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FOREWORD
It is my great pleasure to present this laboratory manual for third year electrical electronic & power engineering students for the subject of Energy Conservation and Audit. Keeping in view the vast coverage required for visualization of concepts of Electrical Machines with simple language.

As a student, many of you may be wondering with some of the questions in your mind regarding the subject and exactly what has been tried is to answer through this manual. 

Faculty members are also advised that covering these aspects in initial stage itself, will greatly relived them in future as much of the load will be taken care by the enthusiasm energies of the students once they are conceptually clear.

H.O.D.

LABORATORY MANUAL CONTENTS
This manual is intended for the third year students of electrical electronic & power Engineering branch in the subject of Energy conservation And Audit. This manual typically contains practical/Lab Sessions related Energy conservation And Audit covering various aspects related the subject to enhance understanding.

Students are advised to thoroughly go through this manual rather than only topics mentioned in the syllabus as practical aspects are the key to understanding and conceptual visualization of theoretical aspects covered in the books.

Good Luck for your Enjoyable Laboratory Sessions

SUBJECT INDEX

1. 
Lab exercise

1) To study need of energy conservation and audit.


2) To study application of solar energy sources.


3) To study performance assessment of motors.


4) To study No load test on three phase Induction Motor.



5) To study performance assessment of lighting system.


6) To study power factor improvement and benefits of it.


7) To study effect of change in load in three phase Induction Motor.


8) To study different illumination systems.


9) Case study of illumination system.

2. 
Quiz on the subject

3.
Evaluation and Marking Systems

Instruction for Laboratory Teachers:

1.  Submission related to whatever lab work has been completed should be done during the next lab session. The immediate arrangements for printouts related to submission on the day of practical assignments. 

2. The promptness of submission should be encouraged by way of marking and evaluation patterns that will benefit the sincere students.  
Exercise No 01 ( 2 Hours) – 1 Practical

Exp 1  Aim :To study  need of energy conservation and audit
Theory: Answer the following questions.
 Definition of Energy Audit 
Energy Audit is the key to a systematic approach for decision-making in the area of energy management. It attempts to balance the total energy inputs with its use, and serves to identify all the energy streams in a facility. 

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 an action plan to reduce energy consumption".

Need of energy audit?

In any industry, the three top operating expenses are often found to be energy (both electrical and thermal), labor and materials.Energy Audit will help to understand more about the ways energy and fuel are used in any industry, and help in identifying the areas where waste can occur and where scope for improvement exists.

In general, Energy Audit is the translation of conservation ideas into realities, by lending technically feasible solutions with economic and other organizational considerations within a specified time frame.

The primary objective of Energy Audit is to determine ways to reduce energy consumption per unit of product output or to lower operating costs. Energy Audit provides a “bench-mark"(Reference point) for managing energy in the organization and also provides the basis for planning a more effective use of energy throughout the organization.

Different types of Energy Audit.

The type of Energy Audit to be performed depends on:

-Function and type of industry

-Depth to which final audit is needed, and

-Potential and magnitude of cost reduction desired

Thus Energy Audit can be classified into the following two types.

i)Preliminary Audit

ii)Detailed Audit

Preliminary Energy Audit Methodology

Preliminary energy audit is a relatively quick exercise to:

•Establish energy consumption in the organization

•Estimate the scope for saving

•Identify the most likely (and the easiest areas for attention

•Identify immediate (especially no-/low-cost) improvements/ savings

•Set a 'reference point'

•Identify areas for more detailed study/measurement

•Preliminary energy audit uses existing, or easily obtained data

	
	


Detailed Energy Audit Methodology

A comprehensive audit provides a detailed energy project implementation plan for a facility, since it evaluates all major energy using systems.

This type of audit offers the most accurate estimate of energy savings and cost. It considers the interactive effects of all projects, accounts for the energy use of all major equipment, and includes detailed energy cost saving calculations and project cost.

Detailed energy auditing is carried out in three phases: Phase I, II and III.

Phase I - Pre Audit Phase

Phase II - Audit Phase

Phase III - Post Audit Phase

Different energy conservation opportunities.

