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CHAPTER 189: LIGHTING

Low pressure sodium lamps, while being highly energy efficient generate virtually monochromatic
light, with a CRI of less than five. As a consequence these lamps are limited in their application to
situations that do not require colour rendering, such as highways and security lighting.

[lightsoircel

Incandescent

Ceramic metal halide 8510 94
15 fiuorescent 80s

T8 fluorescent 75t0 98
Quartz metal halide 65t070
T12 fluorescents 58t0 62
High-pressure sadium 2

Table 18.1: Colour rendering index ranges (Energy Star Lighting Guide, 2006).

Colour Temperature

Colour temperature refers to the temperature of an ideal black body radiator at which the colour of
the light source and the black body are identical. Some lamps with different colour temperatures are
shown below: the yellowish lights correspond roughly to a colour temperature of about 2700K while
the white light would correspond to a colour temperature of about 4000K,

Fig 19.1: Lamps with different colour temperatures

Colour temperature is often described using gualitative terms such as warm or cool, with warm
describing light sources that are yellowish in nature and a low colour temperature. Cool lamps have a
higher colour temperature than warm lamps and appear brighter.

CHAPTER 19: LIGHTING

The caolour space is shown in figure 19.2, including the Black Body Radiator Curve, which describes
the calours that a black body emits depending on its temperature.

A comfortable lighting solution depends largely on context and personal preferences and the
colour temperature certainly has a large effect an perceived comfort. Warm lights are generally
favoured for residential and romantic settings and cool white lights are generally preferred in office
and work-related environments and especially in environments where the perception of cleanliness
is important.
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Fig 19.2: CIE chromaticity diagram including the Planckian Locus of the black body colour as well as lines of correlated colour
temperature

Uniformity
The uniformity of illuminance describes how evenly light spreads over an area. Creating uniform
illumination requires proper fixture spacing. Uniformity ratio can either mean the ratio of average
illuminance to minimum illuminance or from maximum illuminance to minimum illuminance
over an area. It is important to understand which definition is being used as they can have very
different values,

Low uniformity ratios of illuminance create bright and dark spots, which can cause discomfort
for some occupants. A high uniformity ratio can cause a Space to appear brighter than it really is,
producing a greater level of lighting quality without expending any additional energy.
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CHAPTER 19: LIGHTING

Very low uniformity ratios are commonly experienced when exiting an underground or multi-
storey parking lot, where the quantity of light produced by the artificial lighting systems is very low
compared to that which is experienced outside, Such scenarios can cause discomfort for drivers and
usually the lighting level at the exits is increased in order to improve the uniformity ratio.

LIGHTING LEVEL

Theamountoflightavailablen a particular environment should be appropriate for the tasks or activities
being performed therein, Appropriate lighting levels can vary significantly depending on how the
space is being used. Lighting levels that are either too high ar too low can cause discomfort.

GLARE
Glare is a sensation caused by relatively bright objects in an occupant’s field of view. Glare is
produced by relative brightness, for example, the bright lights from an oncoming car can cause
significant discomfort at night, however, those same lights, preducing the same amount of light
cause no discomfort during the day.

Glare should be avoided within work spaces and particular attention should be given to address
glare that can be caused by both direct and indirect sunlight.

LIGHTING COMFORT
The perceived comfort from lighting solutions is a consequence of all the features previously
mentioned. They should all be addressed ac appropriate for the space in which the lighting system is
to be installed. Neglecting just one characteristic could cause significant discomfort.

Ultimately it is the users within the space who determine the quality of the lighting solution using
qualitative descriptions, Quantitative measures of lighting solutions are a taol that should be used in
order to provide a comfortable lighting solution for the users,

LIGHTING CONTROL STRATEGIES

Often spaces are lit when they do not need to be and constitute a waste of energy. Lit, unoccupied
spaces can either be caused through the negligent behaviour of users of the space or as a
consequence of inappropriate lighting controls that make it difficult or impossible to turn the lights
of without impacting occupied spaces.

The appropriate specification of lighting controls can be used to address either of these issues.
The cost of implementing such controls should also be weighed against the potential gains, as each
building is operated differently with different occupants. The same interventions will not have the
same effect in all circumstances. Thus, it is impertant to understand who the occupants are and how
they are likely to behave and then to implement controls that are appropriate to their behaviour,
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MANUAL CONTROLS
The correct implementation of manual controls will allow the building to be operated efficiently;
however, whether it is in fact run efficiently is dependant on the building occupants. Manual controls

are cheaper than automatic cnes and would be preferable when the building occupanis can be

relied upon to operate the building efficiently.

