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Introduction

That we need light to see by is self evident. This fact was brought home
particularly forcefully in the days before electric lighting, when any human
activity demanding visual dexterity all but ceased at the end of the day with
the onset of darkness.

In little more than a century all this has changed. Man has learned to control
his luminous environment on a scale that allows him to move around in
safety and comfort and to pursue his industrial, commercial, social and
leisure activities in a profitable way

This would not have been possible, of course, without electric lighting But
the difference between the lighting of yesteryear arid that of today is that we
now have a much more complex visual environment to contend with eye
tasks are more critical than ever before, and the lighting of those tasks is
therefore correspondingly more critical. Thanks to our knowledge of the
characteristics of light and the human visual process, we are able to
formulate the conditions which govern the quality of lighting. However, the
quality requirements vary with the nature of the visual environment and the
visual tasks.

It Is essential that for every situation the Lighting should be of the right son,
at the right place, and at the right time. But whilst good lighting is of vital
importance in helping to create the environments in which we work and
relax, this does not necessarily mean that it has to be expensive to install
and run. On the contrary, a properly designed and executed lighting system
that makes use of modern lighting equipment can provide high-quality
lighting and still be coal effective with regard to installation and running.

It might be arguable whether the subject of lighting economics strictly
belongs in a chapter on quality aspects of lighting. Yet, the student will soon
discover that in lighting practice the two are inseparable entitles. It is
therefore that in this lesson already the cost aspects of lighting will be
touched upon, in anticipation of more thorough treatment in one of the
following lessons.
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1. Lighting and the environment

1.1 The luminous environment
What is good lighting? Basically, the lighting in a particular instance car be described as good

when it creates a luminous environment that strikes the right balance
between the needs of visual performance on the one hand and those of
visual satisfaction on the other

The environment embraces the disposition of material things: the
individual parts of a landscape or town, building materials such as brick
and timber, components the windows and doors, furniture and luminaires
- in short, all the things that together constitute our surroundings.

Visual performance and visual satisfaction Lighting makes it possible to determine our visual
perception of this physical reality. it provides us with a means of
quantifying those parameters such as illuminance, luminance and glare,
that are of importance with regard to visual performance. At the same
time, it also allows us to control such things as ambience, color
appearance, color rendering, brightness composition arid contrast, and
the character of the materials used. The weighting of these last-mentioned
factors cannot be done objectively for they are an expression of human
judgement, and together determine the degree of visual satisfaction
created by the lighting.

1.2 The changing environment
Our visual environment as observed is constantly changing, with the
result that we are continuously being supplied with new information. Some
of this information is needed in the performance of the task upon which
we are engaged or adds to Our appreciation of the scene being viewed,
and some is irrelevant, if not disturbing. Good lighting, there lore1 should
enhance the former and suppress the latter.

Fig. 1 The tact that tennis is played at a higher speed than soccer and that
ball is considerably smaller means that for a given level of play the lighting
requirements for the former game are higher than for the latter.
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The amount or light required depends on the visual task In general, the amount of light required
increases when the speed with which this visual information Is presented
Increases and the size of object being viewed decreases. Some examples
will serve to illustrate whet is meant by this:

• Compare the lighting requirements for soccer and tennis. The tennis-ball
is smaller than that used In soccer and has a higher speed; consequently,
the lighting levels required to play well are higher for tennis than for
soccer. (See Fig. 1 and the table below.)

• The higher the speed limit on a road carrying motor traffic, the shorter ts
the time available to a driver to react to a hazardous situation As a
consequence, on a road carrying fast traffic lighting levels should be
higher than on a road carrying low-speed traffic if accident rates are not to
increase (Fig. 2).

• A production process involving the detection of small object details calls
for higher illuminances than does one of a visually coarser nature (Fig. 3).

• When in an industrial process, small differences in color have to be
detected, the lighting level will need to be higher than that adopted for the
detection of large color differences in order to allow for complete photopic
adaptation (the spectral distribution of the incident light being the same in
both cases). See Fig. 4.