Identification of Energy Conservation Opportunities

Fuel substitution: Identifying the appropriate fuel for efficient energy conversion

Energy generation :Identifying Efficiency opportunities in energy conversion equipment/utility such as captive power generation, steam generation in boilers, thermic fluid heating, optimal loading of DG sets, minimum excess air combustion with boilers/thermionic fluid heating, optimizing existing efficiencies, efficient energy conversion equipment, biomass gasifies, Cogeneration, high efficiency DG sets, etc.

Energy distribution: Identifying Efficiency opportunities network such as transformers, cables, switchgears and power factor improvement in electrical systems and chilled water, cool- ing water, hot water, compressed air, Etc.

Energy usage by processes: This is where the major opportunity for improvement and many of them are hidden. Process analysis is useful tool for process integration measures.

Q.6 Conclude what you have studied.

Exercise No 02( 2 Hours) – 1 Practical

Exp:02 .Aim:- To  Study Application of renewable( Solar) energy source.

Theory- The concept of renewable energy?  List the various forms of it.

The concept of renewable energy: 
Renewable energy sources also called non-conventional energy, are sources that are continuously replenished by natural processes. For example, solar energy, wind energy, bio-energy - bio-fuels grown sustain ably), hydropower etc., are some of the examples of renewable energy sources

Renewable energy sources are essentially flows of energy, whereas the fossil and nuclear fuels are, in essence, stocks of energy

Various forms of renewable energy

Solar energy

Wind energy

Bio energy

Hydro energy

Geothermal energy

Wave and tidal energy

This experiment focuses on application potential of commercially viable renewable energy sources such as solar, wind, bio and hydro energy in India.

Solar Thermal Energy Application

In solar thermal route, solar energy can be converted into thermal energy with the help of solar collectors and receivers known as solar thermal devices. The Solar-Thermal devices can be classified into three categories:

Low-Grade Heating Devices - up to the temperature of 100°C.

Medium-Grade Heating Devices -up to the temperature of 100°-300°C

High-Grade Heating Devices -above temperature of 300°C

Low-grade solar thermal devices are used in solar water heaters, air-heaters, solar cookers and solar dryers for domestic and industrial applications.
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Fig:
Solar water heaters

Most solar water heating systems have two main parts: a solar collector and a storage tank. The most common collector is called a flat-plate collector (see Figure)It consists of a thin, flat, rectangular box with a transparent cover that faces the sun, mounted on the roof of building or home. Small tubes run through the box and carry the fluid – either water or other fluid, such as an antifreeze solution – to be heated. The tubes are attached to an absorber plate, which is painted with special coatings to absorb the heat. The heat builds up in the collector, which is passed to the fluid passing through the tubes.
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Figure 12.1 Solar Flat plate collector

An insulated storage tank holds the hot water. It is

similar to water heater, but larger is size. In case of systems that use fluids, heat is passed from hot fluid to the water stored in the tank through a coil of tubes.

Solar Cooker

Solar cooker is a device, which uses solar energy for cooking, and thus saving fossil fuels, fuel wood and electrical energy to a large extent. However, it can only supplement the cooking fuel, and not replace it totally. It is a simple cooking unit, ideal for domestic cooking during most of the year except during the monsoon season, cloudy days and winter months

 Solar photovoltaic uses sun’s heat to produce electricity for lighting home and building, running motors, pumps, electric appliances, and lighting.

Solar electricity generation with solar photovoltaic cell and solar water pump.

Positioning of solar panels or collectors can greatly influence the system output, efficiency and payback. Tilting mechanisms provided to the collectors need to be adjusted according to
seasons (summer and winter) to maximize the collector efficiency.

The period four to five hours in late morning and early afternoon (between 9 am to 3pm) is commonly called the "Solar Window". During this time, 80% of the total collectable energy for the day falls on a solar collector. Therefore, the collector should be free from shade during this solar window throughout the year - Shading, may arise from buildings or trees to the south of the location.

