
=
Investment required




     


      Amount saved

                                                                        17,980






=


=
0.25







71402





=
less than three months.

       ii. Carding 

Capacity of the capacitor required
=
7 + 21  =   28 kVAr
Both Sc No  (274 & 415)

          

Investment required 


=
28 x 310     =
Rs.8680

Amount saved



=
28,973

     



    8680



Pay back period

          =         28973
        =
0.29





    

=
less than three months.

     iii. Preparatory 

Capacity of the capacitor required 
=
9+ 10 =
19 kVAr
Both Sc No  (274 & 415)



Investment required 


=
19 x 310


=
5890

Amount saved



=
1,10,222       
                 Pay back period                                         =          5890                     =
    0.05

            11022                                                                                                                                                                                                                   =           less than one months.

     iv. Spinning  

Capacity of the capacitor required 
=
115 + 49 + 52

Both Sc No  (274 + 415 + 375)
             =   
216 kvar

Investment required 


=
216 x 310


=
66,960

Amount saved



=
5,62,510



                                    66960  
            Pay back period      =


                         =
0.11






 562510






                                    =
less than Two months.

 V. Cone winding 

Capacity of the capacitor required 
=
9+ 8 

Both Sc No (274 + 415)

           =
 17 Kvar

Investment required 


=
17 x 310


=
5270

Amount saved



=
92,873

              5270  



Pay back period
=


=
0.05







 92873









=
less than one months.

   vi. Doubling

Capacity of the capacitor required 
=
3Kvar

Investment required 


=
3 x 310


=
930

Amount saved



=
1, 13,626

                                                                          930                                                 

Pay back period        =

                                     =   0.0
                                                                           13626     

                                                           
                            








=
less than one month

vii. OHTC

Capacity of the capacitor required 
=
1.7 + 1.7 + 1.7
 (All Service) 

=
5.1 kVAr

Investment required 
=
5.1 x 310







=
1581

Amount saved

=
46,436

              1581  



Pay back period
=


=
0.03







 46436





                                     =
less than one months.

viii. Compressor 

Capacity of the capacitor required 
=
7 kVAr

Investment required 


=
7 x 310


=
2170

Amount saved



=
27,136

                                                        2170          



Pay back period
=


=
0.07







 27136








=
less than one months.
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Fig: 4.1 Power flow in the spinning mill 
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Fig: 4.2 Existing line loss in different departments
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Fig: 4.3 Required capacity of the capacitor at the service SC.No:274
[image: image16.emf]0 5 10 15 20 25 30 35 40 45 50

REQUIRED CAPACITORS(kVAr)

Carding

Preparator

Spining

Cone Winding

Compressor

OHTC

DEPARTMENTS


Fig: 4.4 Required capacity of the capacitor at the  service SC.No:415

[image: image17.emf]0

10

20

30

40

50

60

REQUIRED 

CAPACITORS(kVAr)

Blow room Spining OHTC

DEPARTMENTS


Fig: 4.5 Required capacity of the capacitor at the service SC.No:375
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Fig: 4.6 Average energy input to the existing and efficient motors
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Fig: 4.7 Net energy savings by the replacement of old motor

SUMMARY & CONCLUSION


CHAPTER  - V 

      SummarY, conclusioN and Recommendations
      5.1 Summary AND CONCLUSION   

               Energy audit is defined as the verification, monitoring and analysis of use of energy including submission of technical report containing recommendations for improving energy efficiency with cost benefit analysis and an action plan to reduce energy consumption. An energy audit in effect gauges the energy efficiency of any industry. Energy audit identifies and evaluates energy management and rational energy consumption measures. A well conducted energy audit reveals the areas of wastage of energy and suggests measures for saving energy. The implementation of the recommendations of an energy audit serves to achieve better energy efficiency. Energy audit refers to the review of  the entire energy system of an organisation and it is an integral part of energy management .

Energy audit is carried out in a selected spinning mill. The audit involved the following stages:

· The operation of the mill is studied 

· Electrical energy consumption by different equipments of various departments is measured.