• Where the texture of materials has to be judged, the direction given to the
light is equally as important as the level of the lighting, as the working of
light and shadow plays a particularly important role in this (Fig. 5).

Recommended illuminance for ‘various sports at different playing levels, issued by various countries and
institutions.

R = recreational; C = competition; P = professional; CTV = color television
1) Dependent upon maximum distance of spectator from field of play.
2) Service value — average level during life.
3) Maintained level = minimum level during life.
4) Vertical illuminance for relevant camera position.
5) Emin/Eav = ratio between minimum and average Illuminance over the area
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Fig. 2 A busy road
carrying fast traffic
requires a high
lighting level.

Distraction from the visual task impairs visual performance  In any given human activity, all
visual information that is extraneous to the needs of that activity will
simply serve to decrease the efficiency or pleasure with which that
activity is performed.

Adaptation problems should be avoided The luminance distribution of the environment is also
particularly important, and should be controlled. In the case of an eye
task, for example, it is not sufficient to control the luminance of the task
alone; the luminance of the task surroundings are also of major
importance if adaptation problems when scanning from surrounding to
task area are to be avoided (Fig. 6).

The various parameters used to  define lighting quality (based partly on
research and party on experience) are given in a number of national and
international recommendations for different types of eye task. (See
examples in the Table overleaf.)

Fig. 3 Very fine work requires high illuminance levels. The diagram to
the right shows the relation between lighting level and productivity to
different task categories.
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Fig. 4 Color matching calls for lighting giving Fig. 5 Properly directed lighting reveals
high end uniform illuminances, together with the surface texture of materials.
excellent color rendering.

Some examples of recommended minimum average lighting levels for Indoor
lighting

Illuminance (lux) Area of activity
100 circulation areas (e.g. corridors)
200 heavy Industry (e.g. foundries)
300 lecture theatres, rough industrial work (e.g. heavy machinery

assembly)
500 class rooms, laboratories, libraries, conference rooms, computer

rooms, supermarkets, medium-type industrial work (e.g. vehicle
body assembly)

750 general offices , fine industrial work (e.g. electronic and office
machinery assembly)

1000 drawing offices, examination rooms in hospitals. retouching,
precision, proofing

2000 very exacting tasks(e.g. engraving)
30 000  task lighting in operating theatres

Fig. 6 Well-illuminated task area in dark surroundings can give rise to adaptation
problems lot the eye when looking up from the task
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1.3 Lighting design
A good lighting design includes economic aspects In order to be able to design a good lighting system

the lighting designer needs to be fully conversant with the environmental and
human factors influencing the decision-making process.

A good lighting design is one in which all the various aspects at design have
been taken into account, and this includes the economic aspects. Needless to
say, the lighting designer should work In close collaboration with those initially
concerned with planning the environment, that is to say architect, consultant,
interior designer, lawn planner. landscape architect, and so forth, as the case
may be. Very often, these specialists have but a limited knowledge of lighting,
and their 'mental' image of what they wish to achieve will have to be translated
into reality by the lighting designer using a lighting system that at the same
time meets all the usual demands likely to be imposed upon it.

Three stages in lighting design Good quality lighting is obtained by paying careful attention to a quite
large number of closely interrelated factors.

The starting paint in the design process is, of course, to define the target
requirement placed on the lighting, according to function served by the area,
object. etc. concerned

Then comes the need to consider how the lighting can help create the
appropriate character and ambience, these being the factors of greatest
psychological importance.

Finally, comes an assessment of precisely what lighting techniques will be
needed to create the right physical appearance of the various elements
constituting the lighted scene, these elements being conveniently listed under
the headings environment, space, constructional aspects, and materials.