Solar Electricity Generation

Solar Photovoltaic (PV): Photovoltaic is the technical term for solar electric. Photo means "light" and voltaic means "electric". PV cells are usually made of silicon, an element that naturally releases electrons when exposed to light. Amount of electrons released from silicon cells depend upon intensity of light incident on it. The silicon cell is covered with a grid of metal that directs the electrons to flow in a path to create an electric current. This current is guided into a wire that is connected to a battery or DC appliance. Typically, one cell produces about 1.5 watts of power. Individual cells are connected together to form a solarpanel or module, capable of producing 3 to 110 Watts power. Panels can be connected together in series and parallel to make a solar array. Which can produce any amount of Wattage as space will allow? Modules are usually designed to supply electricity at 12 Volts. PV modules are rated by their peak Watt output at solar noon on a clear day.

Some applications for PV systems are lighting for commercial buildings, outdoor (street) lighting (see Figure 12.5), rural and village lighting etc. Solar electric power systems can offer

independence from the utility grid and offer protection during extended power failures. Solar PV systems are found to be economical especially in the hilly and far flung areas where conventional grid power supply will be expensive to reach.

PV tracking systems is an alternative to the fixed, stationary PV panels. PV tracking systems are mounted and provided with tracking mechanisms to follow the sun as it moves through the sky. These tracking systems run entirely on their own power and can increase output by 40%.

Back-up systems are necessary since PV systems only generate electricity when the sun is shining. The two most common methods of backing up solar electric systems are connecting the system to the utility grid or storing excess electricity in batteries for use at night or on cloudy days.

Performance

The performance of a solar cell is measured in terms of its efficiency at converting sunlight into electricity. Only sunlight of certain energy will work efficiently to create electricity, and much of it is reflected or absorbed by the material that make up the cell. Because of this, a typical commercial solar cell has an efficiency of 15%—only about one-sixth of the sunlight striking the cell generates electricity. Low efficiencies mean that larger arrays are needed, and higher investment costs. It should be noted that the first solar cells, built in the 1950s, had efficiencies of less than 4%.

Solar Water Pumps

In solar water pumping system, the pump is driven by motor run by solar electricity instead of conventional electricity drawn from utility grid. A SPV water pumping system consists of a photovoltaic array mounted on a stand and a motor-pump set compatible with the photovoltaic array. It converts the solar energy into electricity, which is used for running the motor pump set. The pumping system draws water from the open well, bore well, stream, pond, canal etc.
Exercise No: 03 ( 2 Hours) – 1 Practical

Exp.3: Aim:- To study energy performance assessment of motors.
Theory:- Introduction of Energy Performance assessment of motors.

The two parameters of importance in a motor are efficiency and power factor. The efficiencies of induction motors remain almost constant between 50% to 100% loading .. When a motor has a higher rating than that required by the equipment, motor operates at part load. In this state, the efficiency of the motor is reduced. Replacement of under loaded motors with smaller motors will allow a fully loaded smaller motor to operate at a higher efficiency. 
The performance  terms and definitions of Motor.

Efficiency : The efficiency of the motor is given by
	 
	 
	Pout
	Ploss

	 
	 
	η = —— = 1 – ——

	 
	 
	Pin
	Pin

	Where Pout
	– Output power of the motor
	 

	              Pin
	– Input power of the motor
	 

	                                   PLoss
	– Losses occurring in motor
	 


	Motor Loading :
	 
	 
	 

	    Motor Loading % =
	 
	Actual operating load of the motor
	x 100

	
	
	 
	

	 
	 
	Rated capacity of the motor

	 
	 
	 
	 


Efficiency test :

Field Tests for Determining Efficiency

No Load Test :

The motor is run at rated voltage and frequency without any shaft load. Input power, current, frequency and voltage are noted. The no load P.F. is quite low and hence low PF watt meters are required. From the input power, stator I2R losses under no load are subtracted to give the sum of Friction and Wind age (F&W) and core losses. To separate core and F & W losses, test is repeated at variable voltages. It is worthwhile plotting no-load input kW versus Voltage; the intercept is F & W kW loss component.

F&W and core losses = No load power (watts) – (No load current)2 x Stator resistance

Stator and Rotor I2R Losses :

The stator winding resistance is directly measured by a bridge or volt amp method. The resis tance must be corrected to the operating temperature. For modern motors, the operating tem- perature is likely to be in the range of 100°C to 120°C and necessary correction should be made. Correction to 75°C may be inaccurate. The correction factor is given as follows:

	R2
	235 + t2

	—–
	= ———– , where, t1 = ambient temperature, °C & t2 = operating temperature, °C.