Bi-Switching

More than one luminaire is often installed within individually cccupied spaces and one switch is
installed to cperate them. However, the user in the space may find that s/he often doesn't need all the
luminaries on and by providing additional switching the user can turn on only those luminaries that
s/he deems necessary. Such a strategy also provides greater control to the user on the environment in
which s/he operates; such control is generally appreciated by building users.

Alternatively, the switching can be used to select the number of operational lamps within the
luminaries. Therefore, for a fixture of two luminaries with three lamps each, three switches can be
provided, each switch controlling one lamp in each luminaire. This provides the user with the ability
to reduce the amount of light generated by a third or two thirds.

Zone-Switching

In large open-plan offices, large areas are often contralled by a small number of switches or even by
a single switch. Consequently, even during low occupancy levels within the space, the entire area is
lighted to full capacity and thus wasting energy.

Zone-switching divides large open areas into zones that are individually switched, allowing sections
of the open space to be lit while not lighting the others. Green Star South Africa Office Rating Tool
recommends that all areas larger than 100m? should be individually controlled.

Zone switching can also be applied to large corridors and should indeed be applied to any

large area.

Manual Dimming
With the appropriate lamps and ballasts installed, manual and automatic dimming of the luminaries

can be used as a strategy to reduce energy loads as well as providing a high degree of control over
the interior environment.

The amount of available daylight varies throughout the day and consequently the amaunt of light
produced by the lamps will need near constant adjustment in order to provide a consistent lighting
level. Particular attention needs to be taken during partly cloudy days.

This strategy generally has poor user acceptance due to the need for constant adjustment.
However, if it is to be installed, the adjustment controls should be installed near the work station so
that the user can adjust the controls without leaving his work station. Alternatively the system could

be controlled by means of a remote.
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AUTOMATIC CONTROLS
Occupancy Sensors

Occupancy sensors can be installed to control the lights within given Spaces and when they do not
fjetect motion for a set period of time the lights are turned off. The delay for turning the lights off
!s typically set at between 5 and 15 minutes, depending on the space and user preferences, [t is
important that the users within the space are not inconvenienced by a delay time that is too brief
The berefit to be accrued can be very difficult to calculate, depending largely on accupant
behaviour and assumptions that are made regarding the cperation of the lights outside office hours
Motion-detection switching is best used within spaces that are haphazardly used and with a high-

level of installed lighting. Areas that should be considered for OCCUpancy sensors are:
- Basement parking

+ Individual offices
- Board rooms and meeting rooms
- Restrooms

The benefits to be accrued from occupancy sensors are highly variable, even within the same
building, as the results from a study show below.
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Energy Savings Intervals
Fig 19.3: Energy savings from vccupant sensors in 21 offices, (Jennings et al, 2000).

The large variations occur as a result of sOme occupants not using their lights, some occupants
not leaving their offices during the waork day and variability in the occupancy of the other offices
Additionally in work environments where building occupants diligently switch the lights off as they.
leave their office, the installation of motion detection switching will accrue no savings.

Daylight Dimming

In areas that receive large amounts of daylight, the installation of light sensors that can automatically
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control the light output of the luminaries should be considered. Daylight sensing and occupancy
sensors can be incorporated within the same sensing unit,

Daylight sensors are expensive, but the cost savings that can be accrued can be enhanced by the
application of passive techniques that increase the amount of daylight available within the space.
The installation of light shelves, light tubes and reflective interior surfaces, including ceilings, will all

increase the amount of daylight available within the space.

BASEMENT PARKING
In multi-storey office blocks with multiple-storey basement parking, the energy required to light
the basement parking can indeed be a significant fraction of the total energy use of the building.
Frequently basement parking lots have higher lighting levels than is necessary. When such a
building is being retrofitted or is being considered for a retrofit then the possibility of delamping the
basement should be investigated.

Delamping is the practice of removing a lamp from a luminaire when it is established that fewer
lamps can indeed provide the appropriate lighting levels. The minimum maintained illuminance
required for indoor parking lots is only 75 lux as required by SANS 10114-1:2005, Edition 3.