Fig. 7 For the presentation of a lighting design, use can be made of project
descriptions, artist’s impressions, plan drawings, and computer calculations
and plots, which together are collected in project presentation binder.
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Design tools In presenting the lighting design to these specialists, the lighting designer
can make use of such devices as artists impressions, drawings, mock-ups,
computer printouts, and economic comparisons (Fig. 7). The choice will
largely depend on the nature of the lighting. Calculations are generally very
important too, for they prove that quantitatively the lighting requirements
have been satisfied. Similarly, economic comparisons help to show which of
several alternative solutions is the most cost effective, although it must be
realized that it is impossible to judge the cost-effectiveness of an installation
on a world scale, for energy and labor costs may vary greatly from one
country to another The various national standards and codes may also
differ for a particular type of application (or they may be non-existent).

General recommendations are published by the CIE for various Indoor and
outdoor lighting applications.

2. Lighting quality criteria

Visual requirements In lesson 4 of this Course the five conditions that need to be satisfied in
order for the eye to perform properly were listed. Recapitulating, these are:

• The detail must be of a certain minimum size.

• The detail itself should have a certain minimum luminance to reveal its
texture.

• The eye must be adapted to the overall luminance in the field of view and
the luminance distribution must be such that proper adaptation is
possible. In other words: there must be no excessive glare.

• The detail to be observed must have a certain minimum contrast with
respect to us surroundings in general this is a combination of brightness
and color contrasts.

• The object must ha presented to view for a certain minimum period of
time

Provided these visual requirements are satisfied, details of the object in
question will be perceived by the eye. But the lighting must permit 01 more
than mere perception: it must be such as to allow the eye to perform its task
with the least possible chance of error, and with the minimum expenditure
of effort
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Principal lighting criteria This leads us on to a consideration of the five principal lighting criteria as
formulated in Lesson 1:
• lighting level
• luminance distribution in the field of view
• freedom from disturbing glare
• spatial distribution of the light
• light color and color rendering

The criteria hold for daylight as well as for artificial lighting or a combination
if both (supplementing daylight).

2.1 Lighting level

Different tasks call for different lighting levels The lighting level (viz. the amount of light incident
on a surface) can be expressed in terms of the illuminance, in lux. Years of
research and experience have yielded a large variety of lighting
recommendations based on illuminance values. These recommendations,
or tables of illuminance values, often provide a convenient answer to the
question of what lighting level to adopt for a given situation.

In many applications illuminance is the most practical lighting parameter Although a large number of
investigations based on luminance values have been carried out, It is for
interior and sports lighting practice preferable to use illuminance as the
principal lighting parameter. The measurement at illuminance values is in
these situations.

Fig. 8 Under the same
lighting conditions,
luminance levels and
uniformity can vary
widely as a result of
different reflective
properties of the
illuminated surface.
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easy and reliable, while luminance measurements involve the use of
complicated measuring equipment art are very time consuming. Moreover,
experience shows that under normal circumstances in these fields of
application recommended illuminance values otter a reliable guarantee of
good lighting.

Road lighting quality is defined in terms of luminance It is only in relatively straightforward
applications (viz. well-defined visual environments) that the luminance
distribution can usefully serve as a quality criterion. The advantage of the
luminance method Is that it fairly well 'describes' or 'defines' the visual
scene. Take the case of road lighting. for example (Fig. 8) Here the
environment Is basically the road ahead and its immediate surroundings
Road-reflectance properties can easily be defined in terms of standardized
categories, which means that luminance levels! including luminance
uniformities, can be quite easily calculated, as will be demonstrated in one
of the following lessons. In road lighting, therefore, lighting levels are
expressed in terms of luminance (cd/m2).

Apart from all kinds of national recommendations, which are very often
strongly influenced by the economic situation prevailing in the country in
question there are also the international recommendations produced by the
‘Commission Intemationale de l’Eclairage’ (CIE). The CIE has published a
Code in which recommended indoor lighting levels are listed for almost
every conceivable visual task. These are minimum values, and it will be
self-evident, therefore, that opting of a lower level in a particular situation
may well be detrimental to human comfort, safety or productivity. On the
other hand, whereas higher levels will improve the quality of the lighting
increase worker efficiency and lift morale, these would not always be
economically viable.