· Electrical energy parameters are calculated.

· Measured data are analysed.

· Identified the inefficient equipments.

· Based on analysis suggestions for attaining energy efficiency are given.

The conclusion of the energy audit carried out in a selected spinning mill are listed below:

· The seven departments of the mill are run by three services 

· Power consumption of different equipments are measured like line voltage, power factor and frequency.

· Total electrical energy consumption of the mill during the year 2007-2008 for three services is 29,23,616 units and the amount spent is Rs. 1,30,56,532

· From the measured data the following parameters are calculated 

· Actual load 

· Line current 

· Connected load

· Line loss (for selected departments)

· Specific energy consumption for all equipments.

· Units consumed per KG of yarn (UKG) for 54s count and 61s count.

· Average energy input to the existing motors and effective motors.

· Electrical energy loss during the transmission of power from the power house to the department through cables was calculated and listed. The total line loss in the cables is 36,075 units / year.

· In order to maintain the power factor around  unity, the required value capacitor to be introduced at each section like Blow room, Carding, Drawing, Simplex, Spinning, Cone winding, Doubling is calculated and listed.

· The expected savings due to the reduction in reactive current is 2, 6,485 units. 

· Average units consumed per kilogram for 54s count is 4.187 and average UKG for 61s count is 4.465.

· The old motors are identified and it is recommended to replace with efficient ones. The units  saved in the replacement of old motors with efficient motors is 14,125 and the cost saved by this is Rs. 64,977.

· Energy consumption by light bulbs is calculated at each service both for electronic choke consumption and copper choke consumption separately, and it is suggested that electronic choke is better than copper choke.

· Introducing capacitors at each service cost saving per year is Rs. 11, 58, 235.

· Total investment required to install capacitors are calculated. It is found to be                Rs. 1, 09,461 and payback period is less than three months.

· Electrical energy consumption is increased as the percentage of load increases in ring frame.

5.2 Recommendations

· The quantum of energy used per week and   per month should be found, which helps in an effective savings plan.

· Installing power capacitors at the distribution boards reduces considerable amount of power consumption and   improves power factor.

· Cleaning work should be done daily before the start of a shift.

· Distribution box should be properly numbered for avoiding confusion regarding the machines connected to it.

· The fuel tank and the generator should be kept at a distance from each other for safety.

· Proper distance is needed between the machines.

· To meet the required power factor capacitors are connected nearer to the load end.

· Energy reading should be taken daily.

· Cleaning work can be done for the spinning machine monthly once.

· Complete servicing of motors should be done at least once in a year.

· Electrical parameters should be checked monthly once using the device load manager.

· The basic condition of machine and load power of all ring frames with standard power consumption should be observed weekly once.

· Monitoring the performance of machines by proper maintenance maximum productivity can be achieved.

· To improve the efficiency of motor and load characteristics the user should be advised to reduce the temperature of the machine by using proper coolant .

·  The standard motor is replaced by a high efficiency motor of identical horse power on same ring frame for better performance.

·  The proper maintenance of motors is necessary, in order to ensure continuous working, without breakdown, at the rated speed  for lower power consumption.
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Preliminary Energy Audit





- Identify major energy consuming processes and equipment 


- Identify obvious energy wastes and inefficiencies


- Identify energy conservation opportunities


- Identify priority areas for further detailed investigation





Detailed Energy Audit


- Examine the priority areas identified during preliminary energy audit 


- Identify all benefits and costs


- Perform financial analysis 





Implement


No/Low Cost Measures 





Implement Medium/Long Term Measures  


Conduct Feasibility studies of capital 


Intensive projects 


Acquire financing 


Procure equipment 


Set up installation


Commission equipment














Post Installation Monitoring and Evaluation





Set (Reset) Targets





Cotton bales





Mixing 





Blow Room





Carding Sliver





Drawing Sliver





Simplex





Spinning





Cone winding





Yarn in cones








