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7.1. Introduction

Light is just one portion of the various electromagnetic waves flying through space. Lighting is an area, which provides a major scope to achieve energy efficiency at the design stage, by incorporation of modern energy efficient lamps, luminaries and gears, apart from good operational practices. These waves have both a frequency and a length, the values of which distinguish light from other forms of energy on the electromagnetic spectrum. Visible light, as can be seen on the electromagnetic spectrum represents a narrow band between ultraviolet light (UV) and infrared energy (heat). These light waves are capable of exciting the eye's retina, which results in a visual sensation called sight. Therefore, seeing requires a functioning eye and visible light. 
7.2. Definitions and Commonly used terms
Luminaire: A luminaire is a complete lighting unit, consisting of a lamp or lamps together with the parts designed to distribute the light, position and protect the lamps, and connect the lamps to the power supply. 

Lumen: Unit of luminous flux; the flux emitted within a unit solid angle by a point source with a uniform luminous intensity of one candela. One lux is one lumen per square meter. The lumen (lm) is the photometric equivalent of the watt, weighted to match the eye response of the “standard observer”. 1 watt = 683 lumens at 555 nm wavelength.
Lamps

Lamp is equipment, which produces light. The most commonly used lamps are described

briefly as follows:

• Incandescent lamps:

Incandescent lamps produce light by means of a filament heated to incandescence by

the flow of electric current through it. The principal parts of an incandescent lamp, also known as GLS (General Lighting Service) lamp include the filament, the bulb, the fill gas and the cap.

• Reflector lamps:

Reflector lamps are basically incandescent, provided with a high quality internal mirror, which follows exactly the parabolic shape of the lamp. The reflector is resistant to corrosion, thus making the lamp maintenance free and output efficient.

• Gas discharge lamps:

The light from a gas discharge lamp is produced by the excitation of gas contained in either a

tubular or elliptical outer bulb. The most commonly used discharge lamps are as follows:

• Fluorescent tube lamps (FTL)

• Compact Fluorescent Lamps (CFL)

• Mercury Vapour Lamps

• Sodium Vapour Lamps

• Metal Halide Lamps
Control Gear:  The control gears which are normally used for lighting systems are elastrated below:
• Ballast:

A current limiting device, to counter negative resistance characteristics of any discharge lamps. In case of fluorescent lamps, it aids the initial voltage build-up, required for starting.

• Ignitors:

These are used for starting high intensity Metal Halide and Sodium vapour lamps.
Illuminance

This is the quotient of the illuminous flux incident on an element of the surface at a point of

surface containing the point, by the area of that element.

The lighting level produced by a lighting installation is usually qualified by the

illuminance produced on a specified plane. In most cases, this plane is the major plane

of the tasks in the interior and is commonly called the working plane. The illuminance

provided by an installation affects both the performance of the tasks and the appearance

of the space.

Lux (lx)

This is the illuminance produced by a luminous flux of one lumen, uniformly distributed over

a surface area of one square metre. One lux is equal to one lumen per square meter.
Luminous Efficacy (lm/W)

This is the ratio of luminous flux emitted by a lamp to the power consumed by the lamp. It is a reflection of efficiency of energy conversion from electricity to light form.

Colour Rendering Index (RI)

Is a measure of the degree to which the colours of surfaces illuminated by a given light source confirm to those of the same surfaces under a reference illuminent,  suitable allowance having been made for the state of Chromatic adaptation.
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Table 7.1: Application of Colour Rendering Groups (BEE, 2005)

Luminous Intensity and Flux: 
The unit of luminous intensity I is the candela (cd) also known as the international candle. One lumen is equal to the luminous flux, which falls on each square meter (m2) of a sphere one meter (1m) in radius when a 1-candela isotropic light source (one that radiates equally in all directions) is at the center of the sphere. Since the area of a sphere of radius r is 4πr2, a sphere whose radius is 1m has 4πm2 of area, and the total luminous flux emitted by a 1- cd source is therefore 4π1m. Thus the luminous flux emitted by an isotropic light source of intensity I is given by: 

Luminous flux (lm) = 4π × luminous intensity (cd) 

Installed Load Efficacy: This is the average maintained illuminance provided on a horizontal working plane per circuit watt with general lighting of an interior expressed in lux/W/m². 