In interior situations the eye is often strongly stressed In using these tables one should bear in
mind that the eye, under daylight conditions, it equipped to function with
maximum values of about 100 000 lux in summer under a cloudless sky. In
interiors, however, the eye is relatively strongly stressed because It has to
observe smaller objects for a longer period of lime at much lower levels in
comparison with observations in the open.

Uniformity requirements Not only the illuminance level, but also the uniformity of the illuminance is of
importance in the majority of lighting applications. This is particularly true in
the case of installations providing general lighting, both indoor and outdoor.
The recommended illuminance uniformity ratio (minimum-to-average value)
for general lighting then ranges from 0,8 for interiors to 0,3 for certain
exteriors.

2.2 Luminance distribution

The most important quality criterion  The luminance distribution, or better the distribution of
brightness within the field of view, is an extremely important criterion of
lighting quality This is the main reason why so much attention is given in
this lesson to the aspects of the visual environment.

The other quality criteria (with the exception of color) are in fact subordinate
to the luminance distribution. Take lighting level, For example: A sheet of
white paper on a dark desk has a higher luminance than the desk, but the
lighting levels or illuminances, on paper and desk are the same. The
luminance difference is due to the difference in reflectance between paper
and desk. In the case of glare, this is simply a disturbing high luminance in
the field of view. The spatial distribution of the light creates areas of light
and shadow, which is once again simply a luminance distribution.
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Fig. 9 Luminance contrasts
that are too low result in a
dull and flat visual scene
with no point(s) of interest.

Fig. 10 Luminance contrasts
that are too high are
distracting and give rise to
adaptation problems for the
eye when changing from
one visual target to another.

 Fig. 11 Well-balanced
contrasts result in a
harmonious visual
scene, which gives
satisfaction and comfort.
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Brightness contrasts should be neither too large nor too small  The requirement that the brightness
distribution should 'satisfactory' already suggests that an assessment of the quality
of the lighting is in this respect necessarily subjective In the case of an Interior, a
good lighting design cannot compensate for a bad interior design. Little
reflectances of ceiling, walls, curtains, furniture, etc., are inappropriate, visual
satisfaction with the surroundings can hardly be achieved (Figs. 9-11). The lighting
can improve and flatter the situation, but in general the ultimate result will be of a
rather poor quality. As a general rule in interior situations It can be taken that for
satisfactory results the luminance contrast ratio Lhigh/Llow in the field of view should
not be larger than 3 and not smaller than 1/3 .

2.3 Glare

Glare caused by daylight or artificial light  The quality of a lighting installation is strongly influenced by the
amount of glare present. Glare sources, whether natural (e.g. a water surface, see
Fig. 12) or artificial (e.g. badly-screened luminaires, see Fig, 13) result in a feeling
of discomfort. In extreme cases, glare can even lead to an impairment of vision,
This must, of course, be avoided at all costs, or dangerous situations could then
exist! particularly in industry and on the road.

Glare can be calculated  Major factors influencing the amount of glare experienced are: the luminance of
the glare source, the number of glare sources and their location in the
visual field, the apparent size of the glare source and the adaptation luminance of
the eye. On the basis of these data glare can often be quantitatively appraised, but
the calculation method used varies from

Fig. 12 A rippling water surface is a well-known Fig. 13 Badly aimed or screened luminaires
natural source of reflected glare.    can give rise to a nigh degree of direct

   glare.
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Fig. 14 Glare can also
be used in a creative
way, as is often done in
discotheque lighting.

one application field to the other, Sometimes, a glare appraisal can already
be made at the design stage, and the necessary steps taken to eliminate
glare. This Is the case, for example, in office lighting, public lighting and
sports Fighting.