	R1
	235 + t1


The rotor resistance can be determined from locked rotor test at reduced frequency, but rotor I2R losses are measured from measurement of rotor slip.

Rotor I2R losses = Slip x (Stator Input - Stator I2R Losses - Core Loss)

Accurate measurement of slip is possible by stroboscope or non-contact type tachometer. Slip also must be corrected to operating temperature.

Stray Load Losses :

These losses are difficult to measure with any accuracy. IEEE Standard 112 gives a complicated method, which is rarely used on shop floor. IS and IEC standards take a fixed value as 0.5 % of output. It must be remarked that actual value of stray losses is likely to be more. IEEE - 112 spec- ifies values from 0.9 % to 1.8 %.

	Motor Rating
	Stray Losses

	1 – 125 HP
	1.8 %

	125
	– 500 HP
	1.5 %

	501
	– 2499 HP
	1.2 %

	2500 and above
	0.9 %

	 
	 
	 


Conclusion : Estimation of efficiency in the field can be summarized as follows:


a) Measure stator resistance and correct to operating temperature. From rated current value, I2R losses are calculated.

b) From rated speed and output, rotor I2R losses are calculated

c) From no load test, core and F & W losses are determined for stray loss

Exercise No: 04 ( 2 Hours) – 1 Practical

Exp.4: Aim:- No load Test on single phase induction motor.

Aim :-
No load test on single phase induction motor and determination of equivalent circuit parameter.

Apparatus:

1) single phase induction motor

2) voltmeter (0-300)

3) ammeter(0-10)

4) mechanical load

  Theory:-

For determination of equivalent circuit parameter of single phase induction motor two test carried out

No load test:-

In this test induction motor is run without mechanical load on it with rated supply given to it. The power input is measured by ammeter and voltmeter connected in circuit. The wattmeter reading indicates the constant losses, friction losses. Copper losses are very small as I0 is small so copper losses are neglected.

Procedure:

NO LOAD TEST

1. Make the connection as per diagram.

2. Switch on the supply & give the rated voltage to the motor.

3. Take the reading of wattmeter, voltmeter & ammeter.

Observation table:
1 .No load test:

	Sr no.
	Vo
	Io
	Wo

	
	
	
	

	
	
	
	


Conclusion: 

            Thus we have performed the testing on the 1-ɸ induction motor & found   equivalent ckt.                                Parameters.

CIRCUIT DIAGRAM:-
For No Load:-
[image: image10.jpg]
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Exercise No: 05 ( 2 Hours) – 1 Practical

Exp.05:Aim:- To study energy performance assessment of lightning system 

Theory:- 

Introduction of energy performance assessment of lightning system :
Lighting is provided in industries, commercial buildings, indoor and outdoor for providing comfortable working environment. The primary objective is to provide the required lighting effect for the lowest installed load i.e highest lighting at lowest power consumption.

The purpose behind “Performance Test” :

Most interior lighting requirements are for meeting average luminance on a horizontal plane, either throughout the interior, or in specific areas within the interior combined with general lighting of lower value.

The purpose of performance test is to calculate the installed efficacy in terms of lux/watt/m² (existing or design) for general lighting installation. The calculated value can be compared with the norms for specific types of interior installations for assessing improvement options.

The installed load efficacy of an existing (or design) lighting installation can be assessed by carrying out a survey as indicated in the following pages.

Important Terms :

Lumen is a unit of light flow or luminous flux. The lumen rating of a lamp is a measure of the total light output of the lamp. The most common measurement of light output (or luminous flux) is the lumen. Light sources are labeled with an output rating in lumens.

Lux is the metric unit of measure for luminance of a surface. One lux is equal to one lumen per square meter.

Circuit Watts is the total power drawn by lamps and ballasts in a lighting circuit under assessment.