Installed Load efficacy ratio: This is the ratio of target load efficacy and installed load. 
Rated luminous efficacy: The ratio of rated lumen output of the lamp and the rated power consumption expressed in lumens per watt. 

Room Index: This is a ratio, which relates the plan dimensions of the whole room to the height between the working plane and the plane of the fittings. 

Target Load Efficacy: The value of Installed load efficacy considered being achievable under best efficiency, expressed in lux/W/m². 

Utilization factor (UF): This is the proportion of the luminous flux emitted by the lamps, reaching the working plane. It is a measure of the effectiveness of the lighting scheme. 

The Inverse Square Law 
The inverse square law defines the relationship between the luminance from a point source and distance. It states that the intensity of light per unit area is inversely proportional to the square of the distance from the source (essentially the radius). 

E = I / d 2
Where E = illuminance, I = luminous intensity and d = distance 

An alternate form of this equation which is sometimes more convenient is:
E1 d1² = E2 d2² 
Distance is measured from the test point to the first luminating surface - the filament of a clear bulb, or the glass envelope of a frosted bulb.  
(Reference:  BEE Material & www.energyefficiencyasia.org)
7.3. Types of lamps and their features:
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Table 7.2. Luminous Performance Characteristics of commonly used luminaries

7.4.   Recommended Illuminance Levels for Various Tasks / Activities / locations
7.4.1. Recommendations on illuminance scale of Illuminance

Scale of Illuminance: 
20 Lux (as per IS 3646) has been fixed as the minimum illuminance for all non working interiors. A factor of approximately 1.5 represents the smallest significant difference in subjective effect of illuminance. Therefore, the following scale of illuminances is recommended.
20–30–50–75–100–150–200–300–500–750–1000–1500–2000, …Lux

Illuminance Ranges:
Due to the different interiors used for the same application for the same type of activities, a range of illuminance each type of interior or activity intended of a single value of illuminance. Each range consists of three successive steps of the recommended scale of illuminances. For working interiors the middle value (R) of each range represents the recommended service illuminance that would be used unless one or more of the factors mentioned below appllies.
The higher value (H) of the range should be used at exceptional cases where low reflectances or contrasts are present in the task, errors are costly to rectify, visual work is critical, accuracy or higher productivity is of great importance and the visual capacity of the worker makes it necessary.
Similarly, lower value (L) of the range may be used when reflectances or contrasts are unusually high, speed & accuracy is not important and the task is executed only occasionally.

Recommended Illumination 
The following table gives the recommended illuminance range for different tasks and activities. The values are related to the visual requirements of the task, to user's satisfaction, to practical experience and to the need for cost effective use of energy.
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(Reference: www.energyefficiencyasia.org)
7.5. Methodology of Lighting System Energy Efficiency Study

A step-by-step approach for assessing energy efficiency of lighting system is given below:

Step–1: Inventorise the Lighting System elements, & transformers in the facility as per following typical format. In case of distribution boards (instead of transformers) being available, fuse ratings may be inventorised along the above pattern in place of transformer kVA.
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Table 7.3. Device rating population and use profile
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Fig 7.4. Lighting transformer/ rating and population profile

Step–2: With the aid of a lux meter, measure and document the lux levels at various plant

locations at working level, as daytime lux and night time lux values alongside the number of

lamps "ON" during measurement.
Step–3: With the aid of portable load analyzer, measure and document the voltage, current,

power factor and power consumption at various input points, namely the distribution boards or

the lighting voltage transformers at the same as that of the lighting level audit.

Step–4: Compare the measured lux values with standard values as reference and identify

locations as under lit and over lit areas.

Step–5: Collect and Analyse the failure rates of lamps, ballasts and the actual life expectancy

levels from the past data.