Glare, whether direct or reflected, can always be minimized by paying
careful attention to the design of the lighting and the choice and positioning
of materials for work-surfaces.

Deliberate use of glare Although, in principle, glare should always be avoided, there are
nevertheless certain applications in which a certain amount of glare is seen
to enhance the lighting. Most such applications are to be found In the
recreational field, as for example indoor leisure parks

(with an artificial 'sun'), dance-halls and discotheques, amusement parks,
etc. (See Fig. 14). But certain types of shops also make use of glare or
'sparkle' to catch the eye of the customer, especially establishments such
as boutiques that are frequented by shoppers in the 15-to-25 year age
group.
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2.4 Spatial distribution of the light

Spatial distribution of light determined the by the location of the light sources and the light distribution
An important criterion of lighting quality is the way in which the light is
spatially is distributed, for it is this that determines the pattern of
illuminances that will be created. The illuminance recommendations
applicable to indoor lighting can be implemented in a number of ways. The
light sources can be spread fairly evenly using a system of so-called
general lighting (as in a heavy-industry environment, Fig. 15); it can be
concentrated in certain areas using localized lighting (as in the home, Fig.
16); or it can be distributed throughout the space but with local accent
where needed using a combination of the two systems just mentioned (as in
shops. Fig. 17).

Various, alternative systems are also used to distribute the light in the
required way in outdoor lighting installations. Road lighting, for example.
makes use of single or double rows of poles in opposite or staggered
arrangements; catenary systems, high masts, and so forth (Fig. 18). The
choice of lighting system will depend on what is most important in a
particular instance, e.g. glare control, good uniformity, a well-balanced
luminance distribution, or some other aspect of quality, not forgetting the
cost aspect.

Fig. 15 This
construction relies
entirely on high-quality
general lighting.

Fig. 16 Example of a hotel
room that is exclusively
illuminated by local lighting.
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Fig. 17 In shops the
general lighting is mostly
supported by localized
fighting to focus the
attention on the goods
displayed.

The way in which the luminous flux emitted by the lamps is distributed by
luminaires is also very important. A narrow light beam can be chosen to
accentuate a specific detail, a wide beam to light up a larger surface, whilst a
more or less omni-directional light distribution is used to illuminate a three-
dimensional space in a uniform way. in a limited space with reflecting surfaces
all around, as in an interior, the luminous flux can be directed mainly
downwards to produce direct lighting (Fig. 19), or it can be thrown upwards to
give indirect Lighting (Fig. 20). in outdoor areas, where little or no contribution
from reflecting surfaces is to be expected, the light must be accurately directed
in the form of narrow or wide, symmetrical or asymmetrical beams.

Fig. 18 This motorway
junction combines a
twin-central arrange-
ment of the lighting for
the main carriage-way
and a single- sided
arrangement for the slip-
roads.
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Fig. 19 A simple example
of direct lighting. The table
is the focus of attention.

Directional lighting Directional lighting produces high contrasts and a marked modeling effect
(Figs. 21A and B). it casts deep shadows and creates bright highlights to
clearly and dramatically reveal the contours of the object illuminated.
However, very deep shadows are unpleasant and can obscure object detail.
Good three-dimensional viewing generally calls for directional lighting from
at least two directions. A balance In intensity of 1:2 Is very often used, as for
example in decorative floodlighting installations where the main beam (key
light) is backed up by a secondary beam (fill Eight). See Fig. 21C.

Backlighting and uplighting In other applications, display lighting for instance, light from other
directions can be added backlighting, for example, can be used to reveal the
contours of the article on display (Fig. 21D). Backlighting is also employed in
decorative lighting to achieve silhouette effects against a bright background.
Very dramatic effects can be achieved using lighting from below or
'uplighting', which is why this technique is very popular in the theatre (Fig.
21E)

Fig. 20 This indoor
swimming pool is
illuminated by indirect
lighting from the
ceiling to avoid
disturbing reflections
from the water
surface.
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Fig. 22 Specular reflections can be very disturbing (left), but also help to
create a lively, sparkling effect on displayed glass or jewels.