Installed Load Efficacy is the average maintained luminance provided on a horizontal work- ing plane per circuit watt with general lighting of an interior. Unit: lux per watt per square metre (lux/W/m²)

Lamp Circuit Efficacy is the amount of light (lumens) emitted by a lamp for each watt of power consumed by the lamp circuit, i.e. including control gear losses. This is a more meaningful measure for those lamps that require control gear. Unit: lumens per circuit watt (lm/W)

Installed Power Density. The installed power density per 100 lux is the power needed per square metre of floor area to achieve 100 lux of average maintained luminance on a horizon- 

tal working plane with general lighting of an interior. Unit: watts per square meter per 100 lux (W/m²/100 lux)

Installed power density (W/m²/100 lux) = —————————————–

                                                            Installed load efficacy (lux/W/m²)

Installed Load Efficacy Ratio (ILER)

	= Actual Lux/W/m²
	Target W/m²/100lux

	———————
	or ————————

	Target Lux/W/m²
	Actual W/m²/100lux


Average maintained luminance is the average of lux levels measured at various points in a defined area.

Color Rendering Index (CRI) is a measure of the effect of light on the perceived color of objects. To determine the CRI of a lamp, the color appearances of a set of standard color chips are measured with special equipment under a reference light source 

Preparation before measurement :

Before starting the measurements, the following care should be taken:

•All lamps should be operating and no luminaries should be dirty or stained.


•There should be no significant obstructions to the flow of light throughout the interior, especially at the measuring points.

•Accuracies of readings should be ensured by

–Using accurate luminance meters for measurements

–Sufficient number and arrangement of measurement points within the interior

–Proper positioning of luminance meter

–Ensuring that no obstructions /reflections from surfaces affect measurement.

The interior is divided into a number of equal areas, which should be as square as possible. The luminance at the centre of each area is measured and the mean value calculated. This gives an estimate of the average luminance on the horizontal working plane.

Step by step procedure of lightning system :

1 To Determine the Minimum Number and Positions of Measurement Points

Calculate the Room Index: RI = L x W/ Hm(L + W)

Where L = length of interior; W = width of interior; Hm = the mounting height, which is the height of the lighting fittings above the horizontal working plane. The working plane is usually assumed to be 0.75m above the floor in offices and at 0.85m above floor level in manufacturing areas.

DETERMINATION OF MEASUREMENT POINTS
	Room Index
	 
	Minimum number of

	
	 
	measurement points

	
	 
	

	Below 1
	 
	9

	
	 
	

	1 and below 2
	 
	16

	
	 
	

	2 and below 3
	 
	25

	
	 
	

	3 and above
	 
	                                 36

	
	 
	 


To obtain an approximately "square array", i.e. the spacing between the points on each axis to be approximately the same, it may be necessary to increase the number of points.

For example, the dimensions of an interior are:

Length = 9m, Width = 5m, Height of luminaires above working plane (Hm) = 2m

	    Calculate RI =
	9 x 5 =    1.607

	
	
	

	 
	2(9 + 5)


From above Table the minimum number of measurement points is 16

As it is not possible to approximate a "square array" of 16 points within such a rectangle it is necessary to increase the number of points to say 18, i.e. 6 x 3. These should be spaced as shown below:
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Therefore in this example the spacing between points along rows along the length of the interior = 9 ÷ 6 = 1.5m and the distance of the 'end' points from the wall = 1.5 ÷ 2 = 0.75m.

Similarly the distance between points across the width of the interior = 5 ÷ 3 = 1.67m with half this value, 0.83m, between the 'end' points and the walls.

Conclusion : If the grid of the measurement points coincides with that of the lighting fittings, large errors are possible and the number of measurement points should be increased to avoid such an occurrence.

Exercise No: 06 ( 2 Hours) – 1 Practical

Exp.06:Aim:- To study power factor improvement & benefits.

Theory:- Concept of power factor in detail :Power factor is simply a name given to the ratio of “actual” power
(active power) being used in a circuit, expressed in watts or more commonly kilowatts (kW), to the power which is “apparently” being drawn from the mains, expressed in volt-ampere or more commonly kilo volt-ampere (kVA).
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Fig 1: Power Triangle
	
	P.F.
	=
	Active Power (kW)

	
	
	
	Apparent Power (kVA)

	
	 
	 
	


All modern industries utilise electrical energy in some form or other.