Step–6: Based on careful assessment and evaluation, bring out improvement options, which

could include :

i) Maximise sunlight use through use of transparent roof sheets, north light roof, etc.

ii) Examine scope for replacements of lamps by more energy efficient lamps, with due

consideration to luminiare, color rendering index, lux level as well as expected life

comparison.

iii) Replace conventional magnetic ballasts by more energy efficient ballasts, with due

consideration to life and power factor apart from watt loss.

iv) Select interior colours for light reflection.

v) Modify layout for optimum lighting.

vi) Providing individual / group controls for lighting for energy efficiency such as:

a. On / off type voltage regulation type (for illuminance control)

b. Group control switches / units

c. Occupancy sensors

d. Photocell controls

e. Timer operated controls

f. Pager operated controls

g. Computerized lighting control programs

vii) Install input voltage regulators / controllers for energy efficiency as well as longer life

expectancy for lamps where higher voltages, fluctuations are expected.

viii) Replace energy efficient displays like LED's in place of lamp type displays in control

panels / instrumentation areas, etc. (Reference: BEE Materials, 2005)
7.6. Case Examples: Energy Efficiency Opportunities
The methods and opportunities that are normally used for conservation of energy are given below.

7.6.1. Using natural day light
The utility of using natural day lighting instead of electric lighting during the day is well known, but is being increasingly ignored especially in modern air-conditioned office spaces and commercial establishments like hotels, shopping plazas etc. Industrial plants generally use daylight in some fashion, but improperly designed day lighting systems can result in complaints from personnel or supplementary use of electric lights during daytime. Consider an application that needs an illumination level of 500 lux. To account for losses in reflection and diffusion within the skylight assembly, assume that 40% of the sunlight entering the skylight makes its way into the space. Thus, on a bright day, about 2% of the ceiling area needs to be skylights. To compensate for low sun angles, hazy conditions, dirty skylights, etc., double this to about 4%. To account for average cloudy conditions, increase this to 10% or 15%. Some of the methods to incorporate day lighting are: 

􀂃 North lighting by use if single-pitched truss of the saw-tooth type is a common industrial practice; this design is suitable for latitudes north of 23 i.e. in North India. In South India, north lighting may not be appropriate unless diffusing glasses are used to cut out the direct sunlight. 

􀂃 Innovative designs are possible which eliminates the glare of daylight and blend well with the interiors. Glass strips, running continuously across the breadth of the roof at regular intervals, can provide good, uniform lighting on industrial shop floors and storage bays. 

􀂃 A good design incorporating sky lights with FRP material along with transparent or translucent false ceiling can provide good glare-free lighting; the false ceiling will also cut out the heat that comes with natural light. 

􀂃 Use of atrium with FRP dome in the basic architecture can eliminate the use of electric lights in passages of tall buildings. 

􀂃 Natural light from windows should also be used. However, it should be well designed to avoid glare. Light shelves can be used to provide natural light without glare. 
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Fig 7.1. Day Lighting with poly carbonated sheets
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Fig7.2. Atrium with FRP dome

7.6.2 De-lamping to reduce excess lighting 
De-lamping is an effective method to reduce lighting energy consumption. In some industries, reducing the mounting height of lamps, providing efficient luminaires and then de-lamping has ensured that the illuminance is hardly affected. De-lamping at empty spaces where active work is not being performed is also a useful concept. There are some issues rated to de-lamping with reference to the connection of lamps and ballasts in a multi-lamp fixture. There are series and parallel-wired ballasts. Most magnetic ballasts are series wired. It is about 50/50, series to parallel when using electronic ballasts. With series wired ballasts, when one lamp is removed from the ballast the other lamp will not light properly and will fail if left running. The non-removed lamp will probably not light or will flicker or produce very little light. So, in a series wired ballast we need to remove all of the lamps from the ballast. The ballast will continue to use energy, 10 to 12 watts for magnetic and 1 to 2 watts for electronic. Parallel wired ballasts can be decamped without too many problems and are often rated by the manufacturer to run one less lamp than the label rating. 