Diffuse lighting In the case of diffuse lighting, on the other hand, the shadows are soft and
the modeling effect is far less pronounced. The impression of a space with
completely diffuse lighting is monotonous, and it’s difficult to identify objects
and judge distances (Fig. 2W).

Practical solutions In practice, directional and diffuse lighting go hand in hand. Depending on
the lighting system, however, one will be stronger than the other In many
situations the diffuse component can be generated by way of reflection from
surrounding objects (e.g. walls, ceiling, furniture, road surfaces, façades
etc.). In designing a lighting installation the reflective properties of such
objects are! therefore, extremely important, especially where shiny and/or
large colored surfaces are involved. Specular reflections can result in
unpleasant, reflected glare or, conversely, can help create a lively
atmosphere (e.g. in a shop, Fig. 22). Reflections from colored surfaces can
result in unacceptable color distortions.

2.5 Light color and color rendering
'True' colors do not exist People tend to judge colors under what they consider to he natural or

true lighting - conditions, often mistakenly using daylight for this purpose. But
the colors seen under daylight on a Sunny day can be widely different to
those seen on a day with overcast sky. For the spectral distribution of
daylight is not constant, but Is continually changing from hour to hour and
from season to season. The correct thing to do, of course, Is to assess the
colors under the same type of lighting as that existing in the area where they
will be finally seen. For example, an evening dress should be chosen under
incandescent lighting, for this is the sort of lighting most likely to be employed
at the evening function where it will be worn. Similarly, the color scheme for
an office should preferably be chosen under lighting identical to that which
will later be installed there.
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The spectral distribution of the light determines the color characteristics  As has been
explained in Lesson 3, it Is the spectral distribution of the visible radiation,
the which determines both the color impression and the color rendering
capability of light. These two characteristics are of vital importance with
regard to lighting quality, as they largely determine the color impression
that is received from the lighted scene. This criterion is becoming of
increasing importance as new lamps, each having us own specific color
characteristics, appear on the market, As the choice becomes greater, so
too does the difficulty of deciding on just the right lamp for a particular
lighting situation.

Chromatic adaptation The state of chromatic adaptation of the observer (that is to say the
condition of the eye In equilibrium with the totality of colors of the visual
field) also plays an important role in the way colors are perceived. Strange
as it may seem, the eye actually adapts to a given color and, in the
absence of clues to the contrary, tends to perceive that color as 'white'. A
striking example of this is the case of the ordinary incandescent lamp;
looked at in the full light of day it appears rather yellow (Fig. 23), but the
same lamp seen in the evening when daylight is no longer available as a
reference, is decidedly white. Similarly, if various different ‘colors’ of
fluorescent lamps are installed in one and the same ceiling each will clearly
show a distinct color tint, whereas all will be judged as being 'white' when
no direct comparison can be made (Fig. 24).

Contrast effects in color A colored surface is also influenced by its surroundings. Yellow flowers
against a blue background appear more lively than when seen against a
gray background (simultaneous contrast). In general one cannot speak of
'right' and wrong when referring to colors. Physically any color is right,
however, the impression can be interpreted as more or less natural.

Relation between light color and preferred lighting level The choice of light source for a
particular situation is also related to the lighting level employed. Warm-
colored light (low color temperature) is associated with warmth and is
preferred at low lighting levels (as in a sunset), while cool light (high color
temperature) is experienced as being more natural when the lighting level
is relatively high. This is why cool, bright light is so popular in the tropics
and subtropics (where daylight levels are naturally high), whereas in more
temperate climates precisely the opposite is true.

Fig. 23 in comparison
with daylight, an
incandescent lamp
looks decidedly yellow.
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Fig. 24 How different
the many 'whites' of
fluorescent lamps can
be, becomes clear if
they
are seen together. me
Incandescent lamp
(below left)  added for
comparison.