Two basic categories of load are encountered in alternate current (AC) networks.

1. Resistive Loads
Devices containing only resistance e.g. incandescent lamps, heaters, soldering irons, ovens, etc.

The current drawn from the supply is directly converted into heat or light. Since the voltage is assumed to be constant, the actual power

(kW) being used is identical to the apparent power (kVA) being drawn from the line. The power factor is therefore unity or 1. In these purely resistive circuits, the current and voltage sinewave peaks occur simultaneously and are said to be “in phase”.

2. Inductive Loads
All motors and transformers depend on magnetism as the basis of their operation. Magnetism is a force and in the physical sense is not consumed. In AC motors and transformers, magnetic forces are only required periodically. Consequently, a permanent magnet cannot be used and the necessary magnetism is produced by electrical means. The electrical current needed for this purpose is not fully utilised.

Having produced the magnetic force, the current flows back to the power station again. This current is called the reactive current in con- trast to the active current which performs work and is fully utilised in so doing. Although the reactive current is not utilised, it imposes a load on the electrical distribution system and supply authorities demand payment for this load according to specific tariffs.

The current drawn from the supply is made up of two separate kinds of current “power producing current” and “magnetising current”. Therefore the current flowing in an AC circuit (unless corrected) is generally larger than is necessary to supply the power being by the expended point.

Disadvantages of Low Power Factor

1. Increased cost since more current, and this cost is directly billed to consumers on maximum demand kVA systems.

2. Causes overloaded generators, transformers and distribution lines within a plant, resulting in greater voltage drops and power losses, all representing waste, inefficiency and needless wear and tear on industrial electrical equipment.

3. Reduces load handling capability of the plants electrical system.

Most electrical supply authorities have changed to kVA demand systems from the inefficient kW demand system. Consumers are now billed and penalised for their inefficient systems according to the apparent power being used. In future, consumers will be penalised for plants with power factor below a pre-determined value.

Different methods for power factor Improvement :

The most practical and economical power factor improvement device is the capacitor. As stated previously, all inductive loads produce inductive reactive power (lagging by a phase angle of 90°). Capacitors on the other hand produce capacitive reactive power, which is the exact opposite of inductive reactive power. In this instance, the current peak occurs before the voltage peak, leading by a phase angle of 90°. By careful selection of capacitance required, it is possible totally cancel out the inductive reactive power when placed in circuit together.
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Fig.2  Power factor improvement achieved with capacitor bank

Cos 1 is the kVA used before Power Factor Improvement equipment was added to the network.

Cos 2 is the kVA used after Power Factor improvement equipment was added to the network.

Benefits of power factor improvement :

Capacitors can therefore be utilized to reduce kVA and electrical costs. Improved power factor results in:

1. Reduced kVA charges

2.Improved plant efficiency
As can be seen from Fig. 1, the apparent power is greater than the active power and hence the power factor is a value considerably less than unity.
	
	P.F.
	=
	Reactive Power(kW)
	=
	Cosф

	
	
	
	Apparent Power (kVA)
	
	

	
	 
	 
	
	 
	 


3.Additional loads can be added to the system


4.Reduced overloading of cables, transformers, switchgear, etc.

5.Improved starting torque of motors

6.Reduce fuel requirements to generate power due to lower losses.

Conclusion :
Exercise No: 07 ( 2 Hours) – 1 Practical

Exp.07: Aim:- To study effect of change in load On 3-Phase Induction Motor
APPARATUS: 

       1)Two-element wattmeter (10A, 500v) ---------------------1 No.

1) Ammeter (0-10A) ------------------------------------------1 No

2) Voltmeter (0-500v) ----------------------------------------1 No

3) Rheostat (500 ohm, 1.2A) ---------------------------------1 No

4) Ammeter D.C. (O-10A) ------------------------------------1 No

5) Voltmeter D.C. (0-300v) ----------------------------------1 No

6) Tachometer.

THEORY:

1.What is effect of load on 3 phase Induction motor ?

2.What is the relation between speed & load of 3 phase Induction motor ?