7.6.3 Task Lighting 
Task lighting implies providing the required good illuminance only in the actual small area where the task is being performed, while the general illuminance of the shop floor or office is kept at a lower level; e.g. Machine mounted lamps or table lamps. Energy saving takes place because good task lighting can be achieved with low wattage lamps. The concept of task lighting if sensibly implemented, can reduce the number of general lighting fixtures, reduce the wattage of lamps, save considerable energy and provide better illuminance and also provide aesthetically pleasing ambience. In some textile mills, lowering of tube light fixtures has resulted in improved illuminance and also elimination of almost 40% of the fixtures. The dual benefit of lower energy consumption and lower replacement cost has been realized. In some engineering industries, task lighting on machines is provided with CFLs. Even in offices, localised table lighting with CFLs may be preferred instead of providing a large number of fluorescent tube lights of uniform general lighting. 

7.6.4.  Selection of High Efficiency Lamps and Luminaries 
The following examples of lamp replacements are common. 

􀂃 Installation of metal halide lamps in place of mercury / sodium vapour lamps. Metal halide lamps provide a high color rendering index when compared with mercury & sodium vapour lamps. These lamps offer efficient white light. Hence, metal halide is the choice for color critical applications where, higher illumination levels are required. These lamps are highly suitable for applications such as assembly lines, inspection areas, painting shops, etc. It is recommended to install metal halide lamps where color rendering is more critical. 

􀂃 Installation of High Pressure Sodium Vapour (HPSV) lamps for applications where color rendering is not critical. High pressure sodium vapour (HPSV) lamps offer more efficacy. But the color rendering property of HPSV is very low. Hence, it is recommended to install HPSV lamps for applications such street lighting, yard lighting, etc. 

􀂃 Installation of LED panel indicator lamps in place of filament lamps. Panel indicator lamps are used widely in industries for monitoring, fault indication, signaling, etc. 

Conventionally filament lamps are used for the purpose, which has got the following disadvantages:
o High energy consumption (15 W/lamp) 

o Failure of lamps is high (Operating life less than 10,000 hours) 

o Very sensitive to voltage fluctuations 

The LEDs have the following merits over filament lamps. 

o Lesser power consumption (Less than 1 W/lamp) 

o Withstand high voltage fluctuation in power supply. 

o Longer operating life (more than 1,00,000 hours) 

The types of lamps used depends on the mounting height, color rendering may also be a guiding factor. The table below summarizes the replacement possibilities with the potential savings.
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4.6.5. Electronic Ballasts instead of electromagnetic ballasts 
Conventional electromagnetic ballasts (chokes) are used to provide higher voltage to start the tube light and subsequently limit the current during normal operation. Electronic ballasts are oscillators that convert the supply frequency to about 20,000 Hz to 30,000 Hz. 

Industries have installed electronic ballasts for tube lights in large numbers. The operation is reliable, provided the ballasts are purchased from established manufacturers. Electronic ballasts have been developed for 20W, 40 W and 65W fluorescent tube lights, 9W & 11W CFLs, 35W LPSV lamps and 70W HPSV lamps. These are now commercially available. 
Benefits of using electronic ballasts for fluorescent tube lights instead of electromagnetic ballasts are: 

􀂃 Reduced power loss: only about 1 Watt, in place of 10 to 15 Watts in standard electromagnetic chokes. Table 6 shows the approximate savings by use of electronic ballasts. 

􀂃 Improved efficacy of tube lights at higher frequencies, resulting in additional savings if the ballast is optimized to provide the same light output as with the conventional choke. Hence a total saving of about 15 to 20 Watts per tube light can be achieved by electronic ballasts. 

􀂃 The starter is eliminated and the tube light lights up instantly without flickering. 

	
	With Conventional Electromagnetic ballast 
	With Electronic Ballast 
	Power Savings, Watts 

	40W Tube light 
	51 
	35 
	16 

	35W Low Pressure Sodium 
	48 
	32 
	16 

	70W High Pressure Sodium 
	81 
	75 
	6 


Table 7.6. Savings by use of Electronic Ballasts Type of Lamp
7.6.7 Low Loss Electromagnetic Ballasts for Tube Lights 
The loss in standard electromagnetic ballast of a tube light is likely to be 10 to 15 Watts. Use of low loss electromagnetic chokes can save about 8 to 10 Watts per tube light. The saving is due to the use of more copper and low loss steel laminations in the choke, leading to lower losses. A number of industries have implemented this measure 

7.6.8 Timers, Twilight Switches & Occupancy Sensors 
Automatic control for switching off unnecessary lights can lead to good energy savings. Simple timers or programmable timers can be used for this purpose. The timings may have to change, once in about two months, depending upon the season. Use of timers is a very reliable method of control. 