The color characteristics of lamps, as specified in recommendations, are
generally
expressed In terms of:
• color temperature in Kelvin (K);
• color rendering index (Ra).

Lamps of a low Ra tend to be more economic  In practice, there is a correlation between the color
rendering index Ra and the luminous efficacy of a lamp. Lamps of a high Ra
tend to be less economic with regard to energy consumption than lamps of a
lower Ra. Consequently, Ra is often given in recommendations in terms of
the lowest of range of values suitable for a particular situation. The designer
is then free to choose a lamp that, whilst having the correct Ra, also the most
efficient possible or else the most suitable with regard to some other quality
criterion or economical aspects.

3. Lighting quality and economics
Lighting quality must be paid for  In many projects the lighting is often the last thing to be

considered when doing the costing. This often results in the lighting being
done on the cheap to keep the project within budget. As a consequence, the
lighting installation may then spoil the environment, decrease human
efficiency, increase the accident rate, and so forth Money allocated to (or
already spent on) other parts of the project is therefore wasted, because
without good lighting to back it up, the project as a whole Is unlikely to come
up to the performance requirements expected of it. It is essential, therefore!
that the need for proper lighting be considered early on in the project design
phase. and the appropriate budgetary arrangements be made to
accommodate this investment.

But investment costs apart, the annual costs involved in running and
maintaining the lighting installation are also very important, and these too
should he budgeted for in the design phase (Fig. 25). And needless to say,
one should not be persuaded to cut down on either of these costs if to do so
would be at the expense of lighting qualify. The pressure to do so is often
particularly great when different departments are responsible for these two
aspects of the lighting. The situation may be even more complicated in this
respect as when, for example, maintenance and energy costs are also so
divided.
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Fig. 25 Sophisticated
miniature calculation
equipment nowadays
allows lighting
performance and cost
calculations to be
made on the spot.

3.1 Investment costs

Investment cost breakdown The investment costs for a particular lighting installation can he
split up as follows:
• luminaire costs, including control gear (where applicable), and very often

also the initial lamp costs;
• lighting control systems (e.g. dimmers};
• mounting accessories;
• electrical wiring;
• installation costs

Factors influencing the investment costs Where a number of alternative lighting solutions
based upon similar luminaire arrangements have been proposed, all of
which satisfy the relevant quality criteria, the differences in the cost of the
electrical wiring and installation work are not likely to be very great. The
labor costs, for example are usually independent of the type or cost of the
luminaire being installed.

Different luminaires and mounting accessories (e.g. lighting masts), on the
other hand, can represent very large differences in investment costs. In
both cases the consequences of a particular choice are also seen reflected
in the subsequent running costs, either in energy savings or on the cost of
maintenance (see next Section) Also, the luminaires chosen and the way
these are arranged and mounted can affect the cost of such things as
wiring, switch-gear, transformers, etc. And of course, in interiors the use of
very efficient lighting systems can also help to keep down the load placed
on the air-conditioning equipment, thereby minimizing both the investment
and the running costs of this.

The use of a sophisticated control system for switching the lighting where
and when it is needed (e.g. the Integrated Function System for office
lighting described in a later lesson) will inevitably mean Increased
investment costs, but such a system should be installed when considerable
savings can he achieved in running costs.

From what has been said above, it can he seen that the investment costs
should not be viewed in isolation but in relation to the other costs involved.
For example, the investment costs should be evaluated with one eye on
how these will influence the annual running costs involved.
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3.2 Running costs

The most important running costs are those involving:
• energy;
• lamp replacement;
• maintenance;
• amortization.

Running cost breakdown The amortization costs are those costs met in paying back the original
investment, Normally speaking, they should be considered as part of the
total cost of the services for a particular project, but in the examples
shown here they relate to the lighting installation only.