3.Why current & torque increases linearly with the load ?

4.How power factor is affected by load ?

PROCEDURE:

1) Make the connection as per the circuit diagram.

2) Put the load switches off.  Set generator field rheostat to maximum start the    induction motor with the help of the start & run it to it’s normal speed.

3) Excite the dc shunt generator to it’s voltage. Note power input, to motor & the speed, with the generator not loaded.

4) Put some load on generator & Note the D.C. generator output, motor input and the speed.

5) Take the more readings by increasing the load gradually till the full load is reached.

6) Calculate & plot the graphs. Output Vs speed, Output Vs Efficiency, Output Vs motor current.

Output Vs slip, output Vs P.F.   

OBSERVATION TABLE:

	sr. no
	I. M.  Vm in volts.
	Im in Amp
	Motor input 

Power in watts 
	Speed 

in rpm
	Ig.
	I. M.  Input watts
	%n
	Slip
	p.f.

	1.
	
	
	
	
	
	
	
	
	

	2.
	
	
	
	
	
	
	
	
	

	3.
	
	
	
	
	
	
	
	
	

	4.
	
	
	
	
	
	
	
	
	

	5.
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CONCLUSION: 

The speed falls, the power improves and the current increases, with as increase in output of motor. The efficiency increases and is maximum near full load.
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Exercise No:8( 2 Hours) – 1 Practical

Exp.8 : Aim:- To study different illumination systems.
I.INTRODUCTION

In olden age, incandescence and fluorescence lamps were the main focus in illumination technology. With continuous development 

LED :  PRINCIPLE OF OPERATION
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LEDs differ from traditional light sources in the way they produce light An LED, is a semiconductor diode. It consists of a chip of semiconducting material treated to create a structure called a pn junction. When connected to a power source, current flows from the p-side(or anode) to the n-side (or cathode) and not in the reverse direction. The charge-carriers(electrons and electron holes) flow into the junction from electrodes. When an electron meets a hole, it falls into a lower energy level, and releases energy in the form of a photon (light). The specific wavelength or color emitted by the LED depends on the materials used to make the diode.

 RECENT DEVELOPMENTS IN LED LIGHTING

The efficacy of light source is measured in lumens/watt. The efficacy of LED is compatible with the present light source but the efficiency of LED lighting is very high. As in normal incandescence lamp is having efficacy of around 18 lumens/watts and LEDs are in the range of 40 Lumens/watt, but in incandescence lamps most of the power (watts) lost in heat as the efficiency of incandesce lamp is very low in the range of 10-15%. As there is no heat developed in LEDs this power towards heat will be reduced, only losses taking place will be in driver circuits which account for 10-15%losses, thus a higher efficiency in the range of85-90 % can be obtained. That makes a potential difference in saving in energy in LED lighting. The research is going on in development of LED with high lumens/watt output. The maximum achieved efficacy is 132 lm/w , but it is yet to be commercialized. By passing a

high current through a LED higher lumens/watt can be obtained with increase in power rating as well. Generally 1 w LEDs are considered high watt LED and are in use for illumination purpose.

Organic light-emitting diodes (OLED) can be a revolutionary change in display purpose. With development of OLED, it is possible to make LED displays as thin as paper. A electronic paper which can be folded & carried away. Such displays can be very useful for advertisement purpose.

COMPARISON OF LEDS WITH OTHER TYPE OF LIGHT SOURCES:

As discussed earlier the efficacy of LEDs is not very high,. Following chart shows the comparison of efficacy of various illumination schemes:
	Type of Scheme
	Efficacy

	 
	(lm/w)

	Incandescence
	18-20

	Fluorescent
	60-70

	Sodium Vapor
	40-120

	Mercury Vapor
	50-60

	Metal Halide
	80-125

	CFLs
	50-80

	LED
	20-60


Conclusion: From above table it can be observed that the efficacy of LEDs is on par with CFLs, but as the driver losses are negligible and there no production of heat, thus giving higher efficiency.
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Exercise No:9 ( 2 Hours) – 1 Practical

Exp.9 : Aim:- To study CASE STUDY OF illumination systems.