IMPORTANT ENERGY PROPERTIES OF A LIGHTING SYSTEM

with alarge variety of different lighting technologies, manufacturers and products available, significant
effort needs to be expended in order to identify the most appropriate lighting solution for any given
circumnstance. The following characteristics should always be considered when an energy-efficient

lighting system is called for:

Luminous Efficacy
Alumen is a measurement of the quantity of light whereas lux level is the amount of lumens within a

particular area, One lumen per m? produces one lux, so in order to preduce a lighting level of 400 lux
over an area, 400 lumens need to be provided per m? Luminous efficacy is given in lumens per watt

and is essentially a measure of the energy efficiency of a lamp.

Light Output Ratio
A complete lighting solution consists of lamps, luminaries and ballasts, each of which affect how
much energy is consumed and how much light enters the space. Depending on the luminaire and
the maintenance thereof, a significant amount of light that is generated will be trapped within the
luminaire and not enter the space and can thus not be used. There is little value to be gained from
putting a lamp with a high luminous efficacy into a luminaire that blocks most of the light produced.
The light output ratio of a luminaire is the ratio of the amount of light leaving the luminaire and
entering the space compared to the sum of the light produced by the lamps within the luminaire.
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9))) TECHNOLOGY

Light and Sensor Technology are specialists in lighting, sensor and hea

technology. LST prowd-es smart technology to save yo?;r business mone;.pLLé?Eav:(:BecrcggthI?;
completed energy saving projects for some of South Africa’s top companies, namely ABSA
FINB, N.edbank,.AngIo American, Ford Motor Group, Makro, Hyprop, Jozi Prope'rty Eskom and
Gold Fields saving them millions of rands in annual expenditure on electricity bills

LIGHT & SENSOR
TECHNOLOGY PROFILE

LST supplies the latest technology available in the world today from leading lighti

gnd heat pump manufacturers. LST highly skilled staff carry out gnergy audits ?org!figlr:]t%aigﬂsr'locjr
outh Afrlca and follow through to the installation and roll-out of every project - providin

cost saving turnkey solutions. The company is working with Eskom as an Energy Service%

Company (ESCO) under vendor number 11050456 to accelerate the efficient use of energy

Ii_Elnel—:'gy efficient light fittings

igh tech luminairs fitted with the latest louvre s

1igh : ystems and technology fi
lighting companies around the world, reducing electricity costs by SO%.gy i

Energy efficient lamps and electronic control gear

Highly reliable lighting systems with electronic
e : control
combinations, reducing electricity costs by up to 70%. gear and lamp

Motion & Occupancy Sensors

M.otion, cccupancy and c{aylight control sensors actively switch lights on and off
with no human intervention, reducing electricity costs by up to 70%.

Heat pump water heaters
Extremely efficient water heating systems extracting heat from ambient air and

heating water in 190t to 30, 000lt tanks. No need to | i
g , . to install
electricity costs by up to 70%. SR sy

Varialble frequency drives
AC driven technology reduces electricity costs by up to 50%.

Retrofitting
Retrofitting is the installation of new technology in old

or outdated light fittings without incurring the cost of a
new fitting.

This results in_reduced electricity bills, saving the enviranment
by reducmg CO2 emmissions, more productive and healthier
workplace, increased property values and higher rentals.

Contact details:
Tel: (O.I 1)616 9520 Fax: (011) 616 8473 Cell: 083 700 0433
Website: wwwilightsensor.coza Email: nick@lightsensor.coza
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GLOSSARY

Ballast: A device connected between the supply and one or more discharge lamps that serves mainly
to limit the current of the lamp(s) to the required value.

Blackbody Radiator: An ideal object that absorbs perfectly radiation of all wavelengths incident on
it. It also emits perfectly at all wavelengths.

Lamp: A source made in order to produce visible light.

Luminaire: An apparatus that distributes, filters or transforms the light transmitted from one or more
lamps and that includes, except the lamps themselves, all parts necessary for fixing and protecting
the lamps and, where necessary, circuit auxiliaries together with the means for connecting the lamps

to the electric supply.
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MEGAMAN®

Energy Saving Lamps

DIMMING
Dimming On Fandom Swirches

100 8%, 1% 8%

Smooth dimming lamps Step-dimming lamps

The DIMMERABLE CFLs are dimmable on
conventional dimmer switches to Pprovide
smooth dimming between 100% and

10% light levels.

With built-in dimmer, the DorS DIMMING
CFLs offer four brightness levels without
the need for dimmer switches.

Simply dim at the flick of a switch.
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