Maintenance costs Maintenance costs represent a relatively small part of the total annual
costs. Nevertheless, in those applications where access to the
luminaires is difficult, it is important to ensure that the need for
maintenance is minimal (Fig. 26). This us particularly important In
environments where disturbance to the work routine should be avoided
(e.g. spaces used 24 hours a day), for It will be evident that the work of
maintenance can be very distracting, possibly even resulting in losses in
productivity.

Energy costs The major running cost factor us the cost of energy. This means, of
course, that the lighting, apart from meeting all the other demands likely
to be placed upon it, must also be as efficient as possible so as to keep
the electricity consumption to a minimum.

Increasing lighting efficiency Technological developments over recent years make it
necessary to reassess today's lighting practice. The lighting hardware of
today is far more efficient than it was ten years ago. Moreover, lighting
control systems are now available that further help to cut down on
energy usage. These systems make it possible to design demand-
adaptable lighting systems.

Fig. 26 At many
lighting applications
the maintenance
costs are not to be
overlooked.
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3.3 What is lighting efficiency?

Three sorts of efficiency One must distinguish between three sorts of efficiency when considering
lighting systems:

• Lighting hardware efficiency
This includes light source, control gear, optical system. luminaire housing,
etc.

• Lighting installation efficiency
This is largely dependent on the choice, location, and setting up (e.g.
aiming) of the lighting hardware

• Usage efficiency
This depends largely on the type of lighting control system employed. Light
should not be wasted.

Upgrading existing systems It may be that an existing installation is lacking with regard to one or more
of the above points. This being the case, it should be possible to update
the lighting in such a way that the investment needed is offset by the
energy saving made possible. A full-scale evaluation of the costs and
savings involved will reveal whether or not such redesign is indeed
economically viable.

Conclusion
Good lighting contributes to the quality of life and increases the comfort and
efficiency with which work functions are performed. The difference in cost
between such lighting and that which can be described as just adequate is
relatively small, and is in any case offset by the benefits brought in its wake.

But good lighting, whether as part of a new project or part of a renovation
scheme, cannot be left to chance, It must be planned from the outset by
experts: only then will it be truly cost effective and energy conscious.

in short, energy-effective, low-cost lighting involves choosing the hardware
and installing this in such a way as to ensure:

The right light at the right place at the right time at the right costs.
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Exercise material

The answers must be sent in to the local course coordinator

1. The task of good lighting can best be a. providing uniform illuminances
described as b. creating a good luminous environment

c. keeping energy costs to a minimum
d. avoiding glare

2.The lighting In the transition zone between a. adaptable to the outdoor level
an exterior and an interior should b. of a diffuse character
preferably be: c. of a high illuminance level

d. provided by Incandescent lamps

3. Visual performance can be improved by: a. illuminating the task only
b. keeping the surroundings in the dark
c. avoiding shadows
d. keeping distracting information
away from the visual scene

4. Playing tennis comfortably calls for a higher a. tennis is far more difficult sport
lighting level than does soccer, because: b. tennis is played on a darker surface

c. in soccer the spectators are farther way
d. tennis is a faster game and the ball is smaller

5. The luminance of a surface will depend on: a. Illuminance
b. reflectance
c. illuminance and reflectance
d. adaptation luminance of the eye

6. Road lighting quality is expressed in terms a. we always look along thee road in the same direction
of luminance, because: b. the surroundings of the road are kept in the dark

c. the luminance distribution most
faithfully describes the visual scene
d. the road surface has a low reflectance

7. An object is perceived as being three- a. from only one direction
dimensional if It is lighted: b. diffusely

c. so as not to produce glare
d. from two or more directions

8. Specular reflection can mostly be a. using point light sources
avoided by: b. exercising care in the location of the light sources

c. employing fluorescent lighting
d. wearing sun-glasses

9. Color perception is not influenced by a. spectral distribution at the
b. light distribution of the source
c. reflective properties
d. properties of the eye

10. The largest contribution to the running costs a. amortization costs
of a lighting installation is; b. lamp costs

c. energy costs
d. maintenance costs
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