     Theory :  A case study of replacing conventional lighting system (fluorescent) by LEDS and/or CFL: In an Engineering college there were 113 conventional tube lights, The tube lights use to ON from 8 PM to 6 PM (Timing use to vary subject to season change). The tube lights were of standard make. 
       After testing on choke it was observed that chokes are consuming 13 watts of power (average).
Thus total power loss using tube lights PLoss=113*13= 1469 watts.

The tube lights (on an average) working for 10 hours a day.

Total Energy loss per day = 14.69 kWH Financial Loss per day = 73/- @ 5/- per unit This amount for accounted per day only to make up the losses.

These fixtures were provided with 40 W tube lights.

   Total power consumed with 40 W tube (for purpose of vigilance) =113*40 = 4520W

The financial burden = 4.52 * 10 * 5 = Rs. 226/-

    Total Expenditure per day (towards vigilance) = 226 + 73 = RS. 300/-

In one year = Rs. 1, 09,500/-
i) If these lights were replaced with CFLs: Lux obtained by a fluorescent Tube = 2200 The commercially available CFL of 15 W will provide a lux of 1000, so number of CFLs required to produce required lighting = 2 Power consumed by TWO CFLs = 30 Watts (53 watts in case of Tube lights).
NOTE: Though the lux produced by CFLs is less, it is sufficient enough to produce required illumination.

Power saved = 53 – 30 = 23 Watts

Energy saved per day = 0.023 * 113 * 10 = 26 units per day

Financial saving = 26 * 5 = Rs.130/- per day. 
Saving over one year = 130 * 365 = 47,450   ,   Rs. 47,450/-

Investment (Initial cost) to replace Tubes with CFLs:

Cost of one CFL = Rs. 110/-

Cost of fitting to fix CFL = Rs. 12/- Total of one CFL with fitting = Rs. 122/- No. of tubes to be replaced = 113.

Equivalent number of CFLs = 226 (@ Two CFLs per tube light)

Total Initial investment = 226 * 122 = Rs. 27,572/-

Pay back period = 27572/47450 = 0.58 years

=0.58 * 12 = 7 (Appro. seven months)

ii) If tube lights were replaced with LED lighting system:

The white color LEDs, in LED Pack form (24 LEDs per pack) manufactured by SECO Instruments Pvt Ltd are used.

Two LED systems of around 1.4 - 2 W each will produce a required illumination that produced by one tube light.

Total power consumed by two LED systems = 4 W

Power saved = 53-4 = 49 W

Energy saved per day = 0.049 * 113 * 10 = 55.37 units

Financial Saving / day = 55.37 * 5 = Rs. 277/- Per year saving = Rs.1,01,105/-

Cost of ONE LED system = Rs. 500/-

Total LED system required = 113 * 2 = 226 (@ 2 LED system per tube light)

Total cost of LED systems = 226 * 500 = 1, 13,000/-
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Pay Back period = 1, 13,000/1, 01,105 = 1.12 Years = 14 months.

From above comparison it can be seen that by replacing the present system of conventional tube lights, energy saving potential is possible with CFLs and LEDs. The CFL system is seems to be have quicker pay back period. But the above analysis can be compared depends on the life of the Lighting system as well.

CFLs are having a life span of around 5000- 7000 hours. At the rate of 10 hours per day a CFL will not stand for more than two years. Thus an investment of Rs. 30,000/- is bound over two years. Whereas LED last for 75000 to 100000 hours. Taking 75000 hours life, a LED system will last for at least 10 years.

Comparing over 10 years: CFL system:

Saving in CFL system = Rs. 4,75,000/- Investment ( 5 times) = Rs. 1,32,000/-

Nett Saving = Rs. 3, 43,000/-

Saving in LED system = 10, 00,000/- Investment (One time) = 1, 20,000/-

Nett Saving = 8, 80,000/-

It can be observed that CFL system is no way comparable with LED system, over a period of 10 years.
Note: Cost of technology is coming down and that of energy is increasing. The saving will be at higher side with increase in energy cost and investment will be at lower side with decrease in cost.

V. CONCLUSION

It has been observed that LED illumination is better than any general illumination systems (including CFLs) in terms of energy saving and cost effectiveness .
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