Twilight switches can be used to switch the lighting depending on the availability of daylight. Care should be taken to ensure that the sensor is installed in a place, which is free from shadows, light beams of vehicles and interference from birds. Dimmers can also be used in association with photo-control; however, electronic dimmers normally available in India are suitable only for dimming incandescent lamps. Dimming of fluorescent tube lights is possible, if these are operated with electronic ballasts; these can be dimmed using motorized autotransformers or electronic dimmers (suitable for dimming fluorescent lamps; presently, these have to be imported). 

Infrared and Ultrasonic occupancy sensors can be used to control lighting in cabins as well as in large offices. Simple infrared occupancy sensors are now available in India. However ultrasonic occupancy sensors have to be imported. It may be noted that more sophisticated occupancy sensors used abroad have a combination of both infrared and ultrasonic detection; these sensors.

General areas 
􀂃 Where day lighting is available, provide day lighting controls. Use continuous dimming for spaces with minor motion activity such as reading, writing, and conferencing. Use stepped dimming (on/off switching) for spaces with major motion activity such as walking and shelf stocking. 

􀂃 Always mount ultrasonic occupancy sensors at least 6 to 8 ft. away from HVAC ducts on vibration free surfaces and place so there is no detection out the door or opening of the space. 

􀂃 In spaces of high occupant ownership such as private offices and conference rooms, always include switches for manual override control of the lighting. 

􀂃 If there is concern that lighting could be turned off automatically or manually when people are still in the space, put in night lighting for safe egress. 

􀂃 Many lighting control devices have specific voltage and load ratings requirements. Be sure to specify the device model that matches the correct voltage and load rating for the application. 

Conference Rooms 
􀂃 Use dual technology occupancy sensors in larger conference rooms for optimal detection of both small hand motion and larger body movement. 

􀂃 Ceiling or corner-mounted passive infrared occupancy sensors are used for medium and small conference rooms. 

􀂃 Always include switches that provide manual override control of the lighting. 

Cubicles 
􀂃 Control plug loads such as task lighting, computer monitors, portable fans and heaters with an occupancy sensor controlled plug strip. 

􀂃 Mount a personal occupancy sensor beneath binder bin or desk and position so that it cannot detect motion outside the cubicle area. 

Restrooms 
􀂃 Use ceiling mounted ultrasonic sensors for restrooms with stalls. 

Exterior Lighting Control 
􀂃 Use a lighting control panel with time clock and photocell to control exterior lighting to turn on at dusk and off at dawn and turn non-security lighting off earlier in the evening for energy savings. 
7.6.9.  Lighting Maintenance 
Maintenance is vital to lighting efficiency. Light levels decrease over time because of aging lamps and dirt on fixtures, lamps and room surfaces. Together, these factors can reduce total illumination by 50 percent or more, while lights continue drawing full power. The following basic maintenance suggestions can help prevent this. 

􀂃 Clean fixtures, lamps and lenses every 6 to 24 months by wiping off the dust. 

􀂃 Replace lenses if they appear yellow. 

􀂃 Clean or repaint small rooms every year and larger rooms every 2 to 3 years. Dirt collects on surfaces, which reduces the amount of light they reflect. 

􀂃 Consider group re-lamping. Common lamps, especially incandescent and fluorescent lamps, lose 20 per cent to 30 per cent of their light output over their service life. Many lighting experts recommend replacing all the lamps in a lighting system at once. This saves labor, keeps illumination high and avoids stressing any ballasts with dying lamps. 

(Reference:   www.energyefficiencyasia.org)
Questions:

Q1) What are the functions of ballast and control gear?
Q2) What are the different energy saving opportunities in lighting system?

Q3) Explain briefly the controls available in lighting system.

Q4) Explain how electronic ballast saves energy.

Reference:

1) www.energyefficiencyasia.org
2) BEE Materials
